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Field of the Invention The present invention relates
to novel strains of I G Il ' ntati-on
processes invol ving ﬁégggstlﬁ&é?%&pﬁgcmm Co,;l’égME OBSH;E, t he

present invention_rel at ERE "t)“g% - ' hlgri chia coli strains
and the FERMENTATHY EBPCESTES BREQNIYE ROBYEIION no aci ds,
particularly nenbers of the 0 aspartate fam |y of am no acids
such as threonine. The present invention al so relates to

meg hods of preparing E. coli str ekl 6fehedneernitlont he fernentative
production of am no acids. . ) _ . .
Background of t he Thensesenbipvention relates to novel strainsof-Lseherichia goléend, the

et hi oni ne EnGHn Pfocgres BFpRIE R ticriMigdRisns:, Mo spsrificplite
(aspartic achgbhentiifvenfibn rélateOw suheGNyaRodifios EeéHerichia b st 4rid the Cohen,

"The comon pathway to |ysine, nethionine and threonine," pp. 147-171 in
Ani no Aci ds: usi theseof forghe productiom of the araigalagidsoparticularlyHmembersofthed R L. 0

S ille, eds., di, - W\l | Publ i shi Co, I . .. Readi. MBsSS.
(1553)) " aspaitate i of aiting 26i0¥ et 36 Beeies | The BEGSRi BYERIGT A4 por | at o
sem al dehyde digkt o NERSE ?ﬂgtwhﬁncﬂi{% foP use in the fermentative

LYS reaction of this common pathway is
catal yzed byprotductibn bhamino acids. di stinct aspartate kinases (AK I,
I1, or 11l1) each of which is encoded by a separ at e gene and
differs fromthe others in the way its activity and synthesis 0O

are regul ated. Aspartate kinas s encoded by thrA, its
activity i's 1nhi ga{:ﬁfo yd?‘z?ﬁeg(;%rﬁﬁ'el%ﬁ%nd its synthesis is

repressed by thregniFsehersabia coli, the amino acids Iotheconinte Li-BsokacieRilysine AK |1,
however, is encoded by netlL and its . synthesi s repressed by
nmet hi oni ne ( and Homgthionine darivei al} arsparbofjtheir rrarken pipms from aspartate

el euci ne ( BRSO aF A o8 Sornol PO ReAE potnlfay ) X {8y, )1
“The common pathway to lysine, methionine and threonine,” pp. 147-171 in
Amino Acids: Biosynthesis and Genetic Regulation, K.M. Herrmann and R.L.
0 Somerville, eds., Addison-Welesley Publishing Co., Inc., Reading, Mass.
(1983)):

aspartate — asparty! phosphate —> aspartate semialdehyde — homoserine +—+MET/THR/ILE
l .

5 . LYS

The first reaction of this common pathway is catalyzed by one of three

distinct aspartate kinases (AK I, II, or IIl), each of which is encoded by a

separate gene and differs from the others in the way its activity and synthesis

J are regulated. Aspartate kinase I, for example, is encoded by thr4, its activity
is inhibited by threonine, and its synthesis is repressed by threonine and

isoleucine in combination. AKX II, howéver, is encoded by metl and its

synthesis repressed by methionine (although its activity is not inhibited by

methionine or by paired combinations of methionine, lysine, threonine and

5 isoleucine (F. Falcoz-Kelly et al., Eur. J. Biochem. 8:146-152 (1969); J.C.
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136: 245- 2bh dgfas) ) - AK 111 is encoded by | o on:]

activity and‘{ssynt hesis are inhibited and repressed, respecti veI yl,j.ﬁl:’.%{.’gS

by 1ysine. Two of the AKs, | and II are not

di stinct proteins, but rather. a donma . conpl ex enzyne

that incl udedatiesbgby 3@%@%@%@ 136&45‘@57 (1967)). AR III is encoded

respectively, tate

seni al dehydebywa&{ ltg\gé%%?ﬁashx@gserl nmﬁ%ﬂ!&%b&??égﬁgg SB?Ct'é'Fly' Eur. J.
Bi ochem 7:5},&193‘542968)) Honoseri-ne dehydrogenase | is
therefore al s encoded by thrA its synthesis is - repressed
by t hreoni ne pl us Twobfthei Als dnand H sargqiot distipctipsoteins but rthena démainni ne.

H Il is.simlarly,.enco by netl .and nt hesis |.s
reBr essed by a complex enzym: e’ IB%E ﬁgs )ﬁomoserme dehygroanase f°er1Ipeon| ne

bi h
ST i o sy o

honoserine [er [err] threonin osrmor yl ation
of to homoserine $Br Tnaffa-Backit etl glz,eBuhyJ.hBivochen. ﬁé73|4801QBH68;1) protein

whi ch conS|sts of two 29 k subunits encoded for by
thrB and whodi® fi;h){dgogqqﬁ;eohs@ﬂete%oregllsoencofabyt ’tlﬁﬁrm%‘@léB Burr

et al., J. r&grg %@iﬁ d‘ﬁ'ﬁﬁ' the -
conpl ex conversion o?%ﬁérmse%?lns((e&% 0S %a et hreom ne threot“g’r"'yzed by '

t hoeoni ne syHIbaHeis airilatipeencodédiby mmcm ftor syaghesiyr & (répreb¥edsey et al .
Nucl eic Acids Res. 11:7331-7345 (1983)). 20 The thrA,
t hr B and thr@ﬁbﬁé@eall belong to the thr operon, a single

rnen toonted 2 Fhabidh YoRRclelR RERGE) Sl B, i Blibpdioimagii? 10C L

et al., J. Baphfkédhe — homoserine phosphaté:+: thibdnine3 (I‘h@ﬁ:bépho?ﬁﬁﬁ@n @gnes
encode, respectively, for ag‘Eartat e ki nase honoseri ne

dehydr ogenas élomosq:rm eatalyzed by homoserine kirasgna peotsnytrwhabeonQSs of two '

synt hesi s. nz s.1s subiect. 1 al ent

?’eonl ne i entx hF 26 xba sty Whp ?@8#%41@ '?'F#uaf—‘?é'\(lh?é? iaﬁtﬁv Eﬁ@ B| ophys.
Res. Commun. v{Qhrebhiné®@B. Burr er al., J. Biochend. 36965?1»)526 9976)) The final step, A
regulatory region is found upstream of the first structural gene In the

thr operon ane ¢ample:eqmemomaéh¢meﬂ¢rmapb®sphﬁedo L3thfeonineris catalyzéd by. Nat | .

30 Acad. Sgi . 1706-.1710 979) att enyat or,
downst r eam ofthfeqaine synthase, a @47 kba meﬂ?%a é’ﬁ erﬁhfgafgt Bgﬁrgqtteéa -eont ai ns
a sequence e dey. )t

> mﬁéz%cgg /Iéc“)eg.Y%{S.?B?P%@? (1983)y3

PCU/ US97/ 13359 The thrA, thrB and thrC genes all belong to the thr operon, a single

operon located at 0 minutes on the genetic map of E. coli (J. Théze and I. Saint-
Girons, J. Bacteriol. 118:990-998 (1974); J. Théze et al., J. Bacteriol.
117:133-143 (1974)). These genes encode, respectively, for aspartate kinase
I-homoserine dehydrogenase I, homoserine kinase and threonine synthase.
25 Biosynthesis of these enzymes is subject to multivalent repression by threonine
and isoleucine (M. Freundlich, Biochem. Biophys. Res. Commun. 10:277-282
(1963)).
A regulatory region is found upstream of the first structural gene in the
thr operon and its sequence has been determined (J.F. Gardner, I_’roc. Natl.
30 Acad. Sci. USA 76:1706-1710 (1979)). The thr aitenuator, downstream of the

transcription initiation site, contains a sequence encoding a leader peptide; this



sequence i ncludes eight threonine codons and four isol euci ne codons. The

t hr attenuat or al so contains the classical nutually exclusive
secondar Ywolog/gsd1yr €S which permt or prevent Rb&rpsbyimsssse
transcription of the structural genes in the thr operon,

depending on the levels of the charged .threonyl- and 5

i sol eucyl -t RNAs. ] . . Becau of. the.probl-ens .associ at ed
wi th obt ai ni $equeRegHnFlndes eighythrgonine codons a“ds fou? iso %’&i"g“ ﬂg(?&&ct%ﬁ{}i a-

nat ural bios ' : | tﬁi]ﬁr

t he desired %t?%r@%@:{r?l%gc %1?1?5& gglt%%‘?hrl\gﬁ%ave %g%ﬁﬁ%%&gg%&yhsﬂc%e%l asm ds
cont ai ni ng awhivh peemitat prevent RNA palypserase! traniscriptindetthe strmettivalcgenessi st ant
0 enzynme. Wth such plasmds, L-threonine ha @gen rodyced on
an industriain the thr operon, depg 'égb‘}‘lﬁ'éﬁmsaPFdhe ﬁsé'iﬁ?és e%& 8% ng a

w de variety, Oie@mxﬁ{l&% ani sns, such as Brevi bacteriunflavum
‘Serratia nar BOEUERE " Escherichia coli. For-

exanpl e, the E. Cqeimistlofithe pRobleMshissified With@bainifg high levéls Bf amino |
Patent No. 5,175,107), which contains the plasm d pVICA0, makes about 85 5
g/ L in 36 hr acifiiprotinction viaaaturakbiasynshesis(¢i 8- ireprestien of thethaoperest by

1 et ol A o A )
enzymat i c aCE&f@afxﬁ% 3 i'thﬁf‘ogeﬁ)ﬁ QRAMDAGHrA BeheS AP enédtlel -dRedback-resistant | -

honoseri ne ki nase oni-ne synt hase, needed for threonine

bi osynt hesi senzyme. With such plasniids,dL-dlweonine beobermproduead: on am indwstrial s

t hreoni ne auxotrophy. 0 . E. cg{gi straip 29-4 (E. Shim zu et
al ., Biosci. seiebrfermentaiondqypcesses employing a Wiig. vagigty ﬁg%“ft’& e X

anot her exanp] : | : : Ml "l : producer.

Strain 29- 4%@1 %{)ﬁgﬁvﬁé@?eg g@ %ﬁhf%&f%@fﬁ?&ﬁb%dn%?wgdtuﬁr%oézﬁi ne-

over produci ng nut gyr @Mgﬁm,mEE.QoHismﬁmBKamrB-]w% elfaboviered , TSN E. col i
AT

strain 21277), into, plasmd pBR322.  which was then

i ntroduced | Matent No.falahi0p)y which contains thy plasmid RVIGHQuamalesgbout B3 j ¢
Bigl. Chem 47:2329-.233 . i : : s about
65?:9 /L of L- tgtq‘éﬁﬁ%rpg i ﬂ‘h% %8%3&1 threbhfteFequitifig strain becayse of gﬁe{?}éﬂé@ﬁs oot ed

reconbi nant  shieBhins sPatfsed BEBKTM B-8996,6t i9thefecombinant plasmid, pVIG40,sms.  For
exanple, the S. marcescens strain T2000 contains a plasm

d
havi ng a t hr thasgrovidesthe erusiel euzymaticiastivisias.|i-a, afeedback-resistant A& &HIP oduct

and 10 rodyces abpyt 100 g/l of th Lpe in_9 [ Masuda
Sr%ai appl ehomotiriie ¥itike Suf ekl Hotu, sk 13t BRedripe fio Nt 005
(1992). Al of ; i ' ' - hy. |

3 Ofhid Bﬁ%&bé gfés? ggx;lfg&ﬁﬁxﬁs the host's threonine auxotrophy

PCT/ US97/ 13359 E. coli strain 294 (B.aShimim: etwi.ngBiesdit iRibteck.oBiechent. t he
enes encodi ng the threoni ) . biosynt hetic e nes, Wwhich
gl | ows over exf‘%r: &%ﬁ‘b@?&)?&gaﬁs‘é a@ﬂ?&?ﬁﬁ%@lﬂﬂ*ﬁg%a re.comgmant }3? co ’%%R?QP@ﬁpr essi on
of the plasm fohlepCediin 96-4Ebimudibd 6 Blofihgtho MHYdRRlH 6 o threonine

cularly a Ing a

-enzynes, parti rA gene encod eedback-resi stant AK | -HD | ,
3] @ARffrbéscifd afutant strainnE. tali Kri(BIM-4efdgrivehfront E. ol straieoni ne.

Qt her exanpl es . ) . B .
ATCC 21277), into plasmid pBR322, which was then introduced into the parent

’5 strain (K. Wiwa et al., Agric. Biol. Chem. 47:2329-2334 (1983)). Strain 294
produces about 65 g/L of L-threonine in 72 hr.

Similarly constructed recombinant strains have been made using other
organisms. For example, the S. marcescens strain T2000 contains a plasmid
having a thr operon which encodes a feedback-resistant 74r4 gene product and

30 produces about 100 g/L of threonine in 96 hrs (M. Masuda ez al., Applied
Biochemistry and Biotechnology 37:255-262 (1992). All of these strains contain



of plasm d-containing mcroorgani sns are described, for exanple, in US
Patent Nos. 4,321, 325; 4, 347,318; 4,371, 615; 4,601, 983; 4,757,009;"

4, 945, 058 781; 4,980, 285; 5,153,123; and 5, 236, 831.

Pl asni d-g%vr?tdgasgﬁ‘?lr’?g strains such as these, however, have proBFENEOVIIF® o
limt their useful ness for comercial fernmentative production of am no

aci ds. . . For exanple, a significant problemwth these
strains i s eBlasmidsg haning maltiple copies of the genes eepdolingofthe hihreonine

Fermont at 1 onbisrsnBedt siiniss WA sllohs oy rBuaeBE of tBom samesaing cel
growt h overexpression Qh% idesﬁiiﬂ’Jbom_EOgéﬁléQ lefichding thredhl :Frs‘h&k#qune}& ecessary

to selectively elimnate plasm d-fFee ce

cul turing, semgymes, pgrtisniarlyya niydagarnietsnooding acfeedbackaesistant AK I-HD I, genes
on.the plasmd. . This sal ution rﬁgowever, necessjtates the addition of one

or’more ant i GRANSS hese SRS toprodhce.largs amennts, Af thrgenine. Otheg examples ci al | y

practical fogs H6d-8 it HI&E,B dnfAss . . ot her

si gni ficant prg&rsem wth p gef;lsm - g%nt al n?rr?gdessf?g?dﬁsfofsexafng%erﬁ'& U;g
stability. HPgtentexioesd,321,325;e 47347318y d53710611; s 49601 ,9881ed4 sy, 0b% pl asm d,
whi ch is necessary far commrc'gabl I%é.practical fernmentative processes, often

brings about HHadN8u4i99% i % K323 and 236.88l.0sci . Bi ot ech.
Bi och ' . " ~ ' tapj ity | |
d:aggngcrennt upon fag%%%dgﬂwmagh%%’)h%u+‘{k?$ﬁq'ie§m° igﬂiﬁﬁﬁt‘t 3r2 Z(rjld

the |evel of lighitstheirweefulness for dommméreiat Erinth@tive ProdictidR of amino acid§O"
exanpl e, plasm d-containing strain_ 294 was nore stable at | ower

cul tivation Fefgsmples assignificantsproyleny withi thesg rstrainscisc¢nsuring dihats thev e d

.al ._.Biosci. Biotech. B ochem
26”9065 100675, §f thE" piabnld Eshefthing' sttt 5 FhaintaieRa O onEheRs | Fhp
m Cr oor gani sfémemitibptoeess bebAuse 8¢ poretidl 8 of the plasmid during cgj %f%@,es cribed

above, have al so been used as threonine producers. Strain
E. coli suchangdivisos0 Tomnaid this psobleinn édisinecessamyr focselartivelynaliminatenal

U agenests g ek er bR dutitk chifiling VICh of By SRipitythe TRAG0Re s 0% EKeS

PCT/ US97/ 133 T A8s i 170, hour s
(Kino et al Ee% 65 gn the plasmid, This sGIAR6H, howeder, "%?%‘3%‘5%@?%@&%%% 8460 does

not carry a oruwrbiantbiotips & thedfeamentation aredium, which is not conandrzially the
t hr eoni ne bi osynt hei;t iC gene]secfgn t he.chronosone. The | ower
producti vi tyP fQr large scaledsFERtaionsy  he pl asmi d-bearing strains, such

Zit i \5/i ties (parti %‘gl% ggﬁi%%&t ﬂ@bl@ﬁ'&ﬂ’{? %8@&%%&%%#%@%%§g§ i)(r:1) as

t &se non- pl siability. dighaxpressjon of ahzymesawhose genes are coded on tRpMs@idi Ngl e
copy of threonjne biosynthetic genes. O her exanples of suitable
non- pl asni d WBIshaS AeResSAIYCHS o sially iractisak fermeatative proesssesplofteni n U, S.

Patent Nos. g/ Cih3nPplasmitf fstaBiility tE 288indAter at BibsGCBioracit Sv o,
59:1095-1098 (1995)). Plasmid stability is also dependent upon factors such as '

cultivation temperature and the level of dissolved oxygen in the culture medium.

25 For example, plasmid-containing strain 29-4 was more stable at lower
cultivation temperatures (30°C vs. 37°C) and higher levels of dissolved oxygen
(E. Shimizu et al., Biosci. Biotech. Biochem. 59:1095-1098 (1995)).
Non-plasmid containing microorganisms, while less efficacious than
those described above, have also been used as threonine producers. Strainé of
30 E coli such as H-8460, which is obtained by a series of conventional

mutagenesis and selection for resistance to several metabolic analogs makes



5, 164, 307; 5,098, 835; 5, 087,566; 5,077,207; 5,019,503; 5,017, 483;

4,996, 147; 4, 463,094; 4,452,890; 3,732,144; 3,711, 375; 3,684, 654;

3, 684, 653w098M4715628; 3, 622, 453; 3,582,471; 3,580, 810; 3, 984cAAIs97ABke
3,375, 173. In both the non-plasm d and plasm d
containing strains of E. coli, the thr 15 operon is controlled

conta E. .
oromoter s 400t 73,ER BEHAEBRie, FE 000K G0 4 S Batsnbolo. <
regul ated by 4746180 UsHiR H-8860abésSHotcatty ©tecSifibitintplhtficindhas it Whi ch

encodes a | eader 'peptide and contains a number of threonine and isol euci ne
codons. Thi s copyi afhthiesthrecnis¢ biesynthetia genbs sorthe whiremosomss e SThéhdowervel s of

e v o
o nouf O%@fﬁﬁ?ﬁ”fﬁeﬁe&ﬁ@ﬁ@& 1o % tivities (p&ﬁfcﬂla}ﬁe level s

are insuffic | eader pepti at e

transcri pti orthbse emobdddebynibe akeoperon) admesemawlﬁamdrmwmg seraisrdafgd,
whi ch, followng franslatiqn, results in increased

product i on ofonipa singleapyRf thesonine blosynﬂleuobgmﬂ {Qfher %Xmmsumhlsps when

: m eggglr OLRNQ'& %&F%ﬁ é&{t?clfl]‘ ::&)rﬁik e@%mémtshe CRYEDS ,hg&r éé‘%ns bcglv the

bi osynt het i ¢ mgnt"Nosar §,376;538| 5y3425766; 5,264, 353 5,217,883; 5, 188 o4g;he E.
coli threonine-producing strain BKIIM B—3996 the t hreoni ne

OE& OR in thé,p64307d 5@98c§$t5|:ol5l.%17.5§6,| t50%A20% @Jodﬁxioé\tm 5/ 748%sul t,
30
Starved for thodTe SHBY:° A5 sl LR AR Il S lsda gLy Ton ' °

gor threoni ne; g4 9\%3 9%}3@5‘7‘ 638 31622,45% €9582871; 3,580,810; 3,984,830; and

PCT/ US97/ 13358375,173. produ0| ng strain, these strains have been
render ed auxotrophj ¢ for. isoleuci, n. or Er toﬁgbt ain a
hi gher |evel of e e noBRIRY andplasmldcontammgsttamso May of

ovgy comi ng atgp%géﬁ | r Fﬁﬁ% of
t hr eonyl -t RNA"an it Q:lalslg g%}{:i 'yP-ét E%Mﬁcﬁlr%?tsﬁreaﬁgselr ﬁ%h ngmr’r%ttgrrf{)mnfcor 5
exanpl e, havipromotérhrAo rdclserﬁtﬁﬁAabqw, hthe eexpinessioneahithe tmative 220mioterdis

decr eased parent affinity r threonine, results . in
over expr essi deselated: by ap E@ igtion mechanism controllg; Y arfgsiop of JANAwhich | ow

| evel of thre {iest B%d@ﬁpgptld]eom Q&tﬁfm%] Yer of tthn?omne and iso & ﬁ]tCeri ol .

129: 66-70 (1 ernen 1’0NN processes using

these strai nssoddAveVEHis région A idanslatedt byl @ ribosome which Bénses/ Bt RiveRterd Wi th
i sol eucine in the growth stage because of their deficient

i S8 euci ne bithesomimdSRNA aub ssodpnsinylfRNA Whendhessuevels aressuffjeient fas cel | s

are il,ved, 0 uci ne.to induce_ ex SSi. f. the

t hreoni ne bi o@%‘?aﬂ ?%mde?obetranagteg &gﬁg’i}%ogl ISRIW%FQ&:E% ntﬁg l?‘hteref ore,
of using natiyged th&qBVdl§ 426 GBifFicfent for the leader pe ﬁe%nbé%mﬁm&cﬁss' on of
the threonine biosynthetic enzymes is that the ce nmust be

suppl enent ed transeription dsimph terminated and the entire operon 1s transcrlbed which,

following translation, results in increased production of the threonine
25 biosynthetic enzymes. Thus, when threonyl-RNA and/or isoleuciny!-tRNA
levels are low, the thr operon is maximally transcribed and the threonine
biosynthetic enzymes are maximally made.
In the E. coli threonine-producing strain BKIIM B-3996, the threonine
operon in the plasmid is controlled by its native promoter. As a result, the thr
30 operon is only maximally expressed when the strain is starved for threonine

and/or isoleucine. Since starvation for threonine is not possible in a threonine-



The antibiotic borrelidin is also known to reduce the enzymatic activity
of threonyl tRNA-synthetase, and thereby inhibit the growh of E. coli (G

Nass woosis7is €t al., Biochem Biophys. Res.” Conmun. gdr8dqf1369)) .
In view of this reduced activity, certain C- -
borrelidin-sensitive strains of E. coli have been 20 enpl oyed to

produce high |evels of threonine (Japanese Published Patent .

Appl i cation Iprodwring strain, these strains heveybeensrendered uxotrophic forisoleaciner r el i di n

to the cultur, r I L-t hreoni ne. Borrelidin-
sensitive str 'o\g@esrt;)%&%?’g%%&rl?@n%gtﬁ%@nﬂgacqeri um have al so been used
to produce high | exfétheroiay bf Svsitdifiingaransivn doatiolis ddowesthbQétdls). 25

Borrelidin-resistant mutants of E. coli simlarly exhibit changes in -
t hreonyl t RNmfsylnmmslrtE%\aadmulsgleuwle%cnm;wuyAWmS‘rmutant nfqre3| st ant

feafi ures: (|)CXEB‘H£°P£?I ha\éﬁﬁ’w eﬁﬁ?& ?’é‘é@‘&cﬁ?@bﬁ@d d type
threonyl tRNg @ Or i fsfltmeéhﬁﬁctrem!slm abéreallﬁléssmn the thr o ggrq&thfeony'

t RNA- synt het a sone unknown cel lul ar teration, y 30
due to a nenipresmmabipnige toGhe towsleveldofIthréinyERNA GH—:BSJdlmsbn eB&il&Z 186
6 \WD.98/.0471

PCT/ US97/ 133pcteriol. 1386&% 8977)@'1974)). None of these mJt ant strains,
however, has been : : Yideon of
L-t hr eoni ne. fﬁ%ﬁn&ﬂlﬁh&ﬂ]ﬁmssefusmggﬁsgfsﬁﬁ{s |scus§| on j’}govet t here

rergins a neest supplehenidtwitioisoleucine in the growth siage 0&15@@@ of theit deficientwhi ch
efficiently produce am no_acids such as threonine, = but
wi t hout the iselencing bipsynidesis.c Pupsequently i the @r@iucnﬁe stage, the cells are.

e % e rpbRE i Bheppng g ntuce expresion of fe kB TAGEnAREL =t ©

efficiently pegmes A hiajorQithwbadk) thérefory, ¢flviting RativewhiedhineGpromoters do
not require any reconbi nant Pl asm ds_contai ni ng genes_that encode threonine

bi osynt het i c tosenmelsxprassion of dedbrepning biosyathetia ensymes is thatithe eslismust
requi rements et objects, features and advantages of the

present i nverm %me@%w%fs%%ﬁ“}? in the detailed
description of prefgs affhitiEnateiaH & al%o%'tb%&ce%ﬂé’ehﬂnﬁh%fctacﬁbi

be apparent fromthe description or may be |earned by practice of
i nvention. . 5f threonyl tRNA-syfithetaseo i therebrinhibitl thergraytsofbF. d:dlwe((} ANVass t | on

ill b | i b h | |
i ntod oo |4 A Bt ety Kb Goma. 3484196 PR el 6 ' 211 Y
These and ot %Hﬁ&t&l ﬁ&iv‘-i%yar&réﬁf PePletidiiedniVive NeraiRt gf’# &1 1h6e Hek ent

i nventi on, in a rst enbodi nent, +s directed to a process
prxuci ng employed to produdenhighclestels smfcﬂxremuﬁe (Japensse nPyblished PPa&mmr i ses

the steps of culturin Str
P Application No. 6752/?6 U.S. Patent No. 5,264,353). Addition of borrelidin

to the culture was found to increase the yield of L-threonine. Borrelidin-

sensitive strains of Brevibacterium and Corynebacterium have also been used
to produce high levels of threonine (Japanese Patent No. 53- 101591).

25 Borrelidin-resistant mutants of E. coli similarly exhibit changes in
threonyl tRNA-synthestase activity. More specifically, borrelidin-resistant E.
coli have been shown to exhibit one of the following features: (i) constitutively
increased levels of wild-type threonyl tRNA-synthetase; (ii) structurally altered
threony! tRNA-synthetase; or (iii) some unknown cellular alteration, probably

30 due to a membrane change (G. Nass and J. Thomale, FEBS Lezt, 39:182-186



20 of E. coli in a nmediumand recovering the amno acid from
the medium The strain of E. coli used in this process has
t he fol | OWiOr98/04T1&r act eri stics: (i) it _ cont ai PET/AISYRIB3EY C
determ nant of am no acid biosynthesis, such as the threonine -
operon (which encodes the threonine biosynthetic enzynmes), on the

Chronosont - (1974 ) None of, HME "mBARE sRai] 1AWAVEY, "ile BErPtRER'sBE 'mand (1)

it does not requrr reconbi nant pl asm cont al ni ng
genes that eferagatative pooductiohiofdy-tiirbenine. enzynes to produce
t hr eoni ne. JAnot her tﬁnbOdi ment of the present

i nvention is diredhadew ®fdhgidiscyssien apgve, there remains a negd,in the,pxtifos of a

strain of E. i ' . abhav [ Sfis . .
An addi ti onalnﬁgllr%wgh%&?' é“"ﬁ?g(gien fﬁ%ﬁ%‘%’ﬁé Fgldars‘rl%lc?sewgﬂg *process

38 but withoB t8e Ppeoblems Absveiakel withIhstarofithé Afteoni ne, which
conpri ses the steps of .
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PCT/ US97/ 13359 cul N0y a strain of E coli in a medium
and recovering the am no aci‘%u'fzm We'i'heglnventtmn medi um wherein the

strain of E. coil 1} Sis" ¢Rdreford!t art Ootieét’ i flen- t i tion t s A
further enbodi mantI olfs t he presento'?hjnventior(l= ip;es.g?r.elggreexa 0tno g Rire%vﬁ%% of
produci ng a sticmiorganisnis which efficientlyipraduce Lithrepuinerin high yields,tndwdticlon of
am_no acids 5 . such. as, t.hreqni ne .whi ch co I se he steps of
(aP i nt r oducidfgotsquire enmgthmnnt plasmids contaifing Wﬁﬁg{ﬁ"gnﬁiﬁt@’mmﬂe

aci d- produci hheROSE9RIes Bd prefrdBiehAR O MRSASR:i@huthifiofal requirements.

col i auxotrog%sg}é as to renderﬂ%hat . coli prot é.t rl(l)pﬁioc; (u)ue?lr?ger-ti ng a
_nﬁn- | IOther queansa]gfeatﬁrepamhﬂmtagers of tlh@rqzslqnnnvgdimgl_ \biélflmahet forth
chronosonmal [,o¢atj on t he,. am no i osyntheti ¢, genes to
control the é&ﬁ}e;&f&ﬁqﬁﬁdﬁ?@%‘r ?fgﬁ&méﬁﬂbBﬂa?eF‘gi‘h%%&W% anXm](ags wﬁ%m)vi ng
am no aci d nyibbdeidorh A¥-esG it norhdy BYMAREd b Prdckce bY the invention.

hi ndr ances t?gaam’no amné bi osf/iﬂ?hesirs fyr omthe cg?,ggrmsorre. © invention

]Ict.|5: s to bg Wwﬁg@aﬁdﬂv@gﬂd&h@nhﬁ@bgmﬁz?ﬂm&bym agd t he
ol | owi ng detai ped descriptiaqn are. exenmp nd. expl anatqQry only and are
i ntended to ﬁ?ﬁg‘i"g‘epaftéﬁ“(l?{ﬁfp%‘ﬂ %f’?&‘?vﬂ:ﬁ{ S?W@%ﬁ“ar?&aégéae%ﬁg d. 15
Brief Description feslhi\btheSobjects are accomplished by the mittods 6f ﬁwgﬁé’é ntS_the
construction of plasmd pAD103°from Kohara's I nb(?a 676 and
pl asmi d pUC19nvention, which, in a first embodinsényuis dirgctdd pé e tpsodelefarqueducing i on of
pl asm d pAD106 .from,pl asm 0 . AD103 and pl asnmi d pUCAK.

Fl gur e 3 dep (AN B w88 HbieopipoMhish sompHSEAR 18P PRI iEGA rein

PpAgLO3 and p'o??i”c@liﬁh, 2dim and recovering the amino acid ffond tefmédidfP! The the

construction of plasm d pAD123 from plasmd
strain of E. coli used in this process- has the following characteristics: (i) it -

contains a genetic determinant of amino acid biosynthesis, such as the threonine
operon (which encodes the threonine biosynthetic enzymes), on the chromosome
under control of a non-native promoter; and (ii) it does not require any
25 recombinant plasmids containing genes that encode threonine biosynthetic
enzymes to produce threonine. _
Another embodiment of the present invention is directed to a biologically
pure culture of a strain of E. coli having the above characteristics.
An additional embodiment of the present invention is directed to a process

30 for producing amino acids such as L-threonine, which comprises the steps of



pAD115 and plasm d pAD106. 25 Figure 5 depicts the

I ntergration of the pronoter region fromplasmd pAD123 into
t he chr onyp@Lgefhs E. coli. Det ai | ed Plzﬁrzﬁ LRkion of
Preferred Enbodi nents of the Invention ggﬁﬁsgt -

enbodi ment, the present invention is directed to novel bacterial 30
strai ns which . be used 1p fer.nmentaj.ion processes . for the production of
8 c%g\&jl@g) %tt# fg‘iirmam um an recovegng the amino aci% from the

PCT/ US97/ 1335%hedium, wherein the strain o¥B. @6l #iediSani B op¥aln, bact eri al strains
of the present invention have the fol |l ow ng

characteristics: A further embodiment of the pregént invention isalitesteddohanethad of east
one thr operon, j.e., at,| t opne f . . the genes
encoding the. PHAEREASEHRSL I R AR P femeppivpaod et it acgle.
undgr the conkidy asthrednite Whithi dofiprideSHalskps of ) i troduci.g% enetic material (')
the cells do not require any reconbi nant plasm'ds enco ﬁg the )

t hr eoni ne bi ofnont Artamine acidrproducing mieroarganisno dntodhé bchronwosome of an E.
Preferably, the,inventive strains, are tggpgfgle of producing at Jeast about
50 g/L of  L-t KPKSHKPOPH 585 10 rausien JtE. Al BrietEqRtiGi by insertingsa moahout 70
g/ L 0 s o ufoka&uirn r .east .about 80
g/L in about gﬁt%eotllr?’s, t&”ﬁm@ﬂ&ﬁm@dﬁﬁﬁﬁé@%&@ cﬁ%@@é‘%‘}l 36%%@&0%5?6 | east.

about 90 g/ L aminbdeid bidyrdiheticzenty &f conal the expression thereof; and, bptforallyent i ve
strains are capable of producing at |east about 90 %/L in about -48 '
hodPs; nore pf@f HWMPYIPE aaming, 3¢id, Puiritiongh requiremensydor and/oromegulateryd nost

preferably at out . . ' ' out 48 hours. 5
Preferably, tﬁ@%@%?‘? @@@#&é‘?ﬁ?@é@@ég‘% @'%oqlhp?)'ﬁg%?&an L-t hr eoni ne
at a rate of at |easi t@b@mﬁde&t@dmfbomaowg@m{gé@km dbschipish an®et 2. S
g/ L/ hr, even nore preferabl east about 3 g/L/hr, and

t
nost pr ef er abfellaywing edetainedhdescription are exemplary agd @xplapatory, only and are

" DT e SRR on RO 1272, 2150,

pr @ducti on of ' threonine, i.e., the cells do not require
am no acids supplenments for growh and . t hr eoni ne
producti on. Brief Dessrippniof Prawingse present invention, the

i nventive bacterial,.strajn does . nQt_r e r econbi nant
pl asni ds cont ai ni ng’l%‘ﬁsafoae%tﬁe‘haéﬂﬁiﬁ"{%{' o&p&quggﬂﬁfdg homaﬁﬁ}‘%rﬁ ne
bi osynt hetic enqydRre7d fd pidre@PwEIPr oduction, i.e., the strain is
capabl e of producing threonine w thout the need for one or nore of the
t hr eoni ne bi osynt h&iguwrechdgpiots the donstuctimeof plasmizhpADI06t fromeplasmida
20 pADI103 and plasmid pUC4k.
Figure 3 depicts the construction of plasmid pAD115 from plasmid
pAD103 and plasmid pkk223-3.
- Figure 4 depicts the construction of plasmid pAD123 from plasmid
pAD115 and plasmid pAD106.
25 Figure 5 depicts the intergration of the promoter region from plasmid

pAD123 into the chromosome of E. coli.

Detailed Description of Preferred Embodiments of the Invention
In a first embodiment, the present invention is directed to novel bacterial

30 strains which may be used in fermentation processes for the production of



reconbi nant plasm d. The inventive strains may, of course, optionally

contain one or nore reconbinant plasm ds as desired. For

exanpl e, Whisse4msach 30 pl asm ds are not requi regdrissisBseoni ne

production, the inventive strains nmay nevert hel ess contain

reconbi nant plasm ds that encode for threonine :

9 . 8/ . . . Te -

oCT/ Uo7/ 133E5in0 4685/ PR hovel bacterlal strains of the present fnvention have,the e

t hr eoni ne pr fallowing charBbteristicsent | ve strains may |ikew se

contai n reconbi na é pl asm qg encQdi ng ot her enzynes i nvol ved .
P hedhees

i n threonine bi os¥it he (FORt2AR ab kst qng 2 8@%13&4 tenmpt keast one set of

dehydr ogenas (ﬁag i . : : . fﬁ{iﬂB! rerd haventive
bacteri al str&e’i“l S éregégsh%iﬂrﬁ%mgfoﬂg%ﬁéors cw:g{éggo I . SYO“ HE& S
preferably, uhder thy eoitrolcoftrndmnatile profmtarsand e strains of E. coli that
exhi bi t resi stance to the nacrolide anithiotic borrelidin. A

particul arly pref &) ed the cells do not requigsampresombinantplapmisdstencedipg dher i al

strains is E, col. r.al [ - [ S . . deposited at t he
Agri cul tural tqigg!élﬁ? @ip%é%ﬁ%;ﬂ%?ﬁ%ﬁ@ﬁ%@@&%ﬁ t’(”fﬁﬂﬂlﬂe; 0 1815
North University ly, teinventivel dttaivai ave ﬂﬁﬁd 996
and assi gned acce?gfm;%br?unber NRRL B—21593.6£ﬁg$0 uélﬂgiHIb%stza%ou he

t hreoni ne ('t 56/l o€ Lethreoninetia abbutcitbanrs, méretpreferably at leasttabeut 70 g/L
T Ve Dot B B e RS L PUALTS NBF SRR Lok freonine
(thrA or nethyg nfasm?ﬁgsg iR St 43P0 gh.r B abofif'50 Robdd! SeFAGIFY N hase

gene. More prefer r operon consi sts of

thr A (the AKthe-infritivgstreins are capable of producirghut Feastiabdut90. g/Blintabbhed8 hr
operons may be obtai ned, for exanple, coli strain

f E.
ATCC 21277 aRBuEs: mars Daglerably 5 deastpeout h%"pgf& Bnabiqus #8skeuss.nand most
ATCC 21277 i 51'63258‘51,)%'1%*é‘g@{ﬁ@%{?ﬁ%@éﬁ&n@'iﬂaﬁ&ﬂ'fsshoqfrs.t he thr operon may

0 ese

Preferably, the t Prefeidiythe nventing setiink afstapable ofProdiding LAthesbraene, i.e.,
expression of the gene is not suppressed by the |levels (extra- and/or

i ntracel | ul apYa &ite of @t lnastahout 32/kAE, morepraferablyi asdeast nbout@.5g/uhes and/ or

it ESe ntive st F‘éﬁ'"rwrggg%bt‘ 33%* ﬂg{t%%ut(?,egﬁ,% Hf“icﬁﬁ"sgg?fﬁr}“%}@ﬂﬁ%%%ﬁ i:o-rl;'? :i ns
a defective slggaihenuator (the regul atory regi on downstream

of the transcription intitation site and upstreamof the first
structural gene) d&nagparticulaglyepreferxedembadirkent; the ndvel badteninl strainsallscoget her .

In,a particularly preferr enbodinment. of th resent jnventiop, the thr
op&ron encod gveb\{}_g agpnw@d F‘é‘glgﬁ%lk!e}qgg?@?%tﬁ%of Iﬁ?ré‘lﬁ%’éfeti?%g‘}‘m%?ﬁhc
enzymes, 30 threonine, i.d., tBe celld W AGirbiflite/arkin taEﬂsﬁv&e@x ' rowif'add t €d by
the extra- and/or i ntracel Ul ar ® ° I e{@e%nfﬁ%} o?vﬁ?éeéarredi ates
and product sthréonihe produntiomi osynt hesi s. Most

According to the present invention, the inventive bacterial strain does

not require any recombinant plasmids- containing one or more genes that encode
25 threonine biosynthetic enzymes for threonine production, i.e., the strain is
capable of producing threonine without the need for one or more of the
threonine biosynthetic enzymes to be encoded by genes contained in a
recombinant plasmid. The inventive strains may, of course, optionally contain
one or more recombinant plasmids as desired. For example, while such
30 ' plasmids are not required for threonine production, the inventive strains may

nevertheless contain recombinant plasmids that encode for threonine

9
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PCT/ US97/ 13359 preferably, the thr operon-contains a gene
that encqpgsggysigedback-resistant AK- - HD, s:t%}
f eedback-resistant AK I-HD |I. Use of a feedback-resistant - I€§97ﬁ33559

HD provi des a higher |evel of enzymatic activity for threonine
bi osynt hesi s even in the presence of the L-threonine being

produced. 5biosynthetic enzymes in ordertp ngreas Wtiosni Tle Bierdye s). in
the inventiv Shé ' S . . . mﬁ'ﬁ - i
pronoter, i -gt- , ap Olrm§ Yise cpntain, recombl g%?f{sr o{isetg%e Btz Ryniss

expressi on ofnvohedt lih Ghfdoninel rbibsyntisdsis, bandler asil agpartatenssemsialdghyde f ound in
nature. Replacing the native pronoter of the threonine biosynthetic enzynes
wi th a strondehydrogenese@séronvter to control the expression of the thr

opgron 10 sul t.s | 0. hi . i 0 Lon even.w th only
a gi ngl e, genom CPE%B?{)&%C mve&@ﬁ%f{ﬁ%@ﬁ%%%ﬁﬂwcﬁﬁmybm si nce
a non- nat i venyre pRiférablys theSifieritive bRctefisl strains are strains of E. éd}athgrexhfisi on of

t hreoni ne operon, it is not necessary to render the bacteri al

strai ns auxotesistdrice tbothei matrolide ramitbiotigcboreelislin.hi 4 partinalarlyhpreferrede

. producti on. . Jlystrative.exanpl es. of .Syl |l e onot ers

i ncl ude, but SXAmPIRAf the FH"FBGV‘? g@‘?’ﬂ‘é‘ %gms is B col &alﬁlgé{'ﬁ'o %Wk he trp
pronoter; thgetde A ghfeultifal IReBEHER SeABES Chimtd Cofiedtion (NRRL

pronot er; thge %b‘%?g?r‘bfe‘“ and at he tac pronoter. Partoi culoaltlr y-p'r()a’ferred

f 00 1815 NorthsEniversith Stieet; Peoriag Hlincis 61664, USAaionJuns 28hi99Gc

pronoter. L . I n | t] to the threoni ne operon, the
chr onosome 'i And pssigned|agcessiopgumber pﬁijgt%.gf593_i nventive bacterial strains

ferably al ' sBfhe2 |
cepart ate”sent o adhy ol (A7E eSS AL CREERERET Lt st 4L, oo

in the cell sipfentihe taceahtstiainse ehéodes chot azymest ndcessaiy doe thisbngiene, at
| east one ) . thrA gene, at |east one thrB gene_and at |east one
thrC gene. Thiosynthesiss dieferably, the threonine ppgron spnsistyofan ABHE genaul t i pl e

ey ar ogenas 00 ahpel aPDERTIRERS: gspe (Bl and 4 Freopips grupall ER' "°

to a-am no- [mre). -Mé)pt&etm?,eme%ﬁ@sibmeémm oF thed)(the ABETHHD | Yene)) ef erred
enbodi ment, the chronosone of the inventive cells further contains at |east
one thrB and she€CeSuitablet Werceperors may pe obtpiness or examplgefrom Fhe

def [ dh ' . ' | | of
Gt v LS TR i TP TPk AR e
a threoni ne defeydReFENATArABMAR! prléfertddd Mﬁﬂiﬁl@@oﬁ@@ﬁf‘ﬂki thr 3Peron may '

activity relative to that of native threoni ne dehydrogenase. Preférably,
t he be presenter thetdhwemostimegiene enpl oyed in the inventive strain does

h ' 471
B(C):Er / lngg ;/eig 3t5 9 reo [E“Irgfceerably, the thr operon cox\l/t\gng g( lgast oge non-attenuated gene, i.e.,

expression of the gene is not suppressed by the levels (extra- and/or
intracellular) of one or more of the threonine biosynthetic enzymes and/or the
products thereof (e.g. threonine and isoleucine). The inventive strain may also
25 contain a zhr operon that contains a defective thr attenuator (the regulatory
region downstream of the transcription intitation site and upstream of the first
structural gene) or a thr operon that lacks the thr attenuator altogether.
In a particularly preferred embodiment of the present invention, the thr
operon encodes one or more feedback-resistant threonine biosynthetic enzymes,
30 i.e., the activity of the enzyme is not inhibited by the extra- and/or intracellular

levels of the intermediates and products of threonine biosynthesis. Most

10



dehydrogenase. Illustrative exanples of suitable tdh genes that do not

express t hr eoni ne dehydrogenase include a tdh gene having a
chl or amphemo®8bh4715 acetyltransferase (cat) gene ipSHtESHsdt0 it
or a tdh gene having transposon Tn5 inserted into it, -as
described in U S. Patent No. 5,175,107. 5 The bacteri al

he- mot hods. aRGEPBRNA 2 SRS voRps Aette BREEtegy n Sdbeak eslant AKcne ar

[11ustrative e1o/Thictsd febdtabRalsiriRARIHIY! R #BHBAR ElRmhfNRO! [ Ve

bacteri al strains include nmutagenesis using sulte agents
such as NTG dEDeprowidesachigher level of enzymatic activityhfordhreoninesisiosynthksksy
transformng linear DNA fra ts. and homl pgous 10

reconbi nat i onSYERP Wﬁgﬁ%ggg&% weopipe PeMg proguceder i ophage P1. These

net kods are well k L & t : i f. i.n J. H
M | :Ser, Experi rrent;ﬁlmr% %?SI &él% gﬁ%ﬁ?ﬂ@ﬁ? gg#%gﬂ&%%%%rlgtory
Press, Cold Srohmallédisyos hon-hetiverpromotd7.2), a prothotdf thhdoeshobiesfifrolGaer Se i n

Bacterial Genetics, Cold Spring Harbor Laboratory Press, Cold Spring
Harbor, 15  expression ofNdg tpoperembbE: cpfi tac stratnsnormatly foradds &

Genonres, Uni versi . . ' MIJ. Val , California
(1991); J. SafB {Re@a&mglgzp? pattye gﬁgﬁﬁgf& 13 fifeontilc q’”’f%ﬂ‘ﬁ%?@mﬁﬁl ecul ar
Cloning: A LakgifinhQirend/RoHdative froifloter fePéchtrol theék ressionpothhe thr opdiéh PO

Laboratory Press, Cold Spring rbor, New York '(1989);
KadOman et al resultsrathigher shrepningqproductionceven with enly Misihgldsgénoniic ebpyy and

20 dici ne Press, Boca Raton, Florida (1995); Methods in
Pl ant Mol ecul & e OPemH% a‘{(gﬁ%'?’ogéﬂ’/ceﬁﬁmwﬂv&c?fﬁm%ﬂf% R0 @gntrol. and
J. E._Thonpson,ih&ggpressihirofitftésnine operon, it is pot nedd dctidiag 1993) ;
and P.F. Smth- Keglgp)?? I\/bloecul arneGgRel:toincg 1(s)fno Saty ¥ kétider Else%dé:” chi a

coli, The Qui Istraind aRxetsephit\éw isoleucing\to ¢ct@d@)this higher threonine production. | n a
particularly [ f the inventioon, E. colj strain 2 5

f d enbod ) S
B7oT23. wihi oh TBSEAtIvE Examples, of suitahle PERTROEFS IAgS.ohut as nat imiied 8:dhe
th i . i < L.at ti t
NS0T 0e (e laf promoter; 8IS Biihotés! Y P prbfidte G pRBRAGHER I By 1o/,

whi ch may be qibmbreefitherippptdrmotéreandcths 3y pomoter. Particularly 2pr€ﬂ=|rfeﬂrf6r

Col l ection, 12301 Parklawn Drive, Rockville, Maryland 2085 USA.
This thr oper & g inyentiye bactegialisfrains isdhe &2cprometsrar t at e

ki nase-horoseri ne 318ad ition to the ﬂn&%ﬂyedé&g&ﬂ%ﬁgcﬂr%ﬂ?osséh h’g‘)sﬂée geéﬁgo erine

ki nase gene (thrB), and a tt?]reonl ne ( %ir O .

12 inventi¥® baGeHidl’sthains preferabl¥ also contains at least one gene encoding
PCT/ US97/ 13359 o inprove threonine production in

t h&0i nvent i ve aspartatesemialdelsyde dehydregenase (asd). Most prefiarablyitheechiompshmeienase

f E. coli i.n QGSC6945 (r.el t type: |
Dahe 1. ont 12198 tha,Galls Bt e areRRn feBhSh £t ablenss oo e spie Bcad gie
Csborne Menor ishid p&He0 hiteldt one PRBEENERAY aPleafionb P8H6 pefd! erid UniEindkdnie New

may, of course, contain multiple copies of one or more of these genes.

Threonine dehydrogenase (tdh) catalyzes the oxidation of L-threonine

25 to a-amino-f-ketobutyrate. Accordingly, in an especially preferred
embodiment, the chromosome of the inventive cells further contains at least one

defective threonine dehydrogenase (1dh’) gene. The defective tdh gene may be

a gene having a reduced level of expression of threonine dehydrogenase or a

| gene that encodes a threonine dehydrogenase mutant having reduced enzymatic

30 activity relative to that of native threonine dehydrogenase. Preferably, the

defective tdh gene employed in the inventive strain does not express threonine

11



5 Haven, Connecticut 06520-8104, USA) may be introduced by P1

t ransducti on. The resulting threoni ne producer may be further
i mproved o BKApEN Zi ng with NTG and/or sel e?@rﬁ%ﬁlﬁfss
borrelidin resistance. Pl asm ds carrying an 'an-l%i otic
resi stance marker gene, such as kan (whi ch encodes for
kanonycin resistance), and a strong pronoter, such as PL 0 - or

tac, prefer abl¢hydregenase. Hjlugiativeexamplesobsuitahleadd genes thatudo motiexpressase
pairs of the wld-type.thrA gene.(i.eg., t the Qle thr ene),. nay be
const ruct ed a%%% Q@YQ'QEE é’g"tl‘b&dé'l i?&ergef‘ﬁe a8 P f@nts into
the | acetﬂuﬁﬂf&‘i?é&%-geﬁé‘ﬁméﬁ,&ﬂmk ofll :Mg&!mmg%%ﬁﬁ P! at ed
by digestion wt a suitable restriction énzy an

and then i nt r abertedlinto lit, as desctibed in U.S. PatentNon$,135,187i on or

el ectroporation, into a strain to _renove the control Pfri;?i on of

t hr 8oni ne operon ardebapietalstrainsof the present mysntion-way, be prengred,py any of

desired i bl QL isf . e Si: ker gene
and a strong S}eo% é)rds g@ﬂ?ﬁc{eﬁmﬂes knibwn 443 m&%@#%itﬁﬁ%&t%&éﬁ%ﬁ?&%i Thi s
fragment may Digtrative élaaipiésoristitablonettiods for constructing the invéifivedat@tial

resistant strain by Pl transduction. 2 0 - The i sol euci ne
requi rement oftraineinsludgimutegenesis ugipg switablepgrpls suclyas¥FG; gene integration may

be elimnated, for exanpl. i Nt oduci ' f the marker
through P1 tr STEBTRES. ¥ 1%%‘3,\,%#@%5‘%{‘ | %@W%%&@%ﬁﬁ&@?ﬁéy host s
nmy o recombiR:ion® "#d ansduéticn felted By Ré bﬁéteﬁ@?mg%i Py, Thes! her

met hods known and available to those skilled in the art. 2 5

A second enboadietkods are welbkpowndnithe asteand are describede dor gxarplehdn Jd&. of

br oduct | on' of MERoREE s in Hoidtulit, Gehenet Kok Sori RpdbgR iaporay ' '°

exanpl e, Press, Cold Spring IMbat, sl 'Pork (19705 YIE. Millet, " SRbirVCoktss b | al
strains in a synthetic or natural medi um contai ning at | east

one carbon soBacteriabGehetizs Cald Spring Hagbor Isaboratery diress, €0ld Spring Harbor, as
SPREOPT 2t 10T A BB By S bk 853, Wl U s, vmversity
PCT/ US97/ 1335%ciencq B%oks, B/Il%l Valley, Californik '(}@lﬁ;af.'Séﬂ}b%éﬂp%.‘i@ B}its&ijéﬁdabl e
car bon sources 1 nclude, ’but are-hot Imted to:

car bohydr at es T.9Mahiatis, Molecolae Clbringt Adaborateryadenudl; 2ded., Cold Spring
hydr ol ysate, cellul ose ‘k%;jrol ysat e and npl asses; Qrganic_acids, such as

acetic Harbor Lahesatory pPesss.ofold Spriag Harberc New Jorka(1989%cPeB- citric
acid, and fu ' ek 9!4!: S :
[Ilustrati vqu(a%%p‘gf’qgw gg’f gf %O{ercglgagna%slgé?%@ Aﬁ%@?ﬁ%?Bg{ﬁé}g@ not
ligioted to: am&iiéine, CRC Peeks BocRaron,Flgrda €085y Merhoils in Pia3Molecul@oNi um
salts of i no&gni c or organic acids, such as ammoni um chl oride, amoni um
phosphat e, anielogiard Biasecinalagy .o (Flisk 2ad d 1B Thomprono eder GRG Pegen-

Boca Raton, Florida (1_99_3).; and P.F. Smith-Keary, Molecular Genetics of

Escherichia coli, The Guilford Press, New York, NY (1989).

In a particularly preferred embodiment of the invenﬁoﬁ, E. coli strain

25 472723, which requires threonine for growth, may be converted to a threonine
producer using P1-mediated transduction to introduce the threonine operon of
E. coli strain ATCC 21277, which may be obtained from the American Type
Culture Collection, 12301 Parklawn Drive, Rockville, Maryland 20852, USA.
This thr 6peron consists of a feedback resistant aspartate kinase-homoserine
30 ' dehydrogenase gene (thrA), a homoserine kinase gene (thrB), and a threonine

synthase gene (thrC).
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0 cont ai ni ng, including nmeat extract, peptone, corn steep

| i quor, casein hydr ol ysat e, soybean cake hydrol ysate and
yeast extwaolig/o471s After cultivation, the bciﬁﬁ@ﬁﬁb&@ that
has accumul ated in the culture broth can be separate
according to any of the known nethods, e.g., by use of

i on- exchange resi as descgribed in U S ent 5, 342 Thj s nmet hod
5 ° i nvol RWY%&“F%PW&“W@H P BRVeD N?§#§“‘F¥é%d°fq’9é“’8ul{ure

b h b h
b; gt h t)c/) about gnme dehﬁ@éénhéé’%hé Oﬂ.ﬂﬁn?&‘oéﬁflgrsﬁ?djacs(?%996% a@agp{!}ttede

solution is geﬁaypmedh-l]y cpﬂ%&cbhthnedjﬁbnaheE coli Genetic Stm:krtbastméxy 386i di c
cati on exchange resin and t he adsorbent el ut e&ﬁum n | lute

aqueous anmoPskorneMemeriallabaratorss fAsnegmen Uninstsigh e, o
cod1 i g pr ovitiiveH, C ol 353%6%263”8351%“‘3‘9%%‘9&“%“%%%aﬂ‘%‘ﬁ‘meq”em

r €oni n ér am no
aC' ds of the FepREEhe thitdhine dpr@du&& 14y Be FadhdinipibVediBy mutagenizing
simlar to that descrl bed in tail above. I|sol eucine, for exanple, can be
pr epar ed frorwnhnHTG\a@d{pre@lem@nbsmbdmemtaa%t a| ning, on the chronpsone
or 25 o] smd. an a Jed.lvA or tdc _gene,, both of
whi ch encode rhas‘ﬁ‘da mgea‘?liarr - g‘ﬁrﬁeﬂﬁ'g'gce |$‘§’F’ éﬁ%/ﬁﬁ kf’ﬁvol ved
in the bi OCO’I%?&! &Hieo@és for kanomycin resmthﬁéegoihd‘fsﬁang PRIrRotet,ich as Py
Amplification of this gene, for exanple use of i1 VA
geie encodi ng:raat,epn&fmabdyrf&ﬂ{sd bmtDHAqusﬂ'pammfdhrA end adewdnmdred bspnt hesi s
of i sol euci ne. arly n be repared

thio
by ni croor garﬂaéfﬁs"’fs%hwé@‘t@e thrA gene (' e not the W mlll ttﬂrcfglgFﬁ‘? n T88Y | East one

rlrzt operon 0 %h&ﬁ:&&(@&g%ﬁﬁ%geﬁclettb QeliFdrlthd8&ifred DNA fragments into the

PCT/ US97/ 133 %hromosome. The fragment (ﬁmﬁieqﬁasandmhysbeﬁiéolatedﬂ dﬁgcstichewitht A gene
(honoseri ne succjnyl transferase),

(cyst at hi oni rfe SyitaBle IesiEiction (engying: aady @HEﬁE‘éry %%tth?lbﬁpﬁﬁ@d‘{"é y ]thwsbe)

") udi ng 1 cRRIREP O B ERet JRPRINS 1) ASaE] GMEARSE sd DERFITEROR of

non-native  threonine operon and¥epiacs Rlbqudl@du@&édéﬂwiﬁildnﬁﬁm tli‘@dés'itléﬁ nosome
of the host m croorgani sm according to one or nore of the

general et hdu@mﬁrﬁ,dm sarjantihiotic repisabee faprk@n gene and a strong promotep at ﬁhsse

skilled int | rep b r QOr,

t hat contain "" gﬂ%n%&i%he%\,\*%@gﬁ tﬁ’(gflq% ﬁ%g ("ﬁ& 8r ably a
f eedback- resqﬁ;rpd]{dn{ye%imtlgtrgﬁ,yﬁypguagsmﬁuﬂe encoded by |ysC and/ or dapA)
0 optionally, a non-native pronoter.

A 2thi rd enbodi mentThff isoleucipe cepirement/efi the stainof dhe preferted bosth47228, of

borrelidin- reS|sat bactelal St ns .in, fermen i 0 sesfor t he
producti on elimina «l?éS r’ﬁ‘tﬁ‘@“"wgé’f‘@{l‘gb{&? a"t%{?e"cfe marker

borrel idin-r &Jgfmé&;{s&kdﬁ% amwaﬁéﬂuwénamﬁu ts of other hosts ma§O! |
strain. A pa?ﬁ ar | y pr ef e?r ed enbodi m;nt of Sugrrr]lexa r?u'?ar?{ ?ss II%mgcoll

be removed in a similar manner or according to other methods known and

._r‘—

-

available to those skilled in the art.

25 A second embodiment of the present invention is directed to the use of
the above-described bacterial strains in fermentation processes for the
production of amino acids of the aspartate family. L—threonine, for example,
is obtained by culturing the inventive bacterial strains in a synthetic or natural
medium containing at least one carbon source, at least one nitrogen source and,

30 as appropriate, inorganic salts, growth factors and the like.
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5 strain kat-13, which was deposited at the Agricultural

Research Service Culture Coll ection (NRRL), 1815 North
Uni ver si tyokpfRs. Peoria, Illinois 61604, USA, PCTmsggﬂsjjsgne 28,

1996 and assi gned accessi on nunber NRRL B-21593. -
Borrelidin resistance may be determ ned by any of the accepted nethods
known to those skilled . n the art. FoQr_exanple, borrelidin-resistant

strains can 0 llustrative egamples of; suitable carban sepreescinelude; dut ersnoti ns on
m ni mal  medi -contai N e M borrelidin, as
described in &ﬂlag@ an 3@ Iﬂc?r’raf%cn ASpECoss: frucikel E&Jrose, Slage 182. 186

(1974). I n ahgtirblysate, belluleveilidrolyeste ahd RRasses; ®REAni¢ Aeillt e s iadetic
mani fested as a change in _one or nore phenotypic characteristics of the

cel | s. acid, propionic acif, fesmigacid, malicrasid, gitric aeid; andifimarig anidsamdf E. col |
strain 6-8 a | t.s 2 derivatives appear round, rather than as '
ro%s. I n sucﬂg@ggi’sﬁuégwgg%gﬂbf a change in a phenotypic

characteristic mynfafivé Ekahples of Guikihisl uitfole sodRes iix_il_élhude, but are not
e

borrelidin-resistant strains.

borrel i di n- r imited toytammeniatiscludiag amnionia gasand mquebusarmmanriia;tdnemoniage nt

i nvention are,capabl e of producing.threanine. The genes_that encode the 30
t hr eoni ne bi %?rﬁ'ﬁ@??%‘%/m%‘e sﬁaééﬁm‘f‘ﬁé’ ym p
cont ai ned gléosggate, Iagxgl%néuﬂlrklﬂfa?é%@MoMt bttt BEd Stler AftopER! € COPIES -

of these gen y a .
150 containingd 8ludingl ‘meat extract, peptone, corn steep liquor, casein
PCT/ US97/ 13359 present. Preferably, the genes that encode

the t hr eoni nBYdPlE3ta: sRybean eake Inpdrolysate and yeast extragte resistant to

ttenuati t - LS RS
A noted above. 1 AL ROURAHEE L3 AREGATE i kab BB e ol o 1
one or nore bdocd testpantadsteoRlingstodagiof ek kivwn meaisak e, gt Wy hsvent i ve 5

m croorgani spe ey contain reconbi nant plasm ds that encode for threonine
" bi osynt het i cioBrgX e resies andessribed imbey dPatent No.rm342,766y Thikmethod cont ai n

r econbi nant ) ' er.. L nyQl v I n.threonjn

bi'%synt hesi Si’ﬁk@ﬁ)g%dfzrss?;% %g)ﬁ%t gﬁgeﬁ#cgﬁéé%gxgk d%ﬂ%?lgegé:ﬁlgg? ((abig% ?’yor
enzynes centrifugation dnd HefNBdjhistitigO W ?I-ILQf the broth to about 2 using
Additionally, the borrelidin-resistant strains nmay be nodi fied as desired,

for exanpl e, hydrochlore acisl.i dbe agidified selutionds subsequertlynpassechthrougiutar i t i onal
requirenments,,_and the.li ke, usi.ng any.of t hods and .t echni.gues. known
ond serdtgly a5 befen PROrAARE Bt and dfe Afscint atbiea oiin ot v ¢
exanpl es of gdHebadh@niBRid)OFhe alimonia is removed_bg e%&agﬁil}gglde%vacuum

borrelidin-resistant E. coli nmutants and variants in ut aré not 15
0 ted to: and thgeesulting isglution siicondenssd. wAtlditiont ofealcaliod tand isgbseqaentX- r ays,
or by . treatnment wth a chem cal nutagen such as

nit rosoguani‘Eﬂqll’é‘g(ﬂfpﬂg?%w§%ﬂ-°%me°mne- ni tro- N-ni t rosoguani di ne),

met hyl met hanesul T ek @miftd 4di@I6 MELRpAHe BRfiLY B be produced by methods

similar to that described in detail above. Isoleucine, for example, can be

prepared from the inventive bacterial strains contahﬁng, on the chromosome or
5 ' on a plasmid, an amplified ilv4 gene or tdc gene, both of which encode
threonine deaminase, the first enzyme involved in the bioconversion of
threonine to isoleucine. Amplification of this gene, for example, by use of a
itlvA gene encoding a feedback-resistant enzyme, leads to increased biosynthesis
of isoleucine.
30 Similarly, methionine can be prepared by microorganisms such as E.

coli that contain at least one met operon on the chromosome, i.e. the metL gene
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| i ke; gene integration techniques, such as those nedi ated by transform ng

| i near DNA fragnments and honol ogous reconbi nati on, and
t ransductwomsmetisat ed by 20 bact eri ophages suchrewuBdwisisese _
nmet hods are well known in the art and are descri bed, “for

exanmple, in J.H MIller, Experinments in Mlecular Cenetics,

S:O:—Id E/Iplr: 2? G%E'@E m%&ag%urse in d "’%&éaﬁél csméogﬁ%%g t()(l)?n)

Labor at ory F’IhefmetBQth(@WW&WMM&&’MC@&Q@&?@&MO&@ asgpd P. 25

Berg, Genes & Cenones, University Science Books Val | e I [ for ni a
(1991): J. <enéhitbounetE and ppgrHs ganesn homocystaingt mgthylasc)ec uTbnsecxenesng A

27500 R i, o R AR, S

Ced | ul ar  Met hrgsote catt Bk Ghtrodiitdd YEd the RRrontdsen! (Fsthe hBRCRIRED orida 30
(1995); Methods in Plant Ml ecul ar Bi ol ogy and Bi ot echnol ogy, -dick
and accordi‘ng_m 6he qhmnyesefithe gekeral npriddsrdiscusseBaboveRatdior knawn i da
(1é993) - and £ tﬁbses%%i@,@ﬁﬁs Lysine can likewise be prepared by microorganisms

PCT/ US97/ 133 r | richi a
ol The Gutrl‘%% (c):rogtag} 2 gene l\%ncod\/ng”ﬁé 1ysindBicigHmefic Qﬁﬁﬁﬁé{s‘: gggferﬁﬁ&‘rhe
Preferably, feedbiuk-resistaiit dysizesbivsymthetioemyhe eaxcoddeby hstkaid/ondgpd) on are
nodified so as_to jnclude a nop-native pronoter upstream of and in operable

50 and,qptiopally, HREN-BAUVAPIOMAET he genes that encode t he t hreoni ne
bi osynt hetic hese genes are
on the chrombsome andlid embodintehf HFiie ples xg%e%f’ ngg dﬁ’@&%&'@e dse op .

Accor di ng t obérrélidih-resistanitbacteriall strahidn mﬂﬁnﬁﬁoﬁ t&eﬁé@ﬂﬁ'm@?kbd ud:he

present invention, L-threonine is obtained by culturing at 1east one
borrelidin- abL-threonine. Breferably,rthe bamelidin-sesistant sirains aresmytantstoftancE.or

aast one.ni (4 RATE of PEUENgIT FREeREE smbodiment of spepup pillanl B 2 B0 S

growt h fact oggain kal-13)Swhick as aepsktied hi e hgeaN@al Reehin! Sai-fide CfERNI Ne can
be recover ed by any of the nethods known to those skilled

in the art. Collection (NRRL), 1815 North U‘mwrs:m $toset,Rpoein altfimais 65604, USALst r at i ve

a det i ned. oy oWee Sbppanssened asce a‘F‘-‘FSWF pmaeeralgégieﬁfﬁ??s v the tenn T
those skill ed I N Bagrefifiin fefisthncthh g@ﬁm}, tﬁ@gcdé?feh%étﬁ can be
the prese

made In the net ho |nvent on wt
departi ng frkmowihe those sltlllemmtheart For example, ben'dprhnqésxsthm strmarpn Thus,

is intend at the ent venti.on cover the
m)QIl ficationS® !a?ﬁg‘ ted by %}? ‘#la?tg SRS AR PUmm3] W’HSHCQW'S@PEUW thin

EAIhIe patzgnt S and “phg?) "cat %hép?g%agﬁt gcmsel nagfe % eg %gor por at ed
by reference39:182-186 (1974). In addition, borrelidin resistance in certain strams is
manifested as a change in one or more phenotypic characteristics of the cells.
For example, borrelidin-resistant mutants of E. coli strain 6-8 and its
5 derivatives appear round, rather than as rods. In such cases, evidence of a
change in a phenotypic characteristic may be sufficient to adequately identify

borrelidin-resistant strains.

The borrelidin-resistant mutants useful in this embodiment of the present
| invention are capable of producing ‘threonine. The genes that encode the
30 threonine biosynthetic enzymes may be present on the chromosome or conta;ined

in plasmids or mixtures thereof. Multiple copies of these genes may also be
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Exanple 1: Preparation of E. coli strain kat-13 25 A
Transfer of the threonine operon of E. coli, strain ATCC 21277

into the g me of E. coli strain 472T23. E.
Lol orr aueRaeTT o (U.S. Patent No. 3,580,810), availabla trom>> -
the American Type Culture Collection, 12301 Parkl awmn Drive, Rockw I le, 30
Maryl and 20852, USA, is amno-[err]- hydroxyval eric acid (AHY) resistant but
requires prolpressnt. th@imh!a, thesgsnes, thah encode ths Yweoning biogynsheticrenzymesi nal

medi um - ATCC 321'% %678;% 9@%11 C%DB‘SF gﬁﬂfopéncoge %eedgaclk-resmEa eom ne ina

17

PCT/ US97/ 13359  As poted above, tHe GhVEtve HoprRliRORSRfant Hi%ind Ria ?%&% oper on
of ATCC 21277 consists of aspartate ki nase honoseri ne

dehydr ogenaseode gemoré uhco@bmhatplmﬂdm desired. For example, fthe dinenkive esi st ant
hr.eoni ne

enzyne, a honoserine ki nase gene (t

sym hase genem{cf‘PﬂrS,?msmS may ntam(recom%;lhant &amb‘af fhat epcndg far throaning i ch j s
deposited i n ¢ %?g &ﬁ{’l‘ﬁ mgmr rgani sns
at USSR Anti bi of‘y esearch I nst ?{vﬁ?téveugcf acteri stra lﬁb@ise'\goﬁhéﬁ_? BKI I M

B-2307, is reoshbihaht plesmids e ehtodbnyi aheamhzymh eimviobedt Gn gireonifie
a mnimal nedi um whi ch contains glucose, ammonia, vitam n B1l, and m neral
salts. This shipgynthesisnsiich 351“&?&@%‘ semialdalnyde dsbydrogenase (@sd).roranzymeef ect i ve

thrC 10 Sywi" essential gene for threonine biosynthesis. The
strain 472T23toaa|u§81eﬂFE carries a defective threoni ne deam nase

gere, ilvA, which gadiciondly, tﬁélﬁ)rfdlid&i—resxstantstramsmaybeﬁibﬁﬂﬁﬂabﬂeﬁn%ﬂ' eucine .
bi osynt hesi s. Bact eri oph@%e P1 | ysate was prepared by

growi ng phagefosrexampte, in order to increasgjthrepning: pradrCtipmm nEEOXe SuttiEonal nf ect ed

with this P1 |ysate nal | nunber the hage
particles car’ie WWW’t%%ﬁﬁ% “%’d‘éraé‘?{ it’h"ﬂ‘&&“}ﬁ?’ﬁe&‘“ s fhotdi§nd

Fol | owi ng i nf RalibRo thexe!sRilled ﬁﬂi&tdﬂﬁsllﬁlb@ﬂlvh%ﬁleﬂ of .%lfaﬁle%ﬁétﬁﬁdsq@r by
spr eadi ng on mnimal mediumE [ gl ucose 0.05

MySq er r ] 7H emodifyifg Boxelidingedistant £ ciofiifretants @nd variants include, bu|2are ngtl;
: /
P erT] 10,08 b et b Lo OuTife b o Bicoes! 1 29
rot ot rophi c %gg@ t t ne
8per on o1l‘o AT(%&ZGTS%WI%% ghénrgﬁﬁﬁ f écn%lﬁ%ﬁbgﬁi%&gl? O(?\/ﬁzru%ﬁ??%ﬂhl mal

pl at es suppl em&nt-rédulmodogumdine),snbthylmetbanesulfonate mtrogen mustard and These
t ransduct ants_were screened shake fb(/ ﬁ'lg( t|on f

t hr eoni ne pr OB‘EEBF%W%F 13@ zby @4@?‘{’5@1{&1’&?@'@
B oot g L BN Rl a5 b3 ol bl oA fulph Rl 7
i nz@rted withbatteridphagesduehias ®1. aThdsy Irhethodsiare amtl Knoain ingheart and are
' described, for example, in J.H. Miller, Experiments in Molecular Genetics,
Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York (1972);
J.H. Miller; A Short Course in Bacterial Genetics, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York (1992); M. Singer and P.
25 Berg, Genes & Genomes, University Science Books, Mill Valley, California
(1991); J. Sambfook, E.F. Fritsch and T. Maniatis, Molecular Cloning: A

- Laboratory Manual, 2d ed., Cold Spring Harbor Laboratory Press, Cold Spring

Harbor, New York (1989); P.B. Kaufman et al., Handbook of Molecular and

Cellular Methods in Biology and Medicine, CRC Press, Boca Raton, Florida

30 (1995); Methods in Plant Molecular Biology and Biotechnology, B.R. Glick and
J.E. Thompson, eds., CRC Press, Boca Raton, Florida (1993); and P.F. Smith-
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into the chronbsonme of E. coli strain 9. Strain
CGSC6945, carrying a defective threoni ne dehydrogenase gene 30

(tdh), wasoesmised fromthe E. coli Genetic Stock Center, RA3US%N6Is0e
Menori al Laboratory, Departnent of Biology, Yale University, New Haven,
Connecti cut 06520-8104, USA. The threoni ne dehydrogenase gene is defective
WD 98/ 04715 - . - , . T

PCT/ US97/ 1335621y, Molecular Genetics gf Escherichia colé, The Guiiford Press, New York,

chl or anpheni opy (pggghyl transferase (cat) gene. To transfer
this defective gene to (8, Pl phage were grown on CSC3945, and the

| ysate was used t Preferably, thmbcseh«%napswmw@ﬁm@mmmﬁmm

transductants .. . ,0f D were selected and screened for .t hreoni ne

product i on wiR9fifiedfQ ap |t%éq§h§1e  notl-native Promgfer URstECAm sanae‘gc‘?ﬂeﬁgée bel ow i n
Exgnpl & 2. i RfdFe off thE genes that encode the thréUifih ke titer
than @9, vvag?@g?g(l:t?m%r fu?ther dggvel opnent . e the ebﬁs?ﬁﬁbﬂé C.

| nsertion of eazymes, regardiespof wlietheri these génes ahe ontthe whrexhosome and/or

coli strain &09, Q . In order to deliver the tac pronoter
into the chr SABAEIEE 1BPlasids. honol ogous reconbi nati on between

a 11 near DNA 1 a0glr i bldparticutarty preforred B N BafodBlu A HC! 225V

m nus strain (rec ear

fragment conipgésefcinterition) Lothréoninesis pbeainel bypaultuzing 4t Jeast one borrelidin-  end)
of the threonine operon, a kapanmycin resistant narker, the tac pronoter 5

sdfQuence, andesistanttbagtgrialsiraiss in 3,8ynthatis of aawiral medium containiag atdpast Aner ovi ded
5' -end honol g a_sel ectd o i n.resistance) . a.strong and
control | abl e%?"SH&P‘éWt g Wgo{{%ﬁor%eﬁgé\%%n% tagééo,f’&gt%d e mﬁbl ogy,
respectivel y ori¥@th HE0R Adate fke,f4l dedi¥ibed above. Accumulated threonind Bgh &' €oni ne
operon of the wild type E. coli WB110 was cloned into O t he

restriction @ecoversddpphanyof heaethodssknawmlodhosenskilles inghe met. DNA of t he

| anmbd | 676 f .. YUl h t t .of l. ' ,
Sg ho o? gf ° gg i ence fﬁg@gu@%ﬁ@p %?ﬂlﬁ#ﬁé Qgﬁl?nd%éeg%’\@dgég%%&ﬁ I?m%k g g)III)NAs
of sl ambda cl %@%cggé oftifé iilnlidn U8 WBfiddaesy ik ABSdrREY Wairis. TRl ejﬁ%a% 19

fragnent was su gquently dephosphoryl ated with shrinp al ka osphat ase
25 to (i88F3kiliad imtheadtbatgeiriops modiferdtionwndovagiatibng caadreemadef
t hreoni ne operon f da, urified, These

rqgm . cl one s al so
two fragment 4™ @@%’ééﬁ&%?ﬁ%@%‘ﬁ&?@ﬁ% Withou? epa\%ng%rmn PRA MGase to
generate pl aghck AR Sdention. Thus, it is intended that tH¥ prefkht SRS 86Ver ik T €9i on

f or honol ogous I?l::ecorrbl nation and Kananyci n resi stance marker
was then conshodificatibnspalneSiations of thissinyention progiled they come withis the ct i on
enzynme BstEll, Xb and bl.unt-ended, w1 h kl enow fragnent :

t rdat ment . TIFECRS %Itkﬁaﬂ?eé'&ﬁgﬁlﬁnﬁﬁ?ﬂda IFRQUSRISYS: he 5' end (upstream) of the

threoni ne operon (Libatdfts ahdBublivatioRGefirell toRirinAfe ddpRessRthEHpoff& ON) Was

I sol at ed
by reference.

Example 1: Preparation of E. coli strain kat-13
25 A. Transfer of the threonine operon of E. coli strain ATCC 21277
into the chromosome of E. coli strain 472T23.
E. coli strain ATCC 21277 (U.S. Patent No. 3,580,810), available from
the American Type Culture Collection, 12301 Parklawn Drive, Rockville,
30 Maryland 20852, USA, is amino-B-hydroxyvaleric acid (AHV) resistant but
requires proline, thiamine, isoleucine, methionine to grow in a minimal

medium. ATCC 21277 is reported to accumulate 6.20 g/L of threonine in a

17



19 WD 98/ 04715

PCT/ US97/ 13359 and ligated to the fragnent of kananycin
resi st anGgo ggherE r om pUCAK (Pharmaci a), whi chg 9r;l,i1§;£§t ed
with restriction enzynme Sall and kl enow fragment treated to
fill-in the 3 overhangs to generate internediate plasmd -

pAD106. 5 pAD103 was al so digested with restriction

enzyne Taql fveeptation proerss. The threonine opergp of AT @G AA27Y £gnsists aframt nent .

The fragnment _cont ai gi |« | i ndi.ng site and
about 480 bpaiﬁ%n%%e%% ﬁ'g‘%é’g’%@egéé W@géﬁf%rl Agegljlg n%hrA Sthapel.xc?deg a o

i sol at ed and fédaacK-tediRiae ehfynie, 'd Baibserine ik géne GntBY) anaathaoninthi ch had
been digested with restriction enzynme Smal and dephosphorylated with SAP, 0O

to obtain pl agathasegede (BChvhi ch cont ai ned t he DNA sequence of the tac
pronoter, the ribqgsone, hindi | tes. and a few hundr of the thrA
gefe. % cr}’?' &a%ﬂm’vﬂéﬁdﬁs ﬂigﬁdl V@FS&%?"@F‘EW‘} triction
enzynme BamHl cqfinercial Microorganisﬁ:siﬁUSBR%ﬁHitﬁi@Pﬁséa&élﬂlﬁﬂ&ué’ﬁﬂdﬁf‘Rﬁ nt ai ned

t he desired DNA sequences was | sol ated. pAD106 was ar so

di gest ed wi t NBBKIIM=B-230Tcis repopted $p equjtecthrednine and isoleucine ta glowSiP. The
two fragnents were thep ligated tq provide plasmd, pAD123, . :

whi ch cont ai AdRinipal @d&“’&é’%ﬂ%ﬁ@‘?}ﬁggﬁ’é‘éﬁﬁ 6&%' f’ﬁg’é‘b‘hﬁiea%@%?l a :
kanamycin regj %k& hn&t5H6 deVhirdoRfneYeR iRk o p of the -
begi nni ng of §%1§36F%r§/§\ gene. du . q%%ﬁga%g&%eegﬁg)gest ed
witbh Spel, Bgkhe,aditlessbatidlrgepetfot tivemiine biosgntBiesis. The strain472T0B %Alsocd DNA ;
sequences was i sol ated. . . The exonucl ease V nminus strain
(recD) was pﬁ@@'&ﬂseﬁdﬁyc@‘feo‘hﬁ@lfpldemse gene, llw‘bh\éfg@hcﬁ?d&'? forghe figsh ai n
KW251 (rel evan eno el . 010, recD1014; ' obt ai ned
from Phar macFB%}frgWﬂ %ﬁi%@S%?g?ér?gﬁtgegig’cD gene with a cotransduci bl e

transposon TnlO i iBwRfdriopRageParIgéate Wie prepat® byhgokvin@phageparABCO om the 5

&
phage was then used to infect strain and the tetracycline-resistant
t ransduct ant 26277 Strain 47T28 ewps then infected with this P1 lysateeinDyaich azsgadht from

pl.asm d pAD123 ) livered to.E. call . St gl y
ellg‘ct r opor at i%W%ﬁi g??a%?’ W%cé?ss?%?& é‘fer‘é‘ﬁ?“b‘}e W\R/gzdb&-ﬁ—ﬁ
| sol ated and FesuBam%*m bl RCRIMAFnNBEANS YhrSiried WereNRRISIVY sphdadinkt r ai n.
The 0 PT phage | ysate aas t hein) used to t ransdugi(;y 5’8909@016 of
t he kananyci on minimal medium E [glucose 0.05 g/L; MgSO,7H,0 0.2 g/L; citric acidH,020

2.0 g/L; K,HPO, 10.0 g/L; NaHNH,PO,4H,0 3.5 g/L; agar 15.0 g/L] agar

plates supplemented with 0.25 g/L isoleucine. Several threonine prototrophic

20 ' transductants, which carried the threonine operon of ATCC 21277, were now

able to grow in a minimal plates supplemented only with isoleucine.

These transductants were screened by shake-flask fermentation for
threonine production as described Below in Ekample 2. One of them, G9,
producing threonine, was selected for further strain development.

25 B. Transfer of a defective threonine dehydrogenase (tdk) gene
inserted with a chloramphenicol acetyltransferase (cat) gene
into the chromosome of E. coli strain G9.

Strain CGSC6945, carrying a defective threonine dehydrogenase gene

30 ~ (tdh), was obtained from the E. coli Genetic Stock Center, 355 Osborne

Memorial Laboratory, Department of Biology, Yale University, New Haven,
Connecticut 06520-8104, USA. The threonine dehydrogenase gene is defective

18
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PCT/ US97/ 13359 resi stant transductants of (909, tac3, which
showed awogherrid hreonine titer in t he presepeangornidsss i n _
shake-f1ask study, was isol ated. - P1 phage | ysate was
subsequently prepared with strain tac3 and then | used to

Lp;ﬁgéuit ;ﬂf{ﬁs&ﬁgr ggsgﬂ%gﬁtggqaﬁgé %raglpﬂsﬁgﬂ]%%f% g&gkﬂ\%ﬁl cﬁ produced

a transfee tdnddfegtivergene toaGQ; Rhphageogere igraws balGSCG6HIS, atdihyg, was

I sol at ed. NTG. nut agenesi.s and the isol ation of
borr el i di n- rlEsate;wasnsed to infect G9 "Several chloram benicoliresistant trapsdnetantso| i

strains M09 9 were
nmut ageni zed Qfeﬁl-v%ég ﬁe egﬁd andt srcomﬂEed for threoxﬁﬂ@ pg&id‘:ﬁ? r os%é@%&ﬁ (NTG

treat ment ( Ef@nﬁa{:buozﬁas deseribad béfuwe il BXampRi 210 One of them, G909, Gypitty @t i onal
nmet hods. The resulting cells were then spread on m ni nal

medi um E agdnglpdrahzecomﬁtuemthﬂg ‘39 masgelectsd for MQlﬁQVﬂbpmt 0.1 %v/v of

borrelidin. After_incu atlon s at ,36C ecol es that 5
formed on the pl a?'e ﬁgﬁf%qrﬂn@tgu%%}ge glﬁltestl ng
for borr%ql¥m“r tance and L-threonine productlon

To test for borrelidin resistance, each strain was cultivated in 20 nml of
te seed nmedi um S {)ﬂﬁr?ooglbhv@ theowge: ;promgfeir mgsﬂe&mpﬂid[smc]w(}m 36 g/L

B venst - eytiduploEous Tecombigg “@1 "berwetr 'a “lisher o VA FEAEheRt 1Ay B Shaki ng.
The cells V\Eélﬁmﬂ%o\ﬁ?e%f’ﬁ}ﬁielﬂl | nocul o %J] strain (recD) was e z;ﬁboﬂd”al medi um E.

The cel | suspension was Into a sterili

t ube contai ni ng 3The lindar DNA fraignenticomaifiedan s kB, of thelseqiierite upstrédann{d’
borrelidin. After 24 hr cultivation at 36[err]C wth shaking, growth was

det er mi ned bSndYef ghe thERPTIRE-ORASON B KARATRYGIA Tesistant sRArker, the\eacromote ar e
shown 25 Wencg e&%@k 286 Y5 JEmSF gint " g‘h@?ﬁi‘&ﬁ@&c iidn Bx%w(ﬁd' di 6 n.

borrelidin (

igg g o5 'Send homoldgy, @ selecélog marker (kanamyci) réswcgance) a strong and 24. i
0.9 controllablegpromoter to the threonine operon (tac), and 3'end homology,
21

respectively, was generated as follows.

The threonine operon of the wild type E. coli W3110 was cloned into
0 the restriction enzyme Sphl site of plasmid pUC19 by using the DNA of the
lambda clone 676 from Dr. Yuji Kohara, Department of Molecular Biology,
School of Science, Nagoya University, Chikusa-ku, Nagoya, Japan. The DNAs
of lambda clone 676 and pUC19 were then digested with Sphl. The pUC19
fragment was subsequently dephosphorylated with shrimp alkaline phosphatase
5 (SAP) and agarose-gel purified. The 6.9 kb fragment of threonine operon from
lambda clone was also purified. These two fragments were subsequently ligated

by T4 DNA ligase to generate plasmid pAD103.
An upstream flanking region for homologous recombination and
kanamycin resistance marker was then constructed. pAD103 was digested with
30 restriction enzyme BstEII, Xbal and blunt-ended with klenow fragment
- treatment. The 1.5 kb fragment containing only the 5'end (upstream) of the

threonine operon (but not the thr operon itself or its control region) was isolated

19
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PCT/ US97/ 13359 E. Renoval of isol eucine
requi r emewioyamadCt 0Ose repressor gene
(lacl).- By introducing the non-nati vréCT’gﬁwa’r’B??Dt er
and a feedback-resistant thrA 5 gene, expression of the thr

operon (thrA tB. ihr is no longer controll.ed b . . t he
attenuation ?f‘é{ ﬂgﬁ to %e aé?%g?ﬂtt Opm{ﬂ Jﬁs‘fwgﬁp%tf&‘?lﬁepgﬁd‘%r _the
presence of @PharhdliafUwhichowhs @i fehei/imsreﬁcdi&f‘ﬂﬁiyxﬁf i’ reoni ne
producti on. & . gcaAccordi ngly, the 'w ty%gei'l %ﬂw]rrar ker
was i ntroductragment treated de fillim the 3' overhangs to génerate Gutdtmediateoplhéntid he

i sol euci ne regﬁ bﬁment of the strain, i.e., to elimnate the

need for isoP& e-suppl enent ed nmedium for cell growth. Pl phage |ysate

o the £ ool | AT alsotRpal A EEAR clfid it S b R ¢

Depar t ment  ofvitBikiénmyy frajfatnt tidatment sThy frapieent-doneininS i asiveGiosafa20- 8104,
15 USA), was_used to infect 6-8tac3 and transductants positive

for isol euci pinding site and about 43); bp; of theceqding\sequencs of theorkrdgepe was

d ' f

Ll Chr eont ne. BoMEE Ui theAO T Sambior nkkasa3 Rparmaghf puithbad ©

t hese transdbednadigssted withaestriclion vRzynseEmal all &éyhoé%ﬂdryﬁ{etdd@#ﬁlo nt.
e contro

Since the threonine operon of 6-8tac3ile is under t t’he tac 2

00 topbiin plasmid pARIdp) -Which comained dhe DN Acssquende! 6T e tmes
opron ne DEBIEE tscgme e g o ] o s A3 o 1
operon, however, bAUIQSSvd%rsﬁf)@E;ﬁ&ﬁlyaeﬁgéfeéivVﬂx%é&ukﬁ%n@ﬁ%ﬁ(%ﬂ%?%%@ i

present invention. Accordi ngly,
unnecessary 0§§kbaofdhe DiNA fitagment whick Sontained the desiredIDNC séquendeg avasepr essor

bhage. made 1EBIHAsBRPIRG wik i SeE i Baraihend ies qeebommhonaed.
wege tested {ph gMSi TheReE ﬁtaggfeeﬁfsr@&x%émggagmotﬁwﬂsméggg%@giz},a“t

col oni es were ect ed.
Shake- f | ask Whichecontained the UMY Aosequenezonpstzapy ofluhé itleonine operon, a

A conpari son of threonjne production tﬁrmng the various E. coli strains
was det er ni Eléﬂ’aBVq%Eﬁs}s%’E PRFFREECRS, the dpepromaters Rnd abont 488t bpoef thehe

strains beginning of the thr4 gene. 22

PADI123 was then digested with Spel, Bgll and the fragment containing
0 ' the desired DNA sequences was isolated.

The exonuclease V minus strain (recD) was prepared by growing P1
phage on E. coli strain KW251 (relevant genotype: argA81::Tnl0, recD1014;
obtained from Pharmacia), which contains a recD gene with a cotransducible
transposon Tnl0 insertion in argd. The lysate which was prepared from the

‘5 phage was then used to infect strain G9 and the tetracycline-resistant
transductant G9T7 was isolated.

The DNA fragment from plasmid pAD123 was delivered to E. coli
strain G9T7 by electroporation. A kanamycin-resistant strain of G9T7 was
isolated and a P1 phage lysate was made by growing phage on this strain. The

0 P1 phage lysate was then used to transduce G909. One of the kanamycin-
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PCT/ US97/ 13359 being tested were grown on LB agar nedi um
[ 10 g/ L @foésigapion, 5 g/ L of extract, 15 g/ izcmg-},l33§§ter
to 2 days of growmh, the cells were suspended in m- of seed

medi um [ dextrose 32.5 g/L; Klerr]HPg err] 24.35 g/L; KH[err]Pqerr] 9.5

Pierryo 1 grEe wERDbpfl b T0n, e, which WbRRA ahitfel debopind hor %Sﬁ%ﬁiél

. With a stirrgegpréseace oDIPTGGn shukeaflask shely; wWas islated.
fernmentation rredl um [ dextrose 40 g/L; yeast extract 2 g/L; citric aC|d 2

g/ L; P1 x{ dysate) yas sg veqmly prepaged W%sqmrmqwﬂpbmepo 2.8
/L; Ca 2 al t pH 7.2
\?vas theﬁqagzi‘ré d g Lﬂ&% réggglngg% ? éd%gllrlﬁr?éntam@n chggxéamycm-re staht P

pes formed attr&?s@u&thﬁtﬁ weré bélédied sndomeef mEmZEﬁammzstaes [ \@hick prdéduéad aon, the
anmount of L-threonine that had accumul ated in the cul ture

broth was anevepzhigher titer than tac3 maﬂmkﬂﬂgﬂtﬁmmmmelatm% purrp, Rai ni n

Mbdel RI-1 f . H 87 CA
col 5rm) retrach.ve Wb mutagengsis #@uﬂ’l’ QPE'%”Fh{’féZHVﬁ%p by each
of the tested strains fysants from E. coll strgins:Gl02anébtdw. 5

Strain . L- threom ne produced (g/L)

Gom9 The cells of strain G9@9 S¥ere mutagenized by N-ifietyl-N'-nitro-N-

11. 45 12.9 (induced b

| PTG) mtrosoguamdme (NTG) treatment (50 mg/L, 30 min. a 3p° Oﬁsmgducgd) o

6-8 tac3 il egynventional methods, 19nd deddifityf %glléjévaelrg @n spread on minimal 6-8 tac3

| al -

14.0 ' 5 medium E a alEﬁlé dntalhinged.25 ni/Btdfob-isdleitine and 0.1% v/v of
The E. coli strains o present invention and their precursor strains

were tested benrelidinhr Adter HECWB%JPT 8rd H9ys &t 3@T(E.atieolarge colonies that
@09 was tes ed nder, t L1 egus
U tur o red (RS s Rgteo Bt P hapd 3l €8 s, afedhrt PR fopc o
extract 30 porrelidin resﬁtﬂn@a?ﬂlbﬁ&bﬁﬁe%ﬁﬂiﬁ@uéﬁ ask was inoculated with 1.5
m. of @09 and i ncubated on shaker at 35C and 200 rpm for
8.5 hours. 0.9 niLTeGes3oy bartelidim resistance, each strain was cultivated in 20 ml of
the seed mediim SM [32.5 g/L glucose; 1 g/I. MgSQ,7H,0; 24.36 g/L
K,HPO,; 9.52 g/L KH,PO,; 5 g/LL (NH,),SO,; 15 g/L yeast extract; pH 7.2] at
0 36°C for 17 hr with shaking. The cells were harvested and washed with
minimal medium E. The cell suspension was then inoculated into a sterilized
tube containing 3 ml of minimal medium E and 0, 0.1, 0.5, or 1 mM
borrelidin. After 24 hr cultivation at 36°C with shaking, growth was

determined by measuring the optical density at 660 nm. The results are shown

:5 below relative to growth in the absence of borrelidin.
[borretigin vy oo 68 f
o 100.0 100.0
_ 0.1 24.2 134.5
.0 0.5 2.9 141.0
I 0.9 184.5
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PCT/ US97/ 13359 I nocul um was added to a gl ass fernentor
cont ai ni nwo’ﬂgsfbu-/l@f the seed fernentor , nedi U@éﬂ@sﬂﬁss@ s. of
corn steep liquor, 0.4 g/L of L-isoleucine, 2.5 g/L of - i
KH2PO4, 2.0 g/L of MySJ err] 7H20, 0 5 g/L of (NHerr])2SJerr], 0.192 g/L

f hyd i 03 g/l of F 1] 7H o)
0. 021 g/L of MSO Zpr]yHrérr]ge ﬂe"&"“%qg{’e’ﬁ%&ﬂ‘%?‘g‘%ré%ﬂﬁ@;{ !

| ncubati on was conduct ed und&f® ‘f bl | owi ng conditions: a
tenperature of 39C for the first 18 hours, and then 37[err]C for the
duration; pH By introducingshe aox@nqtmtm prometeriand adetidbackaresistaint A r | OH) :
air.flow of 3 5LP agLta OOrmlnltlaII whi ch

was®t hen i ncr&i€e ?ft'ﬁ? Fﬁt%%ﬂg{i 8, ¢ ’Kﬁgls 1o longer controlled 3
pressure of Ilme dehuatfoRReidnim ofad b?es%ﬁegta%ﬁh%%f isoﬁéu@ﬂ;% A@For'Be

determ ned by depletion of dextrose. 315 niL mature i nocul um
from the seedpiiesencernfoan Wud’ awkdtdphio markenissnd kmgenthuufeﬁrfoﬁlﬂitleaﬁiné he sane
medi um (main ferneptor mediunm) |isted above with the followi ng exceptions:
vol une was 2.RIUERPH 34 g/L of L-isol eucine was added. |ncubation was

g oeted tor A0 8 o, P e (A i W, o BYRERENSHS " oy

untd! 20 hourmtdﬁ-%mcstoﬁxﬂlexsoleucmelrémmeﬁﬁﬁdoﬁtﬁeéﬁﬁhpi\/b tehminafhef 500
rpminitially, which was then increased fo maintain the DO

at 20% back Rredstor isolgucine-supplemented; medium dow celb growths Plophage lysate

Por mont at | on SAde FoprCRSEasss ket BELATRBUlal Tk otied i ng 20
results: a fifioi thetBr coli Gedetic stdckqf:edtétr @gslcmsbomé Metndrfill 3labBEASKYC 1 Vi Y

of 274 ¢ and aai“ el d of . 2% tac3
was tested unBepartpgnt gbBiolegyndi Hﬂ@eﬁﬂ}'m@@ Hjla!sn.r(EQImctsanOéﬁZﬂ-Sm

t foll t d at th tart, of, th
torent or st JSAY s, 08t FBR 68 e, BRnsdeiEtes Sonatlve: R olepeins of |
85. 79/ L 25 5 d
# elg L2 8b1(?synthesls wefe Eé!é&éﬁ“’mbs&ﬂ&aﬂscﬁm% #es Plélgpfﬁr%ﬁkﬁrhneirstgﬁe g and a

condi ti ons assag@o@mauntcofi bdhreanine as sB‘aBl 6-8tac3 in a shake-flaskpstodyi.cOfle bfie

foll owi ng resul t a final giter.of 74.1 hreonine with a total
producti vity %dﬁ%nﬂ’é ~Stac3ile was %ale%gela tIor further development. 6- 8t ac3

was tested under t&g.s ﬂ{ﬁhfébﬁﬂietdbﬁég&ac ;—%&S%lélgéﬁ{dhpﬂ% @Flﬁ%?of 2 rac

i ncluding the addition of PTG produc ng results: a
fidl promoter, isopropyl-B-D-thiogalactoside (IPTG) was necessary to inditte the

cells to fully express the #4r operon. The use of IPTG to induce expression of
the thr operon, however, is less preferred according to the methods 6f the
present invention.
- Accordingly, to eliminate this unnecessary regulatory hindrance, a
25 defective lac repressor (lacl) gene is introduced by infecting 6-8tac3ile+ with
P1 phage made from CGSC7334. The resultant transductants (6-8tac3lacl-)
were tested for resistance to tetracycline and tetracycline-resistant colonies were

selected.

30 Example 2: Shake-flask fermentation study of threonine production:
A comparison of threonine production among the various E. coli strains

was determined by their performance in shake-flask fermentation. The strains
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WD 98/ 04715
PCT/ US97/ 13359 titer of 99.3 g/L threonine with a total

product i wbywso471421g and a yiel d of : 35.1% PCT/US97/13359
6-8tac3il e+ was tested under the sane conditions as 6-8tac3 as

descri bed above, with the following exception: no L-isol eucine was required

in 5 Aher F&Swﬁ SHIL beiéﬁ%?%mﬁt@g r ‘tz%mi-gré’irgr;og he

..w

stage. Due ¢ Being tas

titer at 22 &@hce wg/Lr . & ftef §720 9/da %'mr wumhecensweresuspendedm
kat-13 was tested under 1he same conditions as 6-8tac3 as descri bed

above with tHhmlfoflseedvnedivexfdeptrose32. 5 gﬁa ILHPO, 2435 gllg &H,PO 8deg/Mihese

condon. gty L BOEAS 98, L bl gt B L4075 i @ 1ot

The rel evant t#ge prgggﬁm%réi‘ﬁ?ﬁx%riﬁh{%ﬁﬁﬁxg%g ﬂ&%?@?h@%séﬁgﬂg' red

for fermenta uction of threonine e ers recor
presented  of fermentation medium [dertrosex(cg/he yenst extract 2 g/L; citric acid Sig/lgi n

Rel evant Suppl enents _tit t titer Yield

Gonotype  (NHDROpRS@IGMES0s THD Befieh; Cafffy g/t drace metal solution oo
i VA, 3909
i lvA tdh: c%]mLi la? pH 7.2 was tggn added to gg §fed andgg fermentatzon process

tac3
i1vA, tdh: %rford:éd? at BPIC thh aSdlirring spédd of 250 rﬁ%ﬁ After cultivation, the
ptacthrABC 6- 8 tdh::Cm 1lle

7 4amount of Igthgeonirne that had accumulated in the culture broth was aajyzqd

gt 22? ﬁ?ABC by HPLC dSY:%J Mo%1' 5353 pmjnp, Rainin %odeéolrif-ﬂ? {;fracnve mde;_c__ 35.1

6-8tac3i | e+ getector, adddﬁmn%tﬁqteﬁ colddﬁ:ﬁG 62 (at 22 NA NA
Pt act hr ABC hour s)

The amount of L-threonine produced by each of the tested strains is

presented below.

5 "-gtr_am— L-_threonine produced (g/L)
G909 4.95
6-8 | | 1145
tac3 ' 12.9 (induced by IPTG)
10.6 (non-induced) {
0 6-8 tac3 ile+ 12.7 (induced by IPTG)
{| 6-8 tac3 laci- N 13.9
" kat 13 14.0
) Example 3: Fermentation study

The E. coli strains of the present invention and their precursor strains
were tested for L-threonine production by fermentation.
G909 was tested under the following conditions. 0.5L of aqueous
culture medium containing 30g/L of tryptic soy broth and 5g/L of yeast extract
30 in a 2L baffled shake flask was inoculated with 1.5 mL of G909 and incubated
on shaker at 35°C and 200 rpm for 8.5 hours. 0.9 mL (0.03 %) of the mature
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katl 3 tdh::Cm Bor-R  None 92.1 102 33.1

pt act hr ABC | acl Bor -R
borrelidi S ance ND: Not done
avai | abl WEB A ptacthrABC: the thrA, thrB and thrgcgé?lsgs}}b’ﬁér? er -

control of the tac pronoter

25 98/ 04
PCT/ US97/ 1335’@?‘=W‘O was added to a glags, fermeniqicoptaining ] SLrof the mf

A. The i ncadi catlor[i10 ﬁ’a’a‘é sbg Sevmrs egteqtoo the m crogpéegﬁ%% d:yerred toin

t he descri pt KH,PO,, cmOWOf MgSQP7H20, 0.5 g/L of (NH,,)ZSO,,DEOSIQZ gL & 1 B
| DENTI FI CATI ON OF DEPCSI T urther deposits are
i dentified osnbyfrawsritticomnid. QPR &L oRERROIH AL (8, &’tlyof MnSO, i,Ond

Argricul tural S t (o) ltary
i ngt itution 0 %%g‘ stt a cgglé% counté !r y['%aeié@gﬂﬁ\llggﬁﬁ {?ﬁ\ggg’?% ty
Street Peori @,texhbérhm% of ﬁxcffér thiei firstl1 Shevirs,sandfthéi37 Cdor the duration; pH

of 6.9 (maintained by addition of NH,OH); air flow of 3.5LPM; agitation of

500 rpm initially, which was then increased to maintain the DO at 20%; and

back pressure of 1-2 psi. Completion of the seed fermentor stage was
L0 determined by deplctién of dextrose. 315 mL (15%) of the mature inoculum
from the seed fermentor was added to a glass fermentor containing the same
medium (main fermentor medium) listed above with the following exceptions:
volume was 2.1L and 0.34 g/L of L-isoleucine was added. Incubation was
conducted for 48 hours under the following conditions: témperaturc of 37°C;
L5 pH of 6.9 (maintained with NH.,OH); air flow of 3.5LPM until 20 hours then
increased to 4.0LPM; agitation of 500 rpm initially, which was then increased
to maintain the' DO at 20%; back pressure of i-2 psi; and dextrose level of 10
g/L (maintained by feeding with a 50% w/w dextrose solution). The
fermentation Was terminated after 48 hours. G909 produced the following
20 | ~ results: a final titer of 62.3 g/L of threonine with a total productivity of 274 g
and a yield of 23.2%. | -
tac3 was tested under the same conditions as G909 described above with
the following exception: 1 mg/L of IPTG was added at the start of the main
fermentor stage. With addition of IPTG, tac3 produced a final titer of 85.7g/L
25 - of threonine with a total productivity of 355g and a yield of 28.8%.
N 6-8 was tested under the same conditions as G909 described above. 6-8
produced the following results: a final titer of 74.1 g/L. threonine with a total
productivity of 290g and a yield of 28.3%.
6-8tac3 was tested under the same conditions as tac3 described above,

30 including the addition of IPTG. 6-8tac3 produced the following results: a final
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Dat e of deposit Accessi on Nunmber June 28,
1996 NRRL B-21593 C. ADDI TI ONAL

| NDI CATI Bi®842tdve bl ank if not applicable) This infornatPCRise7/e3se i nued
on an additional sheet Escherichia coli strain kat-13 In respect of those
designations in which a European Patent is sought a sanple of the deposited
m cr oor gani giembf 9913 g/ dkresiiak vl @ totil iroduttivitylfiazaki 0l Dield tdge ment i on
of the grant of the European patent or until the date on which the -

appl i cati on 3ak%been refused or withdrawn or is deermed to be withdrawn,

ly b the i . I | pat v .t h
O et ing oo “Uingruetcld A3, Gyl 88 SHRPChuRRRICE UL TE PR
VI CH | NDI Cistsdriied ABeveyRiakh ﬁi'effolldwi'{l}gﬁh?iohpw Laisélewihe WA reduired9di gnat ed
St at es) E. SEPARATE FURNSHI NG OF | NDI CATI ONS (leave blrnk if not

appl i cabl e) eithdirthe iseadi fernensorsstageserdhie mairfermentbr $tages ubue ta amagitatiphe

| nternational, Bure |.at er cif eneral nature_of_the indications
e.g; "Acces eatﬁigéﬂpﬂfw 8&%‘%%118““ was.recor&elcji ézgmﬂﬁ?omgéei ving
Ofice use only kat-13 yras heste.d under ¢ sddit bARLbAAM G%cﬁaﬁknffe;sﬁgiﬁgﬁy Thi s

sheet was receive the International application eet was

recei ved by abbee |witte tina folowing Rexceptiomyn: no IPT&ItwWasradded. oUndercthese
Aut hori zed of ficer [err] ) ) )
conditions, kat-13 produced a final titer of 102 g/L threonine with a total

0 productivity of 445 g and a yield of 33.1%.

The relevant genotypes of the constructed strains, supplemcnts required

. for fermentative production of threonine, and the titers recorded are presented

in the Table below:
" Strain Relevant Supplements titer at titer at Yield
: Genotype for production | 30 hours | 48 hours
5 | G9 ilvA", Ile ND ND ND
G909 ' ilvA®, tdh::Cm | Il 53 62.3 23.2 "
tac3 | ilvA", tdh::Cm, | Ile, IPTG 86 85.7 28.8 “
ptacthrABC
6-8 ilvA", tdh::Cm, 1le 70 74.1 28.3
Bor-R. :
fJ 6-8tac3 ilvA", tdh::Cm, | e, IPTG 75 . 99.3 35.1
ptacthrABC,
Bor-R J'
0 6-8tac3ile-+ tdh::Cm, Bor-R, | IPTG 62 (at 22 NA- NA '
ptacthrABC - hours) -
katl3 tdh::Cm, Bor-R, | None 92.1 102 33.1
ptacthrABC
lacl

Bor-R: borrelidin Resistance
ND: Not done
NA: Not available ,
5 ) ptacthrABC; the thrA, thrB and thrC genes under control of the tac promoter
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WD 98/ 04715

PCT/ US97/ 13359 (Escherichia coli strain kat - 13) SINGAPORE The
appl i cantywhek@pis equest that the furnishing of a sanple ofcarusowy3sss gani sm
shall only be made avail able to an expert. The request to this effect nust
be filed by théW’EmSWW‘&F&%%‘WWQB FROOHESANISMt he

conpl etion of the technical prepar?‘;&%] I nternati onal publication of
the application. NORWAY The applFcan e)oy request that, until the
application has been laid open to public | nspection (by the Norwegi an

Pat m;m Pat ent
O f i The iodieiens mradsioalg™ st 1"%1&"H'°6'|§§?f"‘t'{f°"f5&lﬂl"f {efrEpHioat i on, the furnishing
of S pgs ctiees tofanidynert in the art. The request to

thi of 6T itz
:

the cloodepuad&rms&mdm ons 22 and 33(3) of the Norvvegl an Pateats Act. [T

suchl ar¢:RQUeaIraNaG 885N Culad-D¥olR e 8RP| (vRA): any request made by a third
party for the furnishing of a sanple shall 1ndicate the expert to be used.

That | R¥R&S ot ddIB¥ar hdS: n a TTst of recogntzed expertsdr

up b/larﬁeﬁtrbbt% ﬁa@%@@ﬁtepﬂ%ﬁ%&éﬁﬁaﬁg person approved by the appli can?w#]
i n t hBegmidh ViIlddabicabd604 AUSTRALI A The applicant hereby gives notice that
t he [UrHiedn$tryesfofyAneydsiac of a nicroorganismshall only be effected prior
to the grant of a patent, or prior to the lapsing, refusal or w thdrawal o?
the gpplication, to a person who is a skilled addressee without an interes
in the invention (Regulation 3 25(3) of the Australjan Patents

Regul Beefideppsit  F| NLAND The applicant h P“edsywnémrsts that, until the

P

appl Gadd 98, h@sgbeen laid open to pubI| egt (by the Natlonal Board
of T o11), Ol éﬁ‘géﬁﬁ?fupun Fy—tFe

Natl FaADBIEIONAJS L Fé'ﬁ!%"%‘ffﬂ*ﬂ@@('gt‘”é{'%n Riiinfereetiandaonigued ers sidions! st r{_tlg
publ if¢ _.NSPECT | on. trTe U Nng 01 a sanple snall only be effectedto an
exper’%’s?l??:gﬁl? hﬁLS{I]"ne appl i cant hereby request that, until the
appl! :J zg?%s%ffeéh0§%‘ld&sej iﬁsﬂ‘aﬂ; Fpte ﬁsb‘é%’tﬂe\gg 3’%&% gﬁgng{cﬁ “’t;f“"géle
Pat e C iJ’Olr‘?b a
. on a or, hic e
SRE apo .9% ‘?ﬁg‘%%“ i aem?i 80w el

of a epé.fsbn request:mg the

sample (Rule 28 (4) EPC)
D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (lcave blank if not applicable)

Theindications listed below will be submitted 10 the International Bureau later (specify the general nature of theindicotions e.g., *Accession
Number of Deposit”)

For receiving Olfice use only For International Bureau use only

D This sheet was received with the international application D This sheet was reccived by the Intemational Bureau on:

Authorized officer Authorized officer

Form PCTRO/N 34 (Tuly 1992)
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25/ 2 WD 98/ 04715

PCT/ US97/ 13359 (Escherichia coli strain kat - 13) DENVARK  The

appl i cant wioais®iayisr equest that, until the application has  beporigémhagspen to
public inspection (by the Danish Patent Office), or has been finally

deci ded upon by the Danish Patent O fice w thout having been laid open to
public inspection, the furnishing of a sanple shall only be effected to.an
expert in the art. The request to this effect shall be filed by the

appl i carfEseherichiacolixtrainkabalBnt Office not later than at the tine when t he
application is nmade available to the public under Sections 22 and 33(3) of
the DaniSINGXPORIES Act. |If such a request has been filed by the applicant,
any request nade by a thi rd party for the furnishi ng of a sanple shall

I ndi cat On
| ndi Ofenfe*a @themﬁ g @ﬁg;ﬂ{aénﬁ sl’fdi'lt&fl)ggeﬂﬂd@
‘-‘f %ﬁ&wﬂi‘ ok %ﬁ & Ingppgetional
person $ ; e | nd| V e
appl i ca g’ﬁd@& qﬂi‘t tF‘thE‘f% PLEPATRUORS | %nﬁ%{ga icptign of the,
public ﬁﬁﬁ Flon (by the Swedi sh Pat ent O fice), or has been finally

deci ded upon by the Swedi sh Patent O fice w thout having been |laid open to
publ i c iNOR¥AXon, the furnishing of a sanple shall only be effected to an
expert in the art. The request to this effect shall be filed by the

appl i cahe apliBarit h&ebﬁieqammao Rati] 1Be bflitatie ms%e&hm@ nrtabhmb iabp &ﬁoﬁ%&&ﬁ@
from t h wa i BaYenf! %?B&:B'ﬁhaﬁ? dea&ef%mg %:{ Gﬁf‘cg out
gggﬁxf IZ"A Lé{i{lﬁld ﬁ Iiésh ins hctﬁg as 4:1? a(?lfl eftﬁ fan
fur nlshE ‘}/“g;ﬁg t?"l% %c ‘%F‘ l}?@ﬂ hﬂif’“e Afent

may g@ ﬂ@di%ﬁw ol ¥h§tap3¥°%neea§ é%avaé Lsrtpéh@p% ctigas
Swedi sh2Panda3(3yef Fh?eN @%ﬁ% sesheairegyesthes hegs filed by ththamﬂ@an any
I ndi vi dreghe ¢ by &JRH 2P pIsaroples. ertae ergett to fog s t

di vi dreguest mgde b Mm @b pistropletshalbindivpterth fpe tuseda Tha
f ur ni shexpgriafaycbesanyperson Entaredionradist giwecegnizddaxpennirawnaumisyithe Norivegiah ®atent
an expeoffice bhany pers@sipprovedityshe bpplivhntinshe dividuatdadey t he applicant with

the International Bureau before the conpletion of the technical
prepar agigRIRARIAI Nternational publication of the application.

UF»

)-l

The applicant hereby gives notice that the furnishing of a sample of a microorganism shall only be
effected prior to the grant of a patent, or prior to the lapsing, refusal or withdrawal of the application,
to a person who is a skilled addressee without an interest in the invention (Regulation 3.25(3) of the
Australian Patents Regulations).

FINLAND

The applicant hereby requests that, until the application has been laid open to public inspection (by
the National Board of Patents and Registration), or has been finally decided upon by the National
Board of Patents and Registration without having been laid open to public inspection, the furnishing
of a sample shall only be effected to an expert in the art.

ICELAND

The applicant hereby request that, until the application has been laid open to public inspection (by the
Icelandic Patent Office), or has been finally decided upon by the Icelandic Patent Office without
having been laid open to public inspection, the furnishing of a sample shall only be effected to an
expert in the art. '

25/2



NETHERLANDS The applicant hereby request that until the date of a grant of
a Netherlands patent or until the date on which the application is refused

or Wt hdga | apsed, the mcroorgani smshall be made avgdadA330
provi ded I‘r’]ﬁfggflg 31F(1) of the Patent Rules only by the issue of a sanple

to an expert. The request to this effect nust be furnished by the applicant
with the Netherlands Industrial Property Ofice before the date on which
the application is nade avail able to the public under Section 22C or

Sect i ofEséherddhik beli Sraimtias- 88} of the Kingdom of the Netherlands, whichever
of the two dates occurs earlier. '

25/ 3 WD 98/ 04715

PCT/ U | NDI CATI ONS RELATI NG TO A DEPCSI TED
v croch ARk " per Rule

13bi s) A.. The i Qdi catiQns na]dtﬁ bel ow.re atbe t o,dt he m cr.Qor.gani sm

r ef er r The applicant SPFS Yireguest %(ay, yptil the gppltggﬁgx as been laid apgn to public inspection (by the

| i nes Danigh Pategnt Ofiice), orchas begndimalipndecidedmpembyrthe Danish Patent Office without having

Fur t hebeerdsid operstogrblic thepectibnglie frnishingcdfiatsample shell @ety baeffretadftodapmpért ar y

i nsti ttheiagth Pregequest foithizleffeers strlche flel thyrthe SsplicasttwitintHeNDaRish Padelet rGefise abt

deposi fafdr Yhanae thie ttiviel vien(thé\pplidititg: ip aatiehvailabie teithd pabldndé Sdctibs MP#dB3(3)

N Ver g iy TahishPateRROALR 1f bch 1o fosP R beh AR (56 Aball], aRRIER made HyFH ©

of de p@&r’d&)arty for the furnishing of a sample shall indicate the expert to Gfsed! it @ fhiay be any
person entered on a list of recognized experts drawn up by the Danish Patent office or any person
approved by the applicant in the individual case.

SWEDEN

The applicant hereby request that, until the application has been laid open to public inspection (by the
Swedish Patent Office), or has been finally decided upon by the Swedish Patent Office without having
been laid open to public inspection, the furnishing of a sample shall only be effected to an expert in
the art. The request to this effect shall be filed by the applicant with the International Bureau before
the expiration of 16 months from the priority date (preferably on the Form PCT/R0O/134 reproduced
in annex Z of Volume I of the PCT Applicant’s Guide). If such a request has been filed by the
applicant, any request made by a third party for the furnishing of a sample shall indicate the expert
to be used. That expert may be any person entered on a list of recognized experts drawn up by the
Swedish Patent office or any person approved by the applicant in the individual case: -

UNITED KINGDOM

The applicant hereby request that the furnishing of a sample of a microorganism shall only be made
available to an expert. ' The request to this effect must be filed by the applicant with the International
Bureau before the completion of the technical preparations for international publication of the
application.

NETHERLANDS

The applicant hereby request that until the date of a grant of a Netherlands patent or until the date on
which the application is refused or withdrawn or lapsed, the microorganism shall be made available
as provided in Rule 31F(1) of the Patent Rules only by the issue of a sample to an expert. The request
to this effect must be furnished by the applicant with the Netherlands Industrial Property Office before
the date on which the application is made available to the public under Section 22C or Section 25 of
the Patents Act of the Kingdom of the Netherlands, whichever of the two dates occurs earlier.
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June 28, 1996 NRRL
B-21593 C. ADDI TI ONAL | NDI CATI ONS | eave blank if not applicable) Thi s

i nf or mat L ogipi7fs0Nt i nued on an additional sheet Escheri chP@QTASHT1IEY ai n
kat - 13. D. DESI GNATED STATES FOR WHI CH | NDI CATI ONS ARE MADE (i f the

i ndi cations ar i S PARATE

FORN ol NG o TNBREATIGNE #?%332“%@(‘5??"%%%”%Bar‘f%‘;&°e’§‘§““ % i ndi cat i ons
listed below will be submitted to ¢gpberkriissig)ati onal Bureau | ater(specify

t he general nature of the indication e.g., "Accession Nunber of
Deposit") For receiving Ofice use only

For Al Irﬁe!’imo dE Equ\'?r@&l!e Wi nggl;)[cﬁ?agisn%ff erred 0 tn%hcsd@s%ﬁl;liox\as reCEl

i nt rnat L.gnalapp catlon gejywas received by the Internationa
Bur Aoy i

Aut
25/

*

6. IBERTIFCATION OF DEPGSET I | Further depasits are identified on an additional sheet ||

Name of depositary institution

Argricultural Research Culture Collection (NRRL)

Address of depositary institution (including postal code and country}
1815 Novth University Street

Peoria, Illinois 61604
United States of America

Date of deposit Accession Number
June 28, 1996 | NRKL B-21593

C. ADDITIONAL INDICATIONS (leave blank if not applicable)  This information is continued on an additional sbeet | ]

Escherichia coli strain kat-13

el

D. DESIGNATED STATES FOR WHICH INDICATIONS ARE MADE (if the indications are not for all designated States)

E. SEPARATE FURNISHING OF INDICATIONS (leave blark if not applicable)

Theindications listed below will be submitted to the international Bureau later {specify the general nature of stheindications e.g., “Accession
Number of Deposit”)

For receiving Office use only For International Bureau use only ===y

D This sheet was received with the international application D This sheel was received by the Intemnational Bureau on:

Authorized officer Authorized officer

Forn 'CTARO/N A (Jaly 1992)
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VWhat is clainmed is: 1. A-process foOr produci ng L-threoni ne, which

conpri ses the steps of: ”l HI q g a strain of E. coli; and
(b) re : L-t hr eoni ne| ﬂ'L ﬂH Et“ by said E. cgll.; erein said
strain OW‘E.%’%‘{;’??; . % "¢ (I) @onsains on the chr'orrgkszj(l)"rpesg@fi?geast'
one threonine (thr) operon operably |linked with at | east one non-native
pronot er whi renl aces .t.he native threonine pronoter via insertion into
sai d chroms@%”‘eigc%med“' (ii) does not require any reconbi nant.

pl asm ds contjai Rigdgceds forprolifitifig ICRREoMiAS lwIHEK 61 ASQ e .0f the

t hreoni ne bi osyntﬂﬁgcsi S ex(r)\gyrreslﬂlgn order to producg t reoﬁ@qge;&'and

(iii) produces L-t(ay eordulturing axtrain off Keceli icesedifmyedmd m 1, wherein said E
coli is capable of_ producing at |east, ahout 50 .g/L of L-thregnine in about
30 hours. 3. (‘?ﬂe e gJF“FF%?‘H?%}“WQS?FdSW%@%Cﬂh{ive pronot er

| sgsel ected f : 8 nshgting of the tac pronoter, the |lac
prgm)ter, théﬁ%&%?gggo@g??ﬁghgb?hp pronoter the P[err] pronoter .and the
Plerr] pronoter. 4. () Thentaimces theothrohmsoma at W26t 6he tiirddriiné (eI ne
operon contains a gene that encodes a feedback-resistant aspartate

ki nase- honos @PEFeR qperahly digkedywith at least one nepnativepromoteszandii ng to clai m 1,

wherein said E. coli iss:straj B- Th rgcess according
to claim3, wherein saﬁinﬂgwn%%‘gﬁéﬁé@?W@?%%&BVMW 7.
The process aGtrdigefies Baténtode bne Ob fiozk Bf Bt tHrdonireMibsyntitiaiefymesiel ective -

t hr eoni ne dehydrogenase _gene on the chronosone. :
Lo in order to produce threonine.

2. The process of claim 1, wherein said E. coli is capable of producing at least
about 50 g/L of L-threonine in about 30 hours.

5 3. The process of claim 1, wherein said non-native promoter is selected from
the group consisting of the ac promoter, the lac promoter, the frp promoter,

the Ipp promoter, the P, promoter and the P, promoter.

4. The process of claim 1, wherein said threonine operon contains a gene that

20 encodes a feedback-resistant aspartat_e kinase-homoserine dehydrogenase.
5. The process according to claim 1, wherein said E. coli is strain kat-13.

6. The process according to claim 3, wherein said non-native promoter is the

25 tac promoter.

7. The process according to claim 1, wherein said E. coli contains a defective

threonine dehydrogenase gene on the chromosome.

30 8. The process of claim 1, wherein said threonine operon is obtained from
ATCC 21277.
This Sheet Has Been Replaced 26
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27 8. rocess n said threonine operon is
obt ai ned from ATCC 21 mullnlﬂlllll(um%mt)rocess of claim1, wherein said E.
coli is lkwoosdres n resi strain of the m crewrusem®ssy E. .
coli having the follow ng characteristics: (1) its chronmosone
contains at | east one threonine (thr) operon operably |inked with at |east
one non-nati ye e aﬁaﬁﬂxmeh@:eﬁﬁsawz 6 1sSorkdiich Risipart! OTOT 1 Vi
insertion into said ¢ ronnsone (1) does not require any-

reconbi nant plasm ds contai ning one or nore genes t hat encode one or nore

of the threonine bhiosynthe nzynmes in,order, to produce, threonine; and
(iii) it prdBuced Enqth‘?‘%(?% 88“" g 1an amjipo §‘E1F£r9fh§=ﬁn&|sgm v#lk ei n sai d

t hreoni ne op opsi Qi{naﬂt a
| - honoser i neeﬁgﬂngr@%e%se hﬁgﬁ%iﬁﬁe&cﬁgﬁo@ggrﬁlﬁe [ nasgL rB) gene,
a $hreoni ne sm&xlrasmrgﬁammaah which 2ompridé¢sethe steps of:0f cl ai m 10, wherein

said E. coli is strain NRRL B-21593, 13, The strain according to claim
10, wherein said f®n- ndntroducing gspetic maaterial fram pe ireiner acid-producingThe

strain of clai.m 10. whet I t def ective threonine
dehydrogenas@’ﬁ@ﬂﬁga&ﬁ’? H@)@ﬁer %@gﬁ%&g 0&7?@.% cgkf;%ag}‘ral n of claima1l0,
wherein sai d thregpy ne iReRefima hén-ARV fioflofef @ith SaifChrbhtotéme befidte the The
strain of claiml wherein said E. coli is borrelidin resistant.
chromosomal location of and in operable link with the amino acid biosynthetic
L0 genes to control the expression thereof; and
©) optionally, removing regulatory hindrances to and/or nutritional

requirements for amino acid biosynthesis from said chromosome.

11, A strain of the microorgansim E. coli having the following characteristics:
.5 (@) its chromosome contains at least one threonine (thr) operon
operably linked with at least one non-native promoter; and
(ii) it does not require any recombinant plasmids containing one
or more genes that encode one or more of the threonine bioSynthetic enzymes
in order to produce threonine.
20
12. The strain of claim 11, wherein said threonine operon consists of a
feedback-resistant aspartate kinase I-homoserine dehydrogenase I gene (thrA),

a homoserine kinase (thrB) gene, a threonine synthase gerie (@hrC).
25 13. The strain of claim 11, wherein said E. coli is strain kat-13.

14. The strain according to claim 11, wherein said non-native promoter is the

lac promoter.

30 15. The strain of claim 11, wherein said E. coli contains a defective threonine

dehydrogenase gene on the chromosome.

I
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- 28- 17. A process dUCI ng L-threonine, which conprises the steps
of 1 (a) cultu lmﬂﬂ&l{ml,ﬁu@lﬂl borrelidin-resistant E. coli in a
nmedi um a‘%fg’““"srhe (b) hreonine that is prREHEE L% Sai d

E. coli process of cl'aim 17, wherein said E. coli 18 capabl € of
prodUC|ng at | east about 50 g/L of L- threonlne |n about 30 hours. 19.

{ireon ne. (r G aBE A EFafn i1 Hitadin o bucb B ity iRl B

pronot er. 281CC Zgprocess of claim 19, wherein said threonine operon
contains a gene that encodes a feedback resi stant aspartate
ki nase- honobseri ne dehydrogenase The process according to claim17,

el m %”Qﬁf/@ﬁﬁeaﬁrﬂnﬁﬁi s Leaﬁl&se%z <ol Rl ReRBRE 0

5 .
18. The strain of claim 11, wherein said E. coli has the characteristics of straiﬁ
NRRL B-21593. '

19. A process for producing L-threonine, which comprises the steps of:
10 (@) culturing a strain of borrelidin-resistant E. coli in a medium; and
(b)  recovering L-threonine that is produced by said E. coli.

20. The process of claim 19, wherein said E. coli is capable of producing at
least about 50 g/L of L-threonine in about 30 hours..

15
21. The process of claim 19, wherein said E. coli cor‘xtains at least one

threonine (thr) operon operably linked with at least one non-native promoter.

22. The process of claim 21, wherein said threonine operon contains a gene

20 that encodes a feedback-resistant aspartate kinase-homoserine dehydrogenase.
23. The process according to claim 19, wherein said E. coli is strain kat-13.

24. The process according to claim 21, wherein said non-native promoter is the

25 tac promoter.
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