|  BACTERI A W TH REDUCED GENOME CROSS- REFERENCE TO
RELATED APPLI CATI ONS [ 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.

Provi sional Application serial no. 60/409, 080, filed

6 Septenber 2002, both of Mhich are incorporated
herein by reference in their entirety. STATEMENT
REGARDI NG FEDERALLY SPONSCRED RESEARCH OR DEVELOPMENT
[0002] This invention was nmade with United States
gover nnent support awarded by the follow ng agency:

Nl H GvB5682 The United States has certain rights in
Thi's i nont | on BAGRERE-HRE Rae UES HRBWEN | 0003]

Bacteri a have been used to produce a w de range of

conmmer ci al nmyces
' strains angﬁg§%%ﬁ%ﬂgngﬁﬁ%Fﬁgaﬁgggﬂgg@ﬁ*ﬁ?@ produce
[0001qnt i biThid 4pplicatibs eLFNRGS ol @Rpdrt 6.8 APFerd PGpRBAYN serial no.
Progkﬁnlbacterlun1stra|ns have been used to_ produce
10/05¢i50 Zrfileft 45 Jppuary 4002 add L. Rsawsienal Applicaiion swtal i 64/4P080, filed
6 SepRIAHER2VbJR BT Whibh RRfh @Y Ratediicedth BRI alelr QitER,aNd
er)C:orynebacteriun1g|utaini¥]%:un$have bgen useghtg produce
| ysine and glutam c acid, respectively, as food
addi tves: other bacteria have been used to produce
ot herd e Ee RECAE0RG RebBGad S oS e HiskAR T
Al cal i genes eut rophasghasgPeedrMERe t 0 produce
bi odegradabl e m crobi al plastics; and many
[0002)\c et oFAstinyenfionwa wedntottiatnided Hetepgaveminanbsupperhawrsdad by th
. duce vinegar. Mdre recently, it has becone
ﬁﬂm%%aﬁ%ﬁ for bacteria, such as Escherichia coli (E
sol i), N Ge3geszeti cal ly engi neered and used as host
cells.for the production,of biological reagents, such
Ihﬁigﬁ?%%%wﬁémﬁﬁ “”ﬁ%@ﬁé?gn%EWﬁQFEin | aboratory as wel |
as industrial settings. The pharmaceutical industry
supports several exanples of successful products
whi ch ar e humanBACBIGROGNMOETHEINVERTIONCt ured in E
oli cultures cultivated jn a fernenter. [0004] It is
toousf, o a%aﬂﬁ% et fodpiedrcr g of garngrcial products. For
examplé, thRly B epOmpsby S-SR shdHabRBd strdilidhals S b0 pRidud Bitibiotics;
urification of a desired protein product from an
Pseudgmgnas devigifiogar s many Rrapionipgcigrpimestrajsdnvebeca gpgd to produce
itaniAFFILELdnfb AR& b e BARL ' . i b Aibacteri
Vit o B LGB o DGR sl plodhle HEAR Rithein S0 Abccseriun
Slavun el Cargnebadterita ghhriicinohavededostd toghrbduck Yysinephaglotaghic acid,

ertain nornal E. i | .gene produgts cgn interfere,
respecFh o R M e ekl SR P s A s used s
food ai¥bitiees; 2ic@REdnbEauttopYas 6 bR b pkdRcEBBASMAMRBIe Aicrobial plastics;

bacterial culture in making proteins in bacteria,
_ and magy; daetobacter and Gluconobacter strains have been used to produce vinegar. More

recently, it has become common for bacteria, such as Escherichia coli (E. éoli), to be genetically
€ngineered and used as host cells for the prodiction of biological reageﬁts, such as proteins and
nucleic acids, in laboratory as well as industrial settings. The pharmaceutical industry supports
‘several exarhiples of successfil 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



the cost of purification of a reconbinant protein can
be nore than the cost of production, and sone of the
nat ural proteins produced by the bacterial host are
sensitive purification problens. Further, many
bacterial strains produce toxins that nust be purified
away fromthe target protef% bei ng produced and sone
strains can produce, by coincidence, native proteins
that are close in size to the target protein; thereby
maki ng size separation not available -for the
producpiid¢ddied dlyiaQnp HEE @StirodiEMARRD tAE Bost J2OVBY eiblashli@, certain normal £.
genone of a bacteria used in a fernenter to produce a

coli gepeprMyrant tgederei with thelnisediichan gnd rmortesange pi glaswmsd DNA. More
signifi iR LB el Rl b PRE Rl TR S prctoia, ofcn
the cosBUf pinvficiGiofiotairestrhbiBauipi ABRERAL Ve mERMHAT 1heRSsAf production, and

tenperature, stress or lack of food source. Bacteria
some off ithg m@uﬁahp@tfﬂear mxiumd I@nth@ bakteddl hosbarelsautivhpwafication problems.

QIIE, an hence ire 1hese ndi t
purthe G RGBS T ofe)nh AR 5t e PRERERRRS By fapeetproten
being (ROAL@Y 283 §BmBWtchink ki€ pidaase, %y%Bﬁlc[c%BEé Gt 9rc§tgiﬁ§ ﬁ1at are close in size
genes. Thus the unnecessary’ genes and the unneeded
‘to the tanget Bﬂoiﬂin tpﬁlUU)a oedlinysize depargon abt foghblededibegurification process.
_ pr odu reconbi nan rotein, res is alac
to00si & of' Riscr B R Sepane gis Brtertsedia G‘E%ef}f?F&P&\%gm 2
recombiRi tprotéﬂqgél&dést mhy ﬁ&ﬂiec&s%ﬁrg' ZBh¥s. OA b eHb tlwfr%qﬂ%ﬁtu:al environment
del etions 1 n the genone of M cr oor gani sm e can

has mapyp comdition espomsidegaics onpwvyiddinehmisprsgantus vis il disfiondl gnvironmental
what_traits of the

eletin enom c regi ons st udy
condltlgqsg%ff.F ey %gefss a?]ﬁ@ %)@fi é@lgge.g Bagleria ﬂlfilqgsmrpoﬁegnentaﬁon tank do
‘not havg't]flés!eﬁ)%ﬁlemg AMEYiElce cfoon ire 4fdd %gﬁﬂm‘éﬁ lrgsirpf)ﬁlﬁgﬁ %nes. The bacterial

speci fic regions of genom nor e
host speidsirhetbbolonencody d¢deh mudbipldation egcle ﬁ"ﬁ;ﬂhﬁtlﬂ@ thesé gersest Thus the
| eave no inserted DNA, here terned a "sear," behind in
. unnecesARY Giga AN Medmmepdadsoigarcrtodreed by 3 bigteria hgpt used for production of
st (b o gk SRR, b DDA pBimprgeed pon

[0006] | ocatiit insotftetiblind@idudictoneskerdalotiank Qﬂﬂ%\g%ﬁbﬁletdf&tmlcroorgamsm One
coul d ‘excise fromthe genone regl ons that are

can perfpiay Rpdo dsjetion shdisin @éﬁ?@iﬁéﬂsr lm@ﬂasgéﬁetmggerlomw regions to study

what 0 BBl 1oy L BLT o 20 8 e PR ever o mate

targeted @dl@Rdits dfepecifis b@g@-ﬁedjﬂggn@hmw arBh6kd dfficultitdl if Sne of the
- _especially so when the nmethod is used repeatedly to
obj ecﬁ\fgé &t methad deiol leavenfo instrtedi NS, hersrtetoes ag‘&t:@n’ébehmd inthe

b th | et
organis 8% e Snon. S reij N res PR it st Rt ey ghr a genomic
de}e‘tlorplﬁ:@b&ﬂma %Bosel 18 ﬁ§ cASheRk 1QfatbRe R BSBRted r@é’cﬁﬁ&hgﬁbal 1 events that

ere i s provid a bacterium having a genone t

couid elgemefmmahb gem:mge r@cmdhﬁtm@@ssnhbﬂe@m&hg&ﬂdes patdnes rebhanigements In
nonme Qf its native parent . strain. In another

buﬂdm%% ﬁegqﬂ drmylfig e&e@%@ﬁf SRy dift Peliind immmicsiqus sisps gpeddpegome artifactual
targets %FEH&@&&Q% sgg bf*?e!@noﬂj ei"lﬁg isoégpécﬁaﬁ)t' & gr?igxg e rﬁgthod i8] used repeatedly

genone” r-egi-on: nown-seque

o generatet haies off deletobiciog (5€gémd, T8 ofiRirivestds, AP bigahlveh Iﬁéazemes by the
steps of: making an artificial’ DNAm)IecuIe -t he

deleﬂona?rpﬁserss eppgtioplinungplle if msesdNA Al behindn one end

sequence I mhlch is identical to the




sequence on the left flank of the genome region to be
del eted, followed by sequence 2 which is identical to
the sequence on the right flank of the genone region

to be deleted; (ii) on thge other end sequence 3 which
Is identical to the sequence within the genone region

to ﬁmf ?Sé)gétg?? hep | v E%r usgpqcvelgﬁdlebm f it uc eagsc:elome
;ltlgteg g ﬁcatuH éang%ee{)eél&l Tbl 8t ﬁeas :in%a g §8I|]ﬂm émve parent

Shone of the bacteria; i ntrodum ng the artificial

DNA meh6e@et 8pdchbOtht PRs@R Glvehition, BREE pfRiadl hinRitRd for making a
defctv@lidl g gehtRRIDIAROHSa SteLRien @%ﬂﬁﬁgﬁ%ﬁ Rocwe0HegEaSwithout
in@kcidg aaﬁs FROMENSESompBink MR &R ind AeartiRESI BRNA dholecule,
thé REEGEUDNAGnoLBIE doirifiagt(9ronconshRAs 8810 TRE&ihOR idhital to the
seqm:acd:@f the it flhk 8f 1hB $6HokdeQBei toltRQlclclH] follévddy sBRMBnce 2 which
is [RhRAUAhEEqRMRE B HeQIEhY BHK T tHeOfendmS RFWANE Be 84IEEI; f(xh)(bn the
othtd Gh@ 3efichdea whREAYMERSI td bR Je@ea@NvithiAth® kémdme region to be
deRXddl QES (I at QuSBEISRBIEGE - RPRSse  defoghitioh @RS Betukerd Ruence 2 and
scQREELB] FherdMdhe Gbdo@itibGite I BotbRGLAl ki tHeh@no I Io¥ 1IN bacteria;
intkd¥RciBX PIhe Siifdial ODNIAN ehoR Al € ML 1BP @aktkriL uRdks| @A8BodN davoring
hoBP Rty rebdMbinaioh b&FEendRh@nt@N. andB HAGhRhcd 3P B Izefime of the
babtbia; RitRIRGhe infMBObAcRKia WhB&S RnbibesioftwindBEloRreBRith @il of the
artiRgkdl MV A2moled184d &Prebsior ReCtof BN @ BB uekce RpGIRIudlek tift recognizes
théRbamitRd s88 %Qﬁﬁss[r@Gh@g?&fncd(ﬁ@Mc BSOSO Hlthe bddCeria WM ROMECting

the BRI Sthdt Gubvike Bt @RSresdion d@rtm/gdéuaﬁe@paéﬂ%t@aeise%d contain the
coﬁ-&ﬁrﬁélb@ﬁﬁ a sequence-specl fic nucl ease recogni tion

site and two DNA sequences, one of which bein )
i derinjagethertagpechef the prgerah aentioa: thete anRrigviderba ggw finfor making a
delﬂté‘%l &htheozepamel ef daketiaon prlectadarenanel regi of nofequence, the
eropsising the ¢ient o€ aproviding He vedejubaic eomisiaes # |sganescershecific
nuglefﬁerfec poritoand Hee HHeseqierses, Wsedfevhich heing igentipjde the
seqignfigehnd tles gemeraq region e delsted 98 9o tifRgnd g qthes of which being
ideplical & thegparensrethaldinlontie sepmrg fegien opibs ethgeside, wherein the two
Dl% CEHIEes gFe cpled next| ty ccaeho Bthei o1 jthfe vecks angothpigpguence-specific
nuglgase EreRrdtion it dospisd pupide fhtwo Bt frguencqsenliscicgion: idoducing
they ¥eqtesr . bicHrian EVCHYEPE M tchmea brstania cioepipaesgipp vector for a
sequgRierspaTilif Driseso At FFomizes iF ISPREBINOD SHF:T NEORGRE dafg dhe same
baqigii 2 psteayiipizie sanahls. of decsgaine isnireguerey of hemelagrus Agpombingtion
and (7 the Fame |jHpY SXRTESSHE e teAHeRPRatPerific cwplapeein e Dacteria; and
idepfiyingartprr P RichtkeaseiES egion Fofleliddas bese deleiphat i on

and Il‘ri“én(;tllﬂi?a fttﬁ esgﬁmﬁ\%ﬁt% e} gy ﬂﬁ)@%ﬂé fessin
s E&aﬁae}ﬂ?ﬁ AR et iy ag‘ 8 i ﬁm&ac%k;l o
havm a signal

et
se c% 0 fg ntHi %Ej{{eg&e S%n‘g actenum
un ﬁﬁtﬁeﬁt%oxﬂ:ﬁt?o\ﬁls bl@f Fekf1ellioh 8¢ uR R i Slclling DRATTDI Na
proteins In a bacteriu conprising the
st effis aadthérndspent Wi the) presdod 1ﬂvenb@1;tthd§re dsmpafvidetiean artificial DNA
moldavienthe atifisiaVBNAGnolenlgohphisige: anNA esheqekintg | avhfrhad iiiitical
to thavequgna omithniztt flasie qiha gencoparg@bn webeydddidak atjadenr taRequence 2
whizgk iy asgicalno dertduedce oe gieeizhelank b6l thg pawnkgedidteto ba déleed; wmthe
othanelel sequdnice 8nihiclo isdidentivaistositie sajpkicflvarhie Xer @a6he fegidn to be
deltthd e aleedgnition ot i fag) a DN4uentarsprbifit hekleas pietweenf setiisbce 2 and
seqperes 8Whdrely éRtrécofuitidrsite & ros preseavindeckeasmasfithd bazteilun DNA
nol ecul e, the artificial DNA nol ecule conpr|3|ng on
oneke?ﬁﬂ’ﬂ%eé afﬂ?@‘i'ié’é the RREFRLANYERHqUy HiSES g BIovided a prde Eing:

an GrPIEfFion) yaofor 1pn A sygem qapeble; Of dpecasivgi b ffeaupey @é hemelpgous
rec%}ng%tmtantidmgaﬁmvegtor for a sequence-specific nuclease that recognizes a
recogrition 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

t-J




which is identical to the sequence on the right flank

of the genone region to be deleted; on the other end

sequence 3 which is idemgical to the sequence within

t he genone region to be deleted; the recognition site

for a sequence-specific nucl ease between sequence 2
flakicbf tieegpneme ecgBin wtberdelcted] followet by miquémen 2Sitich is Sdentdal to the
sepuemseont tharighh agerfomegaodmt haidnac bhe deletad; ohnhaddrkRed sequence 3
wiaslp ecitlergicaltth ehepyegeannt withinght ganmetihgioretd e @alaad dela &quence
spbafit enicleasec aopgnit®nngic batweex pe@®sic0R MElC k@ueifcor3, awherein the
regnesitionsitaip adtipeesaft in the ngasigagnidd tertaguaancy of

honol ogous reconbi nati on and an expressi on vector for

a sequence-specific nucl ease that recogni zes a '

recognition Site%ﬂﬁﬁﬁﬁﬂhiﬁﬁgk(ﬁ§?§ﬁﬁhvﬁﬁnﬁ8ﬁ‘genone of

the bacterium the expression of e )
[008Fq uencThspegint intemionlpeddd:s eithuds rdeducinfehecgmnbine bf @f organism

n fnduQQELe ronoter,_ and wherein the two expression
pre ,é”@l(%?’gh FEUBRPHS B e BA®ehact eri um f ur t her ‘
conprising: an artificial DNA nolecule conprising: on
one end sequence 1 which is identical to the sequence
on the left 2b flank of the genonme region to be
del eted, followed by sequence 2 which is identical to
the sequence on the-right flank of the genone region
to be deleted; on the other end sequence 3 which is
identical to the sequence within the genone region to
be del eted; and a sequence specific nucl ease
recognition site between sequence 2 and sequence 3,
wherein the recognition site is not present in the
native genone of the bacterium BRI EF SUMWARY OF THE
I NVENTI ON [ 00071 The present invention provides
nmet hods for reducing the genone of an organi sm
preferably without |eaving sears in the genone. 3
[0008] In one enbodi nent, the present invention
provi des a bacterium having a genonme that is
genetically engineered to be at |east two percent (2%
to twenty percent (20% smaller than the genonme of
its native parent strain. Preferably, the genone is at
| east seven percent (7% smaller than the genone of
the native parent. Mre preferably, the genone is
ei ght percent (8% to fourteen percent (14% to
twenty percent (20% smaller than the genone of its
native parent strain. Wen used to produce a product,
a bacteriumwi th a snmaller genone can have one or nore
of the foll owi ng advant ages. One, the production
process can be nore efficient either in terns of
resource consunption or in ternms of production speed,
ultimate yield percent or all three. Two, the product
purification process can be sinplified or -purer '
products can be made. Three, a product that. cannot be
produced before due to native protein interference can
be produced. Four, the yield per cell of the desired
product may be i ncreased. [0009] The present invention
is also directed to an organism preferably a
‘bacterium ' -



engi neered to have a "cl ean genone", i. e., lacking,

for exanple, genetic material such as certain genes

unnecessary for grow h and netabolism of the bacteria,

i nsertion sequences (transposable el enent),

pseudogenes, prophage, endogenous

restriction-nodification dgenes, pathogenicity genes,

toxi n genes, finbrial genes, periplasnic protein

genes, invasin genes, sequences of unknown function

and sequences not found in conmon between two strains
[0008bf t helngweembadimeet, hepessent linvestimgireddasfa bacterin having a genome

. hat o ired f |
o B AU S 1) i 8 s
the genothé of ies AN Rec elrath. deleferkbly, the giiofd igaNaBReRaqiefiehi(7%)

tgﬁgeﬁesent Lnvention may be viewed as a basi¢ .
smalleg dpaitheeenpapabibe RS PRIE HVipRs prefiaably dareqoms fs cight gercent (8%)

to foufl&RSetctnt (AR TR Hventy ?ércéﬁf 05 3hRNerhaniBEdbmB bPRYEHRe Brent
wel I" as genetic control elerents which offers an

strain. Whee eisd énproduespedugh pbgoternf Witle 2 smalker genonistdaniiavs qui er more
of the & Wt? 0Pt es | Bge (él?es rgﬂh?%&gé%% Can[b%%Q% ﬁ%gl%nfé’iﬁgreiﬂﬁzeﬂns of
I nvention also p I a net nods or

rgvi des m s an
resomrt@caysimstictelr @t tenms @fprodyetri@sspagidultiidateryidiNderset| cedlCibgze. Two,

from a bacteri al enone w.thout | eaving a resi al
the proguRl R GRACEREocEs 18 A STRUHO] ST BEMUGEr B e ae. SPees product
that cdohi6: ERIIRES Kefork B BMBERIYrotbAVSBIROke S8 mm&%ﬁﬂd&% yield

mut ati ons or |eave residual DNA in the genomc
per cel gflire desiigd produeianaydledndremiedsi t es, the net hods can be

ced o ; : .

oot 5.5 BEBSE B ML b A0, plaBabpg i,

enginderdtd bayeus cleat ganbingd tiie facking, Hbrextinpleggeneativemat&dataudif as certain

these nethaods . are al sq.useful. for, naking siml ar

genes [RRRR o e ek eRo st it ot s epR ransposable

elemeift), pSUdEgenss) grophle, tidk GenoasreVBibionatodificaib Béies, pathogenicity genes,
. organi sms, such as mammal s and pl ants. 100111 The

toxin gengs; fImEpleesPFRPIATEHEF Rrate]s §eagy PR EAsS Sequyreh el ykpomD

functiddRid @g@gﬁﬁ nof foliritt in cBmndoh BEHear WD, LIRS ?f i%iﬁ éat%énative Pagf;ntal

_provi-de n a bacteriumand a region o acter
speciegelfntering. Ospsr 23R sequersys thierd gt eguir@Ne cdmirvivad end production

nroy 0 onbi.nat i.on, al ded.by. a tem
of corthll gt HHRLRIRS: ISR AR AR Bl bl GRARG Fillen:
invention atpyde vievaf ak mhishw@ﬁet&:l fi et Igaﬁﬁigfma)}\l&)@dﬁe@a myriad of genetic
. separ at e en revi ous I ntroduce I Nt t he .
elemerys, smfﬁﬁ%?o&?gp%'@@@godacfé TrethasgcagfisSopir cJroms zdich offers an
o outiid . . cd. it
unprecEatddWppolafiy 8 1 WBCORRuRle B UBIAMIE, DRROADIL ARaR!
[0010]s e quehesepresnl inesiion alsoprovidesmateiiparndonehely forgangeied deletion of

. r.get ] -at _one f ..the |ipe.
gories R DA Fh SRS vBRe A kp RIS 1 nClmmite Sy rhATR] A from
the maﬂipﬁlaﬁbﬂ a;gar@em f 'tibln PNAncesthemethods df dedis %}}I_tghmﬁoﬂ ﬁelddﬁleintroduce
-...other en i pear DNA construct . net resu
mutatipns of e&?%?ﬁ@aﬂﬁﬁ‘z% & g fenspuie DA a5 aved getamsites the
methodsQad 8d usEato sa@LeARh RkHOtelefioR ifi @ bhittRRd withiia RRsdding THeo
.. DNA sequences, one of which is identical to a
posmb%@qeféwg@swﬁ hemplpgane secombingtien withia theaenams. sfonapeqfdhrse methods
are alsd G&HRA ?0&9&1@1% &%lﬂ&%ﬁ@ﬂ? FC& g?an]g}ﬁ% %éac%%ig%ﬁ,rhaﬁ§%%la%?ids and

~_identical to a sequence er e
the like, ke wblhes iarhigher grgmosres, swdias mapnmabeudplaatsed, ar e

1001112"9 IREL o0 Bt ST i nophdisilea’ 1S Pt B PGS et o

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




At | east one sequence-specific nucl ease recognition
site is also engineered into the vector on one side
of the two sequences. The vector is introduced into a
bacteriumand a |linear DNA is generated inside the
bact eri um by expressing inside the bacteriuma
nucl ease that recognizes thd sequence-specific
nucl ease recognition site and cuts the vector therein.
The linear DNA .undergoes honol ogous reconbi nation
with the bacterial genone aided by a system residing
byithe litier Dhié@t)aﬂtmgfrﬂnough handegus tdqeniﬁméqmame;gl byh system res1dmg in the

inat i Lon. rget
bal}Bh AAPHR i GESTR IRy o DepRfafia otitated NEfOR B frate gone
prévivuslypiiterducsdnto (RO kridh exprese wseiinbo shetidia @mtlbﬁé to cut the
aqyée can al so be used,to replace a selected region

f
bacterfpl genoptef 2 ﬁ%’ﬂ%’@cﬂ}ﬁ@}?ﬂé“ﬂ]é’gﬁt%ﬁl thrjancep Biéheamstrych Then, 2 DNA
seduBhd® eﬁﬁﬁ@ere@to@@ﬁﬂaﬁﬂﬁﬁ%&%%ﬂﬁ%@ tabgb@dn tﬁ@ébnoﬂﬁlﬁjﬁﬁgodt one end of

onol ogous reconbi nati on w hence repl ace t
thedieard P4 cprsiueiimderseesdiometdzews reeonibinatipre with ¢ sigpilar gd:nomzc DNA

se@ggg%g%@&a% $ 1o gﬁnrag m@gozg ﬂwsdng&&cggxﬁe 1REI8k &9 precise

[ I'S Sui Cl
dapmasﬂhdqbaseﬂmeghﬁnﬁpe0|f|c plasmd used in this

h d t f [ t ' trolled b
[O@Lr gm) ns‘% Igggg? Ig%pgarﬁ)mgl oy I on n%rqgencgs ond of which

is iditichl 10k kdqubRBiiHdt HRGE A6 B% of-ﬁ%a&&hrﬁ 'géloﬁletr@élgﬁf(ﬁ% deleted and the
regi on of a bacterial genone, a DNA"insert

othepyfiveltislsis ideptiolie swquene Bet fankathe dther gidtof ﬂ:@hactmal @eiesiae region t
?% ot 'areoerﬂ rad\’ﬂ]?d:gv clor t].tgx%ﬂ&: &%ltwga Qe ﬁencgsezﬂg ?c{&géghgﬂtto each other.

nKs on
At thejtene quact[d:eisp@lﬁlt liwleasaffreadgmﬁhn 1;1&: is aleteeﬁglmaied fizdo the vector on one

ce that fl.anks .t he.other .end f the bacteri
sidf EPNERR T sehlied. 1B Rt o R B Baymrti 5 ok Drva i
geﬂbfa@a]ﬁhﬂdd the biRdtivh by O@teask infitohk Bﬁct&ﬁﬁi £hhcleadd'hat recognizes the
integrated into the pacteri al %Enone Next, the
sequenSREPRaiic ryiclease rocppBiio st and gule theseipitherein The Sasar BNA

und¥6doBPhdnAb S RochBbinQBMEEEh mb ﬂ&c?erfahgeingﬂg glgnea ?% %%%mmg in the

so that reconbi nati on events are s
badtrgivpelpiizcreastihe frequancyaffionmidgons revaitimtinn| A bactsirn wmh adargeted
i on, of "t he
o S R

[00it3lent i f Tieckecdvd mdthet (Raadiﬂbée abuay cixmlﬁﬁieeﬁ&d fo@éplace a selected region of
b ?CD i natiqQ Vent is to engineer a recognition
a by gome ?@ iSpquEnssy & Wiscse, desie Q}%@S}“ﬂcﬁ that can

undéfg%%hﬂlog@ﬁﬂe@dﬂﬁblﬁfhﬁn Ratagd hétee %ﬁ@%@%l&&e d]f& on is engineered into

sequence-speci fic nucl ease after "th  asm
the veterg rAdt @her aprcts ardibe Bﬁem aérfvradelegemmete_ﬁ@emm Th e

icid e v 0,
'[OO%Q used o r ep glgg%a m ?1,&' 'gtﬁz 38?0'@ @ Pfe n this
metf)ed congain atnl”nr@gﬁﬂ&hﬂﬁ;dﬁﬂ%n&ﬁ?d%ﬁ@@aoﬂdieﬁahﬂ 3 seledsble ﬁhiarker, such at

.nser t hat ains a desired DNA sequence tha
- an ‘*géNfﬁ\“’ f e B HERE! %38 flete adargiiest 1rgier of e Racteralgrgom insert thai

- conta@t#6 DNA SequalRe fosled BEHL ABt 1S edcﬂ Sekt 6fk 6mlﬁcﬂ R8dentical to a
plasmd, Al other aspects are the same as

Se%f‘élpeeﬁ%%an&s o Feéod 8 bpaerisbeenopoaciin tihe deieid emi:ﬂaepthpmf which is
idec8IHE A sedui & thd ‘ﬂgléx%rtﬁe Y86 ik of ﬂ% S&té‘izﬁl %eno%ﬁ Tegion, is inserted into the

engi neering re enone eria
Plaq@nd\d'ﬂhﬁ plamid fis ﬂaacmn’oﬁutadl mtcgma bageriacng irdegrafertinto the bacterial

genglgg.l .q’r 9 pR)?nC tteer r15| a%:h%tec? % induce replication from the ectopic origin introduced

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



i nproved production of such proteins by increasing the

ef ficiency of production and yield of the desired

gene product as well as allowi ng nore efficient

purification of the product by virtue of the

el i m nation of unnecessary bacterial gene products. A

preferred reduced genone bafteria of the present

invention is a bacteria fromwhich one or nore native

genes encodi ng periplasm c protein and/ or nenbrane

proteins have been deleted. [00171 The present
recombiatianeents will ranltinageecisg deloti@nshatageted segivsofitbelohoterial

r.yJ t 0 f e _present o

serofle el e ol DB DA R 8 VBRI Sk or sroqppigation
eveni3iig @iengineerairedognitiviittofdisedusneaspbaiitnmiesOiiome epebiibplasmid

and iy G0 i o SRt Bt e plasmld s inegrated

intd @6 ba&tdrial@sorand pol ymerases. [0018] The present
invention is also directed to |live vaccines conpri sing

[0035]r e duc Bl suisidearestbidibesed mgthoed fleschbedmbeseenn alsmbemsdddn replace a

. LS r . ter] o :
S R M Bl O R BREL DR Bl i i, 2 DN s
thatewo s rgeareli)éh seudet diartaramidergo hopalopegatdobination with and

Qr i s rably associated . wth expression control
hen e BRsclRef oube Bupericd EpRERarBR. OHI SGsapects e samo as o
del@iniingapiied fgfogl M nants. Also within the scope of the
resent_invention is a live vaccine conprising a
10046 duc e dThyenehedsiol trearssenhioientionearppiesd snrer dliadar engincpring reduced
PAS i d .
B P e ey b T g, S el i o
impreystl podhétom, of sadhgrotbiny by inacedingthb efficipncyppisddictién and yield of the

i nduci ng ,an _enhanc I. mune sponse.ip a se | nst
cesig i RRART 8 VT BER oo RG B BrueBo PR by Ve of
eliniiBitioy lod ingbcabarst BaBfeid|gatd BBdiEts! @ préfegredl PRI gRhomé Bacteria of the
also directed to a |live vaccine produced froma | ) )
Pressob IRGGEAT I8 adigleHR ERpvhichnusor BT RagHe Emes gucogiug peripleymic protein

' amkﬁﬁkngﬁggghﬁa&gmﬁeg&ﬁqﬁh&£§ponsibIe for_pathogenicity
while retaining other antigenic determ nants. [0019]

[00tF her Objeactssut Hiesation is slsa duecdeita BiNyemdofectotsaised for carrying out the

i e Rt il 0 rent nsideration of .
- meth KO oot v BRGE PG RRE R Brrtiine pRARRRARRL: Biptipe viels
whicFvidlsleoBiivbRAbLr bie\BBN A or MabtofaRANe s ent]iA8dn fiddbptidnally suitable
enes and ot her DNA sequences

buﬂ%%oms osiaion of tqg .
> JEm ﬁlea qauglsasep, ueleptides, a@%ﬂ WacRtst wer e candi dat es
[oofspr del etreGResdst iﬁ%e%g% AR |dir9aécﬁ6 e EReRs PGS Hgﬁkﬁ;ed

outernost ring. . Fig. 2 illustrates a specifi
genemebastesingfofihg prassar inpitob asempsisiag b aebicgbgraping bacterium of the

I R T —

orgdnisms aperEblpatasiatid wthapreaiont dogtrolBe@rAR:s whidheilowdhe expression of
said[?g\gée%%cr#:ekeﬂsgjq%%g som%ﬁjnrgfgg %%S g% tie gl‘e%g’nrtnilgveggo%t is g ge \Qaeccine

comprising a reduced genome bacterium of the present invention in to which has been introduced

aDNA, derived from a pathogenic organism and optionally having an origin of replication, said
live vaccine being capable of inducing an enhanced itimune response in a hose against a
pathogenic organism. The said DNA is preferably methylated at a m_ethylaﬁbn sife. The inventior
is also directed to a live vaccine produced from a pathogenic organism by deleting from the



method illustrated in Fig. 3. [0024] Fig. 5A-C

illustrates a specific exanple of a suicide

pl asm d- based net hod of the present invention. [0025)

Fig. 6 shows three plasm ds that can be used in the

sui ci de pl asm d-based nethod illustrated in Fig.

5A- C. DETAI LED DESCRI PTI ON © THE | NVENTI ON [ 0026]

Bacteria in their natural environnent are exposed to

many conditions that are not normally experienced in

standard industrial or |aboratory growth, and thus
genome oy that drgagem therdaads redponsiisle €r phthogdhixiig wdeIs ketaining other antigenic
detstr.estss-induced genes or otherw se nonessential genes

may not be needed in industrial or |aboratory

[oousje Of ODRr e ifSfRes ahl a8vanRYEI Y AR DSGBA vl bdtokB Spparent upon

realization that much of the genetic information
congideretiomefdhafollewingdetailoddaserition. a bacteria strain coul d

be deleted without detrinental effect to use of

bacteria cultures in processes of industrial or

| abor 8RO DESPRIFEOSECF THEGES/HIELOYIERe bt Tak DRAWINGS

bacteriumw th a reduced genone night be advantageous
[00%fer naipvishowsapsidonsief fgmpnassad ether BNAsnarcnedsondi oni/K-12
. : f
AR 5L Sl AT ety OGS TN 0l BB
outg@mosimoigng and t hus can produce a desired product nore

fficientl I.n,additi.on, a reduced ne can Jead to
00 er Wt TS horiitimtplsin ey o sk Bonste
modifiéatR niAIdRIf AR prédehiGi¥eRfiogasi er purification of a

desired 7 protein fromthe renmaining bacterial -

[002% ot ei g Flipstriasdspecificunaplf reotherlingai¥iA-based method of the

rﬁéﬁ9H&%ﬁ8& are [ associated with instabilities that can
P interfere with standard industrial or |aboratory

[0033d act | dig. 4 shows amugdyenssistphismidthst day banskd i the dinsa MANA-based
ual.i t ntrol, procedures. [0027] The present
Indﬁ%@@ﬁ?%%%ﬁﬁﬁi%3involves several methods for deleting
(003 nOM EFiPNA-ClilQitaRs § SRIR cYhrhfe U a bieid MAsp®B¥ased method of the
i nserted DNA behind (scarless deletion). If one is

Presgafiinyegtiokeyer al sequential del etions fromthe single

[0023NA 1D lﬁ%-lgnsgltc%? gﬁ‘“% eﬂﬁsﬁﬁ&; A o ?é?it?sfg«g %s@@iﬁg miigibasejd%ethod

~inportan ave any inse sequence

illusrater fuFigshdIC.i nsert ed sequences, if they were |eft
behi nd, woul d be candidate sites for undesired
reconbi nati on events that woul d del ete

uncharacteriq@@rg?ggﬁggﬁ%@%qh@@QﬁpﬂgﬁDggﬁﬁ&ﬁﬂﬁ of the

._remai ni ng genone fromt acteria or cause other
[0026hant | Slaptstie ih Gheinortoral ewirormet aerxpossi tdmemt awditions that are not
ffects, Since, one,of. the jectives .of e geno
nors A BbHsnCtf B REFa Boubi o BRRER ESG0R apd B g AT momber o
condifiod-Bxpehdnt, 8trb-induead kg ordiiheryizs Rdeednillehd RIRE may not be
mguld be .contrary to the objective, and should be . L
needsq gt tydustriaton iabprstory e Gorgraises; dhisenwaiomriesar yihihepenlization
that S0P FFhE GERHB il HROKbA RintARM WiRhh t’tﬁtgb{fcﬁﬁ@&‘ a Ya0QABktraliconld be
one aspect, the present invention relates to a
deletsd gidpntdeimeits gfact dewrsod badiaia dafuregmrmaodessas bfjindustrial or
l1aboH s gglg b2 the genone of Hits nati
. Op gk?'g %&i I gc% (r:]it B o% 12 %% thp €Qac{er1 P Tealed gefiome mgﬁ?be
advantageous over native strains in many industrial and laboratory applications. For exaniple, a
bacterium with a reduced genome is at least somewhat less metabolically demanding and thus can
- produce a desired product more efficiently. In addition, a reduced genome can lead to fewer

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



pur poses, the work described here has focused on the

comon | aboratory and industrial bacterium

Escherichia colt. The genone reducti on work descri bed

here began with the |aboratory E. coli strain K-12,

whi ch had prior to the work descri bed here, a genone

of 4,639,221 nucleotides or? base pairs. The bacterium

of the present invention can have a genone that is at

| east two percent (2%, preferably over five percent

(5%, nore preferably over seven percent (7% to eight
profei1f fo@i the(r&Mining bhaeiial peteige FagirmOied Sdmd mclerigligenetiv sequences are

percent. (189%..to twentypercent 0%., ,to. fort .
assqpiede éﬂafebﬁm?soth@m et S‘%@@v@ iisial O pagprypgtioas, and
mighPARMEcRily klPhuidhbont PanigRbakol pidcahes. The term

'native parental strain" neans a bacteria strain (or

[003tiher coFkyampsnyintestionplsoingely ensgrerematnds s deleting gen_omic DNA
VLI 28N 0 .

B

severalselpeniisidieldionsfime tha simgle INAA trelécale vatictanakeniip b bacterial genome, it

o 3 R B S A B DG Vg BB oy
were Mrepeh#deR ol be catidiaRGited oLuddebindd redduibiRowévebadiat would delete

alrs_defeted after all of the deletions" by "the )
unchaspetfrized bperbips Bapastapinorions Af the eemajaing pEnopierigpbihg ppcterta or
cautd otﬁ%%ngﬁﬂcgﬁieﬁ %%on?e'}garfa!ﬂ S dB AP b0 Bieck) Rindk Qe Bt the
Anot her “aspect “of the présent invention conprises a .
objectidesod dheggenome rddadiopefiart isto intashtha igenstic Sebitity offfa hacteria, leavin;

10%.0f .. rqtein .,codin enes, .ar.e det.aj .
auy ey el DA o Ry hes BORE Poifie bR o syoided. Thus the
metg6faiediotletitd BNAG on e gatihieecaidiithiopittand bophixticated.

i nvention, about 30i to about 40%taq abqut  60% of theﬂl )
[00%%lot ei nneRe deergthy Bivest Bventipa relpley o adacteppadpving a genome that 1s

genlRRAY BhdideeRRGE 5L Batlct fin HXRETorY ofd8RGHve ARG REMETFdPRemplary
-~ sequences, that can be deleted are those the deletion ]
purpdsessfhecorl dessrihat hezahae fasapeyl caftheenmundrelabogaloryofnd industrial bacteriun
ur.yi.val,. and rol iferat] [ : .
Eoclhid @ 338 R kARl LyerbREndBElEh S P Bhprton £ co
straitf K60} whish hatsizp tedht eotofenited herepa gpeme bf 4,639,221 nucleotides or

oo 00 b€ G 2 Bl i B0 Lt S b st v perc
(2YAPRbiefedly var B¥d pei@ht (BRYIMGE prefitatitg 8vdris&n ﬁ@l@é’xﬁ {'P8) to eight percen
effect of deleting a sequence fromthe ge

none
(8% Burtpestnsaesst B¢ iasighloen ReuRsht A8YR) FAMGREGUISaRHEN ), to forty

b ( i
perS0RL0 Wty Bl RS ARl B dURhob Y ARERR KRE srn. The
ternp Fioitivé parathlatraind treaiss: tapterio straim oz bihet drgardsmefours] inmetural or nativ

arental strai.n. ver, rol.Lferation rates.rangin -

e P BB R v pad croienie fortul g b pb &g Oe  seric

of deR¥iBiis dah 8B madé thendrbte b BEctOIR] Sifdia bvith alsdialerieforié. t THepercentage by
the scope of the invention. Mre Eﬁrthculaﬂ

 whigh a gettomsechas Berepteisgllariafiaie sricsRfdelstions i§ faiﬁq%aégdp%%i@%q{'ng “the total
| nun!tlééi‘ Smdﬁgﬁ?@é[%%%%fr aﬁr]]rjdg@i})«?&%(mé” 4% ST §Eba8DRHS in the

nree _ acteria o0f the present
genpme beforconil afdlyhidelationgs” neeé thed niwjtiplyies beiMbds of t he

‘ esent ,inventio 0 optimze.their use of i s
t00P3C o AR bepell g i Oy oS Ea R BB ot in
~ whicle shdi€ 62616 @it 1 8% of homeief @dinglgendsRye ditailed CRrefratdy tbout 10% fo

: roteins, by way on non-limting ex e . .
_ '20‘%3 of the protein cgldmg enes are deleted. In another em%gEJJment of the invention, about 30%

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




insulin, interleukins, cytokines, growth hornones,
grom h factors, erythropoietin, colony stinulating
factors, interferon, antibodies, antibody fragnents,
or any ot her useful reconbinant protein. The
reconbi nant product nmay be a therapeutic product, a
vacci ne conponent, a diagnéstic product, or a
research reagent. The bacteria may al so be used as a
background to express industrially useful products
such as commercially useful netabolic internediates

10038l endGeprduspeaking. the typss obgriakd, imnd otber INN Aisequandes,, that can be
cids, Mita

oS08 A3 KT i A B L0 R e

prolificitivniod thebactpighdecspecific gronels coriditivhs. MAhadhel 4 vel of adverse effect is

B
m:ﬁ?é Bocehtamb bz Bn @b lic AR tRPAR LRSI EE TR hdHithoh, ARERE 8I6Ebf deleting a
0032] Below, E. coil is used as an exanple to

DNA seguence framithrsegeme snagbg resupk byongasursesngh ae dhunging cultive
G Ld .on . r ' _ ,
o0 Sl LA ALLOR oS RE AR § B ane.

Preéfrdtily itlengrblyferafitheratyein epabxipmiehcthp base dslthensdtrendl ettaianHowever,

.ne types of genes and _ .ot equences, identified
prol P e g G AP T i 5 o i 000 gD 0¥ o than
thal\¥ehepdrent BR&H 8% willhin Sk kipaSf thelinvehtio) d@betipRARulaNA preferred
enes and_ot her DNA sequences identified below as |
dﬁ“g@}l%fl%ﬁ‘)f hagifd efthepregmpinyentipn sy rpnes drompheyt irfyapinptes to about
thr&eHolrsgenes and ot her DNA sequences not identified may
al'so be deleted without affecting cell survival and
[003t]ol i f et baotaris of the present dophinin masbe vedineeted HyQl3B4thods of the

i s,assunmed in. t.he anal ysis . net hodal ogy, descti ped ”
profsBt B TR o atinigSief e i 0{E iR sy RS Efpt B groduotion o
destred grotiudda ClpEd @bdwcts radybdrasintinRPHRGEnsBR B orOiondhitimg example
) ﬁ%ssnid IS available. Preferably, the entire sequence
msyiw, inferfeplipg, gytokgness stogiiphermones eimith fagiorss giythappoisdinggolony -
stifi @ ot @Y AhteARLE, AnAbddia, LFRBEAKARLADESAy oftifudcl kecombinant

~ genom ¢ sequence of several strains of E. col s, of
protgi re reqephiggotnredistohay bor thesepeipicaroddich e ivarsinesomapnent, a

TR S0l el U RSBt

expidas indestridAseiPFoditds sugld flcomnayialbyiscill nataboliNAteRaadiates and end

pro%gm_ls’]ﬁé 2,&5{2“3@‘219? .ﬁndc\(a%I ch _%ag X" Pr,og’. "Nat !l .. gca the like, and
cheRiRESShndYhot ARRAAP FRdudl lin Bk bWALS LA bRduHLICE RO6BE: 8Fmetabolic

herein by reference_in their entirety), as is the
pathyey ragiseeripe of eler genetiparpWeionoisep. e el-S. Rifonidie fy#72,16 and

63 6EhdiE - BLak N s, the genone of
PR R ot Vel R oo Bl B T s aquences
[0032]at r Prlesohicoljboded s ctample t6 Hlusitkit thicigemes afll other DNA

' course. these techniques.can al so be ppl i.ed t
sea SR ity SRTAMACREOT R Bieh oacTgie A SRR BbLoapgpoduce a
desitéil 158RE BRI YERC Ths Eéié?dl F_ﬂﬁ’cﬁﬁles Dixsteededl Fhd B8 types of genes and
. determ ned. [0034] In E _coli, and other bacteria as .
- otherd} sepuerges 1deptifiqdips pamghrstes Sprglsletionate applicpble to pthenpacteria species
or sEEHY SR E8mHBhof A3t Qﬁeéjﬁd%?lfeg D'N‘Fﬁééﬂﬁ&ﬁ;eg ?Qﬂﬁi&i?y@foﬁ a3 deletion
eneral wll adversely affect the stability of ‘the

| 7 can Idgesvirs aly exaiplesy EM@Z_B'Im’hqD _lﬁ'och_li:g'e&?aﬁudtd&_m‘ _DNPg saquenwes not identiﬁed‘
ma;ﬁ'a%o%e%e?e%%%ﬁm%p :ﬁ{” ' gv ceellrslmsv?v gnci &gﬁépalﬁloﬁ Ec}/ an unacceptable level.




i nclude transposabl e el ements, insertion sequences,
and other "selfish DNA" elenents which ma: play a
role in genonme instability. For exanple, insertion
sequence (IS) elenents and their associated
transposes. are often found in bacterial genones, and
thus are targets for deleti®bn. IS sequences are
common in E. colt, and all of them may be del eted. For
pur poses of clarity in this docunent, we use the term
I S el ement and transposabl e el enent generlcally to
[0088f er tIbisDhysmed liretie maysissnd mivgodblngnddscrited defoacthitweleast part of

e RHOR o BY B e o St g pLodERbRpE i

availabls C]?remfhblyathé eht@re BRQERGYs dvaildble Judk borhpade ok Bﬁﬁal sﬁ@i&nces are

m%ﬂo ﬁliag{n E} enome_of the host E. coli into a
readyly av edn eor'{‘hpgyf]l SeBIFSATICHL ofwﬁypyalstrmns of E. col
is, HREEB) 66w %ﬁﬁlsﬁsaw& éxﬁnﬁlb 6131%;{59& AR, 9’7‘1314!@3“% 1997 K-12 Strain

seq uences in the GenBank dat abase iIs artif
M(‘r,lééﬁ, depelsprenfiank dgcdssionNb I0A6; Reommet hieNnose, 4a%|5rzs-sa3 2001;
t r R p cat,
Haﬁ.lsﬂl eegﬁhggggg 11 ggczogf il 'v\fre{hﬁl 3 P A A S’?z PS4(3002) 29
(26)31 '@@M@Zdehé GenlBank[A2085ibn STEBOMOM!D’?EI all.of Which are incorporated herein
.l ustration .of the E. cols none, which nativel

by iR SR, ot peee BT SYgabohersammonhivsed Iaprgtory

bactbria. ST the Reletiéh proctad, tHel gefomd HEhSERESBI2 N anhBEedB360k for those
pair positions of the E. cols K-12 genome (strain

seqipnges iy repesseit ggod papdidues gefdetioon OF cowes, Hiesotelinaquenean also be

Pgéﬁi o mk@% ?GT%LE Iﬂ%ﬁ% il{el g%%%lﬁfé: %ﬁeﬁgfo% Zlvi\%ﬁgclhyse ou%glgeva cgage i available

or child bt deterhtimeded in a related strain 01 57: H7, and whi ch

.are thys oe etectahle 1 fromthe K-12
foogly > | R P her e e % §F&ﬂp{§w§, aype of DNA
seqlteh_ﬁa thb cah EéTHHtéd inB19dd3 thoz@ il ﬁtgén@ﬂ%ﬂ AlberRly affedt thd &ablhty of the

native _genone. The next ring novi e?f: out vvarc?s hows

OTEENEY qriob s Eghe ProdHstsitithag prgpmiste.s Suchelenmnis bt igivegise tcamstabmty
inclaROuARSdshh1E bleRBnik, SRR s&ﬁ%ﬁde?laha 0 qgﬂﬁ@?ﬁi\ﬂ{ ements which ma;

del etion here. The oute rlngs
playgfrolelie ganene instabdita cFar axmplqanserttoo stduengdIs) reh:meas aadi &m

| The del
oy I I ) i GO e 1
seqdéﬂcbg atelchfibion e B0, andaillng thept hgds: defetddh Foppapeset of clarity in this

i.nvention_ 18%t O%to about 40% of the genone w ||
docype éWeéF%Hleﬁ%fmg gRsPREblecrl et grstsAlydetrefer to DNA

elenffisSikbthek B3P dr &T&ﬁﬁe that é‘iﬁ‘ dl&@e(ffonﬁonggngl b 1 I5138R: SNAL senome. An

can be del et ed aretherestrlctlon i cation

examgple pithe detrimentalrdfees hEKS dentntydn svience ol ecweb gyfiibe fact that they
r are not
can RUSHE 152 SRS Pl 8662 D01 B0 B RO A ine st i o
sequerning: Margritsancd e Semd énths hadm géndde andlbméxfﬁmﬁmﬂshﬁ the GenBank
aataif iy RERLC  Hated BY a01bn ool ine Bt el of s 1S dlements. For:
specifietipplicatiér, BﬂleﬁéfﬁlzﬁﬁgﬁﬁQ E8oQtePRitigerfoRlid mgﬁﬁiﬁmsﬂe‘?ieleted
shown in Fi and Table 1. In one enbodi nent “of.

[0035],y ent $awn lach% ! iilpstrationgf he &. @@momwﬂmhawedy,bawc K-12
stzmﬁ,%oﬁlpﬁs Q%b@hfﬁbiﬁe pﬁﬁl Flgsﬁ rsﬁb\;}s R tl?esmltie(% I']&lg aﬁa of rf]he base pair

strain or certal n uses )(arrp
positigms afihe Fecalidhd 8 gexﬁdhﬁs(aﬂmmnﬁéf) fcalei wyithofit cEletloﬁs dsee also Blattner

et al.??upgg). tItﬂg hext %ng Itgr%ggagsn? tly outwar s c?wsf r'e%%ﬁé alafa thegﬁnlez gfegcr)?nelz %.at are
missing or highly altered in a related strain 0157:H7, and which are thus potentially detectable
i




Fl agel l a are responsible for notility in bacteria. In
natural environnments, bacteria swmto search for
nutrients. In cultured environnments, bacteria notility
is not inmportant for cell survival and growth and the
swinm ng action is netabolically very expensive,
consum ng over 1% of the dé&l lular energy to no
benefit. Thus, the flagella genes may be deleted in
generating a bacterium wth a smaller genone.
Positions of flagella genes on an E. coli genone map

from it 161 0wandnte. Aitg nedt ringttwbaditews thel 1d0:88ds dDle: IS\ehneatfs, Both
that can

congRe E PR e et B T DREHE BN shows the positons o
the R B&hdls A kB ﬁﬁ‘gﬁhﬁ Bl Bostifetiod gbiaftPlar %ﬁtrt]igrr deftion here.

survival and g .in a cultured environnent and are
Thaawswmostaingshars e bogifanof fersleonyaghially mpde tpipsgenemne af gso listed
in TBbRITHLE2 580w ende }g@feﬁ&s"ﬂhkg iy St{;cﬁl"t hﬁr‘ger@enfe BFthE bisd it ih e

a smalTer genone. Positions o e el enents on an
original Eel2 Mgd Adheenomp. Beibg siethads ofithéprgsent inaadiod 4BYsao 20% to about

o 0039] Anot her type of. E. col.i .el ement at. can be
407 Y BE kerom e ed Pene e 8% Poodigres Gt BgeEnar e o
[0086)7 Kb Khsihd Siily OHH. ehli hshefthhitdall Be DOIBRY RS MiSreftBRRA R fication
region (there are 5 copies in E coil K-12) that

sysimcppesedd athependasmavs weieaiws whessrmredngisifesioy oraign DNA. These genes
! OFS 1t ; |
are M TRLEGIRY For bﬁtﬁ&?ﬁfghgﬁ%l'caﬁﬁ @}E@F}?ﬁgﬁl e\‘f;‘lgf A" Fhese pues can also

~acceSsory elene I'n sone o
integferelyeittkgpnetiomigieeting by eastroyimg Blasmalsintydutedrintp @bbebrium. Positions

exchange ,after divergence of, E...coli as a species,..
of PR Aoaighin, AR MR AR i il eBpine T G B B oo Tabte
1. o eheshofimient & the inverfibs, ofiab DATAlme{h§Rddenéaay BRI back to the
region_ in the E.. coli, genone that can be deleted is |
delgtodel. et BFahELasitp erize e shn fu cataia usmRd)r gemplepgikaryotic
methi1kR!¥nds0 be inportant for cell survival and

roliteration. Another type of regions in the E coli
IOO{;'@ nome Axgsher damilyond i edlbgenes that cahbe tideled isghoftagellageas fadly.

' aGode . 1.h jor. restriction i fication
Fiads 0o OERE el R BBl hFRGL e Shet i o soach
for mftri¢rhte In;nn}tdrecamirbiuhads, ba@érhnﬁotﬂiiljdistnbeini}ﬁdaﬁte? @n gllnoﬁal and
an E. coli genong nap are.shown in Fig. 1 and Tab] _
groifil apaa:ffm%w&@ is %f:?éaé’a ENE xRSV CgRENaE over 1% of the

- cellplad 1RSI £ biheHE MBiRs, tﬁ@ﬂdg@h@%éﬁb BY B¢ &d1dled W@BRRating a bacterium
__henbrane protein genes are also anbng the genes tﬁat -
withagmaller genomee Bositiens of flegells bencgoman Eswiisenimymppnarg dhaym in Fig. 1
- and9hseyssed herein. After the sequence of E coli K- 12

see Blattner, et al., supra), was conpared to the
[0038¢ quend@nedfpe dfE. ed/DONAraddnmnt, whedd) micntigned ket dae bedelettd is the IS

al ,, supra nd, i j scussed that 229% (K-12) and :
el (pEABTE1El7 Ssmonthi 15 FlsTErA SO RN AP e s gaival and
growt@6iah edltur@lenSirbdhdbt REAL kidwi 8 habdse fith fgéﬁiﬁé%@ﬁ)iﬁtﬁ Thus, the IS

about 85 kb.inserted randonmly into a relatively

clemegticpn he delgfad ingsparatifepoesterinpvite acnler grapme. Positionppfihe IS
clenits Ul AL doPEoBE0ED 2 RbwR BPRECH RRCERL OPNagE

? receptors ? n%ﬁc}gll @ for I)'exgl}fnlyggigel, ona&:)kJ I?FhuA) and/ or .
10039 s corplodtee typp of Brrofi MNABEmeftiticdt 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 Tearrangement via homologous

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



encodes the receptor for the |ytic phage TI. [0043]
One general nethod to identify additional genes and
DNA sequences as deletion candidates is to conpare

t he genone of one bacterial strain to one or nore
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 exanples
descri bed below, the conplete genom c sequences of

backgrpird and giprpackip Fapefsby lorigmisErEppgaEtion dyengenee of ) cof3s a specics.
Posﬁ%%ﬁoﬁﬁ%&%e% SERYER g&lﬁg{een ALl Fifgggg}f& Falie 1.

strains were used to rfy targets
[0041]] et i dDne tiwalfveziauiolthe i enk périoad: tha cgebcdelataliy fie nowkimscribed

strain 655 .wer. |l eted, resulting in bacteri a
res 3 Sherpsa T 23 re Horhe R e toppitans el g e Lergon” Another
typd Gt brsan el coll B@ofn8 SH4E Eh HIRIBRIR 19theWeBregions. The hsd regions
substantially the sanme rate as_the native parent
encqefigriye gpjoprastrictipnmadification sepgalamiy which daviecn discussed above.,

Pos%oﬁ?@it HOER N dnsdived Rlgtons Eulruﬁhg h§€ﬁ€%3%ec§§7 a8 @6 ge\ﬁwloﬁxg ofp are shown

~al., 'supra), was recently deter and 1tS sequence
nFigad apdigde Bd to the K-12 (MGL655) and 0157: 117.

. sul ts,_show t hat,only abhout 40%.,0f al.] codin enes .
085t AR B et P8 AP Pger i SO, i i gpotein
- genésBre@BRAFBSteRNEbneI RO 1S aforladhe pehedihbiindbe RIctdC 0RASA the gene
of 67%_ ,43% and 68% strain specific island genes.

selepiipmauradipm dpaisserheicn iftsn theasaueneardids caibul (So Rasnes el
supRh) R RlcBmped HI MnSEIHERER e TARE 096/ :gg&jee e, 42
coll. Pref out oor a

and 1
erably at |east 5% or ab out 1 ) and

%

wasgliscagserlithat 2246 G- 12)mad B6%61(01 §i7-H@e e etemsnerding) génes were located
Yy cef.er abl about  30% the protein .coding.

on el SpRi R SRR of oY Vo ol 67 R B G Fbly 1R E gty constan

backbengenes essential for growmh in one strain that are

not required for growth in other strains. In, such, -
I"“‘@Zses, & gilie swce im@r_b@f(gﬁletﬁlr%wwes et quesde bagterignhage

recep@rd 10ludify, T8t akipR ok RQFRY A Pn8/oP fts bdnfl&k 65 &6h ihd ABC which -
replaced with another gene with a conplenentary
encqdghBieresapten fadha Intipphege Tl.growt h of the strain. [0045]

. : ) - . Lon. _ _
R I e A e S
candidegésrigiotcompae tiiogiaond of due bpeteriad iain tveme ot e alferEstrains. Any
oli genone so .as tao. produce a. genone of, ahQout 3,7 )
DN‘%@%’&B‘%%@“‘("&BB‘EHPWEE%‘% grdhreg Hf&ﬂe %aﬁ)ﬂ@sﬁﬁq@ﬁéﬁtﬁbﬁ figctionally
essei@l] @hd BAScanttR ubRIBYRerdiIPHE cabdfliatel fr @B Bon. AR the examples described
surrounding DNAs that wiIT still allow for adequate

beloys thecpmpleie seprmis seEPRFeRAEITOLY ok steainsoR 1 3 HY FRILI3add-12
J : | g

S HES SR ALE DR el RERDLSh b N AR Bl

identifygangets GardeleRer. | Bpdltasnticidehitsipgs fog Aral giam MG1655 were

pressian 10046] For .reasons di scuss erein, there. . .
Aol A DR PPROv Sehame (b fhodt oo Bpader The bicra wit
the re@ROM Bdn0 RS lgrdW A sBbIMmMEY @B sithd rateld el Reenk ML 655 Strain.

periplasm c space of bacteria and the nethods of the

- 10044} o5 entlhe Rbntenwneppiamraratiogenic Kecobifipind &riony B isce Welch ef i,
suprB Gla® oty AeRRhinB #R iRSESRhASHsComPXRE fXHE B2 (MG1655) and
O157:H7. Results show that only about 40% of all coding genes found in any one of the genomes
is present in all of the genomes and CFTO73, K-12 and 0157:H7 are composed of 67%, 43% and

68% strain specific island genes. Based on this information, as much as about 60% of the protein



[0047] Gram negative bacteria, such as E. coli, have

two cel lul ar nenbranes, the inner eel nenbrane and

the outer cell nenbrane. Two menbranes are separated

by a periplasmc space (PS). Bacterial proteins with

.appropriate signal sequences are secreted through the

inner cell nmenbrane into tthe PS by at |east two

di fferent systems, Sec-system and Tat-system (Danese

et at, Annu. Rev. Cenet. (1998) 32:59-94; Fekes et

at, Mcrobiol Mt. Biol. Rev., (1999)!Q 161- 193; and
codif g Glchyes rMyG:re@biemﬂ froReX. conl PEFrally ablBast 0% drsbaijt 90%omdigout 15%

1998 Bi ol 3: 8-.34
or B AV T B4 PRI CITBEORINES 1Y MO TG PGNIO g the proten
codif genbMR Veleted. 1t dHdhtdlbl nokeiAlldt tidrd m@{ bdBdnédesdtial for growth in one

|ncorporat ed herein by reference 0048] The

straigthet asgmatapauired &y arorah InethersriEp: Iaueh Sen e epepspeagal for growts
of th@t:lggl%l LR R0k ﬁ{pﬁﬁh@ GO by dﬁéee@ 1 &Hkﬁﬁl%%@f@%n@%h a

ronnotive force, 1nto the peri asn1|n an
complaﬁaitatgﬁmﬁaiw asmpmtgrbmvﬁ@@smnm he signal protein,

00 S BPFP bRt it Bigfod SRR ARSR sppag o el
add1t$dﬁ§t @maymﬁ CusBiptad M&iﬁ&dﬁbt&h& ﬂrbééﬁt Ihoaﬁoﬁmrmtcb@ RenoBRSo as to

g. Hynds et at.
prodpcr3 E5awBE0 LHbGTR. @ﬁ&ﬂbﬁ%ﬁs (&0“510% ﬁ@@b% }haEﬁB@)yoﬂmmng 73 deletions

e .
oyt 280 e S AE R Qb 1 AT, o
the sfrfi6 49¢n tuitucairiomaipimal oncdis - By dedgn alsheally &ir cogppleteplimination of any

remei e e St U iR bess it e sk ogni 1 on of

appropriate signal sequences. W have selected the

PerisPBimi GieiNsine eadBotdd Bxprbssion a preferred site for

expressing heterol ogous reconmbinant proteins, (2) for

(0045 VST Fbrabashifiidclsel H&r(eﬂl, {h%fé reRReES b hQRA%m tHelari18Spro@RYion of

unnecessary proteins, and (3) I plays a role in man
recomhinent @eweiny whidh pilhbs sarctaddniodha resiplasipistsppag, of bagteriao pnd th

methV\’ﬁé | ARG in Suidf Breogff&p (o 0L Racde g%@%gg ﬁg@ﬁﬂlm%éepenplasmic
equmkm be able t< greatly |nprove the process for
ote| oductlon ress 0 :
10045} 0t o Heli-Féssfies Spiarr oo i e B LA RE Roranes,th s el
mem'ﬂ?aﬁ@ B the Bhter k1l tMpAbrad¥0thwo ;h&BRanckGd stharRted b Zp&ﬂ)lasmlc space
Hockney, R._ C,_ Trends, BiotechnolL, 1994, 12(11):

(PS)4Bacte R proteimsavitipanpraprige sigoel muencq&%ﬁémmddb@a%@ﬁ inner cell
mem%&% Binta-BE K" by@tf ]ﬁgsg 8?(9 g}uﬁ':f'é%ééxt steﬂﬁ' §d3.- f tEmiaN§ ?‘Btps%r\%\ij@ﬁle ‘éDanese et

er ence re sever reasons ny t
al: zhaaa i RevaGenet, §1998p3 25 % 04;cRekss & el Micrqiialt Moh Bigir ey ﬁﬂ%hé_ 3: 161~

205G R UBRRRAh S} B PRl R, (R e

273 Ma@gsusrm BRI 8kl (1999) EALHO 901 70TV 1 1R Odrfdnld 8¢ 41 EMBRUI17:101-11
nwth the amino acid nethioni ne; (2) many

| [TA'B}Z%It@WWP@P%Fa@SPF@&WVGEFPﬂF%e perl pl asmi ¢ space
th
[004&6) '?h&@écrﬁgtgm%c%#ﬁ%s?ﬁ]taﬁgﬁge“ St el aﬂdhgﬁsports the protein,

di sing environne
uﬂmpe%wﬁ%ammﬁEPSp@deﬂﬁmnmawﬂﬁnC%anﬂﬂb@@gﬂam@nﬁ&wmﬂﬁﬁwﬁﬁdn After

PR crmTO T
isomEREH4CAnd G thiofsdexin hdkmﬂemﬁvkaﬂﬁca]ta]ﬁsﬁs dléﬂﬁdeh(cprdﬁ'eﬁmﬁon. Ses, e.g.,

roteins can_ be read|I ase
aynfief o1 B8 & b Chrm e B eee e ety L (LR G 17101112
Sarp@LELL, BRIRD ANG:101- 112 [TAT] all of which are incorporated herein by reference.




substantially free of the nore abundant cytoplasmc

proteins. The periplasm c space has natural enzyne

systens, linked to cellular cytoplasm c metabolism

t hrough the inner nmenbrane, to wundertake these

processi ng tasks, presumably because this is the

organell e in which nost ind&r an, outer nenbrane

proteins are processed. By contrast, it has proven

very difficult to obtain proper folding of

reconbi nant protein chains expressed in the reducing
[0049pvi r o Ifﬁlir&ﬁﬂ:raﬁtfto Bblﬁsysgéh@tﬂe&&ﬂsyste@‘ tta@Epopis dlatr@ p‘tstems 111 fully folded

into i nsoluble "inclusion.bod " iﬁ
confoRfRtoRang s more PRSI GRFooHAT 9FARBPRTF G soapgnoes. e have

scle&bmle ?Enpiﬁé&?bdéﬁ@s% €1)16is Apederted sRE ok Bxtbsa |h¥l€ﬂ)1c%€ﬁis recombinant
re-fo a process that is_ unpredictable an

protefing, 2oy maws@l% @«Fﬁ ip gpntrodlad condtions ihap mpbuwesw protems and (3) i

Pl B SR ekl R R B ol i O SRR o ve

detrhﬂmtab eBy mmmgbwlwnmms frog tﬁwpenptnsmpwe Hﬁlctrmtﬂ thath:iwiH be able tc

8¥ are. attached to . iaqﬁ1 &f tide t ausg ; @

RIPYSHE PIETS (9P E‘Pupbq S X ﬁ?&s&‘él ﬁ%? Ioypf proteins in the

penﬁlbﬁmﬁés H@@Dfdv%eﬂ&l%rﬁﬁ&ﬁ‘b Qf Mot egivl, I0ES: 166MYp. 5 7-80; Hockney,
ecific signal pe ti dases. Second gener at’i on

RCy BeeoRinarth i, SR Mo Horren Hsmia et irends Biotechnol,
190 5B, B oRERAShhonk ek kel | Presor 1 be

tion and armacl a protei ns can be
[005@11 ccessThare gre M.rerqb rashons ediy the pehiplasm mﬂ;&eﬁmﬂ fitedorgpritein

retlon and etion
prodifideE 0G4 Pl R AP ne PR R B S o prmipys entica
. to thdmenifdl blokeif) rvﬂie&ja@m&ﬁ@&wpmag biotdink xﬂmhblwbbgn vdimtﬂ&mzmno acid
there 1s a warning on one such approved product,

methipnipg ()nHy Pfqt%a%gancfp drorrecdlyiin the prrinlases @a%%fb&cﬂ%w disulfide
bonds'tah £GAYS ﬁletdiﬁhﬁﬁéaé}ﬁ%ﬁlﬁéht of tna BLiR; € thdpeipiBmic ss:ace contains

atients éCbnotro pi n: Ful Prescri ber " ‘inforimtio
sp and fr fewerpratems thanibe cytqpﬂagm gmpbifying n@nﬁmtzem(i)rthqrmre fewer

Pf°t94$% bt e S blact o AR BT gt oo cante

readdly terlmsetdlmth ethlergieriplasmic pr(ﬁémerbmemﬂxm]lp Histuptisg the obleemembrane,

: 0 . There is need i.n art far ductlon of
subs}R N fror Bt e B ey RS g A P o nature
enzyht¥ syst&fs; ligkédd cBRMarftophaRitRhdtAa e Mitodthithd AhéSncaeme, to

or Tat-systens or any other secreting pathogens,
undegiglg thmpéoqeﬁﬁmaféskﬁemﬁwabwemtbw@he prganglieyie whigh gwost inner an

outeI' B grﬂfé]ﬂta?e t%gt W'hlaé @%n%ﬂfﬂfé e EA;&) proper

reco t prot ¢-systemis
foldinp aﬁrebdimbmm Iptcmmn nlgamhztpltesm al the Jqdewmgmnvumnmerﬁ ofithe dytdplasm

O R A ByRTpfoRRP - PHeye ERfroL /R BORLER gL body

_punﬁchtﬁeﬁ infightt be ﬁinpw‘r B Profein¥RBédto B kd-diBR e afl@iefolRd, a process that is
stemwi th optimum expression | evel of the

unprp Ietabs PRA TG Sp eomirolyand for seme PreteBEoiedpeiicientas fadisoinpvggkable at
indugRd Lokded in PS. [0053] Recorbi nant DNA constructs

useful for periplasmc expression in the reduced
-~ [0058k no e Rberonbdnant profeinsties grmesBnproilwoeéd int tho perqdaspx hygaprssing fusion

JUS odi_n for
-protél%% 1%%1}1% & clﬁ%cg 10 tars1@éal 538,? tﬁat %auﬁﬁoﬁegﬁeﬁm% s ottf%e periplasmic
‘spacpeThept ths Eigﬂal&pﬁpiﬁtdb iopieavelt bifekly précielybylspecific signal peptidases. Secon

generation recombinant human growth hormone is manufactured by this method by Genentech

B ‘(Nutrqp‘in, Full Prescriber Information.) and Pharmacia. Not all proteins can be successfully



at |l east a second DNA sequence coding for a desired

het erol ogous protein. The signal sequence nmaybe

native to the protein to be expressed. Preferably, the

protein transported into the periplasnmc space is

bi ol ogi cally active. Expression of the reconbi nant DNA

construct may be wunder thé4control of an inducible

pronoter or a pronoter that is constitutively

expressed in the host bacterium The use of inducible

pronoters is particularly advantageous when using the
pro&red bphst ek whd thirel is evidevbeihbichdScfabn Elahioet-seEmtlon processmg

s 3B SR oV SR b B Mo,

therB § 4w 8Hing SH Ghe RIcAAPHETR ;@&du@ﬁ!\’ﬂfat B @oﬂtéiﬂsk @Q:es 6If E. coli periplasmic
expressi on and secretion through the Sec system

proteina ﬁ@bg&uwﬂnp Riodnetipnied pitibogdissinsome pridents (GienoirqriygSay! Pressriber
i ERD W, 2 B AP 5 1020 3 B SRR I B rogorded a
undpvmrabler Thetndierigls afid tbtbodsef drdyiresamtinyntideivill allo/Ahe reduction or
%@ f ful fo periplasmc expression of
ﬁﬁﬁ? PBtein include-but are not limted to
0051} ose d/ffdik Bed th he abl- it pri@icBor oNeSombinafffroffd which will be
578, 464; 6, 335, 178; and 6, 022, 952. Thomas et a

sec%ﬂ infp B o This seuagsipp oy be agoonmpligimd bywfilidpg Sec- a1 Tat-sysigms or any
othe(]r_ %&%Bi%ag %gtho é’%i éga}])ablg z}gtg%sg&ﬁg ﬁ)a[cféﬁ-%o g{/&?l?hg g dk]%ca%gl%gnate signa

pepﬂrtﬂmllweladéeddb tlwdaccmmhawggemallfthe&wbrstrm iatwebe used, than the

i ncor at ed hereln ference in their entirety.
folt G A e e bRt S BB REorf (G et Siem can be
satufdiEEDREN\EFTisieabyExprétsidnl do@stiiets] b Asiibe of Pipeti@bits GAESto develop ¢
wer e successfully deleted in constructjn

NVDS40:;
syswtmwuawwreem eyel &f the secorgoppt prefsin %vg}ﬂ @p be greperly

gfo%@h&d'@oidéd%pgv on mnimal nmedium (See Table 4 and
ata below). These nutations affect” a range of

[00F3inct | mombmtmm gonstrivipusefil dorpotiplronic erpesgonitthe reduced

s S IR0 LR ing or

peplidenagstbavfmdibaing crie;h@bﬁ af ii p@tehcdke lﬁtﬁlpizismhwmmoperanvely linked to

ot it it P ol b o 2 e BeErolgots Bl i signs gequence

mayﬁnla B8R 1@ the ProTbiE 1B EexPlesitil O PIRINAS, iths pr8teﬁf t@anbﬂbﬂéﬁ Ufsliben

inmbrial structure or blosynthe3|s and 13 are

penplﬁwcme igbiglegieally ackve: rRxpisssiopef thm@mbmﬁ@ DNt gensteqt may be

und @AM ol Aor 8 M1l Bl o i MRS ANTY b in the
hosﬂi:acqanmne Shedsciaf mduablemmmqibmmpacuwbﬂgadvaﬁtaggodsawlen adispthe Sec
Sy G 5 GHT o DR FRBED o % AR o P3Pt PregHRLeTSPagaige ducie by

the ﬁ@-ﬂé@wmabwgmdmh dBREAHWITP TG b beliked SaICRbAGtetQillow fine tuning
si gnal peptlde | i ke sequences in annotated M3L655
of eyyessionsad seomiion tapeshdbs Jqcystem thepdy @PUFnIZRE ReEPlasmic expression.

{0034y t er alyp ?edﬁﬁlbﬂﬁl teprbtgﬁrﬁgdgf a!ls%%e%g Ly QLS WA gﬁzﬁ@fon&ﬁﬁsulﬁde—bond
majority of |c are I'Teved to be resi
forngag ¢mmsm0@n§m@ pepasoldhgd fisercopfbinantpretepy. obMidrsqiaoes useful fo
cor.di t0.f Qn J.nt. eyera
peri At psqu on C??gecom%% ?F‘%%‘n éxhcgldé%% %r P?/t lmﬁl dr%lo élﬁ) c (!les%}-lbed in
U.S Skdtdnt NUSItSaMG 662y :am,ﬁn,e&]mlmpwe,nmm IKiofas b@ail., Mol-Micro,

2001595 L 973508 e A0 OBy QRS 48 95.18 nd.g %‘u};%lz?%%zgmk in Molecular




protein secretion and processing. Anong the genes or
full operons which have been or will be deleted are
those coding for sugar and ami no acid transport
proteins, unlikely to be needed in defined m nina
medi a say for biopharmaceutical production. [0058] To
nmoni tor efficiency of the r¥conbi nant protein
transportation into PS, either of three comercially
avai |l abl e tags: K soli al kaline phosphatase, Aequoria
reen fl uorescent proteigaSGFP) or human growth

Biolggy k58 19466 1ddGomeishisd d0eRksolotin Wilaye: elhadrfimpkedlof which ar
m&ﬁ&%&ﬁ{:@m{%@&‘é&ceﬁ%ﬁg@%&?r ow h hornone protein is
y e for

current st prefera final denonstration
[0058]r pos € opadnbidiinedief the@esbnt ifntehGd, alte kgeneals puthtds @eriplasmic

measurenents of _.the reconbi nant, otein_localization . _
profein B3ues g wbgstefly delpted Buonsifistips MDSHOitowb feribrantly affeoting th
abillyof 1BE oReNSh 3 AN ASBIMA RPN ce THI'S M58 Fath HOIGW). Mehese

me, For exanple, after one or several genes or

eno
m“‘%‘ffﬁ’é PHEENA TIeE Q6 Rmetionssincluiag gminermeidratale.feapanioinealatism, cell
merﬁlﬁ%é&ﬁ&ht@ﬁzﬁx%&‘,rsﬁ%&%ta%ﬁéﬂgﬁ? ﬁmg"ﬁﬁ'r oliferation rate of
oug

t he resultant acteri a. nost of the
(0056 ov e- iAdwiithitely Jers have bteh deleBilthas enlsdnd@swiey pligtive

t 16 .. w..t.hout . detrinent effect for purpose o X
merfiF a2 RS {0 PPt B Sableb e atpies sty hbies fvaived in
flagelbik ethicante of bissyapeds; i £ BROROMm MLBIEN st s 6B ﬁeéﬁ@)ﬁnd 13 are

.'(Eave an unaccept abl e consequence such a cell death or
volyed iy geyecad feorqtory apthypysy dig eemasder havsragiariets pSkunaym or puiative

funcliBhbin PRSI Rkdrithihe X3y oARER UG oinOhre bAINIIRIEI AR el in the
.gene functions and I nt'eractions between |olo& ca
pené&mmgﬂg@- Brydavedlen heon deletet @ canstencting MRS 40nwithait sighificantly

j m::ﬁ b . deletions w.ll. be.deleterious only
a'lﬂ.e(}lﬂrj%&c:o }@g?fl‘%h %%pfm%%ﬁ?&ow@&ﬁ MFhe possibility
[0053ki st s Bylssmching fon signad peptiiotiioRedtiohddd U5 QA MG1655 databases, an
kdggé%gy dghﬁhkap candi dat es. For exanple, one nethod
crosyEling Yoreu i feyrioreiey obve Adnitiet W rraeips theiip maoniyef which
are Helieved @ be 2hifleit Perifinehis Biotghs. ICRGRLL bF ﬁk&%ot%av\%ﬁﬁneclassiﬁed

sequences that are not present in both stralns.
accopding WJ]‘I&HPP i severgbgreupperreidingd aditehion aBnobibty ewites and salt

- ' ] ' 1 sential .. some of .
ol Radoniork ol B ioni b LR el ROR0 i inan: il Pertplsmic
protoyp sacrstion emtiprocessitie nAmnbyg the lgetds @n fullomperhingl ahiRh hide Hedn or will be
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' bacteria. Although most of the above—id_entiﬁed genes or other DNA sequences may be deleted



consequence tested. [0061] Testing the consequence of
del eting a gene or other DNA sequence is inportant
when little is known about the gene or the DNA
sequence. Though | aborious, this is another viable
met.hod to identify deletion candidates in making a
bacteriumw th a reduced géone. This nethod is
particul arly useful when candi dates identified by
ot her net hods have been deleted and additiona
candi dates are being sought. [0062] When the

mtmn dﬁﬁmeﬂtﬁl&:f&f:t fdﬂblﬁpdsl gf progeiey desinddpeodublA ispaysiblecieat the

n effect on iability of the bacteria under
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celltdlh SP@EAEdpEabledSRE oNed RAiDR In JrIfMAARS AhisShokdbility exists because
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d LP { | t
canfigRAE (ien R i, Sl et 1§ et BHRh L PRt S i K mppas two £
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- transmembrane domain of the LPS proteins, culture conditions can be changed to accommodate



genone of the organism However, due to m stakes, such
as those made in PCR anplification an( DNA repairing
processes, one or two nucl eotide changes may be

i ntroduced occasionally in scarless deletions.
Descr.i.bed bel ow are sone novel scarless deletion

met hods, either |inear DNA17 based or suicide

pl asm d- based. These novel nethods have been applied
to E. coli strains in the exanples described bel ow

It is understood that the specific vectors and

the 106 Gbiou® Bdluls atbritPinelso theiQhd bastefiaidakini raaetm %ﬁ@d’ﬁﬂh S§rvive just as
can he adapted by one of ordinary ski in the art for

“muﬁégmﬂﬁmﬁ?% ¢ BFY genesj ni | ar nethods and pl asmi ds
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bactel, Sholak meftoat it el TR w684 Wiy b il WGBS 1
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as P1, P2, lambda and other bacteriopﬁage. Such methods permit the engineering of



the I'S sequences using the nmethods of the present

i nvention thereby preventing genom c contam nation
where P1 is used as a transduct. [0068] In the above
description, the present invention is described in
connection with specific exanples. It will be
under st ood that the present!®invention is not limted
to these exanples, but rather is to be construed to
be of spirit and scope defined by the appended cl ai ns.
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intestinal wall of a host. [0071] Shigella flexneri is
potentially well suited for this strategy in that its
virul ence determ nants have been characterized and
have been localized to a 210-kb "Inc virul ence (or
I nvasi on) plasm d* whose nucl eoti de sequence has been
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Accessi on No. AF348706 which is incorporated herein by
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{0072) The deleted Shigella invasion plasmid may be introduced into a reduced genome E.

 coli thereby allowing efficient expression of certain Skz’gella 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



| ower [ dependi ng on the extent of overlap between
prinmers a and b] 40 sec/72C 15 sec). Next 1IN of this
PCT product was m xed with 20 pnol of prinmers a and c
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sequence B, now positioned at one end of the insert,
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a bacterial genone nore efficient (an exanple of which
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under go honol.ogous reconbi nation with the bacteri al
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engi neered into the target vector. Al other aspects
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done with colony PCR foll owed by restriction digestion
and el ectrophoresis or by sequencing. Suicide

pl asm d- based net hod [0091] The suicide plasni d-based
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to a sequence that flanks one end of a bacterial genome region to be deleted and the other of whicl

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




method. plLlI is an Interlock plasm d and pBAD Sce-| is
a plasmd for expressing a sequence- specific nul cease
| -SceL plL4 is a conbination of both. The tet pronoter
used in plLl and plL4 is tightly regulated and thus
has advant ages over other control nechani sns such as a
tenperature sensitive ele®nt which is nore | eaky. An
exanpl e of using plL4 for gene replacenent is shown
in Fig. BA-Cto illustrate the suicide plasm d-based
met hod of the present invention. Fig. 5A shows that
methirbisiupsichot gann raplacem®@iAhe DA ihsertihciuges bAeqiatlce that will replace a

integration,of plL4.into the bacterial enone. W.th .
sl o7 Bt EeroBi ST e e iy ¥ ppgmog pp dsedan is tumer
off; itife replivation/6f thd flesndd aBufRlowdl A McSintibidtid poshic@ARbe ustd select for
the plasmd replicates. After renoving CIC, tet

chrqmgspakipiespionral theatte o thndamkingrregion After chiemopoipylintesration at the
site 3Pfhe tﬂ@ﬁﬂﬁgﬂs'gioﬁ,qﬁ% Bﬂardo%é a0t tﬂ%ﬁ@;ﬁp’tﬁ? 1 i a]%!t)% .thelgilags.mid can

resi st ance car e_ used to sel ect
be tgymedorogust the ply backtesiaithed ot suoriveodre thoss igothighi areamibdpation ovent has

20 for I . reconbi nation. ang, t . .
oo e byt R I r30n B msentis for
maldigreaiSs ddletive, tohemlihdtion bafwcbethe@ite@iteSRESEAHdMEE dofesponding
.ho'trtrlggo ous reconbi pati on and the two possible i
TeBiR OB ¥ &S%@gaéﬁﬁfﬂ%ﬂ@foqathwgtbmd@ﬁeﬁawb@ dglgjion or the
samb BRI Fdrd EGhBEration>aRherBl PDRESMR ik ?01‘ g&‘fﬁ%@%&eﬁmm{
K Ic e Iments

doubl e-strand break. [0095] Two speci
recoghinafian will repbinbretein thatisither dayrethh debirad wptiesnamit bittle same genome

' t : ol 2. Ejther .plll or . |
et 255" 58 W0 B ALFS ey P S it
desired migidnfEtaiions iniltetgepdAD- Sce- 1 can be used for protoco

skill in the art can als _ adap

["093! ot 00 o“ro*f’a?% "gt'i otihd gV pethod ingplves e samaglgferlock plasaiid except that the
plasinfd0s5 YoafapRaQ6dueace-pbdific hitTiastorotS dnfliol kite that iSREER3 fie bacterial
the desired genom c nodificationas a |inear DNA
genomes Wi chromesqopal integgation s instead; of gotivatingulip erigimef rplisativieontrol
Rt | [ : I . To make a
proufTACTAL PR K RecoRRingon e fs, e HE AR e Mo b0 R e mence.
specifisapoicasedo ot thehactdidl geaore sticelbd fraretomsidhatith eveands of

. t l.d. hosphoryl ated for, . . :
R e LA T R A—
as tht hevep lihed INES based (lcki@ds d&AritRadbsVe tigbitrdd s b defctibRbon a

b enzynme Srfl. Dephosphorylate the vector. 3. Performa
ACTEIRLEFOMEgat i on of the desired nodification and the

: | A _ - 1.hj ' i all. .
B, 5 oA 4 AL s s
metipd.apl A ds #n Interlotk plasmiid and pRAD Scell da pigsmitl far axpesifg a sequence-
spociff3nbice T 37 oA comtleB ot S Thr B Samplat g it and pris
is tighiteeplted uhdbhaladdvantdgs sRebther BnSdl O6dchAfisnkQch &/ atbmperature

i.s autocl aved for 20 m nutes and then stored in the
sensiffis glempnt jehichy I ok foaky. ABeuemele Ofjping PIEA futggne replacement is shown

in Fig\lsAeChadIRkate the S@LME bRAnRMD - invention. Fj
'é\ drotetr a?:yt‘:3 i nle_ iéan be %&L@%ﬂ%ﬁ“&‘?‘“@éﬁ“%‘?%ﬁe‘g 4

‘ anh
showg ﬁa{@einsmoa & APREninesst info@dld 28! ipggmatiyn ef pill4 ingdthe bacterial
genomt I hea%ﬁvﬁé@éﬂlo%tgﬂk&gﬂfe @0, tet repressor is inactive, the O and P

promoter is functional, and the plasmid replicates. Afier removing CTC, tet repressor binds the

promoter for O and the P promoter and the replication is blocked. Chloramphenicol resistance car

“be used to select for integrants. Fig. 5B shows using the induction of the ectopic origin to select



37C. Grow colonies in equivalent nmedia and prepare
plasm d m ni prep DNA. Anal yze by gel electrophoresis
and select a clone with an insert. 5. Transformthe
verified plasmd into a recA positive strain of E coli
(such as M3l655). Qutgrow for 1 hour in LB + 1 g/m
cTc. Plate a portion of the7outgrowth on plates
containing Camand 1 g/m c¢cTc. Gow overnight at 37C.
6. Pick a colony into 1 m LB and plate 10 Al on a Cam
pl ate. Gow overnight at 37C. 7. Streak a colony on a

for hiamvlppauk eecbmbivetiaiimd Hvh pbssiblesyicasdslof fiie ds@blo g@&ﬁé@h:{bﬁlatmn

.t integrated. plasm Grow overni ght at. .37C.

gy o B APy oLy e B A BFol e genfbiggrion and th gvo possib

outébned b #8 r@OmBInat®S WRNUIRLRIVSway RELNEs indubtn: I@c@ﬁ%xpresmon to
overm%ht at 37C. 28 9. (Screen for mutant) Only a

generpigdopplerstndineeke ount er sel ect ed col onies will contain
[ooéég e d eW@%e@i‘ﬁg 'efnbﬁdﬁfmﬁ@ ofd s&@ﬁeg agxﬁrr@?baa%\%d !{l%tg&l are described

versions to w ne proportl on
belaveasgmotacnl 1 andbtot@i:ebknﬂltm pﬂkie:rlpﬁbhtahd)a ugl forlyeotocol 1, and pIlll in

di.fi c t he one ra So i nd
B A B e 2 5 S0 BAERDE S5 3t con i
adapﬂ{ﬁ@ﬁ&oizlf@rush@@nmﬂm&tion of  Anber rrut ants, the gene
I n question can be anplified by PCR and di gested with

Prof¥yB1 I{E&intdréddcBth VIR Yabibdh Bfidih): cuts Arrber codons t hat
are preceded by a'C ). Protocol (Hi gh thruput

1. Geras Bedested smomwiq Hodifichionys a Imeaa agmenp r lotthsegse of making

o ARk 108 bbaHon RDEE had A e ABMBIRR Hmakee 5 deltion i
Eh@@“"m@&@mﬂsf Sdashss )andp@xttgmfahe dednnoﬂ shioilit be used. Blbe ehds of the

(o b bEPREM D8 Shefenitieg on 11" ¢ own i nto

2. aCyegreh Bliht cledihgsitt byaebytigeothe Y11 eRBA@igeCEA nd 6 withdtHe restriction
Chl or agpehni col to 25 Ag/m and Kananycin to 50 pg/nl .

SRR ot Dop %mrg%thewerw th shaking. 7. Pellet the
3. q%!rfoﬁnhmﬁt H%a%ﬁ?@ﬁﬁé Hésﬁx‘é@ oliftfcatth S8 védejfove the

“nedi a super nat ant - (I'ntegration st Resuspend
4. t(Netee diis sfep is mtenilallyshsnaewabbmmh ém@but(@@lep‘gnmqn YT rausform th

W gtn Wﬁm%a | ng&i@?%d%?bt e gq%%%nﬁ}conﬁ%mn for 1 hour
4o LBul buﬂmlGIcO@mc i ehibltetrmaciine feshilpaaodavgd @ Biedia. A stock of 10(
hour 37C. n electio
et B 57 30 Ot i o Tored o e G2k o Cr g o el for up
I3 daly€TBAltRdt, AdoRutioTbiY Hyﬁﬁogmwﬁteﬁaé}eﬁneéafbbsuﬂsﬂm&d) Then

into two tubes of 0.5 each.. "To one add Arabi nose

tplate pp ‘ézﬂﬁé?%éorﬁ@plaqﬁec’b@@& 25agfmdy - eksd@ repmlh apdgrowpveright at
$95¢ EGRw Eh18idah !eéﬁﬁveﬁéh@ tfeBla)and geBWe %Iagmid- miniprep DNA. Analyze by
- gel electrophoresis and select a clone with an insert,
5. Transform the verified plasmid into a recd positive strain of E coli (such as MG1655).
- Outgrow for 1 hour in LB + 1 pg/mi c¢Tc. Plate a portion of the outgrowth on plates

containing Cam and 1 pg/ml cTe. Grow ovemight at 37°C,
6. Pick acolonyinto 1ml1B and plate 10 ul on a Cam plate. Grow overnight at 37°C.
7. Streak a colony on a Cam plate to be sure that every cell present contains the integrated
plasmid. Grow overnight at 37°C.
8. Pick a. colony into 1 mi LB and plate 100 l of a 1:100 dilution on plates containing 5 pg/ml
c¢Te. Grow ovemight at 37°C.



hours at 37C wth shaking. 11. Plate 10 Al of the
Ar abi nose tube onto LB + Kananycin (50 pg/m) +
Arabi nose (0.2% and 10 | of the G ucose tube onto LB
+ Chl oranpheni col (25 pg/m) +:Kananmycin (50 pg/m) +
G ucose (0.2% . G ow overnight at 37C. 12. (Screen for
mutant) Performstep 9 of &he primary protocol. 29
EXAMPLES Pl asmi ds [0096] The plasm d used for PCR
construction of the artificial inserted DNA sequence
was designated pSGr6-CS (GenBank Accession No.

9. mm:;tamouly afesticeof the couhtepsrlepiBBi@oics §illowhiain, the3lesired

FiedBierazng Tcefiin i wbrerg 5 v BFe raro i 4 btap o rovran

sun dephBs o0 thedodatieh Ofthé ﬁemﬁ@&oﬁ&ﬂﬂﬁmﬁed ﬂis@ﬁdn't O%onsd kifid of screen
second |-Seel recqgnition site into

ABrHRa Resiarmagrto idratifyshy degiredmutepfe Fopihe P@E@}Oﬂﬁf@&beﬁw&ﬂw the
IgBneaR aeésh&@cﬂﬂ YeGlplifiBd by PER Zha aigsetéa%%éym%e@dﬂ SRS (Bfal

used for enhancing reconbination of |inear
ﬁ:ufa@mﬂmg)dpm’&ba&aﬁ@mg@de@’eya‘m’ﬂs pl asm d was descrl bed
in I\/Uyrers J. P P. 'et al., Nucl. Acids Res.
' : : { GROR : gith Ipel)PKSUCL pl asmi d
( Bank cessi on No. AF402779) for expressing
1"46? W&s ggnvedfrompSG?G K (Posfai, G et al.,

5 J B’s‘lﬁrﬂfsfoaﬂn théﬁ&rt—éhﬁ@ﬁxg‘lﬂt@ﬁocﬂc&@&ﬂd arﬂf]iBAIDSEH%RE’i 2ecA positive
(Posfai , e(‘ g Nucl . Acids Res., 27:_4409- 5
( 1948y fEmé 58 ps NGt 1056)- gieiow fof EhpurpntBeinlen shete.

9 € Q%lte&%e?@ Eﬂe n@é%ﬁ éﬁﬁ?mE EHRE pRYmid Bh BQM@J%@ bR ®)own into
ligated "to the Xbal-Drat fragment

(ceaompetgnttchlés ﬂremmgmg@msmﬂe pUC ori) of

6. ?g%‘gdﬁéﬁf’% reguf T#zl&?expr eSSI 0 og) %Oolggéne]} %‘éﬁorl'z}mmai-

derﬁ?ﬁ@dnﬂafshaingFT K (Posfai, G et al., J. Bacterial.

B R IR S A A—
8. XbalmniisRtiod §tgf)Resispeid théd: 11§1ﬁﬁﬁﬂmmgcm5ﬁnﬁaﬁé 1(25 pgfml) +
replggssor0 (%ﬂ 1001S The PK6D46 pl asm d for enhnall{aoc:l(n /)

r ec BapAmEin SR pgfml %%%OSW)@&@&@M@&%%%W o ﬁj)émae

9. 2’2%@1@%@% b\bcg% &X%geﬂm dlg‘gsé sarﬁ% %‘8{1[‘8 Tj“P ug(gl%on 16-24

pS‘ﬂQ@Ta(i%ﬁBank Accessi on No. AF406953) is a Iow copy

0.0 AT O 00 L 1 PP

' et iihimizelgrowiaateRr $];ilit thidin®s twdAdies 44€.8 1 £86h( )To @ded Arabinose tc
pUC19RP12 Posf al et al., NucL Acids Res.
- 440kaaE Qﬂ?bﬁf)add %0990'?3|0 2% tp Seffveasgsmawaﬁaml) Grow 1-2

PUGLRRRLZCORI kit t he |- Scel gene, was ligated to
the | arge Xbal -Pst| fragment of pFT-K This plasmd

11. ex BHaie texl of tigcArbiphsaiubaric BB +ki9anaw¢m (30 pymacybtabinese (0. 2%)
Re %¢1 ‘f@h og"?h {}Iu%Fs% t&ﬂjﬁ%%pc} ]% +§Jhﬁo%%§}:{ alcdl &5 ?t%ﬁn%lﬁ Lf[éégamycm (50

( Pos
ﬂg/ml) i Glucose (0.2%). Grow overnight at 37°C.

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




Bacterial. 179: 4426-4428 (1997)). The plasm d pSTAST,
a | ow copy nunber ApR plasmd for
chl ortetracycline-regul ated expressioi of |-Scel, was
derived frompFT-A (Posfai, G et al., J. BacterialL
179: 4426-4428 (1997)) and PpUCLI9RP12 (Posfai, G et
al ., Nucl. Acids Res. 27: 2£409-4415 (1999)). The
Xbal - Pstl fragnment 30 from pUCI9RP12, carrying the
| -Seel gene, was ligated to the | arge Xbal-Pstl
fragnent of pFT-7 This plasm d expresses |-Scel when
“induced by chlortetracycline. Replication of the
plasmid is tenperature-sensitive (Posfai, G et al.,
J. Bacteriol. 179: 4426- A¥XANBEYSY)). Del etion
Plafii@sedure 1 [00102] This describes the process used to
~ repeatedly make del etions fromthe genonme of E coli
[0086]12. THieplasnod vstdfer BGR eonsirantion ofthd eftidiciabinsertsti MOGA. sequence was

Ih [ begi W t.h e ructi on of. a
 desiERfieRRSERE FoRRARR Al KACAR £R080) WEH BTk S5y Bt g 76-C
(PogBl, fﬁml al.nf. Baeierel 179: 4\5&5*@4%(('1?97@ by?ﬁédﬁ{g a&srﬁﬁﬂd-ScTI site. The
erformng PCR |n 0 vol.une. of 50 |. The cycle .. .
sem%é#a‘%&é{n%tﬁgm ggfé@eﬁﬁnf @E%a&@a@tg%@é@mwé et el recoguition site
intd EEHB Y IdBE ARl T 1M AR, The AvdNGedBlited ARSH bfessite direction.
15sec).. The 1 Al of the PCR m x above were tdken,
[00%Hded tThedBAdPafly ddsnyd waenssd forznlthnCing acchmbinateh &Flingay DNA-

of - CS_and rform,PCR. N .a volume of 50 Al g
o el it 22 6 P RO e B RGeS P 3 o gl e
27: 10854 5PNAP99YThe cycl e paranmeters used were 28x(94C -

40sec/ 57/C__40sec/ 72C 80sec). To purify the PCR mx
(0098 o t HehedBREC splapuid BoeiRagh Apgossipn NpaiF 4084 19+ for apressing T-Scel,
wasdohiydiBiford! §§é76-ﬂ'kt?o£f§%él &iady Bhaefibagiee aazmS%mﬁg@ﬂ@d

in 20 A 00103] f a

wat er . Next was t he repl acenent
PUGEREA? (Pastgi@ret bly, Nuak drids Bes. 3T: 44024415 (1P9D). alhefyal-Notl fragment
[ AL hj : ki he [ :
(o EOTRAL bR NI S ik BB BB 8w gt
- to tieeXbad-Daal fohgsent (oatey e $86d] gerfs. and theadUC ofustip UCASRAIR2.

0035, 2 S B3 5Bt s e

from Bl €5 bil ANQJ tHReRBL It 0 442@428%&9%&@?@? The large

00- 200 ng) were electroporated into ]
XbaNeek ingmsrhet iU Clowpsdisaterdo the Sibes Noel fngpeati g 5K @aiag the tl
3_.e,lz,lgésglt_es (25 g camim ) and incubated at 37C. The usual
~“result was to obtain a total of 10 to several hundred
[0019] oni EheRERIRA6 plaseridhfay ethanciog redmbinatioh dfdinea AINRHregments into the

_ checked for - t, Si [ [ f_t 5

ontBE B PSR SRRy Fivl bras ARG A=od 0 15 Ryt 000)

joomAap t hahdeleidpsTHST [RuBRIEAIRHIHAN NFR06953] RiaSowespy number
dgone by preparing conpetent cells derived from

Kang plagpiddlgr duedripcicliperiogslaied exgressia ofkSpd. @P@iwwbﬁom%FT'-K (Posfai, C
ok RROR 7% ol (oM RENSIon A & il A s

nual .

27: 854435 (199PPoThe Xbal{P1Q Eaypent Tow GNP 2 pidSiiBg the(-Stegens, was
. tr f d int I 1 s by, standard .

gl B8 Bt Pl Faetl ok, e gl oSt en fpduoed by
chlddatoayelinar RepWratival of tKalshnd (s thfipdrintRAensitial (P0G Yet al., J.

Pr _efi .%I @c%%)r g% Har bor, NY (1989)). The cells were
~ Bacisrigl 119: 642 gpdl 8k and
- The plasmid pSTAST, 2 low copy number Ap® plasmid for chlortetracycline-regulated expressior
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



i ncubated at 37C (pl CSUCI and pBADa(3y are

i nconpati bl e, thus selection on Kan elim nates

pBADa[ 3y fromthe cells). The col onies were checked
for correct deletion by PCR using primers D and E. A
col ony was selected carrying the correct deletion. At
this point, the cells carri¥d pKSUCL. The next step
is to delete this plasnmd. 31 [00105] This deletion
i s done through the replacenent of pKSUCI wth

Qg@{ A col ony fromthe prior step was sel ected,
ﬁ“’%r OWn 9%% 12gaying the TiSicefegene oves digaied towbe tangeciHal- -PfiBfragment of pFY-/

Thiseilasoid dxpldsag 158 3. tines.
Compet o O A bbb B, Rerdiimsafhe plasmidis
(MPFEAET-STRiYe GlosBi Golebads / diereatol. 09: 4ibe APIHGT),
BADa( 3y (100-200 ng) was transforned |nto the
Deleion s A

II's which were plated on Anp pl ates.
sensitivel/ resi stant was

on Kai
[00ggdjony eid‘i'ﬂgy oS s rogeigioad i rereisd usalenileionsifroktathe gatbmo of £

select

coliff 2p This pecedtirOR hQ6I R 168h adiRd, G0l gﬁxe&%%e%%gywﬁﬁ
new

ext..round o deletlon by usi ng
n%tplg aﬂe %{ a ligear tf“@ﬁ hx%?%t wabdore byolixing 200pf6] of primer A

witlel20 lﬁrhblq:‘ﬂﬁne@Beaﬂ'ﬁ%ﬁ%HMmQI’? %n(% eI | 3&5 ?e'gllﬂ Gyele parameters

onsel ective condition

‘l’sefc?fg;f pot 691@59@ 57°6s losfer @ﬁaf“gﬁgfﬁ %s Oviiap bgAQﬁd B 4gsecrr2eC
> ?1 g "tﬂlﬁ{ i J’l’r%"? E’Ff“%#@ﬁr %idediter2d ppol Btmmpexee@m C each,

roce ure I'S SI

~add 5Q ng e SﬁﬂéeCﬂb dSTGT PCRR
are d%%% %é/ e ynaD&,(ég'p Lat ur éa vgiel%}s%ﬁf%(/%os rlgp i"c dllbtubeeﬁuand o tube:
%EH[ &OI? ir ‘?‘éﬁ Ra@qu‘tmd were 28¥(94OC 40sec/5T7°C

expr essi

40sectTR 0
SeoHTRRC mas)a%@ﬁmﬂg%( Effkyix 1 AOUANERAS B3m L Wrizard R

ation of
puri °é‘E‘8’hg‘F ahpsgd b? GicaingDNAdraguichim saipeA@din b@gﬂ@&kr
eting fragnent PCR and

foo1axInst r MekdvaR gl reﬁaéeh@gﬁof atgaeé ’(Sﬁe ?p bqud?gﬂéﬁ arfifieial DNA-

repl acenent of a genomnic

fragment o Fhin waa dencdynakimshe pees bdmesriy ) g@ﬁ% 109]
e uences E0met ﬁ %ﬁe?i"%

he .inserted se
3130%?31% é’f‘? h 0?4%3&1‘133 b4 Goataicer v, Neal ot Jteemc:m-ms 01999),
_excemamaoon%gamh@emg hddell RSBk i Qﬁ' T g{.gg@eg?us 4l

esa

| ated of K
ofm%g%giﬂexgg,pgﬁ% 8 pg}wtgrhﬁlgctgigata@d 1014004 o bbb e The

Ceﬂsﬁérepllﬁé‘d‘iﬁfb&!tl h _heat-treat ed i nducer
(25 g/ m flna ?%2‘,%%?“ dﬁ’ﬁ&" 307@eﬂlévalmwltwasto

obtaip 3 fptal of mtossem[huaﬁ‘ed/ aﬂomé}ﬁﬁfﬁef b%m@ﬁt hdABatfbP SRS/ d;%ﬂm?&c were

s L) b vk s
| | on I‘&twtﬁ adl fife oMol
i e Btlafdnent thef i rte@{;t{gﬁ&}cesd eﬂ‘lﬁ e‘l(r’,{?se %B}( Pvpﬂ'ﬁlg

comutsmg%{)lrre({ D and E. A colo was se
peient rued froma péglquﬂi col@y1iod) abboe by ﬂmmz&nétﬁkﬁi (Bﬁl!ﬂ%()k, J.et
al. Mpicaam@ismﬁ t ur own at_42C in
ot NY%nO an%| bi ot| 0 adaém%]l 0%?15%@&31 %a boratory Press, Cold Spring
arbor, 1989)). The plasmid pKSUC1 {(~100 ng) was transformed into the cells by standard
procedures (Sambrook, J. et al., Molecular Cloning: A Laboratory Manual, Cold Spnng Harbor
.Laboratory Press, Cold Spring Harbor, NY (1989)). The cells were plated on Kan plates and
incubated at 37°C (pKSUCT and PBADoBy are incompatible, thus selection on Kan eliminates

PBADGSyY from the cells). The colomies were checked for correct deletion by PCR using primers

DandE. A colony was selected carrying the correct deletion. At this point, the cells carried
PKSUCI. The next step is to delete this plasmid.



[00111] Since pBADa[;y and pSTKST carry conpati bl e
replicons, repeated transformation of the plasmds
are not required when consecutive del etions are made
in the sane host. The two plasnids are maintained in
the host cell throughout consecutive del etion
constructions by 32 antibi3tic sel ection (Kan+tAmp).
Reconbi nase and specific nucl ease functions are
i nduced only when needed. Since replication of pSTKST
IS tenperature-sensitive, cells nust be growm at 30C
[00108]L 121 ThiklelRliOCR Auhicethicugh SRMHIE8et@f PROTVE Wi afy. A
except that pBADa(3y and pSTKST are transformed into
colope frexg iy ewyt%we%se o146, GV I H At 786 aindsa penscissitvg conditions,
[
e e B SR oS 127 B iR Rp AL R Sl bitr
ch&ndttnanﬁsrmnmn exgieiioporatieh. dibe blaenddgBDafy (G0GRO0E) whae

| |s . at Cint nce of two +Kan) oy thre
oo B e B T TG e SIAAA AP Pioton 1A colony Shied was Kau
seﬂsﬁﬁef@aﬁ:ﬂf 1041620 v Q618 Y tHIBRICIERY £ drddQR R bh X@n and Amp plates.

deletions are to be nade in the sane cell. Insertions

[OYIPGc o b i Aeteiestedsplopy prache useckig mmaxisownstaf delaomaiusing agfew targetin
ﬁa@n&ﬁ Shd féﬁ&itm% fle s Seb? %OVQ. Bﬁ‘% g‘l‘ﬁ%é d&étﬁ)rl%@lg %eéd@?fpﬁ&%hé ﬁlc’ cells under

Creating a s 0 reco I nant eac carr
nomebcmglcendlhwrs énd Aowp is Added)aresuits i thé poatantons tdseal pBADaBW/ from a

r fer ne by one by P1 transduction into the
lar%eeq?(’% ﬁtg‘? S pSTKST and harboring all previous

c{eletfg ona Rermval of all foreign sequences is done in
Zhost by induci ng pSTKST. Corrpared to the
[00R0RYi OUSHhiEBIAaHSs is iHGIIR ;s}oéi:'dﬁxfeqf ﬁﬁ%ﬁs‘u@:ﬂ pSTKST. Thi

insertion Step and renoval of the inserted s quences
plaginid isiomepatible 36 habatldnfiyehdss. terGpaatarei smssithveireplicon, ané expaebsion of I-

he ,C nstr nsecut i el.et.i on
sed R B, b BuARASLHBL 9 S PRRRL) 45 SBhEk S Frsmicsr
frotrtanedids emily meoinpiishpd ajsgﬁodzﬁngaﬂémhﬁfedthg"(begi nni ng of
Oﬁﬂé fir t del etign_construction. g00114 Techni cal |y
[0 pro Constipetionol A s Feaging Gaphed SURFB apd r@J@e@a@nttoﬁagenomw

regloR Gy Vhsditidh of B $Q blﬁ'ﬁﬁa 6 ad ERAHE i B cdd¥ire,

transduction to del etion strain already harboring
[00R8FtKST. To dglete thee@ﬁ@ﬁe@eﬂumcmwnmﬂs@re prepdire@&em a culture derive

ve i nse
o RERRL Mo b BHE Bl SIS Pt REBRL R by Y oot o
Kanﬁélaﬂt platesaridanarbbied at 3080 e Af dolutiy BromCiBisiplatd 16 @dodulited Znto 10 ml of
655 The e deleted regions were selected fo
tFF{ Bﬁiﬂ ¥eﬂt Afgafaé Pgwr [%Tﬁf@%wﬁﬁﬁp%l&ﬁmaﬁa and grown.

_j30°gef6m li‘ouﬁl\bﬂn%@té 819&Sndictibn ofaReé éxppdstin Br 09c1 Dhidfions of the culture
EDL933 and stral n K-12 M31655. The deletions are

are fheg sprgaconn HRiH e platprendvinculraed @,‘@qu@tﬁ @30 Gnioek2 calpnies were checked

T O A .
delgtionPosfai, G et al. Nucl . Aci ds Res. 27 4409- 4415

o2, AR el e o

(nokibistids@ddedy) t he chronpbsone at the site of deletion.

Procedure 3

- [oo111] Since pBADufy and pSTKST carry -compaﬁble replicons, repeated transformation:

- of the plasmids are not required when consecutive delefions are made in the same host, The two

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



MD2 through Iv[D6 del etions were nade using Procedure

1 described above. Deletions MD7 through MD12 were

created using a conbination of Procedure 4 and

Procedure 1 or 2. Strain 33 designations and genomnic

coordi nates of each new deletion were: M |

263080- 324632; MD2 139835321480278; NMD3

2556711- 2563500; MD4 2754180-278970; NMD5

2064327-2078613; MD6 3451565-3467490; MND7

2464565- 2474198; M8 1625542-1650865; NMD9 4494243-
antibiGicARIEtion\BRe+ 800 B FeFordifids amt sphifiid micla63H0etkR? 22 Ddtuced only

1viDl 64278- 585331 1171 A total .of 378,18Q base o
R H{eIRE SR SR BioR 5 PTERA e et s R picbeitp at 30°C.
[001VE31 655 The probddur<ie RBeal WATodAnR\Eskea)t tha p_BAﬁo@? 8rd pSTKST are

Renovi ng these regions fromthe genone did no af?ect

transformed iyta thesgh oply gnce; pndyantil mpintananpe ofiboth plagmirls & thy g¢ll is desired,
. ' opt her . cegi LOf th :

e GBS b 3010 IR AEATEOL S B (IELAER, R Sl

expefigmdel diffiddtisstin grsvinglthe cailbghB7Cdn iepessalcs of suc@agsiish) or three

I V, frogmthe genone of the bacteria. Again, these
@hnggggvggﬁgm%g?@“ﬁade wi t hout any apparent del eterious

effect on the useful ness of the bacteria for

Egﬁgég%gatory and industrial use. Again the sequence

[0010%S | gNThis ke pleboried pRRedrORhdNRvaMRbhERR e e ikBons are to be made in
sequence. The two sets of deletions totaled about 14%

the saipe eell Inseitignniapcopbination of lingerfingments inte the gprpnireofndioeiell carrying
- [ Lete. the, genes,thepsel ves .
pBADARR el AARH, et a8 B plonBo BN oy, R s

inserﬁomé[‘hﬂseltinﬁ;'@nu ptehthen igmeferebarbyioat by PT g@rsawtu‘nn a6l the cell camrying
Vi L, 0of the host. 1001191 In Prqcedure 1, L o
pSTEFT g %ﬁ‘&%ﬁﬂé@ﬂﬁ)ﬁ%ﬂquﬁ g@]fL"‘P‘?”S Fhovehf afliforeign spqusnes isdone in this

final 0469 Andbeing pBITESTP @otipsidl & the BROBELMEREMS the main difference is that
Correct-site insertion occurred in 1-100@6(norwal

the inssttipy Gtap 264 romoxal of thegnsseiad sqanensrs a5gdonsin bapgiatescelly Stuse insertions
' P | ogi [ V& 3

oo ARt Tod Do SRR AN R 2 00RER R o et

cells pest tymasfiormddeb ydbp plasrpitie dnly elghie egimingad e first detetion ediBBtion.

e ormall v 10-100% of the, col oni.es gnd . depended.on.th

oot {40 TPty e plocBlned  Feieeb P FSeediar St i aat

inserfi6s ansStaisfeyredy 1 efils@Gdtion € the dAIGidh sbhintdieadiattosia SSTKST.
seq#ﬁgces was in the range of 42 to 50 bp. Variations

After; q3ch hetrasfiiclion stepdeScsh oxprrstion s daluawio ssteqveitmingsried peayences.
between seeningly identically repeated experinents

“Resulisy are not fully understood yet. [001201 Procedure 3

e 1 et ) : g — ent - 51 :

i P b e s L e e R S

MGI1655f Thettwelye ldolated segidde vetd lecied farldaletions ar paed asegsidnafeomparison

S VvV efficien Twent y-f. i ng cal
ot gl SR pSEsth S0 LML Sl S S SRR eness. o
deletiphaire $isted 06 Tie @ belote Mhp kQMEikbe hOmbB&iHedMak&Sbh ieSublished K-12

___Five of these colonies were then tested by PCR and
SeqUERCE 5 showed the predicted | oss of the inserted

001563 Auenge: Ak QRIS MIBPK S xﬁ_ad’é%@i]ngﬁi%'n‘i‘etﬁo bad iH%;o%fai, G.etal,
preci se description of the deletion endpoints of ' _
Nucl.obcis Res. it 4 15899 r Using thisiyestithl fot @repting 0D fdetion left 2 114-
bp p§m&mr gmu%ﬁée', in%fuﬁl%lg%%llbf%ﬁé,zm thl\é%%lo%&%e at the site of deletion.
MD?2 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



MDS73 (Tables 8 and 9) are the endpoints of the

del etions for internediate strains that were used to

construct the |andmark strains. The genes listed in

Table 9 identified by "b" nunbers and are 34 based on

t he designations set out in Blattner et at, Science,

supra and in GenBank Acces§¥on No. 400096. The A

nunbering in Table 8 is al so based on Blattner et al.

supra. Characterization of Deletion Strains

Transformation Frequency [001221 It is desirable to
dﬁl@ﬁ%@ﬂﬁ@%ﬁ%&@@m@m@d@u@s PRch new delbigongpeste D b 26B0806324632; MD2

oodshELArE MR 23501 USRI OBy o,

MDeaids1 5@6@&6749531\4@70&46&%5@47@989%2% 1630863¢IMIEI0 4194243 -

e R e TR i s P D e )
[ODIIUPnSf K 154 0P B BRIHODIRe paird AU ik §pﬂ}§ﬁgm{eﬂr §.1% oPik nkif¥e x-12

E. coli strains with high efficiency of
- MG{33 fcaf geromsnwag @9@2@@ this gegei Remowing thePB3gionmfom the genome

ions (approximately
maﬁ&@ﬁ&&%@?&%ﬁng none |n g&%é%ta

% 0 E. coli strain
[001NB] 655 Tabld zmmf Huathéraedmsenes, s amfegionstdfm @bl EshoRi that

werb SRRk PR i o o TRasegpins wem e sesesahlixesmoved
fror B gerinieddf thY Babolelif AbaiCIRROBEGHTRY welAnaddhii@BuriR Ep}a{ehﬁ

strain MDS39 particularly valuable for the w de range
delefsrioug fericon the rsfulpapa g biptsrin Sanlahamsony eadfustvial s A gain the

| sequ%ﬁée' cﬁéhgﬁ}ﬁi\én@;re Bakeft b 3 @h&w §eﬁﬂencg a{.ﬁ b els GF) Wietions

mai nt ai ni ng exog ous ree stralns:
totalmt 149ps8the an@nm&@nﬂ@amrm dtwhouldde moted tianid ypdssible to delete

' t t t . 600 '
e SRR R b E e P DR ootk e PR oot
genevmstntial foegrewdl antlis@Bralétthe bt er and fi nal ly
IOt Pt e ) b cn mson i wih
partiBBiehaihRdoSACCENA Ofe MARES I Uk &l 1%6%?%&3@? 26966%) of ihe

to 100 | of the cell suspension and subjecte
cologips dilanking hemalreiesdn ﬂxg range afittod 4é1pemﬁr¢ mipdr Bdgrigerbomologies give

M R L I R e

ec ropor a
1- IOE%e(nd;mﬂp i &t G(D%Fﬂi\ﬂldﬁﬂtbmﬁ anBAéfaeﬁM& oithdeh@th 6fkhatiuplichied region.
sites and were prepared in E. col

L"“E’sef ﬁ‘&ﬁ% atigas é@%’%ﬁ%ﬂf@ ?%i%&&? d-enghof Siesivplicalsd sequegqes agin the
'rangBﬂQZBNAO ‘bﬁs VeraRak Bathé SribienG & It inkbhidh Eu@i%g %19%& bétlveen

ows that both strains,
.Seem@% lr'éP Wicellyroppaimiapriraentyand apﬁsmmlymmcmwmfenol ecul ar

001611 ONt pRfodhy Ak “%51]2 b B
l m nol ec u‘?f\%apv%?[a c’f‘ef 8%?6%%108&8 ¥ ?r{eé: &1 on of the
: hneaeDNAcﬁrmne gconfred mainG Yearfitteet dothicad Dletigi Ji-’&h@ﬁz@dﬂte@ wence was
a 31 and MDS39 are conparable w
very Bien (T e e e TSP LA G AR
Amp\ﬂKmi‘ilateS, 2419 eﬂﬁlbm PrARA IRICAS s@8i8ve | FibDer Rk ebmeé'\w&rg then
. e&g Bﬁft transformation efficiency.
tested by PCR, and all 5 showed the predicted loss of the inserted sequence.
f00121] Table 8 and Table 9 show a more precise description of the deletion endpoints of
genes that have been or will be deleted from the landmark. E. coli strains MDS12, MDS40 and
. MDS73 (Tables 8 and 9) are the endpoints of the deletions for infermediate strains that were used

to consiruct the landmark strains. The genes listed in Table 9 identified by “b” mumbers and are




1001261 When transformed with unnet hyl at ed BAC DNA

the efficiency of transformation for strain MDS39 was

hi gher than the efficiency of transformation for

strain DH1OB (Table 3), 35 while the efficiency of
transformation for strain MDS31 was | ower then the
efficiencies of transfornmétion for both strai ns MDS39

and DH10B. The |l ow efficiency of transformation for

strain MDS31 is due to the fact that the unnethyl ated

DNA is a_subject to restriction in the strain because
basqgrymathe ﬂ@lﬁahqnﬁrﬁefsw B Blattag e of., Seereeswprs and iDBeIRub dgoession No.

4005@539:} ﬁlt'faﬁjgrksis aksd Bastd éngfaﬁﬁ&tef WPL K i th MDS39

reve 1e‘p055| |'e presenc a resi i nsertion
Trelation Sgeimence gb ba: ecu 95365. In order to

T S ter nﬁ the effect of deleting of deleting the

—@Z%Elgggl%—%uence from MDS39, procedures described

(00122] ei N MRIdesitBRMA RofBlAS &ogéﬁﬂﬁs Emuiﬁfb% %e-ﬁbﬁe of E. coli deleted
endp0|nts of the deletions In are strains in

stratpg ) seh @ way ghap host hacteriabeails il glamt%thq injexzated A asikay divide and
grmtl e %@Hmf:&E of éx%gf:ﬂfoﬂ@ f\f}{ f?iﬁ'B&tg:gmg Ifngcgﬁdg%ggﬂ%gﬁ %5839’% % (f'ﬂeé%

haracteri stics
tranﬂoemﬁog@ed axglammwhp bubort exogftnloss PN Acrpeatipdivasfiamed organisms,

e8RSt B i B s PO Gt e

[00128} | s I 1celi stheii VESSIOGvRYoftibied bygakihg B9 @él@hdﬂ@gd?;ﬁmtely

14.030 B afhonin el GucalorteR MGIAHA B v 00 e ety

tran%rntiet&ﬁo&rf diddgbp &Etﬁﬂx. e 18l éfﬁ&@ﬁéy%g tr?@sf &Hﬁ&?&%ﬁgﬁ il of 2

cero aliquoted'in’4 ortions an
Iargg sige BA mtmmn@@almmrmwwb&& m:ch makes the btraim MDS39

uantities of plasmd
_part%k&ﬁ&'%@ﬂ%ﬁ%hﬁ%l ggm}lgey asppg%ggn %f 150 0 in g 0.1-cm
[0012!4]3 ct r Glpaea thearanefosgition ctiviehgy bhe bl; egdii DIFE33tiRharbdring and stabl
eVLce é%ﬁ gﬁﬁﬁﬂf§3 CEII were_then dil uted mnth 1 m
%‘m‘igr?c‘, SFERES %WBLM;P Hrfd YR A gverp grown under
stand &8 eREHh ¥ehdRAL mptfcﬁ%ﬁé}% oPB\5ek 860 B PELN BRALS WiRE ﬁ)ém down, ce.

done; results may var¥aby an order of magnitude.

pellgly Besggesshd spvargliissivitt witksyied Beally resupamiiein et fat 1/1000 of the

i 448 on 89" S PN BRI gy e

BAKDHIUBW&Q@@ﬂthéwm@&bfmmpeﬁnﬁqmmmaummhmbgmmmdEbhmmwxmmMEumu@

stnifi eri AR ot Bl nte S B RO Sk PR E0d e

elec@viatioh tgadtieaBing n =0 Eftctréfdefon i ticd. WBAE MNAMmethylated at
1/ 20 vol une of |ce cold Cad 2 solution (10 MM Tris pH
the Beok sitssgnd nRES23 %@femr@m@dzsl Egpalis E4635nsing standard

§ I
- Pm*ﬁﬁ’%mﬁﬁt % o%é’ﬂ“%%@?) AR BRpRRA i R MELREIOBT 1 ons
[00125l0 st debld 3sshowsha: bofl0OEERIMEES1 hnch]vmseﬁ,rm effinienthyetrinsformed by

BRI BN Byl gl ok Pl il g i

mol@ulat Weighiefr100,080 Bise bRraletheadileshcic st thsfonRitonivwithéahAsted BAC
t hen dllutlons were plated on

: 7 .Cf{ 5-11
DN@ é:'r mmg Wﬂq compagable with the efficiency of transformation for

- strain. DH10B which is cutrently regarded as one of the strains with the best transformation
efficiency,

{60126] When transformed with unmethylated BAC DNA, the efficiency of ﬁ'ansfonnaﬁoﬁ
for strain MDS39 was higher than the efficiency of transformation for strain DH10B (Table 3),



shown in Table 6. 36 G owth Characteristics [00133]

As di scussed above it is desirable that deletion

strains prepared by the nmethods of the present

i nvention have a robust ability to grow under certain

culture conditions. Gowh studies were conducted as

follows. [00134] Conparisondsof E. coif strain cell

doubling time in mnutes at 37 C was neasured wth a

96 well plate reader (SpectraMax plus, Ml ecul ar

.Devices) with shaking. The log linear portion of the
whilg fheafficiensy eblransformeiéah foostaid MIIS3 evas lveveathen tgefficiencies of

. ' ; d L api f. ' .
o RN o bR L O B0 Ei 0B P oo g o bramaon for
traim MIDSBAdR et ttikat G el i i€ i
e oLoareate Lhe Col L very el So L hor s ot e af arony e stin
becailie MDSE s . st hile BeshrReRIIPE FCMBES pregak sirains.
[001RP0135) Rebodt Srof AR MDIG S tHePossitiIE ?xleglﬁlc b BSertion
%g orf g na‘%J %%

same rate in mniml nmediumas t
sequpipe Lbin segneneregbs harecu 586 ralinerdie krsdcteyminEhies effecidfideoleting of

' sa ul t L mat.e .density on
ot BB T8 Plfllec bt MABRo0r AR ) APRIEA R Ry s i et
the stquencee Tboasipbiats of theakktismeih MG 25 ﬂﬁﬁ&b SmTﬁllﬂfss Sﬁvﬁ 9| The

bj ecti redquci ng .t he genonme substantially ile
Ies“‘ﬁ?@%%ﬁﬂ’ﬂ?é it?squfgﬁl&%@ﬂﬁfﬂm%agffmna ad praivthy glparacteristics
Resil) ctifisdiasedobRd | Y been achieved. 37 ¢ 2 NNOE V

NnCCU-U22 U cdlaclr W(D.) oor 0 dO

lﬂﬂlifﬂ CO ¢ 8leglrgpogation-coypefenticelly werg pGpared @& Gls@ited it! the tnvitrogen

Eleﬁﬁ-@oMt& T MYhd, Ml'}/é!fﬁr, z%(ﬂ)-x% J:u(fﬁlrerwgs%rovéﬂ to r055;50~=lbl~.5_, then cells were

harvested by centrifugation and washed twice in ice-cold water and once in ice-cold 10% glycerol

by repeated centrifugation and suspension. At the final step the cell pellet was suspended in 0.4 ml
10% glycerol, aliquoted in 40 p} portions and stored af ~-30°C.

[00129} The cells were typically electroporated with 10-100 ng quantities of plasmid DNA,
at 1.8 XV and a resistance of 150 Q in a 0.1-cm electroporation cuvette using the Electroporator I
device (Invitrogen}. Cells were then diluted with 1 ml LB, incubated in 2 shaker for 1 by and plated
on selective medium.

" [00130] Several experiments were done, results may vary by an order of magnitude. The
‘average of 2 typical, independent experiments (2 parallels each) are shown in Table 5.

T00131] Transforination efficiencies for MG1655, MDS40 and DH1 0B used chemical
transformation méthods were also used. Competent cells were prepared by a simple method. A
50-mi culture was chilled and harvested by centrifugation at ODs5e=0.4, then washed twice with
1/20 volume of ice-cold CaC1? solution (10 mM Tris pH 7.5, 15% glycerol, 60 mM CaCI2) with
repeated cenfrifugation and suspension. Cells were then incubated on ice for 1 h, aliQuoted in 200-
-pil portions and stored at -80°C.

[00132) For transformation, cells were typically mixed with 100 ng plasmid DNA,
incubated on ice for 30 min, heat-shocked at 42 °C for 2 min, ﬁm 0.8 ml LB was added. Cells
were incubated at 37 °C for 0.5-1'h, then dilutions were plated on selective medium. Results are
s‘hown in Table 6. | |
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[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
. éomparaﬁve measurements does not areate the cells very well so the rates of growth about twice a
- slow as obtained with shake flasks.
[00135] It is evideit the deletion strains grow at the same rate in minimal mediam as the
original MG1655 but not to the same ultimate density. The deletions grow less rapidly but the
same uliimate 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 médium has clearly been achieved.



Ccocohr mLo Lo LOCl14 (DMN WCO 0000V CSI;T
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r _N w00000000.0. ~ 38 TABLE 2 SECOND SET OF
COVMPLETED DELETI ONS |S186 deletions (3) keep dnal
14168, 15298 (+) *del ete GPB715388, 20563 | S186, gef,
nhaAR, 1S1 [1S186 15388, 16730] [ISI 19796, 20563]
keep rpsT 20815, 21078 (-) keep pheP 601182, 602558 (+)
*del ete GP2 602639, 608573 ybdG nfnB, ubdF, ybdJ,
ybdK, 1S 186 {1S186 607231, 608573] keep entD

608682, 609311 (-) keep gl k 2506481, 2507446 (-)

*del ete GP3 2507650, 2515969 b2389, b2390, . b2391,
b2392, nupC, 15186, yfb.. [1S186 2512294, 2513636]
keep al X 2516061, 2516136 (-) 1S2 deletions (3 not

al ready jdefeted) |Kgep yaliN|[3§8833Q, 3791p6 (-] fdelete
GP4 379293 7870 yailOf BO3SA, |1 $2,| BOB62,i yaj P, yai S,
tauABCD | [1 &2 380484,3818142{kdepn He 3879y 7| 388984
(-) *dellet PPy 38 $21,399( R0O37Q, iyaiiT,| | S3, yai U,
yai V, anpH J$biA, W, ' :

.

(&)

Descripfion b

61553 |b0246-b0310; includes K-islands #16, 17, 18,
b2622-b2660; includes K-island #137, CP4-57, ileY

b2441-b2450; includes K-island #128, CP-Eut
14287 1b1994-b2008; includes K-islands # 94, 95, 96, CPa-
b3323-b3338; includes K-islands #164, 165
| B2349-b2363; includes K-island #121

b1336-b1411; includes K-island #83, Rac
25244 1b1539-b1579; includes K-island #77, Qin

| TABLE1
FIRST COMPLETED DELETIONS

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

25696  [b2968-b2987; includes K-island #153, glc operon
25940 b1137-b1172; includes K-island #71, e14
21054 _|b0538-h0565; includes K-island #37, DLP12
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yai Y, yai Z [1S3 390933, 392190] keep ddl A

399053, 400147 (-) keep ygeK 2992482,2992928 (-)

*del ete GP6 2992959, 2996892 b2856, b2857, b2858,

b2859, 1S2, b2862, b286 [1S2 2994383, 2995713] keep

gl yU 2997006, 2997079 (-) keep ribB 3181829, 3182482
(-) *delete GP7 3182796, 31889712 b3042; ygil, 1S2,

ygi GH (finibral locus) [IS2 3184112,3185442] keep

gi gS 3189755, 3189955 (-) 155 deletions (6 not already
del eted) keep ybeJ 686062, 686970 (-) *delete GP8
687074, 688268 | S5 keep ] ntTAAHIEB6, 690104 (-) 39 keep
t px 1386329, 138BEBHNI( ST DHFIGNMELIERED I3 FIIANE 396646

1ISY&d &3lenbfid ycj Y, ych nppA ynal, 1S5, ynaj, ydaA
[1S5 1 1395 tar 1396798, 1397550 (-)
keep ga 4, *dm
2099418, gg ]1815 eé’”}:{ﬁ‘f‘}%;‘%g and Col ani c
Acid cl; rs [I , 2100965] keep yegH
2135858, 07(+) oL 2284231 2284307( +)
*del et ekf‘@fpf 228@2& é@o yejO and 1S5 [1S5
2286939, 2288133] kee nar P 2288520 2289167 (+) keep
g1t F3358h pb @35957691 609—6@ e GP12

3359747 GlEEERY | SB0 39950;?&83@&@, (B Wdiinghdd, youB51S186
3363191, §88&B85] 607231,608573]

keep entD 608682,609311 (~)
keep glk 2506481,2507446 (-)
*delete GP3 2507650,2515969 b2389, b2390, b2391, b2392 nupC, IS186, vfe
[1S186 2512294,2513636]
keep alaX 2516061,2516136 (-)
IS2 deletions (3 not already deleted)
KeepyalN  378830,379126 (-)
*delete GP4 379293,387870 yaiO, 0359, IS2, 0362, yaiP, yaiS, tauABCD
[1S2 380484,381814]
keephemB  387977,388984 (-)
*delete GP5 389121,399029 b0370, yaiT, IS3, yaiU, yaiV, ampH, sbmA, yaiw,
yai¥, yaiZ ‘ -
[1S3 390933,352190]
keep ddlA 399053,400147 (-}
keep ygeK 2992482,2992928 (-)
*delete GP6  2992959,2996892 b2856, b2857, b2858, b2859, 182, b2862, b286
[1S2 2994383,2995713] |
keep glyU 2997006,2997079 (-) -
keep ribB 3181829,3182482 (~)
*delete GP7 3182796,3189712 b3042; yglL IS2, yqiGHI (fimbral locus)
[1S2 3184112,3185442]
keep glgS 3189755,3189955 ()
IS5 deletions (6 not already deleted)
keep ybel 686062,686970 (-)
*delete GP8 687074,688268 IS5
keep Int 688566,690104 (-)



keep yhcG 3365462, 3366589 (+) keep arsC

3647867, 3648292 (+) *del ete GP13 3648921, 3651343 yhi s
and 1S5 (1S5 3640666, 3650860] keep sip.

3651558, 3652157 (+) flagella Region | keep nmvI N
1127062, 1128597 (+) *delete GP14 1128637, 1140209

fl gAMN f | gBCDEFGHLI KL keep9ne 1140405, 1143590(-)
Region |1 keep yecT 1959975, 1960484(+). *delete GPl15
1960605, 1977294 fl h, che, not, tap, tar, ISl keep
yecG 19kgpapx 197820%6829,1R6g30As 1lla and I11b try

del et i ngddet GO oh3B6AL2, 1 I0G64KRGG, will Yoi T OR42 IopplQ IAR5S'S, ynal,
ydad) *del ete (Gpl6 1995085, 2021700 fli, plus anmyA, yec

and yed QR5s keepi3wmeés, 28232800, 2022613 (+) 40 hsd

region k XUR 4945834515758P18 (+) *delete GP17
4553059, 4594581 yji ORFS, pius mcrBCD, hsdRMB, nrr,

tsr kegnggB 459%9%98%@(%956‘(4') Rhs el enents keep

bbP 519 54 | 4 D, .
ofhgent '€ 5500 o e s R s S AT B P Aci

eep ybf%§§28357, 73&5@?5 *del ete GP19 728616, 738185
RbsC el t ass keep ybgA

738224, 3’§§1§(+) 2@38%?}8 K3)964, 1525176 (+)

*del ete, P20 1525914, 1531648 RhsE el ement & associ at ed_

orFs  kEERIRoA 15 : }(+)
_ clete GP11 ™ 2284410,2288200 yejO and IS5
[IS5 2286939,2288133]
keep narP 2288520,2289167 (+)

keep gltF3358811,3359575 (+)

*delete GP12  3359747,3365277 IS5 plus yhcADEF (K-island)
[1S5 3363191,3364385]

keep yheG  3365462,3366589 (+) -

keep arsC 3647867,3648292 (+)
*delete GP13  3648921,3651343 vhis and IS5

(ss 3640666,3650860] .
keep slp. 3651558,3652157 (+)
flagella
RegionT
keep mviN 1127062,1128597 (+)
*delete GP14  1128637,1140209 flgAMN figBCDEFGHDKL
keep me 1140405,1143590(-)
Region I

keepyecT  1959975,1960484 (+)
*delete GP1S  1960605,1977294 flh, che, miot, tap, tar, IS1
keepyecG  1977777,1978205 (+)

Regions IMa and MIb try deleting both in one action
keep sdiA 1994133,1994855 (-)

*delete Gpl6  1995085,2021700 fli, plus amyA, yec and yed ORFs
‘keep rcsA 2021990,2022613 (+)



keep ni kR 3616219, 361662 (+) *delete GP21

3616623, 3623309 RhsB el enent & associ ated ORFs may

need to | eave sonething here to separate converging
ORFs? keep yhbl 3623310, 3624437 (-) keep yibF

3758974, 3759582 (-) *delete GP22 3759620, 3767868 RhsA

el ement & associ ated ORFs 4Reep yi bH 3767870, 3769006

(-) the rest of the IS el enments keepappA

1039840, 1041138 (+) *delete GP23 1041253, 1049768

yeeZYC (FPS), yneDCBA (EPS?) ., 1S1  [181

himg@nl 1049768] keep cspH 1050186, 1050398 (-)  Keep

phol f 10@42&:51,1{1085275214&4552913@4)e GP24 1085329, 1096603 |
y cdSRQPTd¢letesGHIG Mo h5r308%35945 5331 GREE,. h)é‘%ﬁ’é B b' EEEMS mar, tsr

1093468 kt&OHAAS] kesm7se45563H) V88, 1 96875
baeR 2162298 216302 (+) *del ete GP25 2163172, 2175230

216010229
1SS, gal—oper UII [ T30 ZIToO0TI0; Lng—ArEO]

Rheolk
kee 532 41 keep yhhX
*‘Ee W s et
yhhYZ, A t
3582712 "5”92’2 4 (- §2 fﬁé‘é‘b@ 3717678, 3717890 (+)
*del et e, GP27 3718262, 37197041 S150 [ | S150

3718262 X3P#d4 k&SRS GTABE6BRHN 9957, 3722026 (-) 42
Tabl e 3 *defptg 601 rn%?tgﬁ 7Bﬂ$5 Bhséhelérent BogssdsiateioDRFs
Strai nsk#pSBEA MDSBES22hTBSIRNGE DHLOB MDS31 MDS39

keep yncH 1524964,1525176 +)
*delete GP20 1525914,1531648 RhsE element & associated ORFg
keep nhoA 1532048,1532893 (+)

keep nikR 3616219,361662 (+)

*delete GP21  3616623,3623309 RhsB element & associated ORFs #
may need to leave something here to separate convergmg ORFs‘7

keep yhhJ 3623310,3624437 (-)

keep yibF  3758974,3759582 (-)
*delete GP22  3759620,3767868 RhsA element & associated ORF's
keep yibH 3767870,3769006 (-)

the rest of the IS elements
keepappA  1039840,1041138 (+)
*delete GP23  1041253,1049768 yooZYC (EPS), ymcDCBA (EPS?), IS1
{IS1 1049001,1049768]
keepospH  1050186,1050398 ()

keep phoH 1084215,1085279 (+)

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

keep serX 1096788,1096875 (-)

‘keep baeR 2162298,216302 (+)

*delete GP25  2163172,2175230 P2 remmnant, IS3, gat operon
(1S3 2168193,2169450]

keep fhaB 2175532,2176656 (-)



(transformants per (transformants per (transformants
per mcrogram DNA) m crogram DNA) m crogram DNA)
pBR322 2X10$ 2.2X106 2. 7X106 Methyl ated BAC 2X106
0.6X106 1.2X10 Unnethyl ated BAC 1.8X10 4.0X103 3. 0X10
Tabl e 4 Del eted Periplasmc Protein Genes Deletion
Gene, b# MR Gene MR Gene Pdbduct GP16 b1920 flit c.
teine tx~ansport protein ABC s erTmly , peri bind)
GP16 b1919 yedO D cystei ne desul f hydrase,

PI P- depgfflldntacp2 BUBYD.HX78B&ih dro teridine

r educt as@letpOP3@nsIFTRVES, MBBE T4 yhbHUCISASEhABPA b0365

t auA t autiShe 3¥&ASHBI&I8YFlotein (ABC su 1 , peri bind)
GP9 b13k@pephIc8aail, pi’d4sM €) murein tripeptide transport
protein; negative regulator of antibacterial

resi st akeep o b13F¥G7673RTETSMHNE Oxi dase ' e oxi dase)
MD6 b33BRIsthGR2ENdTeRIaITaAsR4 18150 | asnuc MD9 1, 4316
finC per[Iglssruic pmmr;gmgm@qui red for type |

f nnbr a 4290 phage-1i ke el enent;
citrat :ke%%l ndent 3%2@?@55@%@;)0” rotein (ABC su '
bi nd) GP7 b3047 jH putative - periplastnic c erone

MDI b0282 putative eri lasmic regulator GP12 b3215 A
putative pFri lasnric chaperone 43 Table 5
Transformation Efficiencies for E. coli Strains
MG1655, MDS40 and DH1 OB DH OB M3E1L655 MDS40
(transformants per (transformants per (transformants
per mcrogram mcrogram mcrogran) pUCL9 1.3X108
2.9X108 1.3X108 BAC 8.8X106 3X106 6.5X106 Table 6
Transformation Efficiencies for E. coli Strains:
MGL655, . MDS40 and DH10B _



DH1OB MGL655 MDS40 (transformants per (transformants
per (transformants per mcrogram mcrogram

m crogram pUCL9 4.5X105 3.7X104 1.6X104 44 Table 7
Media Strain Average Std dev Max OD Doubling tine
MOPS M ni mal MGL655 120.41 0.63 0.82 MOPS M ni nal
MDS12 123.43 6.91 0.61 MORS M ninmal MDS39 129.57 2. 30
0.62 MOPS M nimal MDS40 128.26 5.30 0.61 MOPS
Mnimal DH OB No growh Rich Defined Mzl655 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 DHLOB ggbféoj 2.30 0.62 45 Table 8
MDS12 MDS40 ND873 del |en end del eted del et ed

del eted MD1 263080 324632 del eted del eted del eted MD2

1%39 51 1480278 del et ed del eted del eted MD3 2556711

gppa %Eéﬁe@na@sépw geliSiterins/ MDY 3 6 AVADS 3 282 /DH10B

et-eg—NVD5—-2064327-2078613 del.et ed

UIEi et CU UCI L cu UCI ettt

del et ed del et ed MD6 3451565 (3467490 del eted del et ed
del et ed MD7 24645 /74198 | del e el et ed del

MD8 1625542 [16507 el eted del ,eﬁwﬁgse 3gel et ed %%39
4494243 4547270ransfetnmtnischedel | et @andehatggeN Dthr&ibWts per
3134392 delijet ed deI eﬁﬁgAdel eted MD11 119}63(;0 1222299

microgram DNA microgram DNA)
pBR322 2x10% 2.2X10 2.7X10°
Methylated BAC 2X10° 0.6X10° 1.2X10°
Unmethylated BAC 1.8X10° 4.0X10° 3.0X10°
Table 4

Deleted Periplasmic Protein Genes

Deletion | Gene, b# MR Gene MR Gene Product .

GP16 "~ | 51920 Y cysteine transport protein {ABC superfamnily, peri_bind)
GP16 - b1919 yedO D-cysteine desulthydrase, PLP-dependent

GP2 b0578 - | ofuB dihydropteridine reductase, 02-sensitive NAD(P)H reductase
GP4 b0365 taud . taurine transport protein (ABC superfamily, peri bind) -

GP9 b1329 mppA periplasmic murein tripeptide transport protein; negative

_ regulator of antibacterial resistance

MD2 ‘b1336 tynA copper atnine oxidase (tyramine oxidase)

MD6 b3338 chiA, endochitinase, periplasmic

MDg b4316 fimC periplasmic chaperone required for type 1 fimbrae

MD9 b4290 fecB KplLE2 phage-like element; citrate dependent Fe(]]I) transport

‘ protein (ABC superfamily, peri_bind) '

GP? b3047 yqiH | putative periplasniic chaperone

MDti b0282 yagP putative periplassic repulator
.GPI12 53215 yhoA | putative periplasmic chaperone




del et ed del eted del eted MD12 564278 585331 del et ed
del eted GP1 15388 20562 del eted del eted GP2* 602688
608572 del eted del eted GP3 2507651 2515959 del et ed
del eted GP4 379334 387870 del eted del eted GPS 389122
399029 deleted deleted GP6 2993014 2996890 del et ed
del eted GP7 3182797 31897123 del eted del eted GP8
687083 688267 del eted del eted GP9 1386912 1396645
del et ed del eted GP10 2099418 2135738 del eted del et ed
GP11 2284421 2288200 del eted del eted GP12 3359797
3365277 del eted del eted GP13 3648921 3651342 del et ed
del eted GP14 1128620 1140Zble del et ed del et ed GP15
1960590 1977353 del eted del eted GP16 1995135 2021700
del ete ted GPl7 4553059 4594581 del eted del eted
GP18 5 e% ospgen Eifjelcaciss foe e celf F@@gs Migd 685,/M42840 and
del et ed del eted GP20 1525 31650 del eted del et ed
GP21 3616623 3623310 del el eted GP22 3759620
3767869 del eted del eted GP23 1041254 1049768 del et ed
del eted GP24 1085330 1096545 del eted del eted GP25
2163173 2175230 del et ed del eted GP26 3578769 3582673

deteted—deteted—GP273718263—3719+04—det-etgd—detl-eted
MD40 167484 173447 del eted P28 331595 376535 del eted
GP29 1588878 1599365 opdel et gd GP 575 380572
del et ed GP31} 3886064 3904195 %%Gﬁ%&? EEDS4Q
(transformants per (transformants per - (transformants per
microgram) micrograim) microgram)
pUCI9 1.3X10°8 2.9%10° 1.3X10°
BAC 8.8X10° 3X10° 6.5X10°
Table 6

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

DH10B MG1655 MDS40

(transformants per (transformants per | (transformants per
microgram)- _microgram) microgram}

pUC19 : 4.5X%10° 3.7x10* 1.6X10*




del eted GP32 2599182 2612802 del eted GP33 3738738
3752058 del eted GP34 4055987 4073034 del eted GP35
1349431 1364839 deleted GP36 2876592 2885242 del et ed
GP37 149715 156883 46 Table 8 (Continued) MDS12 MDS40
MDS73 del lend rend deleted GP38 674793 682616

del eted GP39 997082 100388014 del eted GP40 2318063
2334712 del eted gp4l 3503000 3510000. del eted gp42
4304000 4311000 del eted gp43 557000 563000 del eted
gp44 764000 770000 del eted gp45 1555000 1561000
del et ed gp46 2382000 2388000 del eted gp47 2447000
2453000 del et ed gp48 45476001e4553000 del eted gpSO
747000 752000 deleted gp51 1727000 1732000 . del eted
gp52 2859000 2864000 del eted gp53 4488000 4493000

del et edlefiin4 25280010 252008 del¥d éey gp55 MogBBOO
4090000 del eted gp56 12%00l0® 1253000 del eted gp57
1650000 1653000 del et ed yp®SB 2186000 2189000 del et ed
gp SMORY MiGighaP 4 MGUEHS deb2r4d gp6®@.E358000 3BBHOOO

del MGBS yfifiinaB86MDS02 3866II03 47 691 0.61
MOPS Minimal MDS39  129.57 2.30 0.62
MOPS Minimal MDS40 12826 =  5.30 0.61
MOPS Minimal DHI0OB No growth '

Rich Defined MG1655  38.38 025 0.83
Rich Defined  MDS12  49.05 4.05 0.84
Rich Defined  MDS39 5438 1.05 0.85
RichDefined  MDS40  51.19 1.77 0.86

Rich Defined DH10B 45.40 230 0.62



Tabl e 9 genes (identified by b-nunber) deleted for
each deletion strain id : b0247, b0248, b0249, b0250,
b0251, b0252, b0253, b0254, b0255, b0256, 1, 0257,
b0258, b0259, 1,0260, b0261, b0262, b0263, b0264,

1, 0265, 1,0266, b0267, b0268, 1,0269, b0270, b0271,
b0272, b0273', b0274, b027%3 b0276, b0277, b0278,
b0279, b0280, b0281, b0282, b0283, b0284, b0285,
b0286, b0287, 1,0288, b0289, b0290, b0291, b0292,
b0293, b0294, b0295, b0296, b0297, b0298, b0299,
b0300, 1,0301, b03C2, b0303, b0304, b0305, b0306,
1, 0307, 1,0308, 1,0309, b0310 MD2: b1337, bl1l338,
b1339, 1, 1340, b1341, 1, 134Psbld8343, 1, 1344, bl345,

wbl346, k7. 1. 1348, b134Q, b3350, b1351_,b1352,

de
de
de
de
~ de
de
de

de
de

D363, lgehdbely blﬁBﬁte&DlSSﬁ@li 235080 b135:8a463b1359
lb%F@@O 1513136611 1, §8B2ed ph136B2 bE38EB51p136H480RTE366,

gz: %ZE& blsgélzgggg%gﬁlsig 67;@2379 gﬁ%@olsm

.'ba’l:381 bile3825a b1383letdd 1384ynsl, B3BEss50 1386567404387,
888, IFedsted 1, 139@“-3@1391@7 b239@55b139@74b&3394

SR i Lahn b G b o

Tetéd09, deléddd bl 4b1et&¢11)3 Mﬂb244.29632592443122b2§®44
¥raas, Beci b24 716%3448 M9 44622792450 MSASL 1, 2622,
b2623, Bk L. 110885 203608 1, 2629,
b2630, hezssea b263fa.tedb263ﬁ),3 b26%51b263§515

b2637, 1qezsgi@; 1, Eﬁ:dl 2%%b 263, bzgrangzésm 2643
b2644, bPéged 1, 2 26475P5h2 264 650,
el oo RE SR g g e
b2658, h265Ga h266ANES: ble84, cpi@85, b1&886e7 1, 1997,
b1998, 19982 b200Ected 20015Psh2098E915 20031366604,
b2005, %%ﬁd bzogeileti 2008 ﬁg@ 622923323, %% %35 1, 3325,
b3326. Sa b335BeiTa 33291, 338007 1, 33%beonb3332,
1, 3333, delﬁ&%ﬁ4 313885, h3336, bEBAT, bIRBEINDT:
b2349, P% §%3db235’2’14b235§§20b23514140b@35

b2356, EE %ﬁﬁbzs 15 % b23FT73% 2362,
b2363 MEichi540, 4 1,6042 12675543, higsddas b1545,
b1546, bEBdtd b1548letbd549, Gm&55@2062b1551529b1$52

1, 1553, %%%’l 1, £2b15859b g 8 1,1 1559,

1; 1560, 5520 blg 9, . 1, 1566,
1, 1567, deibhad, 1, &5@9ed b157<ﬁ;22 1,3159%320 b153772,73691 1573
b1574, BESFED 1, 1898ted, 157P33 1105284 b15W3916PL) O:

1, 4271, b4 ei%—‘te 42787244 4278269431277
b4278, mﬁ?ﬁd b42§ﬁet§281,3§§g4§§§”3 4255%%;8284
b4285, kedaB@, b4d8kred, 4288270428053 0429%1010k291,

1, 4292, depexd3, bdgighed h429B40 hASDFL 1, 4213’?44'1)4298

b4299, b4300, 1, 430E°ha30E8 94@5378 1593265

deleted GP30 3794575 3805725
deleted GP31 3886064 3904195
deleted GP32 2599182 2612802
deleted GP33 3738738 3752058
deleted GP34 4055987 4073034
" deleted GP35 1349431 1264839
deleted GP36 2876592 2885242

deleted GP37 148715 156883



b4304,
b4311,

1, 4318,
1, 2972,

b2979,

1, 2986,

b1142,
b1149,

1, 1156,

b1163,

1170,
M”%‘Bsm,

b0548,
b0555,
b0562,
b0019,
b0580,
b2393,
b0362,
b0370,
b0377,
b2859,
b3043,
GP9: 1,
1, 1331,
b2033
1, 2040,
b2047,
- b2054,
b2061,
b3215,
1, 3505
b1075,
b1082,
b1883,

b1918,
b1925,
b1932,
48

b4305, 1,4306., 1,4307, b4308, b4309, b4310,
1,4312, 1,4313, 1,4314, b4315, b4316, b4317,
1,4319, 1,4320 141D10: b2969, b2970, b2971,
b2973, b2974, b2975, 1,2976, b2977, b2978,
b2980, b2981, b2982, b2983, b2984, b2985,
b2987 141)11: 1,1138; 1,1139, 1,1140, bl141,
b1143, b1144, bl145, 1,1146, b1147, 1, 1148,
1,1150, 1,1151, b1152, b1153, bll54, MSS,
1,1157, b1158, bl1l159, b1160, bl1l61l, 1, 1162,
1, 1164, 1, 11651ﬁbmﬂ@6ﬂbﬁtE@@$ b1168, b1169,

171, MD12:. b0538. 1, 0539, 00540,
6“8% b1, o%%%?* 1, 054&?9 , b054r6e?19b0547

b0549, bGBAGred055kr3d, @553 b055633,261:x{)554
1,0556, bOSHPEebO55EP3HOTELS2 HOSEHIHS

1, 0563, bOg} oscsgp 123% Noispid 1 0018
b0020, booet ozzgp 23 7 b3 (&0 b0579,
1, 0581, bo&aztaps Zb;p238957d312390 452800, b2392,
b2394, b2 BERI89,  b7IAO° b0361,
b0363, b03 ,et§§)365,91’§§)3§§§ ﬁ@sm,ﬁxﬁ%s GP5:
b0371, bO 333'&,etb@373,gpb9334470b6)375 22808066

b0378, bOSd@,etb@38ogp@645ﬂ762856 @zsm ' b2858,

b2860, fte 2862259,
b3044, b30 S 3046,928504 72708 4829 s b0656

1325, 1, 132f.eted132 5b132ﬁm0b1329m9b&38
b1332, b1d33t&P10: 9:’95‘203@200192031 23320082,

b2034, b20 $2036,97p20499598%038,
b2041, b%zi m%bzo é?big E?moz.ﬁ%%ﬁ@m

b2048, b20&9ﬁtb2050gpi$2@5&@00b2052@90@053
b2055, b20@@ﬁtid2051$59b2@8@°°b205@77ﬁ%06

1, 2062 et 219091“”% %}%”%21 g%&
b3216, bﬂ; % 3218"%° 1392b 504

GP14: 1,1070, 1,1071, b1072, 1,1073, bl074,
1,1076, bl077, 1,1078, b1079, 1,1080, 1,1081,

b1083 GP15: b1878, b1879,. b1880, b1881, b1882,
.1,1884, b1885, b1886, 1,1887, 1,1888, hl8B9,
1, 1890,

b1891, b1892, b1893, 1,1894 GP16: b1917,.

1919, b1920, .1, 1921, 1,1922, 1,1923, bl924,
b1926, 1,1927. b1928, b1929, b1930, 1, 1931,
b1933, b1934, 1,1935, 1,1936, 1,1937, 1,1938,



1939, Db1940, b1941, b1942, bl1l943, bl1l944, Db1945,
b1946, b1947, b1948, b1949, Db1950 GP17: b4325, b4326,
b4327, b4328, b4329, b4330, b4331, b4332, b4333,
b4334, b4335, b4336, 64337, 64338, b4339, b4340,
b4341, b4342, b4343, 64344, 64345, b4346, b4347,
b4348, b4349, b4350, b435147 b4352, b4353, b4354,
64355, 64356, 64357, Db4358 GP182 b0497, b0498, b0499,
b0500, b0501, b0502 GP19: b0O700, b0701, b0702, b0O703,
b0704, Db0705, 60706 GP20: bl1456, bl457, bl458, 61459,
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replication controlled by the tetracycline pronoter,
and an antibiotic resistant gene; inserting a DNA
insert into the vector, the DNA insert conprises two
DNA sequences | ocated next to each other, wherein one
DNA sequence is identical to a sequence that flanks

t he bacterial genome regioggto be del eted on one side
and the other DNA sequence is identical to a sequence
t hat1dimanks the bacterial genome region on the other
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-5. A nethod for replacing a selected region of a
bacterial genonme with a DNA sequence wherein the DNA
sequence and the sel ected regi on can undergo
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the DNA sequence B. The nethod of Claim?7, wherein the
sequence-specific nuclease is I-Scel. 9. A nethod for
repl acing a selected region of a bacterial genone with -
a DNA sequence wherein the DNA sequence and the

sel ected regi on can undergo honol ogous reconbi nation,
the nmet hod conprising the steps .of: providing a

vector that conprises a sequence-specific nucl ease
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sequence wherein the DNA sequence apd the selected region can undergo homologous
recombination, the method comprising the steps of:

providing a vector that comprises a sequence-specific nuclease recoguition site

-and the DNA sequence for replacing the selected region of the bacterial genome, wherein the

sequence-specific nuclease recognition site is located outside the DNA sequence on the vector;
introducing the vector into bacteria;

introducing into the same bacteria a system that can increase the frequency of



1 The nmethod of claim 12, wherein the systemfor
i ncreasi ng honol ogous reconbination is the phage XRed

reconbi nase system
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introducing into the same bacteria an expression vector for a sequence-specific
nuclease that recognizes the recognition site;
expressing the sequence-specific nuclease in the baéteria; and

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

0. The method of Claint 9 , wherein the sequence-specific nuclease is I-Scel.
. 11. The method of Clann 9, wherein the system that can increase the frequency of
homologous recombination is the phage A Red recombinase system.

12, A method for replacing a selected region of a bacterial genome with a DNA.
sequeﬁce. wherein the DNA sequence and the selected region can undergo homologous
recombination, the method comprising the steps of: |

- providing a vector that comprises a sequence-specific nuclease recognition site
and the DNA sequence for replacing the selected region of the bacterial genome, wherein the
sequence-gpecific nuclease Iecogxiitidn. site.is located outside the DNA sequence on the vector;

inu'oduci;ig the vector info bacteria; |
- introducing into the same bacteria a system that can increase the frequency of
homologous recombination;
introducing into the same bacteria an expression vector for a sequence-specific
* nuclease that recognizes the recognition site; | o
eipress,ing’ the sequence¥;peciﬁc nuclease in the bacteria; and
identifying bacteria in- which the. genome region to be replaced has been replaced.

.
- 13. .. Themethod of Claim1 2, w herein the sequence-specific nuclease is I-Scel.

14." . The method of claiml 2 wherein the system for i’ncreasing homologous
recombination is the phage ARed recombinase system.



