1 BACTERIA WITH REDUCED GENOME [0001] This application is a continuation-in-part of U.S.
Patent Application serial no. 10/057,582, filed 23 January 2002 and U.S. Provisional Application serial
no. 60/409,080, filed 6 September 2002, both of which are incorporated herein by reference in their
entirety. STATEMENT REGARDING FEDERALLY, SPONSORED RESEARCH OR DEVELOPMENT
[0002] This invention was made with United States government support awarded by the following
agency: NIH GM35682 The United States has certain rights in this invention. BACKGROUND OF
THE INVENTION [0003] Bacteria have been used to produce a wide range of commercial products.
For example, many Strepto;nyces strains and Bacillus strains have been used to produce antibiotics;
Pseudomonas denitrificans and many Propionibacterium strains have been used to produce vitamin B
12; some other bacteria have been/sedE8ixdilide REAHOHRISHRNGN 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
Acetobactéi04bH GlucdtimbaestictemnsdavebadoniseshtooduaNegs1iMasR steeendly, it has

become ¢ r teria, such scherichia coli (E, coli), to be genetically engineered and
used as hgg%ﬁég%%%ﬁ%é %%géﬂ%%r@%%%gga F@X‘Sé’%‘é,% C%i;éoﬁrg‘i’é‘fﬁél% / “H{?&éﬂz s, in
laboratoryeSepteihbs ittl2s bizthséttihiph arhéinphanmaddutical ydefianse PPORE 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 $TNfiltaiBNDREE e BN FETERATUE fenNamRRgiIneeted pagteria. For
example, when E. coli bacteria are used as host cells to generate a large quantity of a desired 2
product encoded by a gene that is introducegyfﬂ?@ s by a plasmid, certain normal E. coli

gene prod[egig2gan intehey enviittidhesindraadction anddasiaiananeenal HeamidPNA: P ignificantly,
because offi e economies of bacterial culture in making proteins in bacteria, often the cost of
purificationoo A ecbtRbant protein can be more than the cost of production, and some of the natural -
proteins produced by thallkaG®iksidiost are sensitive purification problems. :

The United States has certain rights in this invention.

BACKGROUND OF THE INVENTION

10003} Bacteria have been used to produce a wide range of commercial products. For
exarople, 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; Brevibacierium
Savum and Corynebacterium glutamicum have been nsed to produce lysine and glutamic acid,
respectively, as food additives; other bacteria have been used to produce other amino acids used as
food additives; 4icaligenes 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 Ascherichia 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 £,
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



Further, many bacterial strains produce toxins that must be purified away from the target protein being
produced and some strains can produce, by coincidence, native proteins that are close in size, to the
“target protein, thereby making size separation not available for the purification process. [0005] Also,
however, the genome of a bacteria used in a fermenter to produce a recombinant protein includes
many unnecessary genes. A bacteria living in a natural environment has many condition responsive
genes to provide mechanisms for surviving difficult environmental conditions of temperature, stress or
lack of food source. Bacteria living in a fermentation tank do not have these problems and hence do
not require these condition responsive genes. The bacterial host spends metabolic energy each

multiplic¥ESH SyRIEHslibathgercbe ige resodsd e Uisdws ssdls genabamilitetrnssdedpfoteins,

producesbhy-aRastariakbest dserrdar praduction.oh.recominantRralein.repiLis Adas Of %Hb‘i‘%”c‘es
in the system that could be wggoved upon. [0006] It is not terribly difficult to make deletions in the

genomeSIalipieTSofEataTn cOths eamnpisitsrah Pasidon adietionistodides notgimisaizbipsmplien
deletingtgg@gm@frﬁgm S40,Sty tral rgani - he delete nes, It.is more
difficult, however, to maké trg%%é%gggﬁ%nﬁé %i'%ﬁ%#ﬁ%%ﬁéﬁ%gﬁ@%%ﬁ 1[?’% 1%1nlag‘?Thoéll’ema|dfficult
still if or@@rthRé tsbiettd pofitins prodtiondstotledve o ihberted ONAgi Herepteniedi an'poats]tehind in
the orgag| f i reqi f.inserted DNA, I.e. scars, are left behind after a gepomic
deletioﬁ?ﬁ%%ﬁ%&@o%%%%%ﬁé@a (%g(gut %%%% ions for S& ﬁﬁfﬂ%§%§ggﬁ%lj§3 ?o?lwl%%/aéﬁfaf ’f%% “Eould
excise fhomgheabromarkbsponssthanarsupsiditle by engendergenative rearsanghmenis:lize building a

series 0 tiple deletions, scars left pehind in previous steps could becgme artifactual targets for
succee ‘i)r%y étltegﬁ %P Bpe{%ﬁbtnﬁeﬁl‘s/ TRESpedi&iy RSN TR ar‘nf%\gr)%ga i'%o &%%‘B §HHER PI8GSferate a

series oftdéiE}ions frokisthhgeemahkgetitery 8 sathearganism Hegsames Dy e ddeletion process
geneticaIIX lfjlﬁk?lable if inserted DNA is left behind. 2a BRIEF SUMMARY. OF THE INVENTION [0007]
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leaving kearsdnytbergenemesioaca]dement #peil: efRniproyidediahacieinRINYi A IRRAME
that is %en tically engineered to be at least 5% smaller than the genome of its native parent strain.
]

[0007b] HRPAHARHE PASFEEE HiRie MTBROOIea kR EPHEF fnaRiHGa  draaeibr dereestaton famkalo
genomesf haesarasaproselaciard IRRAMAJSRIOR AlikNOWEL SERIERGE f@é&&%&vﬁ@ga?é&i N9 S6aE8 10E

method comprising the steps of. making an artificial DNA molecule, the artificia DNA molecule

comprigiigt iBe@ﬁ‘SoW@téh‘ahgeﬁ%&%éq meHiRligr ey detrplissiueribessiemesieiluntaef the
genomeegieRda Pe.feleisd ’tﬂgllﬂ’ﬁﬂ%gd{éﬁ BRAERCEEMNEI by a bacterial host used for production of

recombinant protein, result is a lack of efficiencies in the system that could be improved upon.
[0006] It is not termbly difficult to make deletions in the genome of a microorganism. One
can perform random deletion studies in organisms by simply deleting genomic regions to studjr
what traits of the organism are lost by the deleted genes. It is more difficult, hov;fever, to make
targeted deletions of specific regions of genomic DNA and more difficult still if one of the
objectives of thé 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 locaﬁons for unwanted recombination events that
could excise from the genome regions that are desirable or engender genome rearrangements. Tn
building a series of multiple delétions, scars left behind in previous steps (,;ouid become artifactual
targets for succeeding steps of deletion. This is especially so when the method 1s used rei)eatedly
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.



is identical to the sequence on the right flank of the genome region to be deleted; (ii) on the other end
sequence 3 which is identical to the sequence within the genome region to be deleted; and (iii) a
sequence-specific nuclease recognition site between sequence 2 and sequence 3, wherein the
recognition site is not present in the genome of the bacteria; introducing the artificial DNA molecule
into the bacteria under conditions favoring homologous recombination between sequences | and 3
and sequences in the genome of the bacteria; intFdducing into the bacteria whose genomes contain
the correct site insertion of the artificial DNA molecule an expression vector for a sequence-specific
nuclease that recognizes the recognition site; e>§})ressin the sequence-specific nuclease in the
bacteria; and collecting the bact@ﬁiﬁ%ép%m t¥ X é@@f@ﬁ%ﬁﬁe sequence-specific nuclease
and contain the_correct deletion. [0007c] In another aspect, there is provided a method for making a
deletion of aP¥3Lt 596 in'thfe EHEME BIHAR(EFY 14E% Baiids dYerdhi@ ¢etiv #arRolin®equence, the
method commgnisimg tieéesidp svahiopt dadingseaxdatte thabeemprises a sequence-specific nuclease
recognition site and two DNA sequences, one of which being identical to the sequence that flanks the
genome red@¥talbe deldtedren wpecsidecandstheviter of biciubbeinyidentigabdoethraseguence that

flanks the ggagml.ryglga&%m Qheesidsy WRRTRINIEAY RN FoUERAGESAIR ipgALed next to each

other on the vector, and the sequence-specific nuclease recognition site is located outside the two

DNA sequepgpain the veciaruptradusingadiepesier mgtn@@s%{:iaiais}ﬁgagaa@%ﬁr&ea%hsaﬁame bacteria
an expressign vector for a sequence- specific nuclease that recognizes the recognition site;
introducing itffo 2P & 8ARTe B RARRHa2E s SRR SR NP A IO8F T re¥in P IHE R GUBIEY of
homologousntredermginatio nirndedidh e sapneitimbeestgressing kg sequeficel Spesificorualease in the

pacteria; angligantlinsNagIaNa. 0 hishiihe araaTie maRKiRRe dalsiadibanheen dglted: 10007d]

In another aspect, there is provided a metho or_expressmg@lt ecombinant proteins in a bacterium
having a getfdHfacthat facgefidliakinf disgresne demdoadssisbdolnvarttremenes gerdighe of its

parent native BlitaidaltheteetiaeheoBipmisinghihBastepsial s dntinduging ibte-akasteiinasdefined

above a vecir,comPIiang.2 DIVAENcOdInga,PIOteID LAving a signal seduehce operately linked to
an expression control sequence; and growing the bacterium under nu rient conditions suftable for

expression éflgRiprotkiie rcodingBNPecilOOTER4re aisorkritias peiet, itterenssprovided andartificial DNA
molecule, theasificial PNAMIECKHISSAMRISHRGORERRaRE SEaUesRWhIERHS identigal to the

sequence on the left flank of th e region to be deleted, adjacent to se uence 2 which is
q nt ogucgig 1%6 artiéclealg%qgm m(ﬁgcu{f]: ?nto the bacter?ajunder condit?ons favoring

identical to fA
homologous recombination between sequences 1 and 3 and sequences in the genome of the
bacteria; introducing into the bacteria whose genomes contain the correct site insertion of the
artificial 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 bacteria that survive the expression of the sequence-specific nuclease and contain the

correct deletion.

[0007c] In another aspect, there is provided a method for making a deletion of at least
5% in the genome of bacteria at a selected genome region of known sequence, the method
comprising the steps of: providing a vector that comprises a sequence-specific nuclease
recognition site and two DNA sequences, one of which being identical to the sequence that
flanks the genome region to be deleted on one side and the other of which being identical to
the sequence that flanks the genome region on the other side, wherein the two DNA
sequences are located next to each other on the vector, and the sequence-specific nuclease
recognition site is located outside the two DNA sequences on the vector; introducing the
vector into bacteria; introducing into the same bacteria an expression vector for a sequence-

specific  nuclease  that  recognizes the recognition site; introducing  into



sequence,on the right flank of the genome region to be deleted; on the other end sequence 3 which is
identical to the sequence within the genome region to be deleted; the recognition site for a
sequence-specific nuclease between sequence 2 and sequence 3, wherein said genome region to be
deleted is at least 5% of the genome of the bacterium and wherein the recognition site is not present
in the genome of the bacterium. [0007f] In another aspect, there is provided a bacterium having a
genome that is genetically engineered to be at le@ét 5% smaller than the genome of its parent native
strain, comprising: an expression vector for a system capable of increasing the frequency of
homologous recombination and an expression vector for a sequence-specific nuclease that
recognizes Hitetfhibientesieawittristinit Bresebldrothingersdrelest frrsiraciedlirmetivbogorpression of

the sequencecspesifisonusieasebaingdndariea saniolaf aninduginle, promatesnapghwhgrein the two
n artificial DNA molecule

expression vectqrs are compatible; the bacterium further comprising:
comprising:aé’rg @ﬁ]ét%ags%eaﬁ%gﬁé’é‘f% ei%ﬂf}&@ﬁﬁ%%{_f)?&%ﬁggé)afﬁ%hase%mﬂ%efgﬁ flank of the genome
region to be[&ﬁigéid, folloyved bg !scgr?)uenc 2 which is. i entlc%l‘%gk%he se?uence on the right flank of

the genomel fegion to be eTatEHT iPRTE SRS SRIYEGehly &h BRFEte dPT6 TR E8quence

within the germsems regibacteiba d;eté%gda, ash st éngenspetificngickessketreboghiden Site between

sequence 2;and segMemcedilereinthartacagnitionsite A nat REISENL IR e native gegome of the
bacterium. 3 [00081 In one embodiment, there is disclosed a bacterium having a genome that is

genetically SHERARAPEAYS HB2SITIAR AR AR Rk SRaPRY g adt (o BRty LPSAIRIPHFAN the
genome of ibsvisgiveipsreniistiain ofrefetdblyslihibigenenpecisiab leasi$evarpereaitékipsmaller than

the genome ! gt Ba/ MK AIRIR RN, 1R ARBANE IS FIRLLRFIGEALEH) fRRurteen

percent (14%) to twenty percent (20%) smaller than the genome of its native parent strain. When

used to progisg Produc, aneﬁﬁsar;géa%%}eaissm@%s&gsvmcfa@mm&@&@{ fosgplithe following

advantages. One, the production process can be more efficient either in terms of resource
consumptioR ORI SPRETEIOA Sedt SN YIdkehéridsition 4n thrdedvrivs, eh&product
purification ffoérss ctthdg=simplifigonan purdqeotigisaamn beywace: Watgeisaderadalghfaat cannot be
produced before due to, nati rotein jnterference can be praduced. Four, the vield per cell of the
desired pro ﬁ l% Pr?g;; ’E)%}.]Fnlé \é?asﬁg@% i%t@l%&_fnlgnr%géfﬁ}fer?tgeo(j[%%%r%nsg]ﬁt ?Fll{}eér?%r?eg}%né:ﬁsg directed to
an organisniipebfierdpNie! Petbterransnenyifie tericestagecaioeliedr gepofdte esodeitkingifor example,
genetic matgsial siebnas speiiimaeass banesessanionamibandetabalismal thahacteria,
insertion se uences . . . .

region to be deleted is at least 5% of the genome of the bacterium and wherein the recognition

site is not present in the genome of the bacterium.

[060071] In another aspect, there is provided a bacterium having a genome that is
genetically engineered to be at least 5% smaller than the genome of its parent native strain,
comprising: an expression vector for a system capable of increasing 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 being under the control of an inducible
promoter and wherein the two expression vectors are compatible; the bacterium further
comprising: an artificial DNA molecule comprising: on one end sequence 1 which is
identical to the sequence on the left flank of the genome region to be deleted, followed by
sequence 2 which is identical to the sequence on the right flank of the genome region to be
deleted; on the other end sequence 3 which is identical to the sequence within the genome
region to be deleted; and a sequence specific nuclease recognition site between sequence 2
and sequence 3, wherein the recognition site is not present in the native genome of the

bacterium.



(transposable element), pseudogenes, prophage, endogenous restriction-modification genes,
pathogenicity genes, toxin genes, funbrial genes, periplasmic protein genes, invasin genes, sequences
of unknown function and sequences not found in common between two strains of the same native
parental species of bacterium. Other DNA sequeqces that are not required for cell survival and
production of certain proteins in culture can be déleted. The disclosed reduced genome bacteria of
may be viewed as a basic genetic framework to which may be added a myriad of genetic elements for
expressidtdfluseful plodustsmbadsicas ferretic doritsot elebacintaiwHiehingffergeasmenpatcedented
opportunify, (B Ae LHBGQKARIMIZS g KR BSRIAR 06N desiedaierchIgUAlEaRpdments of the

present ifiventiori also provide materials and methods’for targeted deletion of genes and other DNA
sequencasromcd ibasterarrenorme. RiefoityedismanyisrddidsiarBreefoi(the mahkipiligtion (scarless

deletion) yRincethe diselasademethpdase!dm: ,%H%%ﬂh'éﬂ?%!‘%n@ﬁe'ﬁa\{e(é%iﬂy%%!@ in the

genomic DNA sequences around deletion sites, the methods can be used to generate a series of

deletionsApres b AL UMMATRO BEHsEF SN TRE G aR b 8 MM Ble kB HoPBIE gBaE-r&d6mbination
within the,ganepsHoMB.ahdhe semathads argnAlsgusafuLianmakinesipitasdplesinnsnfor example,

in baeteriophage, native plasmids and the like, as well as in_higher, organisms, such as mammals and
plants. [OMTEFERERS it &t NSt BIPHEAD AT fitte SFDRAMES ST D SISt HE Bro8EJESHHSE a linear
DNA cons#idehigiipryddetinsaobactridtivn shredaviagian géthechasteriall ggsomedsiieptaded WO
03/070880 FPCT/.USO3/018OOb 4%1 e linear DNA(\i constryct thcrio h homolg&%t%strecom ination aided
by a syst@H PELIAR I e D ER Guency ¢ 5GOUS Tet

Ie(% I purer products can pe ma O . .
m tat Canfiicrease enf’requency oPRomo 0gous recombination.
Next, a sppdiatd behe queniausly pnoradinederatocthe: bagteriural ekpne dsegiddsenueihof-bpecific

nuclease o cut the bglcnteriglel genome at a unique recognition site located on the linear DNA construct.

Then, a Kesgaotﬁigﬁceagngmeeraea to contain DNA homologous to a target in the genomic DNA at
one end 460tk linear Dhbadcoasty vt thedesgoas dadmaivgbusiecedibimatrganisithreekirdilae genomic

DNA secienceiocaiad.alass daie-atherand.of e leat BNAGADRIUGL ARG a precise

deletion of a region of the genome. [0012] The second me hod is also linear DNA-based. Two DNA
sequencexsriaite gsheshisiesssidpntien 2wt cipde nstkbbism apfk o neadegrofidsaRiteftangEPome region

to be de'q&%&lﬁmﬂﬂe,e@%@l&g \%éaiﬁagél@,e%%geﬁ sesusensR thakianksihemeinsr epdaf the

bacterial genome region to be deleted, are engineered into a vector in which the two sequences are
located nEXhRSBiH ersr IO RSASE HAETE GERSR SR IR e SR RIBTI s FaYEnsT8 0

engineereg iRiadhe HEEIRH ARIOREuSIES At thadive SeaHBRCRENEh SNERIANISINKOAHRakIRE0 a

bacterium and a linear DNA is i ]
parental species of bacterium. Other DNA sequences that are not required for cell survival and

production of certain proteins in culture can be deleted. The disclosed reduced genome bacteria of
may be viewed as a basic genetic framework to which may be added a myriad of genetic 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.

[¢610] Embodiments of the present invention also provide 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 disclosed methods 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.

[0611] 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



generated inside the bacterium by expressing inside the bacterium a nuclease that recognizes the
sequence-specific nuclease recognition site and cuts the vector therein. The linear DNA .undergoes
homologous recombination with the bacterial genome aided by a system residing in the bacterium to
increase the wequanagsef homologous recombination. A bacterium with a targetadsodeigtion free of
residual artifactual in its genome is thus produced4[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 re ion is eﬁg}meered into the vector. All other aspects are the same as for deleting a

targeted rB)jFB EqntHITh EtBghdemelagcprasryRtagi Al etpREiditsBdA this

method C%&?éﬂﬁrﬁ@}ﬁf'&lﬁ QM%%C@E%@%U%%ﬂ&ﬂo%%&m%&@ﬁ%ﬁo‘iﬁ'@@ﬂbhes%ﬁfh%rgé}&h as an
antibiotic re5|stance ene. To delete a targeted region of a bacterial genome, a DNA insert that

contains tH5'ENY QERRESSIGR e BATHHTINE SEREESSEN STHRFIGHIPETHMRYF RERANEES® a sequence
that flank%meieﬂgeﬁéﬁ&@@éeﬁwd@q@esgﬁmﬁIg&%&aee@elﬁﬁsl adriberatbenefishighds, ddertical to a

sequence that flanks the other end of the bacterial genome region, is inserted into the plasmld The

plasmid i FABFPATFIGICEERhid AR LIRS P IPEEHS RS i 152 RRrmIc SNA e &Rt the

promoter {gighivateuiio dﬂﬂéiﬁﬁf&ﬁﬂ@%ﬂeﬁﬁmiﬁgeﬁ@&ﬂtﬁiﬁﬂﬁiﬁﬂ%&ﬂﬂQﬁﬁiiwgéﬁbﬁnbma' genome
so that recombina&cigfn events are selected. bacterl the 5 reco bination events will result in

a precise HAI&HLH t%}ﬂfgtté’oﬂ}%ﬁ fBFF 8? g?ﬁil SRS tﬁ S AP LT EMeBEYdentified.
An alternatélgtivyfte sglestidhegeaoiination events is to engineer a recognltlon site of a

ceauenceltiiiiic nuciBEsESHA L B ASAT HEETAUhaAE I RO DL RAP S AHEP {0018 The
suicide pliﬁmmmasmhmmpmmdthscﬂhﬂck abe\'tﬁcb@ﬁhﬁﬁmd&@llmdntﬁ fegilﬁm: de seleribanigion of a

bacterial %%Qom r}mi sired,DNA se uen&e |chls 0 er H‘ﬁ hat contalnsadezlred

ticai O 4 SeUuCnce a0 61'13 <
DNA sequence that can dfidergo nomotogous W ORGSR i SRCEBPFILERE G B Hed

region is ihsddetkdntodhegplasmidnilbhotherrdspddtd dre tthe mm&s foe ldeietinga targehssitregion.

100161 Tt& |selosed methods arle1 usef | inter alia for englneerlne% reduc&(a1 r&{)me bacteria for the
e ce~ eC1 aée E.‘ﬁog]ntlon 81f; dlsb € VECIOT On {1
production of recom ucs uc Inéered bacteria allow |m roved production of

such proteids WhQqugmsefﬁ’@emympm’dmm ol ym@fmmm;@m pgoduct as well
as allowin H%?J%aeéf'&'&‘ Rl ‘u%ﬁ‘b 0S8 rOd“PntsP VS oL 10G, SHMRALOR QT UNIRCeSIALY
bacterial §e ene pro ucts preferre dtice ge ome bacteria
sequence-specific nuclease recognition site and cuts the vector therein. The linear DNA
.undergoes homologous recombination with the bacterial genome aided by a system residing in the
bacterium to increase the frequency of homologous recombination. A bacterium with a targeted -
deletion free of residual artifactual in its genome is thus produced.
[6013] - 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.
[6014] The third method is suicide plasmid-based. The specific plasmid used in this
method contains an origin of replication conirolled 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



disclosed herein is a bacteria from which one or more native genes encoding periplasmic proteins
and/or membrane proteins have been deleted. [0017] Embodiments of the present invention are also
directed to DNAs and vectors used for carrying out the disclosed methods, methods for preparing the
DNAs and to kits containing vials which vials contain one or more disclosed DNAs or vectors and
optionally suitable buffers, primers, endonucleases, nucleotides, and polymerases. [0018]
Embodiments of the present invention are also directed to live vaccines comprising a reduced
genome bacterium as disclosed herein or comprising a reduced genome bacterium as disclosed
herein into whichbisaiinothaue dWDNbsen codi poestiddnicod efetmiragtsofe pathdgdnibaorgahisms
operably assqipleg i@ RISSHON AN SAGNCRTSRMDIAN AqndNe epreRsian al,apid antgenic
determinants. Also within the scope of the present invention Is a Re vaccine comprising a reduced
genome baétenism Bseiseisegdaersion sitoolhichusees et idmydese ddatiB NgEcdelasthifom a

pathogenic 8&9@&%iﬁ%‘&&%Pé@x%ﬁ#@d?@x‘ﬂ%%&;ﬂg%@éﬂe@?ﬁ{ SRUCANMSAL NG YPRANGRDEIRE Capable of

inducing an enhanced immune response in a hose "against a pathogenic organism. The said DNA is
preferably nitHraticae beriet/lation site. Embodiments of the invention are also directed to a live

vaccine progiggd from apathedenissAtoRRiamaNdlelingefr apvih e \i,0%/ Q88 Q6 H1US03/01800

6 genome of that organism the genes responsible foéé)athogenicity while retainin%\g%her antigenic
determinant<geer St AoBRTTE! S8TIFeY Rudstitraitt b searers iy Bititniew FDEL Gifet apparent

upon considgratienief the-folowing defailed descsiplion:BREDBESCRIFTHN kvilta SEVERAL
VIEWS OF THE DF%%WINGS [Q020] Fig. 1 shows geg;%'\tion,s of ihe genes and other DNA sequences
on E. coli KA B*UERAERAFGERGMETHE Raretesitiv iR asp Gedidh o dRR S AY MYAtEF Matched boxes

on the outedshabiring:@0P%Ekig. 2 illustrates a specific example of a linear DNA-based scarless
genetic moﬁjlbigitlion meeltpg%ioflég% pret:?((e)nt ir;gengfpz.,%?gz ] ng. 3 iIluggr.ates ?%ég‘gdecificlexample of
another line A-basedisiASE oMACBr &S KT dHflof o5 PRI AN rRtitaY&nesis
plasmid thabeasribefarsthd iprahetineal DdtAxnase dzame fhrodhtisishiate drigifeigeB bioR#A4 | Migy SA-C
llustrates a %Pp?gxlfg }%X 1@1%% g‘}f s%cﬁupi%%%%?%@%égﬁg %]de E@ﬁctzpe%gy%ff t;;}gdnction and yield of the
desired gene product as well as allowing more efficient purification of the product by virtue of the
elimination of unnecessary bacterial gene products. A preferred reduced genome bacteria
disclosed herein is a bacteria from which one or more native genes encoding periplasmic proteins
and/or membrane proteins have been deleted.
[6017] Embodiments of the present invention are also directed to DNAs and vectors used
for carrying out the disclosed methods, methods for preparing the DNAs and to kits containing
vials which vials contain one or more disclosed DNAs or vectors and optionally suitable buffers,
primers, endonucleases, nucleotides, and polymerases.
[6018] Embodiments of the present invention are also directed to live vaccines
comprising a reduced genome bacterium as disclosed herein or comprising a reduced genome
bacterium as disclosed herein 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 as disclosed herein 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.
Embodiments of the invention are also directed to a live vaccine produced from a pathogenic

organism by deleting from the



present invention. [0025] Fig. 6 shows three plasmids that can be used in the suicide plasmid-based
method illustrated in Fig. 5A-C. DETAILED DESCRIPTION OF THE INVENTION [0026] Bacteria in
their natural environment are exposed to many conditions that are not normally experienced in
standard indwariglogedgtboratory growth, and thus carry a large number of cengiismeemendent,
stress-induced genes or otherwise nonessential g&nes 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 impaortance. It was recognized
that a baciEHERT Gfitheh ety he SeprerRamell Lo paraRfaselyy STl TAIRR R3 AR ARPSSRY industrial
and laboratenrapplications. 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 J&fbthe can 1828 BPEHR FEAREABrRT AR b IE SRR L BR Pt P AT EHRS Mallowing

easier pubfigation:Rinc des R ING DERTIE886:R1ddS03/01800 7 protein from the remaining
bacterial proteins. Furthermore, some bacterial genetic sequences are associated with instabilities

that can interfere with standard industrial or laboratory practices, and might entail costly and

burdensome qualitysgeimrahiregaurRaIBR27E Re PiasRNtiNKORiok alse iDXolveaesyeral methods

for deleting genomic DNA from a genome without leaving any inserted DNA behind (scarless

deletion). &9 is makigg showrpedtensridhe eroge Aakshet B\ igReoReA dieeefidwiich makes up

a bacterig} genpmenitnds iMPLA AR dadeavaiamynas BediONARsaences behiadopueh inserted
sequences, if they were left behind, would be candidate sites for undesired recombination events that

would del@#rieRa 8cterized and perhaps important portions of the remaining genome from the

bacteria qpgayse othefunantiginaies SenesisanPrnemRIDPNsRtawaidsfiesisicSince one of the
objectives of the %enome reduction effort is to increase the genetic stability of the bacteria, leaving
A

any inserfBaEfeAsR MR ORI s @8R MVeRSitNe objective, and should be avoided. Thus the
methods psggfo deleta DhAHRMING Genamebeste inpaiantantsanhisicaasbdQ928] In one

aspect, the present inyention relates to a bacterium having a genome that is genetically engineered to
be smallePHEH tREGEABme of its native parent strain. For exemplary purposes, the work described

here has {oogspd on thgycoel®Ond aRakatacy 2PN HER Has el BRchesiema sdlastie genome
reduction W%kgefcribed here began with the laboratory E. coli :
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. 5A-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 nuinber of
condition-dependent, stress-induced genes or otherwise nonessential genes which may not be
needed in industrial or laboratory use of the organisms. This vention 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 & bacterium with a reduced genome might be
advantageous over ﬁative sirains 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, 2 reduced genome can lead to fewer

native products and lower level of certain native proteins, allowing easier purification of a desired



strain K-12, which had prior to the work described here, a genome of 4,639,221 nucleotides or base
pairs. The bacterium of the present invention can have a genome that is at least two percent (2%),
preferably over five percent (5%), more preferably over seven percent (7%) to eight percent (8%) to
fourteen perogotoiledtesdo eighteen percent (18%) to twenty percent (20%), teciomtyepamant (40%) to
sixty percent (60%) smaller than the genome of it§ 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 spreiiét Bfmerthesemainbiadaesoasioeineu RO ot 4ric PRl eBe IS PNeHbLEIBIIAS 8Tpairs
deleted affer allofithafiglationsi-Piihadelal auabern ohhasa RRIrsHnIe 19RR0e halarall.ef the

deletions" and then multiplying by 100. [0029] Another aspect of the present invention comprises a

reduced gekBfraisHorstl A PHICEIEPBGIS9 tocaBBI IO% B protein coding genes are detailed.
Preferablygjaeyt 10%-ig, %%@ﬁ%&f%@&%%@@%%ﬁé@%@g% IRRAAL eneAtRastiment of the

invention, about 30% to about 40%)to about 60% of the protein encoding genes are deleted. WO

03/070888 P F ASETmsCHiBEyt depyirin drsrind ENe hehg dibs W psdeielenk < sha sieBRA
sequenceg:yhat candeateiatiesharethose dhgid eRtion atyiNchises nekagverasiyafiesidhe, iate of

survival and, proliferation of the bacteria under specific growth conditions. Whether a level of adverse

effect is d6AEPAKIE BRHEHEREAY SHSHRL LA Hitcaioh o Sekirdmprebdnssusd setsRsreinihSHreration

rate may-Reracaentabie o5 0asapRltalieriyiipohaRreaa b atdiion adkassaeiiooidideleting a
DNA sequence from the genome may be reduced by measures such as ch%n%iglgﬁ)}gultur,e conditions.

Such medSEEAHERAR AP P ERHARE SPRE RN LRRIAA RFEE A T EpribR: BB, the
proliferatieayatetizApRimdipata yihersaragrasthe-pareittahsisainddgeayeineliferstina rates ranging
from about 5%,10%,15%, 20%, 30%, 40% to about 50% lower than that of the parental strain are
it the QBGHEE: S PR SHS AoB A TErS AT SO A TS B REFEFARE Brosent

invention magyrdsnge IR béidul hitydbintdesate aobeblifeird) audss{O0ld He Hveibattdimsahthe present
invention maybe engineered b ethods of the. present inventjon 1o optimize their use of available
resourcesrﬁ?g??iﬁj‘fﬁ%%% T%?tﬁé{\z‘go%%‘&l ﬁ%?‘%%f?g%orﬁfo@lu%?ﬁa? %%escﬁ?%%fug?s%gn?ay be recombinant
proteins, yog8y on nda-tneitisgaxamplesamsiuventiotertéatkins, cCytokdiries, igrangt geasononidas growth

factors, enyirapajetin, colony siimulaling factars, nferferon. anibedics, aptibody fragments, or any

purposes, the work described here has focused on the common laboratory and industrial bacterium
Escherichia coli. The genome reduction work described here began with the laboratory E. coli
strain K-12, which had prior to the work described here, a genome of 4,639,221 nucleotides or
base pairs. The bacterium of the present invention can have a genome that is at least two percent
(2%, preferably over five percent (5%), more preferably over seven percent (7%) to eight percent
(8%) to fourteen percent (14% ) to eighteen percenf (18%) to twenty perceﬂt (20%), to forty
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
environmeni 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.

[0629] 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.



protein. The recombinant product may be a therapeutic product, a vaccine component, 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 vaniWimy &nikessic acid, amino acids, vitamins, organic acids, and the gigeqaansloshemical
compounds not naturally produced in the bacteria%ut 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 Jifddte a déatrserpycnadens ibedinaenfigemmscapeé ndien Bl e isescnnestfheb aaame the types of
genes and. QIR NASLENERSH deified R candidalrs lefien Ao Applicablado other bacteria

species or strains. It is understood that genes and other DNA sequences identified below as deletion

candidate¥ i BhgnatdhshadeiramdenreicHiccar yeneditigun Yot sderdatadvsoeialetiied may

also be d%&%ﬂl@@g&ﬁé%@%@&ﬂiw yialand prelferalion 1369, WoRRERRIANIRIBRlHMN Pt
03/070880 PCT/US03/01800 9 [0033] It'is assumed in the analysis and methodology described below

that at led8fPBASFeRESER SeptrmiceihapehumaheteFnrdilicnaiens sHsg o G&Hoie dr native
plasmid iDRyadaflende eia ahludheRHHES SSHIaBsETs Rvaliabienchieh aanpiRieduRArtial sequences

are readily ayailable in the GenBank database. The full genomic sequence of several strains of E. coli

is, of coursBHHRIHUBIRHEGREP LIS BILniscaphle advsres Borh e 48808819 PE:12 Strain

MG1655; Berralgp, (he btk ARSEIHAL MNerddRPAIR; iRenaeiath Naleat89ib 29:%33eg 001;
Hayashi et ,é)NA Res., 8, 11-22, 2001, and Welch et al., Proc. Natl. Acad. Sci., USA (2002) 99 (26)
17020-1 7804 SR AR ARIEEEEL Rt Mo h67E A St ot & oo e Hevar iy
referencetlntbeihepliraiy), sagiis dhenst i noe afseiMbrahothebao Mme Pxtissdlahattand bacteria. To
start the ddeleé'on Qroces thergengr%e of the bacteria is anal to Icg)k f% those se ue%ces that

o] Hefad |

represent good%ar%?ééﬁe%%&e PO EbUTEE e B Yd é’fe Q8 A20HLTAB T anashA AR R tially

sequenceiiigehomes in the genomic areas for which sequence date is available or could be

determin 34] In E. coli,.and aother bacteria as well, as well as in higher organisms,.a type of DNA
sequence ﬁgi an be@‘é{ged e gélées%egglg %ﬁ\é?l}ﬁoéle%%%?\%W%ﬁ?fgi%y%?fggﬁ%is gfa%ﬁity of the
organismmpeshthevgetienpooghictszeftbeatigegaiisniabfuchoalemdnts thatigne fisatopnstadiby/ofnclude

transposa(?ése el{emeyt%,si rtion sequence and other " eIfi?eh DI\!j " elements Yvhig? ma&_ﬂgigy arole

in genome instability. For example, INsertion sequence (19) elements and therr o ne &

insulin, interleukins, cytokines, growth hormones, growth factors, erythropoietin, colony
stimulating factors, interferon, antibodies, antibody fragments, or any other useful recombinant
protein. The recombinant product may be a therapeutic product, a vaccine component, a
diagnostic product, or a research reagent. The bacteria may also be used as a back—ground 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 compéunds 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 6ther E. coli genes and other DNA sequences not identified

may also be deleted without affecting cell survival and proliferation to an unacceptable level.



associated transposes. are often found in bacterial genomes, and thus are targets for deletion. 1S
sequences are common in E. coli, and all of them may be deleted. For purposes of clarity in this
document, we use the teen IS element and transposable element generically to refer to DNA
elements, whvetheyinigset or defective, that can move from one point to anotherivotesgemome. An
example of the detrimental effects of IS elements t 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 g lassocidtétamgngdapienibesimmg maliedsly e drsteterd briossha pblRasiRaigl L is
illustration @ §neaFsc5LhBE BORS MU ABKYE MR 1Bt tobRa ST ARSRBPKIERS $1633:2R1 base pairs.

Fig. 1, shows, on the inner riré%%the scale of the base pair positions of the E. coli K-12 genome (strain
MG1655)2 R witR B o Rl e se MR B drslatie oD s Brmple RO TR RN BreRFRER ely

outward sReWs/ eaiansahiine KARSenRMERtaterMissiba R BigiRhcalieseckin araiated Stram
0157:H7, and which are thus_potentially detectable WO 03/070880 PCTIUS03/01800 10 from the

K-12 gendiid! SHE R IR BRI SRERe i Gt tiers dihiénts’ both’ thripiefeiing
partial, inXhe 15315y 8 @eneEnBagkext Re I NDENIsy hEhawE hepesitonsofsthed8tis elements
A to E ang flagellar and restriction_regions specially targeted for deletion here. The outermost ring
Chows hEBEAT 6 (ALARCh Sty InEet WS P o e Areiehercie e A0S Gt 2
below. Thigse trlggianednake GendaokiAbépseENbOA N 4FEE gabsdhithcretigingokaitd Mieih655
genome. éJsin methocﬁlof the present invention 18%,.to 20% to about 40% o‘fét]e enome will be
eleted u in. : es that can
deleted UGHY MR8 LT RNIGN: HeS b e NERR! 1504 ANGUSEPIERMY BFE R tehes that

be deletezateriheTestuictiondsiadifigatiomsssiisiemmaanes thadnthes erdajesdusiaviceagessvhose

products destioy [oreian DNA, These enes. ate aqLimporant for bacterial sundval and gigwtn in
culture envifonments. These genes can also interfere with genetic englneerlna y destroyirig plasmids
introducedpipiiedibt peteaiiyscResitmnsnofiresin thio germadifieatis fios yeiein genes odean Evadiljenome
map are shown in.Fig. 1 and ;Table 1. In one embodiment of the invention, other DNA methylase
genes macif 8%%%%%8%6?&%&{he deleted E. coli strain so as to optimize the strain for certain uses, for

example, BdRdtyotic methyldsenybotbs: [ROBTRAR w6 rafawsly as il hiphbrgepes shat condef Bldted is

the agelAger M ERAAIA R S53ROASIIR ety b baierias DAl sthionments.

bacteria swim to search for nutrients. In cultured environments, bacteria’moti

cell survivezeanidm or of the gene products of that organism. Such elements that give rise to instability
include transposable elements, insertion sequences, and other “selfish DNA” elements which may
play a role in genome instability. For example, insertion sequence (IS) elements and their
associated transposes.are often found in bacterial genomes, and thus are targets for deletion. IS
sequences are common in . coli, and all of them may be deleted. For purposes of clarity in this
document, we use the term IS element and transposable elemhent 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 it Fig. 1 is illustration of the £. 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 genomel (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 0157:H7, and which are thus poténtially detectable
i



growth and the swimming action is metabolically very expensive, consuming over 1 % of the 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 @fdEoazolt DNA element, already mentioned, that can be deletedisdkheisso elements (or
transposable elements). IS elements are not impdftant 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. i and Table 1. [0039] Another type of E. coli DNA element that can be deleted is
the Rhs eferneheKall smeratertbameshiane ausvardisiRws Bwreosifnen of hedrydamsmislb§Bus repeated

region (th%%ﬁfée'%xmﬂﬁﬁﬂﬂrﬁth%%ﬂ&é%ﬁsmep“ﬁi’é%ﬁt@iﬂﬁ%ﬁ%ﬂ@o&%@&@ SHERA RODEMRAL ViR

homologous recombination. The Rhs elements are accessory elements which largely evolved in some

other WOltsRIFB shorpieisrius diarod Soerlier subrstaienarsi aprasaiietansbirnasistintdieschange

after divergencaQhfesiGoli:asH3RECI8s1iBRsinRuak AR SIS HRRL O MaBH.seligenemednap are
shown in Fig. | and Table 1, [004Q] One type of region in the E. cc;lfiﬁgenome that can be deleted is the

non-trans&ibadfes b€ BEeRsEgse el rE s SmkE R A8 MbRFERE R tRe PSS RAESTBARE proliferation.
Another ypeiefileaions@4bs &nepit JeRRIRe tialGaT e sriRiadisdinhIdyegions, thedisd regions

encode for the major restrictign maodification gene family which has been discussed above. Positions

of the noritt& s SaRToML! DRdTiief g Pedhs e et g iRetigs Ere shown in Fig. 1 and

Table 1. [@ﬁ%ﬂ] Pfophaﬂﬁﬂa@m@@@?ﬁolp@éﬁe@Q}?@%ﬁ%@@f@ﬁ@ﬂ%g%ﬁnﬁ%ﬁﬁﬁﬁﬂéﬁc@fﬁiﬁm
genes, memprane proteln enes are also among t genes that ma e delete ased on the gene
selection %ﬁsm&m&eﬂfﬁéﬁ TR TR R %&m%?tég%%%fmgﬂé?ﬁ?mF,hsf%lﬁ?nsﬂpra),

was compaeedimipersaienactaidsaioselrelativevih 3 ddihiSeaemealall Bprgnanceil avas
R b S I U s R R e S
[0042] Anudngsibgsrgendsitadtmsythe geleied aneipesesdinat e ncpdedshoten aphiage ardCByitiors
ring o Sl 08 ) B RO SRR M ARG el s oo
deletion deleted E. coli strain so as to optimize the strain for certain uses, for example, enkaryotic

methylase genes.

{0037} - Another family of £. coli genes that can be deleted is the flagella gene family.

Flagella are requnsible for motility in bacteria. In natural environments, bacteria swim to search

for mufrients. In cultured environments, bacteria motility is not important for cell survival and

growth and the swimming action is metabolically very expensive, consuming over 1% of the

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 i 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



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 genvopmig/smsgeences of two E. coil strains, 0157:H7 EDL933 and K2/ (e kasm, were
compared. DNA sequences that were not found idTboth strains were used to identify targets for
deletion. Twelve such identified targets from E. colt 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 MGI 655 strain. [0044] The DNA sequence of a

uropathodBaiereues prdrarsadrte &7 3ok Py deaxmerlrahapse apra livmscRee Sty eritasimRgishd its
sequencepyagRMHPHERHOHRE Kl 2 M 027 R1ImA1RE e RerUlis show dhatrenly mbout 40% of all

coding genes found in any one of the genomes s present in all of the genomes and CFT073, K-12

and 015710%48ke compBsewrsid rogiondndnd eHdEITEA SakenORIisiicgdhis aSEIHH MRS
infOrmati%gﬁfni@é@&%tﬁ«?%ﬂe@@é’@i%ﬁb@oﬁf@iﬁigfm@@@&@3&@@@&@%@%@. 1earing
e

sequences may be_deleted from E. coli. Preferably at least 5% or about 90% or about 15% or about

21% of thOPF tSEBTiHy efie L eRenradert o asrellpdan bt Fsponsor the SRHPSoding genes

are deleteghcli®@vovidHapatesthaisheredmiox e gancsassentich i iiidngRe stan that are not
required for growth in other strains, In such cases, the(gen_e essential for growth of that strain is not

deleted fr&RFHRRSHAIACTIOR GeRAEIPRS rEpaRArivify AROIREPERAR ARith SPEBTRBIRATBMATY fiRTon so

as to permitipowenOTHMestrain. [0045] In a particular embodiment of the invention, sequence
informati?[%s used to select additior%)al genes frog§ S;sin the methods of the present invention) an E.

coli genor¥4b as to proRftEs A R5ENREEY AB5R (SO A5BET PO ATV IR K- 12)
containing:dia¢ eletitnsnd@rasioyembeati dQ0:tislapdss gundsstinoundirgidiAs tistdnlh siill gdhew for

adequate growth of the strain whe culture‘gﬁon inimal medja, Th I? ign ag alls for complete
eliminationt SEARY PASHAIER A5 HARED Rl SO AHREHUCNE o o s BB Bhrisplasmic
Cleansingsapvd Proteteipprassi dine [@0d6ldeaf ieadonsrdisitus el T BectRerea r@mbingpad) ead iin the
art for production of recomhi tein 1(;61 'I&%ﬁ secreted into the.periplasmic space of bacteria
o the BTN 2 e g S s B R Ve
periplasmim sixpnegeicific BR4d} G fivmnegat\wbhad@eiih isuckedsidonoly, inbyve el eeiulenstasimbranes,
the inner %ell gnembrane and the outer cell membrane. Two membranes are separated by a

. ackbore.
periplasmic Space

[6042] - Among other genes that may be deleted are genes that encode bacteriophage

receptofs inciuding, for example, ton A (FhuA} and/or its complete operon fhu ABC which -
encodes the receptor for the Iytic phage T1.

-16043] 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 stramns, 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
0157:H7. Results show that only about 40% of all coding genes found in any one of the genomes
is present in 21l of the genomes and CFTO'J’B, 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



(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 at,
Annu. Rev. Genet. (1998) 32:59-94; Felces et at, Microbiol. Mot Biol. Rev., (1999) 63: 161- 193; and
Pugsley, MicvobigoRess (1993) 57:50-108 [sic]. Hynds et at, (1998) J. Biol. @oemse2d&@4868-34874;
Santini et al. (1998) EMBO J. 17:101-112; Sargeriget at, 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 sg;g( protein, the new protein folds with the aid of chaperones,

peptidyl-prefirg seinereeiesanhy delpistawsxin raked sy Whrasicitety sbewiltifics Bwihé ¥oYmation.
See, e.9..oHRdebabide %éiﬁ@&ﬁ%%ﬂbs%@&%@&ﬁ'%ﬁz rIaHY, abat: 6908 EMBQh

17:101-112; Sargent et at, EMBO J. 17:101-112 [TAT] all of which are incorporated herein by
referenceSUDEESATF O8RSt Jsthordd Boooted fos4bymesnbngene Seenidfmeemty it Whstem

transportsiaraenaraieins: rdulisdaided, wanformatianand Is MO SREGHS JBeseamioR PLARREOP iate
signal sequences. We have selected the periplasm because (1) itis a greferred site for expressing

heterolog8HEFEEHIbIR AR IstSrdiAemSRssha a5ifidrisied it Eaitrsey fhsnecterd@pany

unnecessasinpraieins:yame ¢dtisPhaYs frale JoMAnS tngegssary adaptation and control systems,
some of which appear to be detrimental, By removing native proteins from the periplasm, we

anticipate!§%4Plve will Ber R5REF81aG AR R B A A B A s SR FRE EeH P PodiRR S sBd 686 and
secretion gidetRinsirdfRrperilasm hambeesrmavigwasimkianatpm B. cdiiMaloRilo 4983, 166(4).p.
557-80; Hockney, R.C., Trends Biotechnol., 1994, 1 ).p. 456-632,; and Hannig G,, et al., Trends
Biotechné??f?%gg,gf%‘eﬁa? 57 89080 A5 edhaieh Qb %%%%s%af iRprdbelhcan mRe i et
several repsensvelypshe oeriniasyisiaduate et NospHateinl prockriio ol Addinip esshale 40

produce a.recombinant protein with the aminaq terminus identical to the natyral protein, whereas in the
CytoplasniTAOCAINS U AP L R A Bl GR35 R EYCRIPSEe ok
correctly irethdnheriphaspoicsieate(@)tiS ceecicdsd Gifidethbeaasyean form in the oxidising environment
of the periplasm; (4) the periplasmic space contains much less and far fewer proteins than the

Protein it S B Ean be readly released with other periplasmic

rtes DYSRGEahSURIIA e e AT RO SRRl e 0 e gy

cytoplasmiecongtadaotismttme udhcthwilhhe serretad ratoghegeriplasmic space of bacteria and the
methods of the present invention provide for the engineering of bacteria to optimize periplasmic
expression.
10047] Gram-negative bacteria, such as £. 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 ieast two different systems, Sec-system and Tat-system. (Danese et
al., Annu. Rev. Genet, (1998) 32:59-94; Fekes et al., Microbiol. Mol. Riol. 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) EMBQ 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 ef al., (1998) J. Biol. Chem. 273:34868-34874; Sauntini et al. (1998) EMBO J. 17:101-112;
‘Sargent etal., EMBO J. 17:101-1 12 [TAT] all of which are incorporated herein by reference.



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 aggmegatesinsadnsoluble “inclusion bodies." Whilst initial inclusion bedyragusification might be
simpler, the proteins need to be re-dissolved and¥e-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 peffetPls cleavadwtireerip Srecisignbyhsptaifrstignatpootddves rodensdn fehefeldeth
recombinapt AuMaR504iE. ARG A Manastivedrmy s heibed Ry Grneateeh. (ltropin, Full

Prescriber Information.) and Pharmacia. Not all proteins can be successfully WO 03/070880

PCT/USOStstddha Beprieme EcBYseidribire BiverTrsl 8ite fyiganesimbsifaolengetisoapinant
post-secrgfiaBi R qesEsingnavsiems havadinitad-canashy, 8. nasjaiane-stihRrpEsiRRO BRAMINANTS to

deal with. Notably, there is a warning on one such approved product, that it contains traces of E. coli

periplasmieYS BRI S HRY NSRS DY S AAE S OB T B nie R AW R IBIPE Full
Prescribegeiiaemationy.-YMaiedt is.alaimeckinat thisis paigtRmblemn:indhets i vit usbdsrregarded

as undesirable. The materials and methods of the present invention will allow the reduction or

eliminatioB AR IZBFEETAT HERSES Pharif et fithe SHPRSFSNBA0ERSH SR RORBIFER {hRfeins
which willjegipsasietadiatorRSewdisiSERrRIGR DAY, BEARRIMNIERd dyYIPiZiog- SR HIal-systems

or any other secreting pathogens availahle in the respective bacterja. In either case, the appropriate
cignal pebide VTS AEE ot %sﬁeégﬁﬁwagﬁﬁ-r@ié?h. gk el e an the
following adafionel) experiseniy af ehetdedinbines dhareyatgereparts that Sec-system can be
saturated ligh effici%% e>%)ressiéin constructs, the first set of ex#erierg:nts will be to develop a

S

system wi timum e ioRTevel SFRe r Fh%f?? %Srr&tg'lﬁ B Wf)gof)%%%ﬁ’y transported
and foldegisd RS0l (53} Reessittinani-bille capsimisisauspioldarigriflasmitoespressiddemithe
reduced gepome b%lcterjta. of the %rese t inven[ion comprise a firg@%ﬁl@ seguence codin .f(?r a signal

peptide 'ca%a 580 éﬂ(ﬁ?a?ﬂﬁlg‘}’}gﬁ ?%H 536?8 gﬁl’tgrﬁelrbseﬁgﬁﬁls sﬁé%e oper%ﬁ%%? iiked to at
least a seamtidddig EBquanceraeiing:iofokidesiceditietéropegoispiotpe Thptisigoalsediselfide maybe
native to the, RIOIGIR 19,08 SXRIEaReS: BIaRbl: %R RIsR Lare Ao d RS  space contains
much less and far fewer proteins than the cytoplasm, simplifying purification (5) there arc fewer
proteases than in the cytoplasm, reducing protein digestion and loss; (6) expressed proteins can be
readily released with other periplasmic proteins by specifically disrupting the outer membrane,
substantially free of the more abundant cytoplasmic proteins. The periplasmic space has natural
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 irmer and
outer membrane proteins are processed. By contrast, it has proven very difficuli 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 coniroel, 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



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 ishmsaturable. For example, lac-based promoter/ repressorpdrdusiibtadoy the
non-metabolisable galactose derivative, IPTG, mdybe 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 recombilrshicpidiethisronigamlithare s evifenesdity the sectbos BEPR PSR SFIBES 747,662;

5,578146%&&&@111&%81&{1@&%2@%?2 ATROMER ShAki NAMICEOntdrBh39 (hhdi®3 :Mﬁiﬂgj etal,
Cell, (1998) 93, 93-101; and Current Protocols in Molecular WO 03/070880 PCT/US03/01800 15

Biology (109%)13 8 B0l 6T ANECHHY ABPHSE D DOG US> Fosr Al pemssinst waces#f Sofdd) RAFsaRRIEN are
incorporaiggifigsain v Eelereneedi-thel beniietui dONPRlHR pRe-sRRSsImANRf Mg presemdnvention,

nine known and 3 putative periplasmic ﬂ%rotei.n genes were successfully deleted in constructing
MDS40, WHRBGEERineAR fedimy fraaidbifd BrtReToRiemiEh i Gty Bronftmemedah. (See

Table 4 aggidstahielom) fheselismdations afigehefanas Riviuncions iMckdiRgamtnenasid uptake,
inorganic metabaglism, cell membrane maintenance, sugar metabolism, and adhesion. [0056]

Approximﬁlfgf\}“%%c’@éﬁé@ﬁaw]ﬁ@bn deleted that code for known or putative membrane proteins,
identified [mpsheir signahpeptidesaa6 vRnNge Soihdhesesd 3araednvsived protingeliRchiintkye or
biosynthesis; %?gr,e invglve .in fimbrial structure or bi,%n\};esiﬁ; and 13 are_involved in general
secretory SEIRRATEC The fehSSRrERT IU8YPE AR E RN " RIRISHE TSRS &

membranetheiMaoytidhede pratemsdlabe: hetievediabe: proeisch ktiike cpeliplaspiompaceighhey
have also been deleted in. constructing MDS40, without sigpificantly affecting the ability of the
oS R A KA PR TOLRE Bl G e T SR Bptietoes Q8B enccs
annotateddViGilinga dhtahasesaitkiess reddtih gSnes therithuibh ecfitetathreSse dysea icleridied 181

proteins that (he majerty gfiich arc believed to.oe tsident perplasmic protelfs, Anumber of these
proteins have been’classified according to function'imto several groups excitding: adnesion and
mobility; ryttientvdticbpalinumptale:tsanel elenétiteuptakdeamiipocinie thlchansibg poegfahise and

protection; and periplasmic _protein secretion and processing. Among the genes or full operons which
S s

have been or- are those coding for sugar and amino acid transport proteins, unlikely to

be neede{bi#s3] Recombinant DNA constructs useful for periplasmic expression in the reduced
genome bacteria of the present invention comprise a first DNA sequence coding for a signal
peptide capable of mediating transport of a protein to the periplasmic space operatively 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 fransported into the
periplasmic space 1s 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 particularty advantageous when using the Sec
system which is known to be saturable. For example, lac-based promoter/repressor, mducible by
the non-metabolisable galactose derivative, PTG, may be used. Such promoters allow fine tuning
of expression and secretion through the Sec system thereby optinizing periplasmic expression.
{6054} 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



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 accordmgtzihessnethods described above. The human growth hormopemposteinigscurrently
most preferable for final demonstration purposesiand 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 aR@iaslifePafibioratt B thbHdenizish e SRIGLyARBBUIYH Y 65¢ b radeSapDvel RicHIEfB @%§enes or

other DNAnseqhdenceamay e deleled MeR34q%e880 PCT/US0/01800 16 without detrimental effect
for purpose of producing a desired product, it is possible that the deletion of a specific gene or other

DNA seq@PR¥ may niveng srabedinssi-ithe sreshiiareistcAlag keeyaads sriHIe csprBRIR Vel of

reductionip.pipliferationr eais.cERifng Ssiiilyif ¥isishesayseDshedundansias M aepedunstions and
interactions_between biological pathways. Some deletions that are viable in a strain without additional

deletions B thE REBHET SR & SR BITERGh TRt BHEa didhis ds 21hdefbReiiity B§%s also
because ghaefiaie anethedmused i igentNndriglignneandidaigkiexamplesansmathed used to

identify deletion candidates is to compare two E. coli strains and select genes or other DNA

sequenceS Y 4R RRPETERs SHEBOICEPAE A adRREWrajority of these genes and other DNA
sequencep@se]not likelyebenfuastenadheensenbain sasal shihesadnaykhevwmposiamifer a unique

strain. Anothey method used. to identjfy deletion candjdates is to identify non-transcriped regions and
tho poss T S Ao AT A Y AN PR BE ORGP GRS Sty
[00601 THeageinsegueneebiniginestne at severaldde feshombitactii Ardespianees tandd stectied
depends on the purpose af an lication. For.example, when high production efficiency is the main
concerm. AVRLTAE BTSN IaRS SBORAH, B CHR AP LG S O (S Gh PAR Sl meciom
consumptionctiies tarhbecihecabsagae M iastdestpthisicase, Hbdecahsebrpricestedtedhean also be
more specific as the production spee antity and., yield per cell of ticular product. \WWhen
clminatingE T S8 oA TG Femet s Horem e DAL oritelreatimtier navve
protein lewéissiomntiie abdienobibé argpasificonativecproteimdanedmtihe consequence tested. [00611

Testing thggopsequenee o oIl & 98NS ok NGl R ARRIHENSE RATPRIBIES 5 databases, and
cross-relating these with the literature we have identified 181 proteins that the majority of which
are believed to be resident periplasmic proteins. A number of these proteins have been classified
according to function into several groups excluding: adhesion and mobility; nutrient and salt
uptake, 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 cominercially available tags: E. coli alkaline phosphatase, Aeguoria green fluorescent
protein (GFP) or liuman 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.

10059} 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



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 avensing@ought. [0062] When the consequence of deleting a gaEaisothessDNA
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

membran&8tBeihdetrrraiabefiseh e pomRn mmdiging pdseird preditrie EbRAsERE B4 B8 changed to

accommogdag; WM QraALAESERGT AR I8 tha e LAl aHsceadIE Boasahishassahthat the
bacteria lacking the LPS genes can survive just as well as the bacteria carryiribgqtbhe LPS genes. [0063]

Methods fefLLaERS BRecetetle iied HforTerlicR iPaieaies Ml ot B KROWIPIbREsSPetaisary skil

in the art caRaedsRE 4018 eRMs Fa R Haced wwilivaspaveed BonRME. faxampieS whdhiergisnethods
include but are not limited to those desc;éqgied in_Posfai, G. ét al., J. Bacte 179: 4426-4428 (1997),

§ riol
Muyrers, S18tBreapiahle it A FREe R asidifisedl delgho b A LalArRaS RARY IGCQPISHBHONER Acad.

Sci. 97:66405 4R {20 0T ansbRastal &isd alko NetehB eifls:Ris. Rathodd 09444 hi¢aR8 ) laticaf which
are hereby incarporated by reference in their entirety. Basically, the deletion methods can

clmsciiod TLEI P AT AR e B A SRRy AP 70 B blf SCRTER PR s, The
methods disklsiegidsianl¥spitet edel d? oticalDNAckgbemdssRies. a2 fidiahbsdiiSd ¥d@9Mpand Watkenko,
K.A. et al.,.Proc. Natl. Acad. Sci. 97:6640- 2000) are_linear,. DNA-based methods and the
ethots dETBUGH B e 2e0es P O A A R oS [ B BT i Nuc,
Acids Ress@ide 4fihord4iby t2309pauet Soicidmiglassirida bAsethenethibdd @064 i Botife &elettiem methods
for deleting DNA seqguences.from bacterial genomes_ introduce .extraneous,DNA sequences into the
genome oL B e e T R e B B e oo
recombindtiomsdfibed/regithe mathedsieussdongeeotiwsiabiids.in a bacterium. To avoid this problem,

scarlessciﬁj ian methods are preferred. .scarless deletion, we mean A nce.is precisely
deleted fr mﬁﬁ@e genomeev?/?tlﬁsc?%ltl%%%%%gg%g 3 ())/ngt regfi%n%%gﬁ%%eg at ?rt?éerd%e)%%iosrﬁ%ltesc%g% bv§ithout
leaving anigdtseitechdia thetherpgenofine afitheatirgakisnexkioplevehed bestopmibtefkes e Hiratnasithose

made in PR amplficaionand, DN PRI BIRREESES APERLOPANAEAIIR SRRARR MKk be

introduce occasmnaﬁyln
and medium consumption rate can be the conséquence tested. In this case, the consequence tested

can also be more specific as the production speed quantity and yield per cell of a particular
prodiict, When eliminating native protein contamination is the main concern, fewer native
proteins and lower native protein levels, or the absence of a specific native protein, can be the
consequence tested.
[0061] Testing the consequence of deleting a gene or other DNA sequence is important
whien 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 poious 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



scarless deléetions. 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 thevegagmpigscan be adapted by one of ordinary skill in the art for peg¥keihesodacteria.
Similar methods and plasmids can be used to sinifar 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

bacteriophbgmstsarorass Rellubp mamiydaca el theh Grebucterio piskis. (BubR hasties denpwaviaiest as
engineeri%ﬁfay\(% ggé%;g%gtge]ﬁ%sé&g_oo 18 bacteriophage genomes so as to improve their

useful properties and/or to decrease or eliminate certain properties which impair the use of such

bacteriopif@dior a varethass foir elstns Sihiatguentesiiomdastenthecpeawsibah sesnitervars gseful for
modifying Jaspids, il iRilePBRGEEHR SR Feniff! i_m&%mrmmlﬁs&ne&&%éﬁogw.\/ﬂﬁﬂﬁﬁsgenes)

from the plasmid and to improve other useful properties of the plasmids. [0066] The well known

generalizetf Harrsengtipds raciskidpt atrenpt Imdedgedkoss dsssidbpsbin Raséiie Gopirbnddbestiipleces of
DNA into regipiant 488l SEnalfugRRe featuesionf.d, hawerss, 24lisatelsimisios sanasity to pick

up and package genomic DNA for transduction. In particular, the packaging site (pac) site of P1is a
GATC riclrdgRiriwiets i iethy S8 S0ANEAA P OORRHERRS B 1ok Firhs MHe-afRiAsriest BEnomic

DNA into thgyphagse Goat) Howevaridn thernaRssnasopbriam spsaeiated malbylatiosp! theipaskaging
site, packaging of DNA becomes "sloppy", that is, it more readily p,ackaﬁes portions oftgeenomic DNA

than woultpdaiERsthafieopa brefrRiiatdothase Hatriadrsgd Phrématt N stidirseiiobiageous to

engineer thadl GEAMKTE 104IMRYcrdametenedisngdh e delstias Methagdsioivhe pegemivention
thereby enhancinistgzéaibilit' to pick up and package genaomic ma;éerial. dam &({3067 Another drawback

associated Wit th S e PR o ift A th@rﬁﬁe{\é‘éf)'c%ﬁ‘? SHQ if0EMBREL40eNAEE. on
insertion Sagdences ltadetSriethadneiivbe fsti> &n@idtiespatilobbsdiile Bhigenemeafiiother 4435.is in

inserion SEEXia) G0 SOHIHCETED o LA e i A gLt AR b I Bh i S e AASHBRE, it wold
be advantagedusctboaisgineer the P 1 genome to delete the IS sequences using the methods of the
e I e R R e N A O M G TR Yon Whers: P 15,5380, 338 ransduct

introduce extraneous DNA sequences into the genome during the deletion process and thus create

a potential problem of undesired homologous recombination if any of the methods is used more

than once in a bacterium. To avoid this problem, scarless deletion methods are preferred. By

scarless deletion, we mean a DNA sequence 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, sither 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 £.

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

fransfer production to the minimized genome E. coli strain.

[6065] 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



[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
embodimentsvaf ¢hre7pesisent invention is a Shigella flexneri having a reducedq@ensimergecently, the
complete genome sequence of Shigella flexneri 28 strain 2457T was determined. (The sequenced
strain was redeposited at the American Type Culture Collection, as accession number ATCC
700930.) The genome of S. flexneri consists of a single-circular chomosome of 4,599,354 base pairs
(bp) with ab%;c?g" ccﬁltent of 50.9%. Base pair 1 of the chromosome was assigned to correspond with

base pair one of E. toli 12 Sined e BRE¥A LR i S RIgReTEsrerieTde femres g andimingies shown
to about 4682 rediptetieyerisshviithahnhb QO STABRRBETHRISO RO 8051} 3 BYRIRYS SiZR 9 B3 base

pairs. The eri me exhibits the backbane,and island mosaic structure of E. coli pathogens
albeit Withtﬁneu%%ﬁ%é{g %%%%gﬁ%‘f@p Pgﬁlslglé’ﬁgﬁe Bﬁ%’aﬁ%% g%plﬁﬁﬁ@é P detfeiEbastrigseas Perna
et all, (2002)chimtinnts H09152916880F (egorgariisneigetis)incty thif il Ia0meeB RISHeNL Ahinserion

sequences,, \{,ﬁg@l&@ﬁ\eo A rrangements, 12 cryptic prophages, 372 pseudogenes, and 195
Shigeila s%e%i%c genes. %Eeg%ggor%'pleted annotated sequence of S. flexneri was deposited at GenBank

accessionAl#dber AETh40wal Whishigerinativedratestibergibhyeiprapee] (Seoaisas Gampleie

Genome Sggiience.ang rativ E@ﬁ nomics of. Shigeila, flexneri Serotype 2A strain 2457T", Wei et
al., submitted fo%ublica%c?r%g%%gsqﬁl ing 8@%5 g %{%bgas‘?gaz 'oﬁ%@lﬁﬁ%@ Atel Shijewave:

phylogenetéanRfeiydisiigaistrabity tropicEur et 0BG Asismbanilyapparentiiaipdhis gisalosue.

having the;3. fiexnst. ' : is(ﬂff@m maybe readily.,reduced using the methods and
gene selectioli @i{%dﬁ%ﬁ%@ﬁsé%egdﬁph%ﬁe%n. reéitﬂ%emfi%no‘r?vné%h 8811&’1?%%8%&1? f9Pthe
expressiofsiy Joiigitedbe sibhuahef gsrominddT diher thsefugutsieni dorvensons gissussed
herein withrgganesctie:seduass geagm in. (i ccine). Anaot se for reduced genome
Shigelia or for that métt_er an [}?atﬁoge%% %c%gtleé#gfssus%égé% 21%1% ﬂ}@%ﬁ%ﬁ%@tﬁ%@? # & present
invention & asTPVeFitdelfareakacsipnsionsrof gesentiDN Afthatigentifoe thecpss pitke pidkaucingtan

immune rerpeASTHIORA hask.BHCh AbuRNEINGeIaH Shioslia could, for. example, have gene
responsible for virulence de_Iet?ed from thue organis‘ar_%L %E}?éeg%ag%%gl%lrn%%%§e§%1higsosr&£35%c? se
encoding BTRGEMRE dedrirtinariethoriend e ervmri davantinntheneb jesensiedrihe Hositandjprefgrably a
mucosal isdpngiespansRiiwiberintesipgal wall of a host. [0071] Shigelia flexneri is potentially well

suited for E&J}S 7sjtrategy in that its virulence
6 Another drawback associated with the use of P1 transduction in that the phage

carties two insertion sequences. On insertion sequence, IS1 is found between ssb and the prt loci
of the P1 genome. Another, IS5 is in the res gene Asa result, it is possible that when P1 is used
n transduction that one or more of the insertion sequences could end up jumping into & 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 24577
was determined. (The sequenced strain was redeposited at the American Type Culture Collection,
as accession number ATCC 700930.) The genome of . Jlexneri consisis 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



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 all Infectiow ofdsniruggity (May 2001) 3271-3285). Among the likely candidages fegosiglgiion from the
Invasion plasmid is the cadA gene which encodegdysine decarboxylase. [0072] The deleted Shigeila
invasion plasmid may be introduced into a reduced genome E. coin thereby allowing efficient
expression of certain Shigelia invasion plasmid genes capable of giving rise to an immune response
in a host inoculated with the E. coll. The invasion plasmid may also be engineered to delete harmful

genes fronFitee preispiit’S kasukatife JeiteS fespan siemerxiubiiothedepibtionarristendthessididate
genes fogamavakiron e inyasionnasiit MEHISORGWR AR/ Y0880 RS NW I0B(RAE0Q 720 or

more genes selected from the group consisting of ipaA, ipaB, ipaC, ipaD and virB. The present

inventiorZ&iE RIfSTHS thE: sabiitibTro e ct@nd3a8LiN et 8- §ehdrk-Ehe sremisanisich the
invasion gilasiztidd1astoeendeRg1seshsor asiRiontinka e ession.of ganesfiam dhe intresuced,

- modified invasive plasmid. [0073] The present invention is also directed to live vaccines comprising a

reduced TRHSHOPRSEE RS CRAgsHEH2a4 480 Shike/inerrri fiftogcaeamitie complsticasuotitad has been

introducedqgenesoescaging ARt aasosRRk G i BRdL NG A IRTHNS IESPISS ihahest who has been
inoculated with the vaccjn% Reduced genome vaccines maybe DNA based vaccines in containing a

DNA kndWiPRCEESEAISEBR é’frﬁ%{f@ﬁfg R alrad HAYRISIS SrEBP PR PEHEESR 2GSRIt Y mune
response&jetofhied d8eigéNnglmnier Sevantpesiefia 1esvredaeRone IaamMsITAGRMHAGI0) the

present jnvention is to provide,a clean, minimal enetic&ack rqund into which DNAs maybe
introducgglstc'%ﬁo n&&&né%f%g&l@’&%&?s%ﬁ%ﬁﬁé&&ﬁ&ﬁlﬁ% LA R PRYAREE SHERE the opportunity to
introducendistdiiggoishhB)&\&sninkd dbkz, clean background to provide a source of molecules capable of

optimizi ression) of the desired product. Deletion Methods Construction of a linear targeting DNA
[0075] A gﬁxgim S &5 %&Eﬁéﬁ% Oﬂhtgé“?g AR ARSI RS IO WET Y SERSRS R r a+b

ple of theé cons
(Fig. 1), 29 grmohofmiberadizsaiced wity 2 pragbdt pridnenb eidiRG Bavdsmetiesmiedin a total

woune S0k s I P S e

pmol of privtrars er atigcugely] d)teants, BOrogpafspBERBed Serein with respect to reduced genome E.
coli (iive vaccine). Another use for reduced genome Shigella or for that matter any pathogenic
bacteria susceptible to the deletion methods of the present invention is as a vehicle for the display
or presentation of antigens for the purpose of inducing an immune response from: a host. Such an
engineered Shigella could, for example, have genes responsible for virulence deleted from the
organism while maintaining other genes such as those encoding 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 “Jarge 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 ez 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.
[6072} The deleted Shigella invasion plasmid may be introduced into a reduced genore £,
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



template and a second round of PCT was performed in a volume of 2 x 50 I. cycle parameters were:
28x(94C 40sec/57C 40sec/72C 80sec). The resulting, PCR-generated linear DNA- fragment was
purified by Promega Wizard PCT purification kit, and suspended in 20 Al water. Elimination of the
template plast@ids(e:gssdy Dpnl digestion) is not needed. pSG76-CS serves geraéeipsate plasmid to
generate linear targeting fragments by PCT. It comtains 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 Notl site. The two I-Scel sites are in opposite orientation. WO 03/070880
PCT/US0310186EeRes Ndvelellrfean BN Ardeseehsisitesy duiotitraéhCdipD0we] viths idwahBiis-based
scarless dglRlARMAIDaRA IR SRR ipeRHALRRRNR DRShdAdRERIRRd AN e JAlEN
description is read in view of Fig. 2. Generally speaking, the method involves replacing a segment of
the genoniévasiapidasreidduiebion, Witpdascd aifiesd DNAnise ghipesor hessrelidians Bguatieducodtains
one or moge, reeOoRioR Sikesfana sequence-specific nuclease such as I-Scel, which cuts at a
sequence that does not occur natively anywhere in the E. tali 1(42 genome. Precise insertion of the
linear DN44%BIkcule intBetRectah BTN B Ah pdsReIsyteHdmbISgBos et enrirane s sideerdy a system
that can ingrease edieapRNey Qiemploania Jerambivation. When heiseayeRagspeeiic nuclease

is introduced into the bacteria, it cleaves the é%eénomic DNA at the unique recognition site or sites, and
only those"BERGRTRS #rUeRiRRe oinE MK  SepsLreRaRls it onE SUCRERES Seanwreina besivive lis077]

Referring spacifisallyita &igh thdhaceiasid Ro6d Bremdy seatham A tsplateni.gyataasizs the artificial

DNA insert. The artificial insertion sequence extends between the sequences designated A, B and C
in Fig. 2. TABERIRARAKIQENE f5 RableaE Rt dositrd nRvErLOsieAl spenednpliagd from the
plasmid agickelpakaporaigshinto the E. coli host. The insert was constructed so that the sequences A
and B match sequences in the genome of the host which straddle the proposed deletion. Sequence C
of the inseltTidtches 4 BEGhECBHPHAS HEM%7E AbATEINISHiRIAENS SERMEHDE 18T I Stegarrsitte.
Then the haaieit a4 eosaieatRok foeatihiglicesisanbackar sAlaGHR WHIIE DN D SUYiNad aRbaby
those bacteria in which a homologou reco_m%na ion_event occurred in which the artificial DNA

inserted info B EMS GENBFIER PhA IS fof Bhe SR AU H R HINiRe BidbtRnces

A and C. Bhditsel BN RNACaguaasehalseinaldde pravikRoence:Bf neleqositiapadasone end of the
insert, whic .is.desi%ned to be#&rgg!ﬁ%%)#s to.a sequence in the genome just outside the other end of

the insert, RS NAICAET TR B product.

_ Deletion Methods
Construction of a linear targeting DNA

[6075] 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 ul. 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 p! 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 (CmR) 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 nto pSG76-C, downstream of the Noil site. The two I-Scel sites are in opposite

orientation.



growth of the bacteria, the bacteria is transformed with a plasmid, pSTKST, which expresses the I-
Scel sequence-specific nuclease. The I-Seel 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
recombinatiow gWkyiv&¥s, which can be identified by a screening step. The B j@-Byteseimhination event
deletes the entire inserted DNA from the genomezieaving 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 WO
03/070880NPETRUSO NAS0G 2 2cecigsminietion thetHeft Flank of the genome region to be deleted,
followed by a sequence identical to a genome sequence on the right flank of the genome region to be
deleted; tH80Gfier end BfethevdiriabABNdsciebsialidct segatndoidbativstied nymtiomensdghesice
within the genome 1eaondge HQ&&%@A%%@& igan Jl,} Woendy E{%‘f.'@&%&ﬁ&‘%&%ﬁ{g BE
recognition site that is not present iff the genome of the bacterial Strain and an antibiotic selection
gene. ThenatitdianPNes sepjeinge scamdd of detesemimp pobrivedrisaldetimy saibtioneRBRY Birected

DNA synthgsis, & PR template. forthis auraoss.cqntains the uniaye. fecognitian.site.and the genomic

DNA sequenices on both ends of the artificial linear DNA sequénce are part of the primers used in the
PCR reactbflcaitsuFGR 1t ash st dnrbeabtavitisads latplashiet ocaus ratisly snavprasiithedat can be

used as a famplate ;S NRCERG(GROFANK ARCESRIONING. XORBIR)-IED dsderaiberilndesfal, G. et
al., J. Bacteriol. 179: 4426-4428 (1997), pSG76-CS (GenBank Accession No. AF402780), which is

derived fréwnedETe coamensidaddy. a3 etre 168 Carinmreshi e ArerphehiesiasRiance (Cm')
gene and @ diest sitegrrpdivaspbirinet by thpdiGR-merisiadnaarion viaseceitdvadrt

recognition site into pSG76-C, downstream of the Notl site. The two I-Scel sites are in opposite
direction. BROYOTRRDAiHGRE BRiGHRASTROSEHD NS S6 &lienerdanbudssrrasiedadrabitterium by directly

introducingdhe bgsay NAMRIesIS Rt iheLasiarnm #singeaany method known to one of ordinary
skill in the art such as electroporation. In this case, a selection marker such as an antibiotic resistance

gene is endidéred intBeRERETRGSIISNN BobigeAchIAlasTHIRRETP Rt o B ElHRining the

inserted DiYAsRMdeRE e gish AVteARlYRlYTR: iraacRNMRIL cbiR %R0 cRRMIOVIgReRbacterium by
transforming the bacterium with a vector ca_rryingﬁthe artificial linear DNA sequence and generating a

linear DNASHRESIETERE e BoAE fulf EifotighhPéstrRtiAE - 5Ae eavdyetrieiFeet et
enzyme Use:smouid opyrcathenftbe Yeel eie b and electroporated into the E. coli host. The insert

was constructed so that 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, after
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 BtoB
recombination event deletes the entire inserted DNA from the genome, leaving nothing behind but
the native sequence surrounding the deietion.

[6078] 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



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 metRpg iRNphkes replacement of a genomic region by insertion of thg-gutikigiaRMHNA 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 ashgmantegauberkdbfisbinafite Ye@08/G20880 RGRIHS)H 32860 b3 systemdiddntianl be used

in E. colii hich is.described i rers, J.P.P, etal l,. Acids Res. 27:1555-1557
(1559), A e R A oY iRl el B e R R Lo
97:6640-66245: 2000 yrolsyudise becgewte Gitwircplds mitsdamatscanches ysdnitisl gdeop®@ Regidated pJGXX,

pPGPXX isyderived fr eplagi igin jcation i Wi 01
origi of reo e R REAERY RN AN STol SRR R Al Bt o

under tot prdhsaterepneiche beeemal peathire G aamwiisdised petadsistiohbmethibdanboldessquenoval of
the inserted N4 AR H4RRGRIARAIRIERSI0R MRTIOTHOR ASHHR PR (o IiEleass ShIgh, AxatSee!

that recognizes the unique reco?nitio_n site on the inserted DNA sequence is introduced into the

bacteria. TolethiepueaccepaEmdhsuBlasaJeosmion sicarbiraseneR GRS ReMgerrsAeBatieaved.
After the  gleRVAGR. ARIRPERGLIINA Ve QHSHESHMANARANLHEUEBRERULIRG IfrRedeletion

of the inserted linear DNA molecule can survive. Thus, bacteria with a target DNA sequence deleted

from the gERBrife Bkt ordsdiarbrudduéncaapelant nplasaskiatsradgdedeasers that can

be used indz ek BHYCP EEaB Rk Aldies: BPNK SAoRFHAR R is tekan G EPHgi PBAPa Cel and
pBADSce2, The secé{%Pence-specific nuclease carried by these vectors is I-Scel. $KSUC], pKSUCS5,

pPSTKST aqﬂftﬁg?lA :aarﬁzéé%%aggéld?ﬁﬁ?ﬁﬁg%@?ﬁg% ‘f@GSSZ}C’HWTgOm%WQ O3l Boove can

be used repgatadisin g basterinm, o gansisie. SeTieeobosiations Whendhe-expressiomuector for
the homolg é‘ani recom{iination %Ysiem and the expression vector for.the unique sequence-slpecific

nuclease ETSAPLEBRitH Slich Bt dres Qhiingd WdheERarptiesipsesinn sicserent

transformatienreddfetiwosite chasHhave-1), bewparfamsttifo NeachteetetioneycRreTsaasiarmation of the
two vectors canéggg\é%ided in additional deletion cycles when two compatible plasmids, such as

pBADapy TP °Br pKD46 and pKSUCS, are used. An example of using two of these vectors
that are cgagpatible withreatifi@#her constructed DNA sequence can be provided to a bacterium by

directly introducing the linear DNA molecule into the bacterium using any method known to one
of ordinary skill in the art such as electroporation. In this case, a selection marker such as an
antibiotic resistance gene is engineered into the artificial DNA sequence for purpose of selecting
colonies containing the inserted DNA. sequence later. Alternatively, a linear DNA molecule can
be provided in 2 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 infroduced 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



is described in the examples below. [00831 The above scarless deletion method can be modified to
make a series of deletions on abacterial 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 indiyigyalyokzdacterial cells, preferably wild-type bacteria cells, in agpaialiglfashion, resulting
in a set of strains, each carrying a single insertions 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, PI transduction is an example of the methods WO
03/070880 PCT/US03/01800 24 that can be used for transferring insertions. The third step of the
modified regthodlinyoiuds wexbmBinationabéPofalebitlic snkectdcsbd endMincesyiitch easl baiedrried out
as described ve i -hased scarles on methad IL[0084] In this noyel linear
DNA-base% Ifr‘?e%%%d%ﬁv%%ﬁ@é%ﬁ:&@%%% |§Iﬁ’q§%§)§&n ?83#’&? a s%a%%%lgé vat ¥ aar\I]/Rs one end
of a bacteRadgéfainécodgitn &5 664efeiti 200 neptiar bofuadichiisidentinalsttha segbenssl that
flanks the other e e bacterial .region and_oriented similarly, are engineered into a
ety Bl S dotssionset el e b AN L
next to eaciplbthidsroin ARt wihtp$ CAD leastiond replicaiuitiop KK Xok anpSOz§medahmidiiiiionly cut
the target vector fut pou e baclarial dsnome iy aleg. endineered Inig {he target vector at a location
outside th& Two DNA sequences. The rec%gnl I0n'Sit6 cantbe one for a Sequence-specific nuclease
such as |-8¥8 IThe redhgnitichssipeofoha sistecbalokt donainethylaiion-sensity efitsthictidedddidyme that
only cuts %?ﬂ%%gt?e.t%a%&egselg#%?&gf %&”&’%‘%%J&%ﬁ%%&%%” TaAAS LY 18%%%% *{f/}ff%eé ial
genome is methylated, the “restriction eénzyme can only cut the target vector. The targetwector is
transformélaeimdgachacteriiim sitcloa tireasDRAING ceyleisge meratbaddside tirebetetariheoy
expressing.p, (e badisum, e enayme et iesadniaes and s g ecoqnifion sli.on the target
vector. Next, asystgm at can Increase ﬁ%)moffogous recombination 1S activated inside the bacterium
to induce hisavoksgonly thesowiinativhibeiwesirtwesonmoibgatiosecpehveslvnghie inekotiDNg tad the

bacterial ggagmeial ATk fadesiania e deleteg. Abadetu viha isaeted grioRe eaion

deleted can be obtained as a resu ove homologous recombination. [0085] This novel linear
DNA-basefomdtisasancaisoobtainedd ¥aanplec el soaugine cpecibasuslicdsg suprersiontreaters shadd DNA

sequence..|n fis£a36 2 dopiei R\ SeayepRa U caterergpLomplenays taepgiination with

the bacterial genome to replace a region on the genome is engineered’into the farget vector. All other
aspects aiBhPIhandpBedePe8d Aboveqrsnershpapidic nuclease carried by these vectors is I-Scel.

pKSUCI, pKSUCS, pSTKST and pSTAST are described below in the examples.

[0082] The method described above can be used repeatedly in a bacterium to generate a
series of deletions. When the expression vector for the homologous recombination system and the
expression vector for the unique sequence-specific nuclease are not compatible with each other,
such as the case for pBADwfy 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 pBADaPy and pSTKST, or pKDA46 and
pKSUCS, 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 scariess 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, cach 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 fo be reduced. P1 transduction is an example of the methods



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 scresying8sk00 colonies by PCR usually allows the identification of@ralsmeovssh desired
modification in the bacterial genome. [0087] As aBpecific 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 WO 03/070880 PCT/US03/01800 25 modifications located near the middle of the
gene or chromosomal region is produced. A se uence-sgecific nuclease I-Seel recognition site is

introduceBscanbesiged dpiiensfonina gnaipnsT i hird eemefiyhs et msthed mabidhg the

sequenced g iRndiohRGR Bime issuseddoamelifviion &bl Afragine oht ko aarriNAdsrgments
(500-5,000 nucleotides) generally work the best. [0088] The DNA fragment is cloned into a multi-copy

target plagsiel ugeioDouEhasdiiarldl dSanBankiacssion No. M77789). Since this target vector is
used along with a mutagenesis vector as descriped pelow, t rget vector is engineered to be
compatib‘g%% p 15AT9 ﬁ‘%f’é@ﬁﬁﬂ%‘%abﬂ@% %‘Eﬁg%(ai\;gﬁ’ lgié‘%é%%?%@ée%%?@ﬁ P%<56403) and
has a drugs«ehislaneesiaikey teih@iihame bick afphenital. sthese resitictidnsdincherbityotwided by
using an ajternate mut esis plasmid. [008 illustrated in Fig. 4, the mutagenesis plasmid used
in this exgﬁw‘%{i‘é&%%@?ﬁgﬁg‘%‘&q8%%%"5?%1;%&@?%%%&%% ﬁ%ﬂ%ﬁ%ﬁ%ﬁ%ﬁfg grﬁﬁ%%ngéic?%gﬁéﬁsﬁexo, beta
and gam arfeésdcantiiatiof theekiB&Rpnomotdasibhbvplasmitial sectoridinsmlibhmd drdarget
chloramphenicol resjsta ene. [0090].The target and the mutagenesis plasmids are transformed
into a rec%%%%it%%e éyoc%(liﬁ#ﬁeeq%%%t%sr%;&?g as% e%"éttd%1 of resis grn%%%pg f ﬁ)gr%avrﬁcp e n‘li%o filalsrﬁ1 d'the
resistanceeosmigidrositthier tar getyrtesivicvill sinyleut tienar gsttheriqpibkecbaiid beltemedeat@RCisor about
TO hours jn 1 ml of Rich Dgfined Medi eidhardt et al., .J. riQ|. 136-47,-which is hereby
incorpora%iesa' %nygx Te é?érll%tg %??tsargﬁ’\ﬂ}rg{; 9 r(cla\‘o%r?ﬁaﬁﬁ?ﬁa %ﬁ%%%f%%%e%%%%ﬁ%%ﬁ%ﬂﬁicol. A series of
dilutions rforgexampsits dal B0l fa0s GeQemt-speoificofusitasreniib tydrSpthtcthe recopuiticsesiietive
medium shich as,ER, Next, hecaloniesarsisersaradprassiiedmuiayons 4f a-aianth.phenotype is
known, thg%ségsgen‘?r%]%ar{ %gn dm% pgtcﬁllng on approgﬁ%tﬁé meQia.mg&erv%ﬁtlse, the i%lreening IS
done withsepiemg PEIRtdhonredgnitiessiietidthaiges oy, andhe featiopi erusimoistetsduiehdiiny. Suicide
plasm'd't}@&ﬁgtmmgme can only cut the target vector. The target vector is transformed into a bacterium

and a linear DNA molecule is generated inside the bacteriom by expressing in the bacterium the

enzyme that recognizes and cuts the recognition site on the target vector. Next, a system that can
increase homologous recombination is activated inside the bacterium to induce homologous
recombination between the homologous sequences of the linear DNA and. the bacterial genome
that flank the region to be deleted. A bacterium with a targeted genome region deleted can be

_ 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



[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. Thedntestageplasmid also contains one or more sites at which a RiAuBsemsean be
inserted. When the method is used for scarless d&tetion, 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 WO 03/070880 PCT/US03/01800
26 methodreHisg9Bs bﬁﬁ@ééﬁ%&mﬂﬁfﬂ, R R sensE ehvemerosal segoe Araredassiill deplace a

segment gtqubRciRpaligenaRnasYiheRtheoramatenthataantrels he gt of eptisatiamisdined off,

the replication of the plasmid is shut down and the antibiotic pressure can be used to select for

chromosohti fidfB? SASHS ascore ikt i RHEAIRR J G InLgiE RAro SRR REGKIE Scdtithe site
of the flankingirpaiehihe Piomeie mbate PN AIEiBe¢eR!Galo uigin[remuthedelasmicvean (e turned

on and thE only bacteria that can survive are those in which a recombination event has occurred to
eliminate 2§14 origin of replication, its promoter or both. When the DNA insert is for making scarless

deletion, r@ess]binatiombateenifeditegsried nsed antitbepoargannnging viegosin thegenome will
result in bacteria that either have the desired scarless deletion or the same genome before any
tegration SR THE SREATHEGTPISILf Bote UL AR iERe: TELSHBMI PR LR A that
either havecthe dedinedibepiademeant aribievsamid genanabeideampinlsgraiton Adsergening step
can then be perfor [ ify. th bacteria with desir (fications in the genome. [0092] A
Vatiation AVTEAD B kAR SR T Sa AR S L E e h AR eSS A
contains atertenciispaaificniccle fiesencgivtions sie beahislahsaidtd bihesiacie didngeanorne. After

chromosomal integration, instead of activating the origin of replication control promoter to select for
ata 1e%1 f)s;indS

recombinzglﬁ%ngg\l/enﬁl? fhe Bacteria are engineered to express the sequence- specific nuclease to cut
the bacterié¢égnome addedgetetbirBrphbiratiota govesitsp {0048 uldbis ditsde pladnichtaasedienethod
can also be used repeatedly in a similgr fashion as.the novel Iin%rO%NA-b sed methods described
above 1o SEi s e AR e e O ol R B BT
embodiméhBARairoamise UBebiasthal slicicerfalasmidAvasend nhéshamablphitid meishtartariplasmid and
pBAD-Sceslds@ plasmid. for ex r(as[ﬁin seguence- specific nulcease J-Seel. pll.4 is.a combination of
both. Theqt%jq[épﬁ omoteﬁl?ge%rﬁ‘? p%ln Lt %]%igegems pleasm?c?s Are PSEAREd 11%0 ar Cxl!i pOSitive o

coli. The bacteria are selected for resistance to chloramphenicol and the resistance carried on the

target plasmid. A single colony is then picked and cultured at 37°C for about 7.0 hours in 1 ml of

Rich Defined Media (Neidhardt et al., J. Bacteriol. 119:736-47, which is hereby incorporated by

. reference in its entivety) containing 0.2% arabinose and chloramphenicol. A series of dilutions

(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 elecirophoresis 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 bﬁgin 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



is tightly regulated and thus has 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. 5A shows that
the insertion whaidNAsmsert into plL4 and integration of plL4 into the bacteredgenemesdVith heat
activated chlorotetracycline (CTC), tet repressor #&inactive, the 0 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 WO 03/070880 PCTJUS03101800 27 for
homologdtigthedanvisidan seaadepias paeivhe SiNdomiatdpehulemremigotatheb Billoppiad? Fig. 5C
shows the altesnalivenyaual seleainovach e dloarks: iBsPmRiRAtian angite: hymeazsibleuRicomes

of the recombination. This alternative way involves inducing |-Scel expression to generate

double-stP{hdhsrsakeitionst iy apeidrie Srmsamandhs trdbiotc aessfa-brssd stk Rre
described:1helaW RS PIHQE i dna BEk RS QiR Be BHREN B Hebtt | idieAthRA4S SR fonRIARRR! & nand pILI

in combination with pBAD-Sce-1 can be used for protocol 2. One of orcjinar%/ skill in the art can also

adapt profYeSthfyding premBirerPRaisE 1 (eitdRedrtisHoniny Epqen bgkridcEherate

the desiresk ganedis MedficationaaditeardN~ragmeniedpitha16ase Almakngicawiies mutant,
the modification can he made by megaprimer PCR. To make a deletion in the genome, a fusion of the

desired eRBPBHE IR FEhos N f HR LRabgRyPLARIS SE A QOBIN A Rty iRt h bRt Ag for
phosphontateskfanganingeZolf; reaigisihitie] bionteg titciiydigestingrihadibdcvastpnifigs. SA and 6)
with the restriction, enzyme Srfl. Dephosphorylate the, vector. 3. Perform a blunt ligation of the desired
ol ieat B AR B B S B PR A SN ARG O SBIEh R P et
implemensakiepgnbrasnbéfers ihe idiggiitionntyheal cizi MNArAiseafiEfegesuellasxdéd). Outgrow the
transformation for 1. hout..in LB + 1 ug/ml eTc (¢Tc - chlgrtetracycline freshly autoclaved in LB media.
I stook o FO RIS STl PAF S0 R LS BAh I ST (RS B B F omat fo

miIs autocClave minutes and then store

up to 5 dayfrilteymateirst@sol tarain: sgirdaafthnhyed reidranyClindoaifibbcabatitetedyitihen plate
onLB+C Ior%‘n gdeld%%?goglcs? F25 gllllmx}}; cTc (1 tg/ml), and grow overnight at 37C. Grow colonies in

equivalen Media an preparenp Srid miniprep DNA. Analyze by gel electrophoresis and select a

clone witH@®2hsert. A variation of the above method involves the same Interlock plasmid except that the
plasmid also contains a sequence-specific nuclease recognition site that is absent in the bacterial
genome. After chromosomal integration, instead of activating the origin of replication control
promoter to select for recombination events, the bacteria are engineered to express the sequence-
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 e#bove 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 pBAD-Sce-1 is a plasmid for expressing a sequence-
specific nulcease I-Scel. pIL4 is a combination of both. The tet promoter used in plL.1 and pIL4
is tightly regulated and thus fxas advantages over other control mechanisms such as a temperature
sensitive element which is more leaky. An example of using pli.4 for gene replacement is shown
in Fig. 5A-C to illustrate the suicide plasmid-based method of the present invention. Fig, 5A
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 fimctional, 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



5. Transform the verified plasmid into a recA positive strain of E coli (such as MG1655). Outgrow for |
hour in LB + 1 g/ml cTc. Plate a portion of the outgrowth on plates containing Cam and 1 g/ml cTc.
Grow overnight at 37C. 6. Pick a colony into | ml LB and plate 10 Al on a Cam plate. Grow overnight at
37C. 7. Streak@walaiyeon a Cam plate to be sure that every cell present coptapngibaigegrated
plasmid. Grow overnight at 37C. 8. Pick a colony #ito 1 ml LB and plate 100 | of a 1:100 dilution on
plates containing 5 g/ml cTc. Grow overnight at 37C. WO 03/070880 PCT/US03/01800 28 9. (Screen
for mutant) Only a fraction of the counterselected colonies will contain the desired modification and
the others will be reversions to wt. The proportion of mutant to revertant will depend on the location of
the modififatlemiviabevs ienent fragiine andSemedsitil oficrsess ofithstivenplngonniesd o bhilenitify. the
desired m F r ' ; , i ' ified:ny.PCR
and dige e ] e B TR R o
Protocol 2optigihaned fin icoomiznséimtidhinaiipmaees) way meiice idysistord BpGesteansiorm the
insert-carr%/éﬂgfg{ggggﬁ%_gg%@g}@d pBAD-Seel into a recA positive strain of E coli (such as MG
1655). Ouigrow for 1 hour in LB + 1 ug/ml cTc. (Alternativelil, the insert-carrying Interlock plasmid can

be transfol#f®8l on it's B spreilicombettimeatsif Hecuigiderrmydras vetiyderadrschfskampehnicol
to 25 g/mhaad KBRS I R Erowi ik 112 NQUSE atcaY Te WA 8R3NEed IPRNgLiE gells in a

microcentrifuge for 30 seconds. Remove the media supernatant. 8. (Integration step) Resuspend the
cells in 1 FESDESHEHHRGHERSSP (b Sy AR CaRBIRIgEm 250 Rg ARy amicbbG A A drow
overnight %@Z&M@&&SQ g ihg@yernight culture 1:10,000 in the same media and grow an
additional 16-24 hours at 37C. 10. (Counter selection step) Dilute 10 | of the culture into 1 ml IxXM9

minimal s@isiéte! Mobnize grawth raie) 1sidbisnte two tubes of 0.5 ml each. To one add Arabinose
to 0.2% and tg,the other gdd GJucose to 0.2% (to serve as a tjve contrql). Grow 1-2 hours at
3G with Shak TS B AP AKDHOSERI08 DA s ARSI (86 A A inose

(0.2%) an Amber rautant, the modification can be made by megaprimer PCR. To make a deletion in

the genome, a fusion of the desired endpoints of the deletion should be used. The ends of the
| DNA fragment should be phosphorylated for cloning.

2. Create a blunt cloning site by digesting the pIL4 vector {Figs. 5A and 6) with the restriction
enzyme Srfl. Dephosphorylate the vector.

3. Perform ablunt ligation of the desired medification and the pIlL4 vector.

4. (Note: this step is potentially dispensable in high throughput implementation.) Transform the
ligation into a cloning strain of E. coli (such as JS5). Qutgrow the transformation for 1 hour
inLB + 1 ug/ml c¢Te (cTc — chlortetracycline freshly autoclaved in LB media. A stock of 100
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/m! of anhydrotetracycline can be substituted), Then
plate on LB + Chloramphenicol (Cam 25 gg/ml) + c¢Te (1 pg/ml), and grow overnight at
37°C. Grow colonies in equivalent media and prepare plasmid lfﬁniprep 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 pg/ml cTc. Plate a portion of the outgrowth on plates
containing Cam and 1 pg/ml cTe. Grow overnight at 37°C.

6. Pick a colony into 1 ml LB and plate 10 pl 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 ug/ml
¢Te. Grow overnight at 37°C.



and 10l of the Glucose tube onto LB + Chloraanphenicol (25 g/nil) + Kanamycin (50 g/ml) + Glucose
(0.2%). Grow overnight at 37C. 12. (Screen for mutant) Perform step 9 of the primary protocol. WO
03/070880 PCT/US03/01800 29 EXAMPLES Plasmids [0096] The plasmid used for PCR
construction gfdhe@diligial inserted DNA sequence was designated pSG76¢e${GBRBaARK Accession
No, AF402780), which was derived from pSG76-Gs (Posfai, G. et al., J. Bacteriol. 179: 4426-4428
(1997)) by inserting a second I-Scel site. The second I-Seel site was obtained by the PCR-mediated
insertion of a second I-Scel recognition site into pSG76-C, downstream of the Notl site. The two I-Scel
sites are in opposite direction. [0097] The pBADa[3y plasmid was used for enhancing recombination of

linear DN/ fréSiymeentoimotend Galoafeactinsofiderminiasctistetiveonisalireratainmhe desistd Nuci.
Acids Res. 2Yn%éﬁﬁa%%ﬁ%%?@%ﬁ[%@%ﬁﬂ@%%§%@%&WWH&&S&‘&E&K SSRGS NO=AFA02779),

for expressing I-Scel, was derive G76-K (Posfal, G. etal Bacteriol. 179: 4426-4428
(1997)) and pit dampd on(thedfsptonef éhe w%ﬁmmm%@ Jaediiaement Sagoknd REsrIsar-Notl

fragment (cagdgs & KaH0ER %ﬂﬂ?%@%s\ﬁ@ézﬁlﬂﬁ{?dﬁ@‘ 1500 PRMBEIasELILRSMY Gk Was
ligated to the Xbal-Dral fragment (carries the |-Scel ene and the pUC ori) of pUC19RP 12. [0099]
The pKSUCS5 $iagiiduRsitacamidinenbiedded & e pebd s HasiRncerImeIBfak (Posfai,

G. et al., J. Bagigrighhhf 9 4264443 A1 80G pi¢PUCL. The large Xbal-Ncol fragment of
pKSUCl was ligated to the Xbal-Ncol fragment of pFT-K carrying the tet repressor. [00100] The

PKD46 plagmiskionephangingreeampinaton-aflineastNA-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 kéces§ﬂiﬂel\ar6plﬁff’fﬁé§53) is a low copy number KanR plasmid for

chlortetracycline- (&gﬂl&tﬁﬁtﬁmm@ﬂdaﬁkﬁgemﬁﬁmkqﬂaﬁiﬁm ﬂEﬂ'pMBcﬁda! ififo @teﬁkl ,pbBaateriol.
179: 4426-4428 (1997¥ ?Q PLG gigR%(f SI G, et al cI Acids] ag% 400-4415 (1999)).
The Xbal-Pstl fra@iﬁ?gh I? i1 ﬁ’d‘%ﬁ&‘?’ g)é “ﬁéﬂwas o the large Xbal-Pstl
fragment of pFT- Mﬁdﬁ&@dﬁmhbeﬂwﬂsﬁﬁgmﬁﬁebﬂd@@mmﬁkbb@ maimfcetradmﬂma dRaplication of
the plasmid is tem era ure-s ns;%% Posfali, G]?g\%?f% J&%Bacterlol. 179: 4426-4428 (1997)). The

plasmid pSTAST 13?8\,\,6885 lortetracycline-regulated expression
6. Add Chlorampehnicol to 25 pg/ml and Kanamyein to 50 pg/ml. Grow for 1-2 hours at

37°C with shaking.

7. Pellet the cells in a microcentrifuge for 30 seconds. Remove the media supernatant.

(Integration step) Resuspend the cells in 1 ml LB + Chloramphenicol (25 pg/ml) +
Kanamycin (50 pgg/ml) + Glucose (0.2%) and grow overnight at 37°C, shaking.

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 pl of the culture into 1 mi 1xM9 minimal salts (fo

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

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



of I-Scel, was derived from pFT-A (Posfai, G. et al., J. Bacteriol, 179: 4426-4428 (1997)) and
pPUC19RP12 (Posfai, G. et al., Nuci. Acids Res. 27: 4409-4415 (1999)). The Xbal-Pstl fragment WO
03/070880 PCT/US03/01800 30 from pUC19RP12, carrying the I-Scel gene, was ligated to the large
Xbal-Pstl fragywanigéglr T-A. This plasmid expresses I-Scel when induced p¢¢hlestatiasycline.
Replication of the plasmid is temperature-sensitize (Posfai, G. et al., J. Bacter-iol. 179: 4426-4428
(1997)). Deletion Procedure 1 [00102] This describes the process used to repeatedly make deletions
from the genome of E. coli K-12. This procedure is a scarless deletion method. The procedure begins
with the construction of a linear target fragment by PCR. This was done by mixing 20 pmol of primer A
with 20 pmol primer B, and performing PCR in a total volume of 50 I. The cycle parameters used were
15x(94C 40sec/57C or lower (depending on them A and B) 40sec/72C 15sec). The 1 | of the
PCR mix above were taken, added to 20 pmol of primers A and C each, add 50 ng of pSG76-CS and
perform PEIRsirids volume of 2x50 p1 (use 50-pd tubes, and two tubes are combined to have more

DNA). Th&o%ﬁ%ke para"ﬁ’?&%ﬁésﬁﬁﬂqlé’gﬁ.rt%@gd;f%&sﬁ%ﬁ86%%&8%&%71?&@9%&@Nﬂosgﬁgé%éhﬁ?g CR

mix from the above step, Promega Wizard PCR purification kit was used. The resulting DNA fragment

was suspéasieerindad gliirate (GonBad] AdsesviastheAEARISMenhihaye deriedr&giom By ihdertion of
the artiﬁCi@&Hﬁdr@&[ﬂﬁﬁ%gﬁk?i\%?ﬁ%ﬁz%ﬁ@@QQQ@‘S}t%E&Eﬂ%QQé@&%ﬁ%QQ{@/ Al. preparing

electrocompetent cells as described (Posfai, G. et al., Nucl” Acids Res. 27: 4409-4415 (1999)), except
that 0.1 vFesasidoseliag Hedekianen et psdiaaddnrasbarelisaerentdgcusbreetsnition BEDNA

fragments; (40200 BIINRIS S IRCUPRRIRIGH L0 #R:! Rl 8lSHPGANRRIRIG SISt HAR £6S were plated

on Cain plates (25 sg cam/ml) and incubated at 37C. The usual result was to obtain a total of 10 to

several huABPEH colonids BRE s nigFridctasatien [ raliresipaiseombisatiomekbners i lbfrect site
insertion qthe JFAGmE M OYeRGHR USNg RUmEES/AsaReFndded ANt as thedelglienafihg.inserted

sequences. This was done by preparing competent cells derived from a selected colony from above
by the Caé721§r§ét%§l7(@§ﬂ%rook, J. et al., Molecular Cloning: A Laboratory Manual. Cold Spring

Harbor Lajapigiory Press, SioltieRiisnHa eRhd Y (ASEMod R PAB=IIE 1S Tl Cexdriss Q0 ﬁ@%e\i\,’as

transformed into the cells b standardéqgirocedures (Sambrook, J. et al., Molecular Cloning:

Laboratory M&RtH%FIESR BYARe K sl Sheakery Bregsol st S8 661 Mhapdosg)). The cells
were platgsjon dfan Plaies:and. dngubeled atbd¢ BLKBULHans pBADGSYREEINLONRAHRE dhus

selection on Kan eliminates pBADa{By from the cells). The colonies were checked for correct deletion
by PCR u gﬁqglﬁtflm%@n 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 pKSUCS5 plasmid for tetracycline-regulated expression of I-Scel was derived
from pFT-K (Posfai, G, et al,, J. Bacteriol. 179: 4426-4428 (1997)) and pKSUCI. The large
Xbal-Ncol fragment of pKSUCI was ligated to the Xbal-Ncol fragment of pFT-K carrying the tet
Tepressor.

[00100} The PKD46 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 chiortetracycline-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-Pstl fragment of pFT-K. This plasmid expresses I-Scel when induced by
chlorfetracycline. 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
pUCI9RP12 (Posfai, G. et al., Nucl. Acids Res. 27: 4409-4415 (1999)). The Xbal-Pstl fragment



D and E. A colony was selected carrying the correct deletion. At this point, the cells carried pKSUCL1.
The next step is to delete this plasmid. WO 03/070880 PCT/US03/01800 31 [001051 This deletion is
done through the replacement of pKSUCI with pBADa(3y. A colony from the prior step was selected,
grown in LB @i@dfutnreer nonselective conditions, reinoculating the cells intacfragihaegiym 2-3 times.
Competent cells were prepared for either chemical transformation or electroporation. The plasmid
pBADa[3y (100-200 ng) was transformed into the competent cells which were plated on Amp plates. A
colony which was Kan sensitive/Amp resistant was selected by toothpicking a hundred colonies on
lected colony can be used in a next round of deletion by using a

Kan and I 06] The se

new targ:#rz}gn %gtg@rige%?g%(% arlé-g‘é‘gtﬁﬁ%?fﬁﬁ%%?&maﬁeﬁ&ﬁ@r@@élé@@%ﬁf@m@iﬁ@f gitiving the
cells undeThIﬂ)n@s_ﬂmdtmqamsm:tlﬁi@tﬁl(ﬂi;aﬁﬁﬂﬁd&eﬁd@&%léﬁ@ﬁ'g%!ﬁ‘iﬁe?R%lﬁﬂggﬁgﬁ%yﬁllé)ﬁ% of ABADa(3y
from a largg, &ggﬂg"gefntsh X g,s..?%;lgtl%\ﬂgr c§dure'2 [00107] This procedure is si ifar 1o procedure
1, but pKSUCI is replace ye£)§ : ’%I SRR L3R4 R 198 Aba(3y, has a |
temperaturRisgaRsiNg.LgRlicpn, and expression of |- Seel requires induction by chlortetracycline (CTC).
The advantage is that elimination of pSTKST from the cell is easily accomplished by growing the

culture at ¥8203b0108Thboirsedbtiohopmdimeastdrgetngifagment Ay RGR e eR! nigf a

genomic agigniby sertionafibe. fr t are done escribed in Procedure 1. [00109] To delete
the inserted sequences clziom%etentS ce%]?sgfﬁiagr%S f%eeﬁlé)ﬁe%l??g?g'a fieHiurs Beenowith Selected colony

harboring ¥ FigFHIRSE tib AT Eite i eemmmstamneeRbyThE TS Tonp bjadi g K6 pkiopaT piales and
incubatedvatiB0 AR ' IS, | d.into 10 ml of LB+Kan supplemented with

heat-treated inducer 3 25 g/mlfinal concentration) and grown : step
serves indWEHSTE: He(¥kiSr d9srsf 870 side avildeprsinithe b lteelaprefthendplemdg/yid+Kan plates
and incubedest PVERBIght aF 8RG8z 14-£91RRI 1ec for correct deletion by PCR using
primers D nd}é. A col%nz was selected%s}?eﬁr%gt egcl:}é?é%% a)e#edt:' %l?fﬁgﬁﬁje’fso‘béﬁ?ﬁiﬁa%dﬁhe helper

plasmids #6798 CERSHES LR iBegfemirPAIRI 2 iroLuBre( n6 23Ot lics: SddadhtREpsRite BHe9111]
Since pBARGHHAN RHTHShSADNCMRAER I PRI ICREA S UBRFIGIRAIRS Hhihe plasmids

are not re ire};; vgt&en consecutive deletions are made in the same hos
sec//2°C 80sec). To purify the PCR mix from the above step, Promega Wizard PCR.

purification kit was used. The resulting DNA fragment was suspended in 20 ul water.

[060103] Next was the replacement of 2 genomic region by insertion of the artificial DNA-
fragment. This was done by taking the target cell carrying pBADoBy and preparing
electrocompetent cells as described (Posfai, G. et al_., Nucl. Acids Res. 27: 4409-4415 (1 999,
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 ug 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.

06104} 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
pPBADafy 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
pKSUCI1. The next step is to delete this plasmid.



plasmids are maintained in the host cell throughout consecutive deletion constructions by WO
03/070880 PCTIUS03/01800 32 antibiotic selection (Kan+Amp). Recombinase and specific nuclease
functions are induced only when needed. Since replication of pSTKST is temperature-sensitive, cells
must be grownoaizaR638¢[00112] The procedure is identical to Procedure 2, exceptsidzatigidADa(3y and
pSTKST are transformed into the cell only once, #nd until maintenance of both plasmids in the cell is
desired, the culture is grown at 30C, and Amp+Kan are included in the medium. Note: Sometimes we
experienced difficulties in growing the cells at 30C in the presence of two (Amp+Kan) or three
(Amp+Kan+Cam) antibiotics. Procedure 4 [001131 This is the preferred procedure when several
consecutii@tiéztions dissddhelimeuiddine theosghtbeosibldempetibnb (keddaibimttipBAdPifearfragments

into the aegule 818 b3k aelLearyind ARAPAIA 45 Bae AL ARAISl. SleRIng:A Seies el

recombinant cells, each Carrying a single  indéttion. These insertions are then transferred dne by one
by PI trangdincgshzimptisedd ik ity eSS Fidicnaboripeiall prévivers teipaiohsoréheval of all

foreian seayeiees 50N s, Il AgsL By Ineina. AS TSR APAYRIdo foppievious methods,

the main difference is that the insertion step and rem sequences are done in

separate ceiissfSimed inteitiorsnpetiherdls imhpedyatret, phréedonstkuntiplates. comsdoutivdidelvtoRers
faster. Ar!%@h‘iftﬁ@)’mé%%% am%a]g@éh%&éﬁ ﬁ%%@ﬁﬁ%ﬁ&?X 6 RlasmiSE Y 616 Peginning.ef the

first deletion construc [00114] Technicdlly the procedure is identical to Procedure 2, eéxcept that
individual [#&tbns a@naﬁgwmmﬂm@ﬁmQ@MQ n@mw‘@ﬁdﬁri@ﬁqﬁbm@aw hamrmng
PSTKST. &%&;&R%ﬁéﬁé@ﬁl@r‘iﬂg‘é%ﬁﬁ@vé:%ﬁb SXRERIRN S RAUCaH 0 SNRKEHDEMSRIIRY

sequences. Results [001151 Twelve consecutive genomic deletions have been made from E. coli
strain K-1200F6i$658: conditiveh@eldisret rddiohsoadicsdliecrurfarcduiduerinpARods Gawgult of
compariso&ré)g e enamic J,%hlf‘ sequences ofE. coli strain 0157:117 EDL933 and strain IC-12
MG1655. The deletions are listed on Table | below. The sequence numbering is taken from the
published Ky SEEHRREE (001161 The first deletion MD 1 was made using the method described in

Posfai, G. et al., Nucl. Acids Res. 27: 4409-4415 (1999). Using this method for creating MD | deletion
left a 114- B§198676-CRaERsEdeE IR Ht ahuaRTgame R EBKRURE Briohecbeal helsitaist

deletion. mrmmﬁga)ﬁﬂgmaﬁm%z@s@aﬁfmwm ApaerhesabgyesfalgHans MD7
through MD12 were created using a combination of Procedure 4 and Procedure 1 or 2. Strain
Scel requires induction by chlortetracycline (CTC). The advantage is that elimination of pSTKST

from the cell is easily accomplished by growing the culture at 42°C.

[00108] Construction of a linear targeting fragment by PCR and replacement of a genomic
region by insertion of the fragment are done as described in Procedure 1.

[60109] 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 -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
[060111) Since pBADafy 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



WO 03/070880 PCT/US03/01800 33 designations and genomic coordinates of each new deletion
were: MD1 263080-324632; MD2 1398351-1480278; MD3 2556711-2563500; MD4 2754180-278970;
MD5 2064327-2078613; MD6 3451565-3467490; MD7 2464565-2474198; MD8 1625542-1650865;
MD9 4494243cARATdkes; MD10 3108697-3134392; MD11 1196360-122229Mbsd/medr 78-585331.
[00117] A total of 378,180 base pairs, which is approximately 8.1% of the native K-12 MG1655 E. coli
genome, was removed at this stage. Removing these regions from the genome did not affect bacterial
survival or bacterial growth. [00118] Table 2 below lists other segments, genes and regions of the E.
tali genome that, were identified as candidates for further deletions. The segments were also

successfARPEHB TelCHI AR durRimtee i ps-teA sP e irleds daekdtidrduratrithout any
apparent vigleiaious sifeetroplithausefuiEss Pidhadbasipra Jatstaberatarnnandiodusidak ssec Again

the sequence designations are taken from the Eublished K-12 sequence. The two sets of deletions

totaled ab8 ¥os of thiee SrRfRdIHS S drmi RN G K BRPIHBRL AR5 FHRTE YT 8Bete the
genes thesaseabiasapngmdtcianiing LNASmpNgasdhabapkingnNdees nol cisidpigraene

essential for growth and survival of the host. [00119] In Procedure 1, efficiency of the insertion of the

linear frad TSRV IS BRI #ie O par R0 AP HE G R S SREL AR s Sird iR e RIBH: SYETFHERERYE. 100%

(normally 3@<2066d affthelcelon@swiignkinginomsbogiastis hestapgeaké Aap4r0p e @sed.
Longer hamologies give better insertion efficiencies. Correct-site excision between the duplicated
sequence‘ggggmm-%é}ﬂﬁ%rmaﬂy 10-100%) of the colonies and depended on the length of the

dupIicateq)lrggitgl)ur}:ia onger duplications are usually more effective. Length of the duplicated sequences
was in the—‘range—o# 42 to 50 bp. Variations in the efficiencies of insertion and excision existed
between K¥&h3ihgly idénsicaihe repleatetbexqedrrn et andraiecontcfultive deletiaod/etb AR
Procedur § S [est Q re-creating.deletion MD2. Correct-site insertion of lineay, DNA-fragment
occurred ?lr} 6%%%’/0 0 tﬁ%sc%igrﬁsle@cﬁe el%l%% rﬁogfot%%ﬂnﬁ%er?g Pé%ta llj%tﬁ c%:%e EORYS r?/ S?ﬁ%siteﬁaﬁf\?vr@ﬁﬂg-ﬁve
resulting pilahlefweremsphica platid, ecreGam4 Sarigetdtancandidin pehanaplatesymad gt them
proved to'bs?e 1%gm eré(sai}h/%. Ilif)i}l/g a% %Hgns co}gniﬁowe e 5@1%” tﬁtgd bé(1 Q%Ria%n%all showed the
predictedlfclz)ss of the mser?elfjt sequence. %ﬁi irf gbe anc1b TablEe BERGW S My e|0‘r38éi(‘é%ra}-fgsgcription
of the delgfidK.8Fdpdimsbofingaibsrthbtl vk tmenRumvillab e fodl dved fnory tieackaris duakkinEhigoli strains
MDS 12, MBIS}m%%t%é‘rq %@ggﬁ 2 lﬁ]sé and 9) are the endpoints o tf}@ deleti for intermediate
strains that were u ecil toc sst%c? e Tan %rﬁ%ar%s%g%rseﬁﬁ‘% n@gﬁ:\gésﬁs gaﬁ%m%%%l?aé% I éd by "b"
numbers Higdnseation step and removal of the inserted sequences are done in separate cells. Since insertions

are made in parallel, the construction of consecutive deletions is faster. Another advantage is that

cells are transformed by the plasmuds only at the beginning of the first deletion construction.

[60114] Technically the procedure is identical to Procedure 2, except that individual

inseriions 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
[60115] Twelve consecutive genomic deletions have been made from E. cofi 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



WO 03/070880 PCT/US03/01800 34 based on the designations set out in Blattner et al., Science,
supra and in GenBank Accession No. 400096. The numbering in Table 8 is also based on Blattner et
al. supra. Characterization of Deletion Strains Transformation Frequency [00122] It is desirable to
incorporate exogsmoussdNA into the genome of E. coli deleted strains in sush@aowedy/otizad host
bacterial cells will maintain the integrated DNA as’they divide and grow. The process of exogenous
DNA introduction into bacterial host genome is called transformation and organisms who harbor
exogenous DNA are called transformed organisms. There is need in the art for E. coli strains with high
efficiency of tfransformation. [0Q123] E. coli strain MDS39 was constructed by making 39 deletions

(approxim SRR EGng ERe GRS IAT fhrReh BevR dRletionvoie I4BY ZRFasS 796 ABR
efficiently mamsff@rmedzby;@ﬁﬁumwﬁﬁm%mmg;nmﬁimﬂgmﬁﬁmz@fﬂﬁnﬁtmmemdmtmaﬁe tllf
a large si teri tific] some) DNA.: which makes the strain MDS39 particularly
Caluante 1T e o B oA BT oD (A Gale o AR AR & col
strain MD&397 byhaviioring apeb3tabiv 3 araimBbiring #3s0errns DNATHTes siraisgs HHIOB, MDS31 and
MDS39 w 9 wn under st (1 r% owth conditions to optical density of 0.5 at 600 nm, Cell cultures
were spurﬁ{o&(‘}w , cell %éﬂ%fsc’% g §éﬁ"@%lp§é’i§e é?%ﬁ%ﬁ%ﬁ@}ya%gﬁrﬁ@er@%‘iﬁgﬁgﬁ%d in water
(at 1/1000M 168 5 dFigiTagendtueewal vene) A5 thif withe rRBRI A% DN abeihdaierBAGHENA or
unmethyl : nal?%&; Qlél%tgv%i added.to 10 elr% the@%ﬁ” suspension and subjected to electroporation

ard efe g.,

using stan %‘iro%orgtloﬁmb%‘%c%l, & 1% and resistance of 150 ehms in a 0.1 cm
electropori@@dnsiuvettd aiding ol litte gér:fstaeiong o Hniregvicco BAEDINA saeiidaied at the

EcoK sites and pnBR322 DNA.were prepared in.E. coli strain MG1655 using standa rotocols.
Onmethy S KRB S R R B TR AT R P e S ST Bt
strains, MB@&8 thagdnDST3hatewtitie Agpittahsiodeletidmy wBRB322:DitAcwithypleaatar weight of

4,363 basg with . molecular weight of 100,000 base pajrs. The
efficiencieseic?;@?é %ﬁgf%ﬁ%ﬁﬁn \%//it g%ﬁ%ﬁgi%%i%e%n@ﬁ%g%%%s Sl\ad&iu.éacnl&l ﬁD’g%@laéﬁee
comparaﬁmwm@ﬁ@mthMmﬁﬁshw&ﬂmqu@BaNHIhhﬁﬁmwmﬁl@etagmded as one
A DA e B ot oSBT R gt
transformﬁ’m)gﬁﬂ@ﬁ Sieapey Bl @W}eﬂg’ﬂdng DNA so long as the flanking DNA does not disrupt a

gene essential for growth and survival of the host.

[66119] In Procedure 1, efficiency of the insertion of the linear fragment varied with the
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
betier 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 fuﬁy understood yet.

{60120] 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.

100121} Table 8 and Tabls 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
MDS73 (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



WO 03/070880 PCT/US03/01800 35 while the efficiency of transformation for strain MDS31 was
lower then the efficiencies of transformation for both strains MDS39 and DHIOB. The low efficiency of
transformation for strain MDS31 is due to the fact that the unmethylated DNA is a subject to restriction
in the strain WweoauseshdDS31 is a r+m+ strain, while both strains DI41 OB apdiM@@a9sase r m strains.
[00127] Recent work with MDS39 revealed the péssible presence of a residual insertion sequence 1S5
in sequence gb ba:ecu 95365. In order to determine the effect of deleting of deleting the resident IS
sequence from MDS39, procedures described herein were used to delete the sequence. The
endpoints, of t&e deletjons in,MDS40 are strains in Tables 8 and 9. The _resulting strain MDS40 was
then testet ﬁgﬁlﬁ SPORHABRSHRIE BRIt cpaefe etk B HREP Ak fhsetrsiaMi ow.
[00128] BlexeporitanmabeigtenT st werR hepdr ot REweseraedipAne Invitrogen Electroporator I
Manual. B i(leaf%a 200-ml culture was grown to OD550=0.5, then cells were harvested by
centrifugatiofra SR vice Th-ree=eold water and once in ice-cold 10% glycerol by repeated
centrifugalicinsindstispEnsiomdAt the final step the cell pellet was suspended in 0.4 ml 10% glycerol,
aliquoted | | portjons,and stored at -80C#00129 TSP ells were typically electroporated with
10(-]100 ng{%ﬁégr@ties g?%l%%%%ﬁ%l&@%?@%aﬁ §?1%S%J?§ 3?@?18&00%?% e 6%’1-‘: r%‘gﬁ%&? poration
cuvette usingrthin Blektaopordieribsteaditeiflreiltoginh Al weribieniel| DS withdy @ikt dantubated
in a shaker for and plated on selective medium. [0013Q] Several experiments were done, results
may vary g}? ‘ghlgggl Fof %%é%ﬁﬁﬂ%%?"ﬁ@ avé?%ﬁeuglé‘t%féaﬁﬁtﬁ %{)%eo ggreﬁ%%grﬁ#&ﬁﬁts (2 parallels
each) aretshe{mintibalblel 51 fRoEEE) WhahsfbommtiganefficiziNéiescfoul MG t:GE5 ivtdS4ghaich HHIOB
used chemijcal - i hods were alsp.used.Competent cells were prepared by a simple
method. AI:,'P11 ge -r}r%rlﬁcu t(lijllritreﬂ1 \%g%p (ﬁ%é@fﬁ%ﬁé&%@éﬁ%@%@%&ﬁﬁg gigﬁl 1651#) 53?6':0.4, then washed
twice with[08A23 volum® obicssreinl MDICI2vss| atioririt@diiy Trisng-8 7 delab¥s dipperatm@tinM CaC12)
with repeated ' ' %%g sion. N, te ice.for 1 h, aliquoted in
200- | por%%s@%ﬁgggggd}%%- €§ éégtgflagﬁ%l@o?gt%&ns orrﬁ?;t%ﬂilgrﬁf1 gg#s c\)/vugrge%yp?gg 1[?/1%1|>?}ed with 100 ng
plasmid DreAsfansedhredesaperioins0 This higheeffhicokp @ farasioniotiamuixietided ©. Bialtd & avas added.

Cells werg. farQ.5-1. h, uti r e lectiv: iwm. Results are
Gl RS 1 0l S 2L B
particularly valuable for the wide range of applications.

[00124] To test the transformation efficiency of £. colf strain MDS39 in harboring and stably
maintaining exogenous DNA, three strains: DH10B, MDS31 and MDS39 were grown under
standard growth conditions to optical density of 0.5 at 600 nm. Cell cultures were spun down, cell
pellets were washed several times with water and finally resuspended in water (at 1/1000 of the
original culture volume). 25ng of either pBR322 DNA or methyla%ed 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 2 0.1 cm
electroporation cuvette using an Invitrogen Electroporator I™ device. BAC DNA methylated at
the EcoK sites and pBR322 DNA. were prepared in E. colf strain M(G1655 using standard
protocols. Unmethylated BAC DNA was prepared in E. coli strain DH10B.

[60125] ‘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 nnmethylated BAC DNA, the efficiency of transformation
for strain ME)S39 was higher than the efficiency of transformation for strain DH10B (Table 3),



36 Growth Characteristics [00133] As discussed above it is desirable that deletion strains prepared by
the methods of the present invention have a robust ability to grow under certain culture conditions.
Growth studies were conducted as follows. [00134] Comparison of E. colt strain cell doubling time in
minutes at 30 wasosseasured with a 96 well plate reader (SpectraMax plugciloleguigndevices) with
shaking. The log linear portion of the growth cun& was used to calculate the average doubling times
and standard deviation from six replicates on the plate. This device, while providing a convenient way
to do comparative measurements does not areate the cells very well so the rates of growth about
twice as slaw as oébﬁ_ta,ined with shake flasks. [00135] It is evident the deletion strains grow at the same

‘rate in miWQ & T SRR R LB ORRAtNEPE SEAR MR 10 Was Lies s GelsaripsPhe deletions

grow lessmefolnbtivilter mmﬂmmf 'Wm%mmh %3;16‘6} Bﬁ&%ﬁﬁégﬂﬁfﬂhﬁfﬁﬁ@fﬁm to
examine the.reasons for_these small differences, but the objective of reducing . the genome
substantigﬁﬁlm%ﬂe‘ﬁe%‘?ﬁa a‘ﬁg]% B rERP IR EE S AN R AP IR AR AT Fisl A e stiain |
achievedbWDs0 MOTORGHE LT SGHB/GHBR AT sEin DN 108 akd #IDR R £6 GrCsteflingy ~rw m O CL

e A " oo ecenflo) e MBS e oD BreseiBe of » Reskual thsemion
sequence IS5 in sequence gb_ba:ecu 95365, In order to determine the effect of deleting of
deleting the resident IS sequence from MDS39, procedures described herein were used to delete
the sequence. The endpoints of the deletions in MDS40 are strains in Tables 8 and 9. The |
resuiting strain MDS40 was then tested for its transformation offering and growth characteristics
(Results) as discussed below.

100128] Eleciroporation-competent cells were prepared as described in the Invitrogen
Electroporator I Manual. Briefly, a 200-ml culture was grown to ODss0=0.5, then cells were
barvested by centrifugation and washed twice in ice~cold water and once in ice-cold 10% glycero}
by repeaied cenirifngation and suspension. At the final step the cell pellet was suspended in 0.4 ml
10% glycerol, aliquoted in 40 u} portions and stored at -80°C.

[60129] The cells were typically electroporated with 10-100 ng quantities of plasmid DNA
at 1.8 kV and a resistance of 150 Q in a 0.1-cm electroporation cuvette using the Electroporator 11
device (Tavitrogen). Cells were then diluted with 1 ml LB, incubated in a shaker for 1 k, 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 paraliels each) are shown in Table 5.

[00131] Transformation efficiencies for MG1655, MDS40 and DH10B used chemical
transformation méthods were also used. Competent cells were prepared by a simple method. A
50-m] culture was chilled and harvested by centrifugation at ODjss50=0.4, then washed twice with
1/20 volume of ice-cold CaCl® solution (10 niM Tris pH 7.5, 15% glyecerol, 60 mM CaCl2) with
repeated centrifugation and suspension. Cells were then incubated on ice for 1 h, aliquoted in 200-
gl portions and stored at -80°C,

[60132] 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. Cellg
were incubated at 37 °C for 0.5-1'h, then dilutions were plated on selective medium. Results are

shown in Table 6.
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[00133] As discussed above it is desirable that deletion strains prepared by the methods of
the present invention have a robust ability to grow under certain culture conditions. Growth
studies were conducted as follows.
[00134] Comparison of E. coli strain cell doubling time in minutes at 37° C was measured
with a 96 well plate reader (SpectraMax plus, Molecular Devices) with shaking. The log linear
portion of the growth curve was used to calculate the average doubling times and standard
deviation from six replicates on the plate. This device, while providing a convenient way to do
comparative measurements does not areate the cells very well so the rates of growth about twice as
slow as obtained with shake flasks. |
[00135] It is evident the deletion strains grow at the same rate in minimal medium as the
original MG1655 but not to the same ultimate density. The deletions grow less rapidly but the
same ultimate density on rich defined medium. It will be interesting to examine the reasons for

these small differences, but the objective of reducing the genome substantially while preserving

the ability to grow robustly in minimal medium has clearly been achieved.



'OUYLOMNCOCOddO)CONn WCcoCOV'd-rtLOIt0O0COIt C)LOCOCOLOCONC)O
0O)coNMLO1Oet<pCOCtrrLC) rNNNCONTrdMrG OrNCOy-10COI--COMOrNm~
ANNNNNNNNNNNO 03/070880 PCTIUS03/01800 38 TABLE 2 SECOND SET OF COMPLETED
DELETIONSwIS skapodgletions (3) keep dnaJ 14168,15298 (+) *delete GP1 ¥388s39)h&dnlS 186, gef,
nhaAR, 1IS1 [IS186 15388,16730] [IS1 19796,20563] keep rpsT 20815,21078 (-) keep pheP
601182,602558 (+) *delete GP2 602639,608573 ybdG, nfnB, ubdF, ybdJ, ybdK, I1IS186 {IS186
607231,608573] keep entD 608682,609311 (-) keep glk 2506481,2507446 (-) *delete GP3
2507650,2515969 b2389, b2390, b2391, b2392, nupC, IS 186, yfeA [15186 2512294,2513636] keep
alaX 2516061,2516136 (-) 1S2 deletions (3 not already deleted) Keep yaiN 378830,379126 (-) *delete
GP4 379293,387870 yaiO, b0359, 1S2, b0362, yaiP, yaiS, tauABCD -[IS2 380484,381814] keep hemB
387977,388984 (-) *delete GP5 389121,399029 b0370, yaiT, 1S3, yaiU, yaiV, ampH, sbhmA, yaiw,
yaiY, yaiZ [IS3 390933,392190]

Descr.i.pﬁon b
61553 [b0246-b0310; includes K-islands #16, 17, 18, CP4-6, eaeH

81928 |b1336-b1411; includes K-island #83, Rac
b2622-b2660; includes K-island #137, CP4-57, ileY

14287 |b1994-b2008; includes K-islands # 94, 95, 96, Ci?4-44

TARBLE1
FIRST COMPLETED DELETIONS
b2441-b2450Q; includes K-island #128, CP-Eut
15926 |b3323-b3338; includes K-islands #164, 165
b2349-h2363; includes K-island #121
25244 1b1539-b1579; includes K-island #77, Qin

53037 b4271-b4320; includes K-island #225, fec operon, fim operon

25696 |b2868-b2987; includes K-island #153, glc operon

25940 {b1137-b1172; includes K-island #71, e14
21054 [b0538-b0565; includes K-island #37, DLP12
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keep dd1A 399053,400147 (-) keep ygeK 2992482,2992928 (-) *delete GP6 2992959,2996892
b2856, b2857, b2858, b2859, 1S2, b2862, b2863 [IS2 2994383,2995713] keep glyU
2997006,2997079 (-) keep ribB 3181829,3182482 (-) *delete GP7 3182796,3189712 b3042, ygil,
1S2, ygiGHi ({irpladiagds) [1S2 3184112,3185442] keep gigS 3189755,318995 k0319 eletions (6
not already deleted) keep ybeJ 686062,686970 (-8 *delete GP8 687074,688268 IS5 keep Int
688566,690104 (-) WO 03/070880 PCT/US03/01800 39 keep tpx 1386329,1386835 (-) *delete GP9
1386912,1396646 ycjG, ycjl, ycjY, ycgZ, mppA, ynal, IS5, ynaJ, ydaA [IS 5 1394068,1395262] keep
far 1396798,1397550 (-) keep gnd 2097884,2099290 (-) *delete GP10 2099418,2135739, IS5 plus
entire 0 Antigen and Colanic Acid clusters [185 209%4E2100965] keep yegH 2135858,2137507 (+)
keep proL 2284231,2284307 (+)3defabCGR T DB 25D BPERIOBREEOANY 1S5 [I1S5
2286939,228 83633 kieap (3rP 2288520,2289167 (+) keep gltF3358811,3359575 (+) *delete GP12
3359747,3365277 1S5 ipdeys ¢thGADEF 1(K-48langds [(85 3363191,3364385] keep yhcG
3365462,3366589(+) KdejptakSE1364 1863836482921 66) gef, nhaAR, IS1

[1S186 15388,16730]
fiS1 19796,20563]
keep rpsT . 20815,21078 (-)
keep pheP 601182,602558 (+)
*delete GP2  602639,608573 ybdG, nmB, ubdF, ybd], yhdK, IS186
{IS186 607231,608573]
keep entD 608682,609311 ()
keep glk 2506481,2507446 (-)
*delete GP3  2507650,2515969 b2389, 2390, b2391, b2392, nupC, IS186, yfeA
[IS186 2512294,2513636]
keep alaX 2516061,2516136 (-
IS2 deletions (3 not already deleted)
Keep yaiN 378830,379126 (=)
*delete GP4  379293,387870 yaiO, b0359, 1S2, b0362, yaiP, vaiS, tauABCD
[182 380484,381814]
keep hemB 387977,388984 (-) _
*delete GP5 389121,399025 b0370, yaiT, 183, yaiU, yaiV, ampH, sbmA, yaiw,
vaiY, yaiZ
(183 390933,392190]
keep ddlA 399053,400147 ()
keep ygeK 2992482,2992928 (-)
*delete GP6  2992959,2996892 b2856, b2857, b2858, b2859, IS2, b2862, H2863
[1s2 2994383,2995713]
keep glyU 2997006,2997079 (-)
keep ribB 3181829,3182482 (-)
*delete GP7  3182796,3189712 b3042, ygil, 1S2, yqiGHI (fimbral locus)
[1S2 3184112,3185442]
keep glgS 3189755,3189955 (-)
IS5 deletions (6 not already deleted)
keep ybeJ 686062,686970 (-)
*delete GP8  687074,688268 IS5
keep Int 688566,690104 (-)



*delete GP13 3648921,3651343 yhis and IS5 (IS5 3640666,3650860] keep sip 3651558,3652157 (+)
flagella Region | keep mviN 1127062,1128597 (+) *delete GP14 1128637,1140209 flgAMN
flgBCDEFGHIJKL keep me 1140405,1143590 (-) Region Il keep yecT 1959975,1960484(+) *delete
GP15 19606Q% 4964784 fih, che, mot, tap, tar, IS1 keep yecG 1977777,19%820bsas)s@@ions Ma and
[lIb try deleting both in one action keep sdiA 19944.33,1994855 (-) *delete Gpl6 1995085,2021700 fli,
plus amyA, yec and yed ORFs keep resA 2021990,2022613 (+) WO 03/070880 PCT/US03/01800 40
hsd region keep uxuR 4552145,4552918 (+) *delete GP17 4553059,4594581 yji ORFS, plus mcrBCD,
hsdRMS, mrr, tsr keepkfsadBx 45947 1F 4598 2BE8PRMS elements keep ybbP 519640,522054 (+)
*delete GP18 522062, 539888 9sD cldfieht.&3886601mis DRFsiNeopefhbB1520885 50488 (-) keep
ybfA 728357728563 (+) *delete GP19 728616,738185 RhsC element & associated ORFs keep ybgA
738224,738733 (+) keeplifcH 15249@319,%@%13@?%de|ete GP20 1525914,1531648 RhsE element &
associated ORFs keeF#idBr 153204832688 ¥ {25 Rkéap nikR 3616219,361662 (+) *delete GP21

3616623,3623309 RhsB element & associated ORFs #
keep 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 (+)
flageila
Region1
keep mviN 1127062,1128597 (+)
*delete GP14  1128637,1140209 flgAMN figBCDEFGHIIKL
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 Ha and IITb &ry deleting both in one action
keep sdiA 1994133,1994855 (-)
*delete Gpl6  1995085,2021700 fli, plus amyA, yec and yed ORFs
keep rcsA 2021990,2022613 (+) ‘



may need to leave something here to separate converging ORFs? keep yhhJ 3623310,3624437 (-)
keep yibF 3758974,3759582 (-) *delete GP22 3759620,3767868 RhsA element & associated ORFs
keep yibH 3767870,3769006 (-) the rest of the IS elements keep.appA 1039840,4041138 (+) *delete
GP23 1041253 1949468 yccZYC (EPS), ymcDCBA (EPS?), ISI [IS 1 104903440494 63 keep cspH
1050186,1050398 (-) keep phoH 1084215,1085249 (+) *delete GP24 1085329,1096603 ycdSRQPT
(hms homologues), 1S3, ymdE, ycdU [IS 3 1093468,1094725] keep serX 1096788,1096875 (-) keep
baeR 2162298,216302 (+) *delete GP25 2163172,2175230 P2 remnant, 1S3, gat operon [IS3
2168193,216945Q) keep fhaR 2175532 2176656 () WO 03/070880 PCT/US03/01800 41 keep yhhX
3577399,33’?94%0(3) *delete GP26 3578769,3582674 yhhYZ, IS 1, yrhAB [IS 1 3581059,3581826]
keep ggt 3582712,358kasmuxykeep c4pR BPIAS 2818717890 (+) *delete GP27 3718262,3719704 IS
150 [IS150 3718262,3 780 ATkclep RS 19§83 MPOREFS, PNOOSRITDIRMIRGS, B08101800 42
Table 3 TransformatiokERiEEABies fdtoR4THi4SAeHTS (IDS3 1, MDS39 and DH1 OB DH10B MDS31

MDS39 -
Rhs elements

keep ybbP 519640,522054 (+)

*delete GP18  522062,529348 RhsD element & associated ORFs

keep ybbB 529356,530450 (-)

lceep vbfA 728357,728563 (+)

*delete GP19  728616,738185 RhsC element & associated ORFs

keep ybgA 738224,738733 ()

keep yncH 1524964,1525176 (+)

*delete GP20  1525914,1531648 RhsE element & associated ORFs

keep nhoA 1532048,1532893 (+)

keepnikR  3616219,361662 (+)

*delete GP21  3616623,3623309 RhsB element & associated ORFs #
may need to leave something here to separate converging ORFs?

keep yhh] 3623310,3624437 ()

keep vibF 3758974,3759582 (-)

*delete GP22  3759620,3767868 RhsA element & associated ORFs

keep yibH 3767870,3769006 {-) ‘

the rest of the IS elements

keep appA 1039840,1041138 (+)

*delete GP23  1041253,1049768 yecZYC (EPS), ymcDCBA (EPS?), ISt
fiS1 1049001,1049768]

keep cspH 1050186,1050398 (-)

keep phoH 1084215,1085279 (+)

*delete GP24  1085329,1096603 yedSRQPT (hms homologues), IS3, ymdE, yedU
[1S3 1093468,1094725]

keep serX 1096788,1096875 (-)

keep baeR 2162298,216302 (+)

*delete GP25  2163172,2175230 P2 remnant, IS3, gat operon
[1S3 2168193,2169450]

keep fbaB 2175532,2176656 (-)



(transformants per (transfonnants per (transformants per microgram DNA) microgram DNA)
microgram DNA) pBR322 2X108 2.2X 10' 2.7X108 Methylated BAC 2X105 0.6X106 1.2X106
Unmethylated BAC 1.8X106 4.0X103 3.0X106 Table 4 Deleted Periplasmic Protein Genes Deletion
Gene, b# MRyg&ha8-ME: Gene Product GP16 b1920 flit ¢ steinetransport protgiq ARG sesfamil , peri
bind) GP16 b1919 edO D-c stein desulfh drase, RLP-dependent GP2 b0578 nfhB dihydro teridine
reductase, 02-sensitive NAD(P)H reductase GP4 b0365 tauA taurine transport protein (ABC su
erfamil , pen i bind GP9 b1329 mpp lasmic murein tripeptide transport protein; negative re lator
of antibacterial re&starﬁ?’@ﬂ\?f 13865)5&7#J ﬁ?@ﬂ%ﬁr{rﬁle oxidase ( amine oxidase) MD6 b3338 chiA
endochitinase, periplas ?&ef\ﬂ@%ﬁiﬂ%ﬁsﬁﬁ@% %ﬁi’cﬁﬁé’ﬁerﬁﬁe}'@ﬁﬁwed for type 1 funbrae MD9
b4290 fecB KpLEZ2 ph Jke él%%@?ﬁ ependent Fe(lll) transport protein (ABC su erfamil , eri
bind) GP7 b3047 iH p ?R/g%éﬁﬁlga%yéﬁ%‘%@ne MDI b0282 a P putative eri lasmicregulator GP
12 b3215 hcA putative npla mic cha erone WO 03/070880 PCT/US03/01800 43 Table 5
Transformation Efficie CO|I + MDS40 and DH 10B DH10B MG1655 MDS40
(transformants per (tran ?rglgg 7per3 ﬁ%%r%a?ﬁ@ﬁ ]‘ 9n|crogram) microgram) microgram) pUC19
1.3X108 2.9X108 1.3X1 C 8.8X1 %@%ﬁ 88%X106 Table 6 Transformation Efficiencies for E.
coli Strains MG1655, Mes84yand DHITB957,3722026 (-)



DH10B MG1655 MDS40 (transformants per (transformants per (transformants per microgram)
microgram) microgram) pUC19 4.5X105 3.7X104 1.6X104 WO 03/070880 PCT/US03101800 44
Table 7 Media Strain Average Std dev Max OD Doubling time MOPS Minimal MG1655 120.41 0.63
0.82 MOPS MipimabMdeS12 123.43 6.91 0.61 MOPS Minimal MDS39 129.%¢ 233500 MOPS
Minimal MDS40 128.26 5.30 0.61 MOPS MinimadDHIOB 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 WO 03/070880 PCT/US03/01800 45
Table 8 MDS12 MDS4D MDS73 del lend rend deleted deleted deleted MD1 263080 324632 deleted
deleted deleted MD2 1398351 1480278 deleted deleted deleted MD3 2556711 2563500 deleted
deleted deleted MD4 2754180 2789270 deletedTtibleted deleted MD5 2064327 2078613 deleted
deleted deleted MD6 3451565 3467490 deleted deleted deleted MD7 2464565 2474198 deleted
deleted deleted MD8 1625542 1650785 deleted deleted deleted MD9 4494243 4547279 deleted

deleted deleledri¥idith3AO8AOMIBIIAA02 for £. coli Strains MDS31, MDS39 and DH10B

DHIOB MDS31 MDS39
(transfonn&nts per (transformants per (transformants per
microgram DNA) microgram DNA) microgram DNA)
pBR322 2X10° 2.2X10 2.7X10
Methylated BAC 2X10° 0.6X10° 1.2X108
Unmethylated BAC 1.8X10° 4.0X10° 3.0X10°
Table 4
Deleted Periplasmic Protein Genes
Deletion | Gene, b# | MR Gerne MR Gene Product
GP16 b1920 iy cysteine transport protein (ABC superfamily, peri_bind)
GP16 b191% yedC D-cysteine desulfhydrase, PLP-dependent
GP2 b{578 nfnB dihydropteridine reductase, 62-gensitive NAD(P)H reductase
GP4 b0365 fauA taurine transport protein (ABC superfamily, peri_bind)
GP9 b1329 mppA periplasmic murein tripeptide transport protein; negative
regulator of antibacterial resistance
MD2 bi386 iynA copper aming oxidase (tyramine oxidase)
MDé6 b3338 chiA endochitinase, periplasmic
MDS§ b4316 fimC periplasmic chaperone reguired for type 1 fimbrae
MD9 4290 fecB KpLE2 phage-like element; citrate dependent Fe(IIl) transport
protein (ABC superfamily, peri bind)
Gp7 b3047 ygiH putative periplasmic chaperone
MbDi H0282 yagP putative periplasmic regulator
GP12 b3215 yheA putative periplasmic chaperone




deleted deleted deleted MD11 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 deletad GfAGEP3014 2996890 deleted deleted GP7 3182797 318% R ueeiaigshdeleted GP8
687083 688267 deleted deleted GP9 1386912 1396645 deleted deleted GP10 2099418 2135738
deleted deleted GP11 2284421 2288200 deleted deleted GP12 3359797 3365277 deleted deleted
GP13 3648921 3651342 deleted deleted GP14 1128620 1140209 deleted deleted GP15 1960590
1977353 deleted deleted GP16 1995135 2021700 deleted deleted GP17 4553059 4594581 deleted
deleted GP1B 522062 529349 deleted deleted ?%:&95728588 738185 deleted deleted GP20 1525916
1531650 deleted deleted GP21 3616623 36233 ?J 8eleted deleted GP22 3759620 3767869 deleted -
deleted GP23 1041254 1049768 deleted deleted GP24 1085330 1096545 deleted deleted GP25
2163173 2175230 defigssaninied AR26i3RIH169 RR32675; dalated dalStess SRADRALB263 3719704
deleted deleted MD40 167484 173447 deleted GP28 331595 376535 deleted (GP29 1588878
1599265 deleted GP30 3794575 3805725 delddtil@B31 3686064 3904195

|
DHI10B MG1655 MDS40
_(transformants per (transformants per (transformants per
microgram) microgram) microgram)
pUC19 1.3X10° 2.9X10° 1.3X10°8
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
micrograrm) microgram) microgram)

pUCI19 4.5X10° 3.7%x10% 1.6X10*




deleted GP32 2599182 2612802 deleted GP33 3738738 3752058 deleted GP34 4055987 4073034
deleted 0235 1349431 1364839 deleted GP36 2876592 2885242 deleted GP37 149715 156883 WO
03/070880 PCTIUS03/01800 46 Table 8 (Continued) MDS12 MDS40 MDS73 del lend rend deleted
GP38 674798/63361@sdeleted GP39 997082 1003880 deleted GP40 2318@¢3 28a#qkds deleted gp4l
3503000 3510000. deleted gp42 4304000 4311080 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 gpS2 2859000 2864000 deleted gp53 4488000 4493000 deleted gp54
2520000 2524000 deleted gp55 4086000 4090089b%e,%eted gp56 1250000 1253000 deleted gp57
1650000 1653000 deleted gp58 2186000 21890 3 Geleted gp59 2474000 2477000 deleted gp60
3358000 3360000 deleted gp61 3864000 3866000 WO 03/070880 PCT/US03/01800

Media Strain Average Std dev Max OD
Doubling
time
MOPS Minimal MG1655 12041 . 0.63 0.82
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 DHIOB 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 DHI10B 45.40 2.30 0.62



47 Table 9 genes (identified by b-number) deleted for each deletion strain MD1: b0247, b0248, b0249,
b0250, b0251, b0252, b0253, b0254, b0255, b0256, b0257, b0258, b0259, b0260, b0261, b0262,
b0263, b0264, b0265, b0266, b0267, b0268, b0269, b0270, b0271, b0272, b0273, b0274, b0275,
b0276, b027+%;d2r8s40279, b0280, b0281, b0282, b0283, b0284, b0265, PE2RBHHRGY, 0288,
b0289, b0290, b0291, b0292, b0293, b0294, b0285, b0296, b0297, b0298, b0299, b0300, b0301,
b0302, b0303, b0304, b0305, b0306, b0307, b0308, b0309, b0310 MD2: b1337, b1338, b1339,
b1340, b1341, b1342, b1343, b1344, b1345, b1346, b1347, b1348, b1349, b1350, 331351, b1352,
b1353, b1354, b1355, b1356, b1357, b1358, b1359, b1360, b1361, b1362, b1363, b1364, b1365,
b1366, 331367, b1368, b1369, b1370, b1371, b1372, b1373, b1374, b1375, b1376, 331377, b1378,

b1379,b1380,b1381,b1382,b1383,b1384,b133§
9

b1392, b1393, b1394, b1395, b1396, b1397, b13

b1405, blﬁegﬂa 407,’\%27%2%1409,‘”8 213]é
b2448, b24dY; haA50 ° 22,b§§%§e

, b14
2624

il

e

%§8G,b1387,

b1388, b1389, b1390, b1391,

99, b1400, b1401, b1402, b1403, b1404,

2, h24
6, b26

444, b2445, b2446, h2447,

T
52628, b2629, b2630,

b2631, b2682¢+b2633, H2684:h2635]42686, h26373 b26385p2639, b26:(3,002641, 2642, h2643,

b2644, b2§&§zg§4ﬁ, BZBAECH2646 352843 b265f h2657°412652, b7G§32H2654, b265S, b2656,

b2657, b2658,

59, b266R MDS5: bi904.a1995,%996; 455984, b1998:0AH99, b2000, b2001,

b2002, b2@63¢H20D04, 192065:H20061H:206F, b2068MDE4 b8323, b33244B3825, 3326, 3327,

b3328, b3§29° 330, b¥BEF A3332.063

325 b33345b3335, 53336, b3337 53338 MD7: b2349

b2350, b2321:b2852, b2ah302354,da28068 b235@ 12357432358, b23593 9062360, b2361, b2362,
b2363 MD8eBZEF40, b 54884 542, BIB43h1544'31545,953546, b1347249P548, 331549, b1550,

b1551, 331555 H1553, 3 FEEd, 331565 £21 556, FET557: 3558, hTESS" 331560, 331561, b1562,

331563, 331564, 331568133866, 33&56:4B83156833166G54331570,6331571, b1572, 331573,

9: 1334221558273, 334274, b4275,
4262.334283, b4 4285, 334286, 334287,

334288, b4289, 3342904834281, h4202:+884293,@34294,9334295, h429%;6384297, 334298, 334299,

b1574, 331575, b1576,
b4276, b4277, 334278,

o,

cl
&

334300, 334301, 3343025334503,

deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
delsted
deleted
deleted

henlerte ’331§? e
@334@@?@

deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted
deleted

579
81,

GP7

GP8

GP39

GPL0
GP11
GP12
GP13
GP14
GPR15
GP16
GP17
GP18
Gris
Gp20
Gp21l
GP22
GP23
GP24
SP25
Gr26
Gp27
MD40
GP28
GPzo
GPR30
GP31
GP32
GP33
GP34
GP35
GE36
GE37

3182787
687083

13865912
2099418
2284421
3388787
3648921
1128620
1260590
19985135
4553059
522082

728588

1525916
3616623
3759620
1041254
10EB533¢0
2163173
3578769
3718263
167484

331595

1588878
3794575
3886064
2599182
3738738
4055287
1345431
2876592
148715

3188712
688267

1396645
2135738
2288200
3365277
3651342
1140209
1977353
2021700
4594581
529349

738185

1531650
3623310
3767869
1045768
1096545
2175230
3582673
3719704
173447

376535

1599265
3805725
3904195
2612802
3752058
4073034
1364839
2885242
156883



334304, 334305, 334306, 334307, 334308, b4309, b4310, 334311, 334312, 334313, 334314,
334315, 334316, 334317, 334318, 334319, 334320 MD10: 332969, b2970, 332971, 332972, 332973,
332974, 332975, 332976, 332977, 332978, 332979, 332980, 332961, 332982, h2983, h2984,
332985, b298f) &3R80 MD11: 331138, 331139, b1140, 331141, b1142, 33pt4R;33dshd, 331145,
331146, 331147, 331148, 331149, 331150, 331161, b1152, 331153, 331154, b1155, hi156, b1157,
331158, b1159, 331160, b1161, 331162, 331163, 331164, b1165, 331166, 331167, 331168, 3311609,
331170, 331171, 331172 MD12: 330538, 330539, 330540, 330541, b0542, 330543, b0544, b0545,
330546, 330547, 330548, b0549, b0550, 330551, 330552, 330553, b0554, 330555, 330556, b0557,
b0558, 330559, 330560, 330561, 330562, BB563 330584530565 GPI: 330016, b0017, 330018,
330019, b@620, b0021 8022 GP2:8577, 330578, h05%Y; 330580336581, 330582 GP3: 332389,
332390, 332391, 332392, b2393, 332394, h2395 G24: 330358, 330359, 330360, 330361, 330362,
b0363, 330364, 330365, 330366, 33§3§)§,& 303685025 gﬁ%%go 330%% 0372, 330373, 330374,
b0375, 330376, b0377, 330378, 330375::380380 cBR6: b2856 2028522332858, h2859, 332660,
b2861, 332862, b2863 027:. 33304201% b3(‘§’@§1 3?@@%@0@30463 , b3048 GP8: 330656
GP9: b1325, 331326, 331327, b132 a2iaal. 331332: 881333 0210° 332030,
332031, b2032, b2033, b2034, b2035&78-8@@36 b@@@? m380b2039?3@m40, b2041, b2042, b2043,
b2044, 2045, 332046, b2047, b2045SHPEA9, 334;%@ H2a51 0 b2052 152053, b2054, 332055,
332056, b2057, 332058, b2059, 332060382061, 332062 40844 - 3321965332191, 332192 GP12:
333215, 333216, 333217, 333218, 338PIBAGP 1 37E350%: BYY505 GPP$A2¥B1070, 331071, b1072,
331073, 331074, b1075, 331076, b1§77 15078, %’gﬁ?gﬁy% 3310835331062, 331063 GP15:
337.878, 331879, 331880, 331881, 3&1888@3318%10188&?@31885 118669 b1887, b1888, b1669,
b1890, 331891, 331892, 331893, 33§ ?ﬂ% Mgl?@%ﬁ% égépgg 0, 331921, 331922,
331923, 331924, b1925, 331926, b18275:51928, Bt9, 3319312994932, b1933, 331934,

b1935, b1936, 331937, b1938, WO GB/04G880 PGPAIS03/OA800 48 1253000

deleted gps57 1650000 1653000
deleted gph58 2186000 2182000
deleted gp59 2474000 2477000
deleted gp60 3358000 3360000

deleted gp61 3864000 3866000



51939, 51940, b1941, 51942, 51943, 51944, 51945, 51946, 51947, 51946, 51949, 51950 GP17:
54325, 54326, 54327, 54328, 54329, 54330, 54331, 54332, 54333, 54334, 54335, 54336, 54337,
b4338, 54339, 54340, 54341, 54342, 54343, 54344, 54345, 54346, 54347, 54348, b4349, 54350,
54351, 5435%kda&3s4 354, 54355, 54356, 54357, 54358 GP18: 0497, bid8s&dnes), 50500,
50501, 50502 GP19; 50700, 50701, b0.702, 50733, 50704, 50705, 50706 GP20: 51456, 51457,
51458, 51459, 51460, 51461, 51462 GP21: 53482, 53483, 53484 GP22: 53593, 53594, 53595, 53596
GP23: 50981, b0982, b0983, 50984, 50985, b0986, 50987, 50988 GP24: 51021, 51022, 51023,
51024, 51025, b1026, 51027, 51028, b1029, 51030, 51031 GP25: 52080, 52081, b2082, h2083,
52084, b2085, 52086, b2087, 52088, 52089, 52090,; 52091, b2092, b2093, 52094, b2095, b2096
GP26: 53441, 53442, 53443, b3444, 53445, 53446 GP27: 53557, 53558 MD40: 50150, 50151,
50152, b0 #5309 228=1563E3, 1031878831 715031 8256339 A5 58P 5632 ¢, 50322, 50323, 50324,
50325, b03R6, 50327, 50328 5032 %40338:1033b250383; 503345 00835550336 0337, 50338,

50339, 50340, bES4L; SORK?, SIS SPRAHEOS S04 SOONT O LIS 0EESD, bO3S1.

50352, 50353, 50454" 07 -B1 548 B 5000 mEb1 Gobdd 10515 LA GE 300636 22;413623,

324, 53625, SHERE; SET, HRS P2 L 03 0008 0P 0TI 5376 53700,

b3710, 53731, 5374 53716, 537 1% 538 b3710,:537205 58721, 53722,

53723 GP32: 52@9185%%; g%%%; T4, H29D5, 1286, 32087, 112488, 52488, 52490, 552491,

-]
52492 GP33: 535123, 5 75, 5356, 51357 7 p0idh 781535791 53580 3858137535825 3583,

s304, 53585, S, SOSE QP IRHPL St e ST e by sadn o,

b3879, 53880, 5 152883,53884 635154289, £h2902 542914151292, ©1293, 51294,

51295, 51788; 51287; TE258, F2299. I B00: SEBUE D180 2c, Dacao. sacso, basan, baesz,

h2633, bh2634, b2635, b2636, b2637, b2&638, b263%, L2640, b264L, b2642, b2643,
b2644, b2645, b2646, b2647, b2648, b264%, b2650, D2E5L, b2652, b2653, b2654,
b2655, b2656, b2657, b2658, b2659, bZE60

MD5: bi9%4, b1995, bisoes, bi9g7, bless, bH1929, HACGC, 2001, bH2002, b2002, L2004,
b2005, ©200&, k2007, b2008

MD6: D3323, H3324, b3325, Db3326, b3327, b3328, L3329, b3330, b3331, p3332, b3333,
13334, b3335, b3336, b3337, L3338 )

MD7: b2249, b2350, b2351, b2352, b2353, b2354, b2355, bIZ356, b23E7, L2358, b2359,
b2360, b2361, L2262, D363

MDB:  b1540, blb4l, bHl542, bl543, bl544, bl545, bib546, bl547, bl54B8, bl545, bLiE50,
b1551, bls52, b1553, bl&54, b1l555, bl566, blbs7, bIS5E8, bl559, blE6C, bHIS6L,
bl562, bl563, bl584, bl1B&5, blB66, bise7, bl568, bi5es, bl370, bis7l, bLET72,
b1573, bls574, b1575, bls76, b1577, bi578, blE72

MD9: baz71, b4272, b4273, b4274, b4275, b4a2V6, D4277, L4278, L4279, 4280, b4a2sl,
b4282, b4283, L4284, b4285, b428s, be287, b4288, b4289, b4280, b4291, b4282,
B42%3, b4294, b4295, b4296, 14297, b4298, b428%, b4200, b4301, b4302, b4303,
b4304, b4305, b4306, b4307, 4308, b4309%, 4310, b4313, b4312, b4313, b4e3l4,
04315, b4316, b4317, b4318, b4319, b4320

MD10: b2969, b2870, b2971, b2572, L2973, b2874, b2875, b2%76, 2977, b2578, b2s73,
b2980, b2%8l, b2982, b2%83, L2884, b2585, b2BB6, L2587

MD11: b1138, bii3%, 1140, bll4l, bll42, bii43, bliss, bildas, bll46, bile7, bilids,
bli4s, bilis0, blisl, bilis2, b1i53, biis4, blib5, bllbsg, bll37, bll58, biiss,
blle0, blisl, bhile2, biis&3, blls4, b1liss, bllseé, bilis7, blles, blle?, bll70,
b1l71, b1172

MD12: bO0538, b0B39, DOB40, b0B41, b0542, b0543, b0544, L0545, 0546, b0547, bO548,
bos4g, bE550, HLBS1, b0552, b0553, b0554, b0555, LOSEE, DOBE7, b0OB58, L0559,
b0560, b0561, b0562, b0O5E3, bO564, bLO5ES

GP1l: b00OL6, BO0L7, bOG18, b0019, b0020, bGO2L, L0022

GPZ2: b0577, 50578, b0579, b0580, bHO581, bi582

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

GP4: b0358, b035%, b036C, b036L, b0362, h0363, b03s4, b0365, b036s, bO367, b0368

GP5: b0370, b037L, bG372, 0373, b0374, b0375, b0376, HE3Y7, bO378, H037%, bO38O

GP&: Dbh2856, D2ES7, bH2B58, 1B285%, b2560, L2861, DIBEZ, b2BE3

GPF7:. b3042, b3043, Db3044, b3045, b3046, L3047, b2048

GP8: Db0e5s

GP5: bil325, HL326, b1327, B1L328, bi329, bi330, b1l331l, b1332, bi3i3

GPi0: b2030, b2031, b2032, b2033, b2034, b2035, b2036, L2037, b2038, b2039, L2040,
2041, b2042, 12043, b2044, b2045, b2046, b2047, Db2048, b2049, b2050C, b20BL,
b2052, b2053, D2054, b20SS, L2056, b2057, b2058, L2059, b2060, h2061, b2062

GP11l: b2190, b21l9%l, balsz

GP12: 3215, b32lé, h3217, b3izlg, b3zig

GP1l3: bh3504, b3aSL5

GPl4: blG70, 1071, blo72, blo73, blg74, blo7s, L1076, bLo77, blo78, bl0o72, bL0O8OD,
b1081, bl082, bl083

@pis5: big7s, bls7e, bisso, bigsl, biss2, bl8S83, blss4, bigss, bisss, blgg7, bliEsE,
bisgge, bl8S0, bigsi, blgsz, blge3, bLB4 .

GPl8: ©H1917, bLY18, blold, bLY20, blozl, bls22, bi923, blsze, b192s, bleis, biy27,
bigz8, bl929, bi230, b1331l, bl932, b1933, biv34, bls3s, bi936, big37, bLI3s,



GP36: 52754, 52755, b2756, 52757, 52758, 52759, 52760, 52761 0237: 50135, 50136, 50137,
50138, 50139, 50140, 50141 GP38: 50644, 50645, 50646, 50647, h0648, 50649, 50650 GP39: 50938
,, b0939, 50940, 50941, 50942, 50943, 50944, 50945 GP40: 52219, 52220, 52221, 52222, 52223,
52224, b222wGaR6s@2227, 52228, 52229, 52230 gp4l: 53376, b3377, 53E8akadT8053380,
53381, 53382, 53383 gp42: b4084, b4085, 540868 54087, 54088, 54089, 54090 gp43: 50530, 50531,
50532, 50533, b0534, 50535 gp44: 50730, b0731, b0732 gp45: 51483, 51484, 51485, 51486, 51487
gp46: 52270, 52271, 52272, 52273, 52274, 52275 gp47: 52332, 52333, 52334, 52335, 52336, 52337,
52338 gp48: 54321, 54322, 54323, 54324 gpSO: 50716, 50717, 50718, 50719 gp5|; 51653, 51654,
51655 gp52: 52738, 52738 59747, 53%438, 55730285740 GpbR 54065 54266 K267 4268, 54269
gp54: 52495752406 50407, 32408, 52400 b S:b538979453898’#5@89@;3539@@33539813§p56: 51201

gp57: 51580, 51481048} B2t bafo sorth, 5okt mati Hiiko: B384 A d65660: 53213,

7

b3214 5p61: 5368653687, 53688, 53689, 53690 49 CLAIMS 1. A bacterium having a genome that is

genetical’lﬁgﬁgiﬁ%@dﬁﬁ% aﬁﬁféégﬁ%%nﬁﬁéﬁjﬂﬁagih%g@@ome of its native parent strain. 2. The
bacteriumagt ¢lahm 35 Whe ke in s e norie istatdeasti?o%, imLpeaticular at least 8%, preferably at least

14% and e @rafraBhi dr 163812086 smaller than the genome of its native parent strain. 3. The

bacteriumastelahteds;, . Wite pein thes hatives paterntStrafnsis art EB7cofcsttain.
@GP24: h1l021, bioz22, bl023, bl024, b1025, blo2e, L1027, b1C28, b1C622, k103G, bl031

@P25: b2080, b2081, b2082, b2083, b2{B4, b2085, b208E, L2087, L2088, b208%, bh2090,
b20821, b209%2, b2093, b2094, b2085, D209E

GP26: b3441, b3442, H3443, b3444, D3445, b3d4s

GP27: b3B57, b355B8 :

MD40: bO150, HOl5i, bh0ls2, bO1E3

GE2B: bO315, b031le, bH0317, bO31B, b0313, 0320, bH0O32%, b0322, bO323, b0324, b0325,
b03z26, 0327, bOL3I2B, bLO32%, bO330, HO3IZL, D0O333, bO334, U335, bH3ZE, bO337,
0338, L0339, L0340, b0341, b0342, L0343, b0344, b0345, b0346, b0347, bD348,

‘ k0349, b0350, b03BL, b0352, b0353, b0354

GP25: blB07, k1508, bl50&, bilr1l0, bi5ii, blEl2

GP30: D3622, bls23, bis24, b3g25, b3626, bIe27, b3828, b3822, b3s30, b3631, b3s&32

GP31: B3707, b3708, b3709, b3710, L3711, k3712, b37L3, b3714, b3715, b37l6, b3717,
3718, b371%, L3720, b3721i, b3722, biT723

GP32: b2481, b2482, bh2483, b2484, b2485, h2486, b2487, b24B&, b2489, b2450, b2491,
b2452

#P33: b3573, b3574, b3B75, b3576, L3577, b3578, b357%, b3580, 3581, b3582, Db3583,
L3584, b3585, b3586, b3587

GP34: b2871, b3872, 13873, b3g74, L3875, L3876, b38BT7, L3878, L3879, b38BC, b3881,
b3882, b3B83, h3BE4

GPF35: b1289, b125C, L1291, H1282, bl293, bli254, bl235, bl2%6, bl2%7, bl2858, hl28se,
b1360, bi301, bl3o2

GP36: ba754, b2755, b2736, b2757, b2758, b2759, b2760, b2761

GP37: b0OL35, BOL36, L0137, 013§, bLO13S, b0140, b0l4l

GP38: b0644, bo064as, b0646, b0647, b0OB48, b0649, bO650

GP39: b0238,, b0339, b0540, b0941, b0942, b0943, b0944, D0OS45 .

GP40: B2219, b2220, b2221, b2222, b2223, b2224, b2225, b2226, b2227, b2228, b2229,
b2230

gp4l: bB3376, k3377, b3378, L3379, b3380, b338%, b3382, b3383

gp42: b40B84, 04085, b4GB&, b4087, b4088, b4082, b4030

gp43: bOB30, L0531, b0532, b0533, bO534, L0535

gp44: L0730, bO731, b0732

gp45: bi4B3, bl484, bl4B5, bl2gs, bi4B7

gp46: b2270, b2271, b2272, b2273, b2274, bIZVE

gp47: b2332, b2333, b2334, bRA335, 2336, L2337, 2338

gp4B: ba321, b4322, b4323, L4324

gpE0: bO71l6é, bO717, ba718, bO719

gp51: bl6s3, bieB54, blgss

gp52: b2735, b2736, bZ737, b273B, b273%, bh274C

gp53: b4265, b4266, b4267, L4268, D1269

gpb4: h2405, b24086, b2407, bH240B, b240%

gpb5: b3837, b3B98, b382%, b3900, bh3s0l

gp56: blz201

gp57: bl580, big8i

gp58: b2108, bH210%, b2110, b211ll, b2ilz

gprb%: b2364, bZ365

gp60: b3213, D214

gpél: L3686, p3687, bIEEB, b3589, L3630



4. The bacterium of claim 3 having a genome smaller than 4.27 Mb or smaller than 4.00 Mb. 5. The
bacterium of claim 3, the bacterium lacking at least 9%, in particular lacking about 15.6%, preferably
lacking about 21.5% of its protein coding genes when compared to its native parent. 6. The bacterium
of claim 1, wherein the genome of the bacterium is genetically engineered to delete therefrom one or
more DNA segments selected from a flagella genedf,ga 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 peripl§ mijc_protein gene, a membrane protein gene, a
prophage, a pseudogene, a K island, a bacteri ghﬂ receptor gene, a non-transcribed region and a
gene or other DNA segment that is not present in both of any two bacteria strains of the same or
related species ohthe:wrativesparentsaitain i Thehaciarunyatelaim lfromwhigheng.armore genes

encoding a protei{ﬂyég}ggqgsofngﬁ;g‘gpg}ggtigﬁﬁgriplasm or processed in the periplasm is deleted. 8.
The bacterium of claim 7, wherein said one or more genes are selected from fliY, yedO, nfnB, tauA,

MppA, tynA, chL4, imC, fecB, ygiH, yagP, or yhcA. 9. A method for making a deletion of at least 5% in
the genome of babtekacktiam el herome riyipnoikiownesssdqlieénoepwithdat antrasiuging scars,

the method comprisinghihe: sieps Of making an-arificiat RAA molesule. hs.arificial RNA molecule
comprising: 50 (iga%eodagmmga%gquence 1 which is identical to the sequence on the left flank of the

genome region to be deleted, followed by sequence 2 which is identical to the sequence on the right
flank of the genome region to be deleted; (ii) on the other end sequence 3 which is identical to the
sequence within e lgemormeofetion torberdelbtedyiandafiiy anséguendecsfissifis. nuclease recognition
site between the sequence 2 and sequence 3, wherein the recognition site is not present in the

genome of;the b@ﬁéenriatéintroqu?iqgg%e artificial DNA molecule ig o\lge bacéeri under conditions
favoring homologous recombination bgfﬁgérﬁg%%%%%%%grfﬁaaﬁ&l ‘ J}aln e 1ﬁrc%"%nirﬁl'?ﬁt‘;l\%’enome of
the bacteria; introducing into the bacteria whose genomes contain the correct site insertion of the

artificial DRA molBeutecamiexpriegsionlydetdruiotarsagence-specific, nueleaseathatking about
15.6%, preferably lacking about 21.5% of its protein coding genes when compared to its

native parent.

6. The bacterium of claim 1, wherein the genome of the bacterium is genetically engineered
to delete therefrom one or more DNA segments selected from a 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 geme, a membrane protein gene, a prophage, a pseudogene, a K island, a
bacteriophage receptor gene, a non-transcribed region and a gene or other DNA segment
that is not present in both of any two bacteria strains of the same or related species of the

native parent strain.

7. The bacterium of claim 1 from which one or more genes encoding a protein which is

secreted into its periplasm or processed in the periplasm is defeted.

& The bacterium of claim 7, wherein said one or more genes are selected from fIiY, vedO,
nfnB, taud, mppd, tynd, chid, imC, fecB, ygiH, vagP, or yheA.

9. A method for making a deletion of at least 5% in the genome of bacteria at a selected
genome region of known sequence without introducing scars, the method comprising the
steps of:

making an artificial DNA molecule, the artificial DNA molecule comprising:



recognizes the recognition site; expressing the sequence-specific nuclease in the bacteria; and
collecting the bacteria that survive the expression of the sequence-specific nuclease and contain the
correct deletion. 10. The method of claim 9, wherein the artificial DNA molecule is introduced into the
bacteria by a vector carrying the artificial DNA maolecule, or wherein the artificial DNA molecule is
introduced into the bacteria directly. if. The method of claim 9, the method further comprising the step
of introducing into bacteria an expression vector for a system capable of increasing homologous

recombination, wheggin sajd gxpressignyecton fanthe aysiemdsicompaiie b fhe gxprgssion vector
for the nuclease, and wheggindhe.expiession.QfdbeDusiease i Wnderdhe ganirel af an.inducible
promoter. 12. The method gt claim, 3 gF 10 WhSKER (0, sequence:sheqiic uglaase 1s -Scel. 13. The
method of any of clajps 9 ig 14, Whsreln e afiicial NA molecule Wiher, oftpries,  selectable
marker gene between sequence Zeagn ts%%%g{&:&. a.n‘g “the method of cfairﬁj“g, wherein said method is
repeated to achieve t}Se at feast 5% re(ﬁ#:tion |n the genome. 15. A method for making a deletion of at
least 5% in the genélrlﬁe of baCleng at s saletted Genome TEYiSH of RRSH i S FIRmEE, thithethod
comprising the steps of: prowaing & Vetts ﬁ?ft ESHPIHaS eS8 JOE AT BciRt Fr1arast Hscognition
site and two DNA sequené®€Ghe of which bein? identical to the sequence that flanks the genome 51
region to be deleted™WFPGHESit AREHE BiHe retsomieH bty Raeitieamdrtrenddarefiermanks the
genome region on themtearsidecnberEn hévters BRIEsduetct snresiseatedihéit genemeh other on
the vector, and the $é4tidtie&tspecific nuclease recognition site is located outside the two DNA
sequences on the v&dtefucipgrodudingatiersectosirmenpaectaiatinttot ooingt isito iversemid thacteria an
expression vector foréisellidhtenspedificrnuciessenthatiredognizesitheerpeddnitioriesite flimtroducing
into the same bactertamgsystérrthegnisieapable of increasing the frequency of homologous
recombination and akthessanie tugeexpressinguibieasenurneesspeaific nuclease in the bacteria; and

collecting the bacteria that survive the expression of the sequence-specific nuclease
and contain the correct deletion.

10. The method of claim 9, wherein the artificial DNA molecule is introduced into the bacteria
by a vector carrying the artificial DNA molecule, or wherein the artificial DNA molecule is
introduced into the bacteria directly,

i1 The method of claim 9, the method further comprising the step of introducing into bacteria
an expression vector for a system capable of increasing homologous recombination,
wherein said expression vector for the system is compatible with the expression vector for
the nuclease, and wherein the expression of the nuclease is under the control of an
inducible promoter.

12. The method of claim 9 or 10, wherein the sequence-specific nuclease is I-Scel.

13, The method of any of claims 9 to 11, wherein the artificial DNA molecule further
comprises:
a selectable marker gene between sequence 2 and sequence 3.

14. The method of claim 9, wherein said method is repeated to achieve the at least 5%
reduction in the genome.

15. A method for making a deletion of at least 5% in the genome of bacteria at a selected
genome region of known sequence, the method comprising the steps of:
providing a vector that comprises a sequence-specific nuclease recognition site
and two DNA sequences, one of which being identical to the sequence that flanks -
the genome



identifying bacteria in which the genome region to be deleted has been deleted. 16. The method of
claim 13 or 15, wherein the system capable of increasing the frequency of homologous recombination
is the phage y Red recombinase system. 17. A method for expressing recombinant proteins in a
bacterium having a genome that is genetically engineered to be at least 5% smaller than the genome
of its parent native strain, the method comprisingghe steps of: introducing into a bacterium of any of
claims | to 8 a vector comprising a DNA encoding a protein having a signal sequence operatively
linked to an expression control sequence; and growing the bacterium under nutrient conditions
suitable for expression eddibe tobetkiatehaodingi@MAL th8oihheomédthbddiciding &Vionlirerein the
expression control sequEReSds SRSt ivehnhSXpIasseaosherRinARe-RXREesSIONEONtrol sequence
s an inducible promoter. g, An Arfficial A IRleaue-dhsariliciah it taplegule.cmprising: on
one end sequence 1 which is identical to the sequence on the le nk of the genome region to be

e
deleted, adjacent to sedUEHEE ?Wﬁ%ﬁﬁf’}gﬂ{fe‘ﬁ{ﬂ;@gﬁ%C}V{éidgggfl}gﬁé%ﬁ&sfﬂgﬁﬁgﬁ%ﬂgﬁwgﬁﬂﬁe genome
region to be deleted; on‘tHedseerteheegagirneaststighich is identical to the sequence within the
genome region to be déleteldsitize mechgnitiohsitgifona seguencecspdoificrucheasgetiftween
sequence 2 and sequepgg.Wherainaaid grnamefagionto be deleted is at least 5% of the genome

of the bacterium and wherein ihe fecaanition Site 15 NOLRIESERtIN g 9SPAME, 9k e bacterium. 52
20. The artificial DNA molecule of %ﬁéﬂgég’ the ?%flmal DNA molecule further co_méplgsmg a selectable

marker gene between sS&liEAEe"S GuidRe ?nﬂf”%a‘b%\%ttgﬁ&ﬁlpﬁg{ﬂﬁaxgr‘ésgw M that is
genetically engineered f§1&"5¢-fR5S{15 05 Geaw ierBs RACtERE: gBhome of its parent native strain,
comprising: an expressidantiédtgrofotes systamhohp gblensf itgreasingithesfrbgiencyabdichomologous
‘recombination and an expression vector for a sequence-specific nuclease that recognizes a

recognition ¢site whichs nofrigsent ip 196960008 ofdbS PasiRlivhIbRGXReRRIR-R] e
sequence-specmﬁ nuclease belnlg; under the control of an inducible promotér and
omofogous recombination 1s the phage A Red recombinase system.

17, A method for expressing recombinant proteins in a bacterium having a genome that is
genetically engineered to be at least 5% smaller than the genome of its parent native strain,
the method comprising the steps of?

introducing into a bacterium of any of claims 1 to 8 a vector comprising a DNA
encoding a protein having a signal sequence operatively linked to an expression
control sequence;

and _

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

18. The method of claim 17, wherein the expression control sequence is constitutively

expressed or wherein the expression comntrol sequence is an inducible promoter.

19. An artificial DNA molecule, the artificiai DNA molecule comprising:
on one end sequence 1 which is identical to the sequence on the left flank of the
genome region to be deleted, adjacent to sequence 2 which is identical to the
sequence on the right flank of the genome region to be deleted;
on the other end sequence 3 which is identical to the sequence within the genome
region to be deleted;
the recognition site for a sequence-specific nuclease between sequence 2 and
seguence 3, wherein said genome region to be deleted is at feast 5% of the genome
of the bacterium and wherein the recognition site is not present in the genome of

the bacterium.



wherein the two expression vectors are compatible, the bacterium further comprising; an artificial DNA
molecule comprising; on one end sequence | which is identical to the sequence on the left flank of the
genome region to be deleted, followed by sequence 2 which is identical to the sequence on the right
flank of the genome region to be deleted; on the other end sequence 3 which is identical to the
sequence within the genome region to be deleteds-and a sequence specific nuclease recognition site
between sequence 2 and sequence 3, wherein the recognition site is not present in the native
genome of the bacterium. 22. The bacterium of claim 21, wherein the artificial DNA molecule further

comprisesga selegtabigimarkes ganehebreemsegurnesiZianhseadroge BrB8.chbhgrbagterium of
claim 21, Whereir;etfgg ﬁé@ﬁk@?@%@&%@ﬁ%ﬁé&@gz”aﬁdfgaﬁ%éﬁ&cé’ of homologous recombination is the
E stem. 24. The ici '

phage 1c Red recombinase sy rtificial DNA 'molecule of claim 19 and/or the bacterium
of claim 21, wherein the selectable marker is an antibiotic resistance gene, for example which confers
resistance2b chlérbaviphieniboligs sthenlartban Dikkiohiladngiieerd déde thdebrdteimall oftolaim 21,
wherein thg,fecRanitignsig.is e secaanitiop.sitefor I-Scel.
an expression vector for a system capable of increasing 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 being under the control of an inducible promoter and
wherein the two expression vectors are compatible,
the bacterium further comprising;
an artificial DNA molecule comprising; on one end sequence 1 which is identical to the
sequence on the left flank of the genome region to be deleted, followed by sequence 2
which is identical to the sequence on the right flank of the genome region to be deleted;
on the other end sequence 3 which is identical to the sequence within the genome region to
be deleted; and
a sequence specific nuclease recognition site between sequence 2 and sequence 3, wherein

the recognition site is not present in the native genome of the bacterium.

22. The bacterium of claim 21, wherein the artificial DNA molecule further comprises;

a selectable marker gene between sequence 2 and sequence 3.

23. The bacterium of claim 21, wherein the system capable of increasing the frequency of

homologous recombination is the phage » Red recombinase system.

24. The artificial DNA molecule of claim 19 and/or the bacterium of claim 21, wherein the
selectable marker is an antibiotic resistance gene, for example which confers resistance to

chioramphenicol.

25. The linear DNA of claim 19 and/or the bacterium of claim 21, wherein the recognition site

is the recognition site for I-Scel.



