EP O 231,354 Bl Description TECHNI CAL FI ELD OF THE | NVENTI ON 5 Thi s
I hvention relates to DNA sequenc-eg u‘ff:‘ﬁwl giant DNA nol ecul es, organi sns
cont ai ni ng such sequences and nol E he expression of certain enzynes
by such organi snms, and the production, by fernmentation, of a Vitamn C
precur sor pslghpdonsuch organi sns and enzynes. More specifical ly, this
I nvention relates to an expression vehicle and genetically nodified
or gani smse¢HNIGHL FiEELDEOF THE INdETIONRhi cl e, that express enzynes used to
convert gfucose, or anot her carbon source, by fernentation to
2- ket 0-sL- gl uaeniventibh relses © BIA Kdginces rechmbinank IDNA rraalagples rorgagismé centainingGuch
(ascor bi cseaéndys anBAVSIKCIRG NS oAptdssibh of eertain @nayeree by buch orgerissse and 1he Piadustinne Phg
Vi tani n Clemintatign: aicedisminiG/mbanser using suchergatismednd ighayges- More specificallysiht "B’?'E'
and one f elateerio anieypressiopyehigly jand penetiqallye medifad organisms apeigmad by gt d?h'
to sor bi t oipress enawmen ueed Sreopfertiees; ¢5|anetier SyPOMCR &Y AYTRRINPD Bl oorlc
suboxydanagid @tﬂ-ﬁbﬁéh%tRf?ﬁ“?a"ttf’éﬂ*?m"ﬂ?é?@‘a'%@'d%orbose oxi dation to 2-KLG
esterification of 2-KILG and conversion of the ester to ascorbic acid. This
process | SACKERAUND Ay [ equi res a rel atlvely hi gh cap| tal investnent for an
A g i) Yl EPo ST Fd3p 4 kg o Thétic
process, sta e '”'e" ?oﬁ% f %ﬁé “:E i S o %e E%ﬁ aruE&sg SiciRI, ©
(2 5- W ti 0 SO : dans, dlacetone sorbose
C‘DrynebaCL)ﬁéaJH.m Etl &% ;‘A i' Vi greion 9 sfepfbV%E&le'acl@ Thtshﬁocﬁé‘stl@r
to ‘asco dd Fésﬁ Vel c'iaﬁwnvekth\aﬁt f@an gbdrstingpbre. and
2-két o- D 9 BaH &oc(a?s ilgibs avroerermeﬂskm@g ps Y Probésalslalts Witto @nt@SE diiose to
EFwni 3,5ps. diREtb BEgRucsnalt @ISBKGH bip IERGE 8S) feﬂmehtbﬁbnfdf RS{DKGED 2L Gy Coyrebageriuntee
T. Sonoyagw; sderifidation of 2-KUGK Gid CoiveRion2of it Estel: 1) adconic GacidlcOmb $tudyrhaDsiywn dus &- by
Two- St age glaégnae Rhd Rkéo-D-glubgiiate (2ROG)EAY iproduckdl sequizitially. fromA@ycodeDib} E@hia( sbo Befgre
Thi s two- 235)KGS§ proddced i fastifdmertatioc gers Seaal.tSoaygha bial Repductioeferiatatl-dulsnie r
capi tal caad frérh Brglucbse bAJeb-Stage Fementation; LARP, aridsEnyit. iMidrobinh 3} t084-6% (1982 Jais Yy e
t 0 operaat step Stméntatiomprodees, ahoughdwwing @ somswha éawel %l%FQ?t@%’b‘h? AceiabRYtes pragess, is
referred sl compiBxiandseransiysele eparatappl i cation 132, 308. That pI ication refers
to the convedtiapsthesipragpsscierseonyasing -glecese; th 23["-§| i ?f%“egt‘% F@'P ?\tpéi?t p"cat'°"
process. [182.308; That eppligatign t"ﬁe"w W?e‘f?&@fséﬁ"l rﬂ' ° tﬂ\ g“ '°8f a
|on
sut i t

DNA/ Reosess g firplrefes to o m ¢
S aai ot geieHanes: Gtrnéwm iy ’é{f"Pd’ﬁt sag tgc rg%g@a

rted

R %“meg ﬁgszm R B ,,eexpae%&%mf:e 2
and an

PACYCISS it é?rreﬁg%ﬂ tg (:I%r;am . rac& es|=1 AVﬁ‘o%tt i, Erdinig herBicsiR A cE O

contain, a X ith er Je@t%n‘ ﬁnaf%\%ntgtfon Qhid BhnsRRedCIoR s &id to
marker, dh Bucogeein lohe &@bd. Fhe ERVdrIAtht hlucusd R ARG i thalprbdats, hdvder, BT
RSP~10: 10 n@‘t %Etl Jy obdu¥d b el 8F DKIGDIE Jorl DWGhd B time 438 bntatiod to dbeam eveér Hatt O

be transf g4 &e vector. On fernmentation this transforned cell is
said to pro At@&dlng}( ifgleOdiydlshCdapablel 0 convertisy € parbohhsurca rsuah @i glutossf togd-Kicoge
to 2- Klfp iaBeeblatib rafisQAER 2, sinBI0 fermanitation Seprio stillfalgodl yhatlads instfbeert aeipecoecause t he
yield of 2-KLGis very low and the tine of fernentation to obtain even that
| ow yi el d susMARY AFOTHE. INVENTGONII ngl y, a singl e organi sm capabl e of converting
a carbon source, such as glucose, to 2-KLG at 40 acceptable rates and in a
si ngl e fer neTeardson inverdipn solyesthp moblamgbfmdms R &ingle arganisnt caﬁ@@rf’f 8?’1" offingeiyicose, or
SUMVARY#s Ofttii-Ezrion\sBuee, (ke FKEG pyiekyeand in bigheyield: d'h 0%%?%&'"?% ?"éPnp 'des an
finding a esprergioe vehidpagapalia Qfé’ﬁ%?&"é‘"%f’ h%ﬁ?/@? " g‘ ° fe °"E gauired
C
d. con

S°§%I$°§"JT‘““%%%@%} S e e
this inve I .
;ﬂ“ H’?f??fé""a 'ﬁ fé@r? ion's jepsaé)r eqU| re Q%rrme aé‘m

host so t HPgct

conver t{ néh il 8al P Cl’l ed s\ﬁ %R}dﬁtﬁﬁ thd Rhown Eniidrdal FerRbitéib sses for
FreA qg Ml G S
recovery Q.. 9; é:at | on st eps. The 2-KLG resofting from —
practice (’Lﬁhe thenw% b RerE ist A Qﬁguéas&aw bif 4 géhefidallly FO&HERN drg:fhisin0
ascor bi & aghitles Yok ﬁ%t%e@s of &KLG Qirdefly frdnh GlusoRs e Singl Bimeptai SHHRS Shedkbilier of fred

above. 1n KBl dHis itentidho REDS Sifigle BfmdntaGonDstépSresiits inna/elativelyrsimldn @rokess wran the
comrer ci al kna‘w CBRiRforttal ProceRs SICIAGIES plotsss eqQUIpHBAL dnd (psg bnecgy deretiuired toldir@ueeeiginine
two separ at o gigedsé.sns, for exanple strains of Erwi nia and Corynebac-

3



terium to transformglucose to 2-KLG One advantage of the present

I nvention is that a single strar &E%@f"aﬁf tically nodified organi sm55
achi eves significant yields of 2-K dlrec ly fromglucose in a single
fermentation. Thus, the ability of the process of this invention to use a
si ngl e ferARMbAbbjes ob Lt pressht!lidventibi isito” prlovidd W Erloyel S3,5TDKAT reficase atd ahielt he
kKnown Camihsisnaéd brgpiisne aagricrotol thesb rbfesal ol ia CRuBdped(] pat¢hirapplicatioel 1BEI08, entethgy | S
requi r egrdcesspy ardiugirédublis tof e NpréSerit rivantigh aeCceeardityly unekdéctddly Bdpraved! afdl patentabler

obj ect @herttiecprqressseant praduastfiEoropeas patent ppplicatiore138.308vel 2,5 DKG reduct ase and
a novel t ré8liiofherobisdts endysnectsnf the irarentior witl be arperers fowftier speddficetion n  Eur opean
patent application 132,308, and the processes and products of the present

i nvent i GRIETRESGRIPTION %l!ﬁE Eﬁ&!ﬂﬂﬁﬁt edly i nproved and patentable over the
processes _and products of European patent application 132 308. 5 Still
ot herPob j Eletre 1aq?ﬂ'°‘a§p‘é8'ta§a'ﬂ'?° FHLseavRIER e H‘e Hleymings %H‘Bazrse[?ﬁe fereAse Hieth's

speci i ca RJEF IPTIO\IG:THE 1l depicts, a artlal
ani no aci & h ?f:\)A }{*1@&%; "?‘e% "P@BUE:‘{%%@@" BW""‘Fﬁl s 10
i nventi on raq'—'fe ' 's'

DRB Soddbtadel YP thisHvERBR aCt erium genone
Corq_g' Ni Ngighl @ oé qe:ts @Sﬁsrﬂ@ﬁﬂréﬁfﬁéftﬂﬁpl&sﬂ%@@‘id"@ﬁb pcBRFB. thFigure J;thgur e 4
ts t bﬁndal%aseeﬂ.u%lsﬁn@ine&%s 2p15 PDibfombR (60, ashie BRIGAInd Seqlidhcs; oriNMRIH 410N
and t he nyprcﬁﬁdhp[hd,llﬁtgor&i%téifhn%lﬂnﬁdﬂﬂueé'sfdﬁc@éens he 2,5-DKG reductase of this
i NV€ngi on. Fi gure 5 depicts the construction of plasm d pPLred332 from

pI asm JdBESTMMODEGF QAHBRING OUTTHE IYMENTION t he synbol s have the fol |l owi ng

nmeani ngs: [err] pronoter; S-D, Shine-Dal garno sequence; ori, origin of
replicati onordenthat thepreganbinvention; mayrhe-more fulgpunderstood; thedeliowing Aeailed) deseriptiorDis BEST
MODE OF PR InNitils epstificetipn SoreBNIR ©ligwing tesmelare emplayed: he present invention may
be no®e f ulyolpotiigcteh morameric uicof (ONA o5\ iNAGCopsisting pictisugerdaqigty) freipse). & RipIAtled.

| n t hi s 38$adtpgenaysi heterogysiie: %”P 'f'ﬁeba¥°o'F " Fﬂgth? é‘l‘ﬂ‘i‘sm%l?‘é ‘"é 9 Byresgidic 2%‘”" ("

Nucl eot i8%@on oz thepPRRFPER); nd it "“ °

aracéen R egtlde faurrﬁ 'ﬂ §d - -. .. a
I(mqust f?gr B G %@?ﬁ i an? Ai"fa eﬁ? °? ;-
B:geocﬁ) adtérofz %’?}% "nucl eotléeﬁ%ﬁ §e>?c “kg c s(%%bai The

mol ecul a :ﬁﬁ? a-0 de i ne e]{al %gr'erﬁf gseﬁigasl t%n ﬁ\%ﬁﬁfb iﬁortl t hi's
i nvenii ony OB BRE Srollotese iePbt MIHC hefidrdgndPlrgbes
d to Ie&?es Sndl a(i %ma{cﬁls@kh&wmw e \é i .

ar e ad

guani ne Si . re A,

G C a%gn@%ggi%?;? "‘f';. ok of B kel 93‘"3%33. %“EZ‘?*“%%‘*”%B“@%@%W?%%S (A

Or G s " Q' coddofl - POHINE s&fudrlas b ffee inldeoldds (Q\rﬂle Rt bricods, tmou FARIMRNA, ah Rfhieat es
any of tabig d #anelatRASRA sightl, de tianslaBén tIﬂmnaF&nrs:g%%or ‘ekimple, fid nuc’fé&ﬂde Dbletbiave t he

same NMeaTeNgsT, e RirAl it ctdenchde fokl etdntinet R4 b@ine"(TLeu™) DS, SAAUSRICEGA ard

| i near avafisiorOdtopckidly: andIAT e R al @R TaticrOstEMeiingl Ghafisd dobestfbranetidame. Dy

phosphodi eRdagiing IFamds The igivegiiy dftedods daing e’ trassdatiroofamRNA iaidjamine ritid sequbses. 35

Codore- Diitg\farsatipnethe eproder téadieg frame | rawst ibd ersairftainatr Fol etanplbhtie BA selpence

t hr ough GATGGHFRIAAGama ke regpressed] jn threer wadingatrantes o trheses,seaginat whighy pegduces a

t r ans| atdifigrentamineiagidspayancsi gnal . For exanpl e, the nucl eotide tri pI ets TTA,

TTG CIT, CTC, CTA, and CTG encode for the amno acid | eucine ("Leu"); TAG

TAA, and TGA are transigeip eaTs e Aaal %1@-@1%3—@33:@5'[ ransl ation start

Si gnaf5 that al so codes"‘T‘Ur"m ﬁWnl ne di n - The groupi ng of

codons during the tran® S8BT ca)t' sequences

GC TGG TTG TAA G - Trp-l:.eu-(STOP)

50 Polypeptide - A linear array of amino acids connected one to another by peptide bonds between the a-
amino and carboxy groups of adjacent amino acids. When "polypeptide” is used in this specification, it will
be understood by those skilled in the art to include the term "protein."

Genome - The entire DNA of a cell or a virus. It includes, inter alia, the DNA coding for the
polypeptides of the cell and operator, promoter, and ribosome binding and interaction sequences, including

55 sequences such as the Shine-Dalgarno sequences for each of those coding sequences.

Gene - A DNA sequence that encodes through its template or messenger RNA ("mRNA") a sequence
of amino acids characteristic of a specific polypeptide.
Expression - The process undergone by a gene to produce a polypeptide. It includes transcription of
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control seayebedsiuflspySHETE200 A& de8GibEdIR IT. 8dnojdiR of all, EPrbdudlion o R-Ret®L-gulonic

der i vat acitEfont D-QILEDSH by tvio-stg6 trflentitiorC"OAPPS gndEnvikl Mk skidl. 04301 106380 (1962). ius, theeCt Or S
and ex pdisfseéedosirain @h Corghebantefure, vz Seledtéd asftbeddnbrost al DNADsequendsReoding Bt a 25DKR1L t he
sane wapductse I ridss ideiieyingiih 4.5-RiS Bhilktase gereriomshad Btrairhif Coiynebaci¢riumna samblet 0

pr oduc eofamenzymewas i8olBid@End putilied t96% @hrity hsingtheciolowing prooesiuei on. Nei t her wil |

all hosts function euaIIy well with the sanme expression system One

ski | | edA-iGyttivatien ¢f Gorynebacteriymy SHS 8800 pke a ' sel ection anpng these vectors,

expr&m on _cont roI sequences and hosts without undue experinentation and
wi t hout - defpdPezerged tﬂ"‘m si: B8 753Q01was; refpydratgd imprpgdiately Aftey] qpening;,
sel ectin Va?"i’)%%j F" °‘t%9e"’ HBE‘t(s‘ ‘t" aﬁé"’“c&rf%’u B %‘Hesblé’é%?étet"ﬁéf ‘t/\éli!t"aﬂta"ﬁ‘t%t

Lﬁpllcat ﬁ%umr 9530& P o h! . con that copy
e

expr essi
consi der%&ﬂfﬁ?ﬁﬁ@ofﬁ élﬁﬁ?&% gr? cg%éﬁg l'e, the relative strengtéﬁth q’ad i

system ig Fiv& RRLoF 8l lnitBi thé bdbperdiBilirrk Stes 8 WBRakiialth 1136 a&ﬂﬁntsmsntéﬂnms@equence
encogi Ng itgnRiedts as MEGolvBsH G sRpe2. The tilBred WeEBimehtBY RN teQdame Rbinit Gtiliré byt as
regar ds pmdertHel sahe 5@aiIoHS AL Yo R.I TG LulluS were suspended with 5 ml of 0.9% NaCl (sterilized at

120° C for 20 min.), and 2.5 ml of the suspension was transferred to a each of ten seed flasks containing

500 mi of medium.




The .DNA sequence for the 2,5-DKG reductase of this invention may be used to
produce that reductase in a w de osts, e.g., bacteria such as
strains of E. coli, such as E. coli \%é)gﬁ :E'qc%ﬂh ED8767, E.coli DHLl, E.coli
LE392, E.coli HB101, E.coli X1776, E.coll X2282, E.coli MRCl, and strains

of Pseudonmogassolién Snining:USe 3lEbsK0 NP QBYE@St (DIRESH. e%eyasko&t(n fOLWQNaNoa

ani mal  host®1% KHEHD, Adnd GO REMESIPIRED, @iid KRiving 3 ph ©f 7.6 wa stéi268 &t 12010 18 150hiRgs:

ani mal (i ncSaglim@f hensontiorn @erb Saddgdl BN 5008 [flaski dbnBiring WS culttire OARSE 16118 Hobrs of

Af t er expr esiivation att 28¢ Cetha eaitird nbhtesh 10SadhUH00 frd flasks was frangineg t2a 30 REGL) Rr

2- KLG eHostfermleator; &fide DNA sequence of the 2,5-DKG reductase of this

i nventi on dedwenty fiters ghrsplutionat pH @l2ecniding ¥.8%@hsome?. 2% icon soép idoei 0.31% NaNOs,
conpat i bi | |Q$°/ﬂ/\l<*ﬂ2l'?°! sHet privd 2e80: VL 00972 prime MnGlei ‘c4H-Q. &2 pari ¥itsdni BEHEE 9. &depot ase
of the 20 g¥ parthetharsis, A (0H05% eaniferet (AdQKFQ?J)eg( ap [Addigdt 1o e 30 Hiter darsiermedtor
protein to :g?‘ﬂ't“é%ﬂ‘gtcf"&"%léb? fermaniop Wasoipculeled atc8r € with agitation at dehparand ge b flovor

bi ndi nd® of agjansw B} whee plucqse S'F%?P??éeddrq'\‘ the cyliiprer(#2h} dhgv e
during purlf'l”f"c?ﬁ'twaﬁﬁsa@?(ﬁ?m B8t acteristics, the ability of the host to

produce a the 2 5-DKG reductase, the ability of the host to fold
B SREIGIS o

t he reduc asﬁe&eel%ee?ﬂ@“ﬂhe fermentation requirenents of the host, the

ease of, pur 'Ain’)u? 95d 8’ di Wa-% h%rvé mr el tgg& f&éﬁ? A atlonsu%;ne arales

cost. 25 centrifule %%o@ ’Th Wefd s %— %

host becayag tinbs \pithmlfaﬁﬁ bé#e? 33n eﬁm @een@iﬂl o, i@% d&l H?:%{d
c

directly #g BNt (O BB THY céils Rd’s%ﬂ%fl‘af'&EQU BrVMoﬂi ﬁer&ﬂl i5tetPb for 7

pKef er abl winhOBiittoked cbilteardr 8sbRs weteNieMOdOBYy BérditlghaliinNi18lodd &F B30 mihhy
(Fer m Bb Nauperhetdh®{1 LAWES pobled. 31623) and a strain nmutated from ErW| ni' a CI t reus

SHS2003, Erwinia citreus ER1026, that is unable to use either 2,5-DKG or
2- KLG as 6 RslienatoabpamsSsour ce. 30 The foll owm ng exanpl e shows sone
enbodi nents of the invention but is not intended to limt the scope of the
i nvention. FreNVPRIEM@Brial dehpredipitatad beiwmec@f40%. aftd V8% eqidratice weapliasted dy ebntriflpetion,

2, 5- DK& Rend uedisgelesd(n 80 issof 0\ trisiHEhbufiandd phir7e fleer a:!utlwnwa;fdlaﬁlZWaQagst\mmmrs-
Corynebac't'@erfiﬁ‘r?'ﬂﬁ”‘BPB'EBQOOl was described in T. Sonoyama et al.

Production of 2-kefo-L-gulonic acid from D-gl ucose by two-stage
fermntat?d&&%&?ﬁ%ﬂk&%&ﬁ. M crobiol ., 43, 1064-69 (1982). Thus, the 40

ahetloged < gx Ct oflndt @%@&f;{qsao%ﬂ&pﬁ°“%$@§fmm

sequen®e C(a;bra aly=g @n sal Nl ﬁ

reduct ase een L
epe h cﬂi%nt a§ed b ﬁ;%@g}a?q

was |sola$ aﬁ] ! 5?5’&
M HS 7520 was re ydrate |rrmed| ater after opening by

Cul tivat 'Qﬂzra%n

Corynelact eri um sp.

addi ng 0. & Frt Afh ,t‘pcr,%@%gbh)(sterl lized at [err] for 20 mnutes) to the
contents of—a viat——containing the freeze-dried culture; 2. The culture was
t ransf er r ed TheDdidyzb@ sdlutibr )32 M @Baibd WrdiDistéh Diwgs Sced o sl ARibdAMaER Hed AbIOEN B.60%0
gl ucose, 518 cm) pieviolély expBibrated Witeg.02 1 RisfHTD bufieP (B, TS LAMN Wdsl WatKel steBwidd/wmitrer I ]
0. 02% jeera.g2vatnetHRL Bifea(piir7) chitainisgb.at-0.5M Nabl. Was enzyfle was @Glutel Ewith Ghd) banNbufrad
been st erdohipipiagl0.Z1 .OMMNACI. Thef aptive Iactiona(90ripwdre/pdoedr s after the addition of the
culture at [err] the culture was suspended with 0.4 mM of 0.9%[err] that
had been f5egond Affeity Ghrorfategreptyor 20 min.; 3. Five lots of 0.1 m of the
suspensi on from ste 2 were added to flve agar slants containing the sane
55 iffgred E%M E"s'z%’ pyiter @Hl7u?'+"'b’ﬁ') (!YFS %‘ldE‘me“‘e wopied digptiop frerg siperEe andeihpreasuling f or
t he sane 33 i col %‘€6ﬁ PFT“?)PFQ"'%'WB@]S‘“?"W o2m

cul tures tWe ‘ﬁﬁ 9 %%g T' ?éﬁ'“'ﬁ@ofgﬁag Ter 20
mn.), gn(i?yg]e?ndﬁo lon ut- ge'.lo;gv f toPrqe)na\ge %ﬁuﬁf BN "Seed
the

flas kS o© ctase of this mventuon was not denatured during the sonication
process and to conflrm that the 2 5-DKG reductase of this invention converts 2,5-DKG to 2-KLG, a mixture
of 0.1M tris-HCI (pH7) was prepared containing 7 mg NADPH, 2 mg 2,5-DKG and 50 ul cell sonicate at a
total protein concentration of 2.5 mg/ul. The total reaction volume was 200 ul. The products of the reaction
were analyzed by HPLC, and the presence of 2-KLG was confirmed.
85 Antibodies to the 2,5-DKG reductase of this invention were prepared. The antibodies were developed by
injecting a rabbit intradermally at multiple sites with 100 g of the 2,5-DKG reductase of this invention in
Freunds adjuvant and boosting with 50 L.g of the enzyme in Freunds incomplete solution twenty-one days
later. Serum was taken ten days after the boost injection and was shown to be positive for anti-(2,5-DKG

m 3
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EP.0 231 354 Bl 4. A solution cont ai ning: 1% gl ucose, 0.5% yeast extract
{Difco), 0.5% peptone (Difco), #{\l%%ﬁ 0. 1% KH2PO4, and 0.02% [err] and
having a pH of 7.0 was sterlllzed a bfor 15 minutes. Sixty m of the
solution were added to a 500 ml flask containing the culture. After 16-18

hour s @dduétkletor Wltinverlio tactiv®y ih n bri2@mélilikbd imfhuRdaBéordaht (HLISA®) asssgh 500 nml fl asks
wer e tr anmthb@ivified eiizgma wadseqiidnedd floh)thg Rterrhinus using b RN sedsitivitp 5k phase Bequakdtor| i t er s
of a soladifactutedolly Applied. Elosystend Thepanial seoBica)dbiirad dy s Méthotios showh éfigukd fuor ,

0. 31% [Aequestiod madk%ib biFig®é,indibatés fhpina pagticolr dhindZcidEnold pat be deterhiridd piphmabeolitam n
[err} @erttyppm Cal ci um pant hot henate, and 0. 005% anti form (Adekanol ), was
added t o Thaerusitipd| enzyame wes alfercipaved weing grstandiand qypneden bramideyelevageT pioceqdaren@nt or
was i neatien o theaminpgcid seguense gipne 44.009d fragmentmodupad byt methed ip sliowp i Figwre 2.1 at e

of 0.5 v.1porer topslectitompipray Plodiengina waém@f-‘em@m I helseDIfF waprtsa pelist r om

t he culifvertien. (2 ies ‘Pﬁé’"%"ﬁ%'ﬁ“ PiRRes fshowry gy ':I'Qﬁ'?sf ‘T\%\I WESD P(REOd; gusing Be

Pr ep’dr 20958bpUisst ?“I‘°°' PaRIpheg iy °’° de'}!(B‘b[Rm ths gmigp acig seB%?"F%‘ 'P‘éfe*h‘a '\9' d from

t he 30 I ?:g 8 fthe deg s ?ﬁéb 9 8‘*‘?{)‘1"1"?@ tp ? "yur in Uge
(10, 00¢"
(DH 7, &r\ba"k?g nc ?3 e pre ')Bhﬁrﬁna %ﬁ{% g © r°b %}Case)
usi ng 9[1’ Aux Sf&%é T
150) bé?uo §& re Bﬁ@ W@f!ﬁd reﬁ:ﬁnﬁlﬁ @y f sonl cation
wat tf oQ§truZt |ﬂ}aﬁes)of b3 6 ingSoyV¥Rd Eroﬁ&rm‘ﬁ e 3’(a-e) to
I‘ | fshigd tthe® 5Dk nVermen Qjﬁ@nétﬁ& Sp IBRIS AR Lw, ]I bWas

QO,O| ed trefting El’call?*sdsﬁéh&bd &G elABiS‘Mn Jhens m@h rkdnph 10 e Wﬂ&-ﬁl@t ed

bet vierpH§)21 MMIEDTA 4ne 204w sdtoséadliowsdll dyaedis dbiscyisaidd (SDBI8 imgim). DR framid

r edi ssaevigsd iCoryBébattbriimodp. OHS 752001 ¢ells Wisl thénUfrdgmentad usihlyl the. restiivtiors @ldbriuciease Wwa s

di al yz&duadan meffer Corbiitisivg 150 oM N4CL 6 imM Tés-HGLi(pHOF0) 6roM édgGiz . 10Dug/mb bevine change
Chr omatsergmagltiunind Ghe DNATHagmelits vgra ditbnSadetidd ipfe (UD8 vetthrs\ehie Bambit esile osingathe

DEAE- Sesthad ook ol. &i_ersasmth Brrivegsings Grne3 J9.c200 (1982) i and Shey resopbidant plasreids wereh 0. 02
M t r# s trEformask ifte Es Solr#MB3c W THN. ana W §id 9t ieah-She malhecsforiranpfomatinp of fhe
tris- Hegcombipanppla 'ret? M#B3 ispsehiach i JoR.\Meging, R(ﬁqrpary H. BrgbutenDlydiaic Agids

el ut ed 58&'(3\ 309,{2984 ), Fimilay mathops wesp user far aferdios sARaCl (pH_ 7). The active
fract i ons“qigeies ohBe rasyting igrapy,per P?S?eé?%wwa'ge E'BPR,sé’ﬁtF 19%%8(%‘18 “%RQCH‘ 000Ky 8)4 up

0 ot j 2l RI- N
ean e e
previ Ol&? gs%l 189co

O

,ﬁ? 3 -0.5M
NaCl g5 ‘Fhe enzyne was el ut ed tﬁe sane Ter cont a| n| ng 0 7 1. OM NaCl .

TQJ actp»aﬁemsm%r&a.sn (49 and Wh&orRad Rbording ToMe AR6ht6H f { ni E K Chr olmaéI ogr aphy
WW?NW 0] e pool e

f r action th bfash 16 deBrmiine thatopehtids biahs lebdnitihaitQliddinids) InciiBiig Prod\tfish ratBs 6¥he/8-CON
Mat r i X DRaCredicraes binhis (idveRtion by Zhe3tranBibrnied @idéts) Usd o ersismbindiit plagitidsVaidpiceDa M

t ri Seo Hubctdd ihbf epntaipipd] thé) DNAT bugling ddr L2, 5vBKG \watibétasd oMitlishingdn@hd, War trarssfolaeld ilmaf f er
(pH 7) Exohwai 1o mepAGna Ftwidetunctdih by the pyocedurcst ituindldhan, 81N.t Chang #n€. Yiudnler
cont ai misnd-, @ros. Net AadiSd. USh&S:2319 (1872]. MegteripdGe whigh isnieistedde PBRIZEO1ae o stand
concentacaraswteplpcaigd slightly ppsiream trayna BaroiLsef bel ow MW of 10, 000) to renove
NADPH. 5(Several presedisesovare examined ey relepringothes 2,5KG jedustase 8& é"so*r“'el"l'ﬂ"sff%% ntion
was ﬁoﬂ’aﬁ@ﬂmdlﬁaﬁfd‘"ﬁ@fqdwdﬂtr?é %W@ﬁ?q“dww@é’gé"%dt ePnicglion |WP?rT°P'I'1’a‘P he

25DKG°§’6I nig. h|$|nvent|on co a m.xture of

0.1 Mtri=® éf%and
T
ising- an é;

50 [er Fx oyl t%
Snt
com1 ﬁ)ﬁ r}édAr ated with the

P A
d 3
éﬁé%z"@&d gﬁ°ﬁ°'g" ,. it
h .5
Ant i bo %"v Eé; it 61‘-’ng5 e i s e e e
anti bo %&s‘ﬁ@rﬁ Gnifidat thi?¥e plasmid carrying the gene.

iz i a{%
ﬁ:‘% -
washed oA Sor st i 3%% el

56 Confirmation that the 2,5-DKG Reductase of this Invention was not Altered During Recombination

The 2,5-DKG reductase produced by E.punctata and E.coli after transformation with pCBR10 and
pCBR13 was examined to see if it was the same enzyme isolated from Coyrnebacterium sp. SHS 752001.
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-injecting a rabbit intradermally at rrultl ple sites with 100 [err] of the
2,5-DKG reductase of this i nvent| ,_{e#pds adj uvant and boosting with
50 [err] of the enzynme in Freunds i nconplete solution twenty-one days

| ater. Serum was taken ten days after the boost injection and was shown to
be positi Verné @loleduidriwslght &i-thdErotdin, labshidd kY Weksters bidttifglofleRiesG o ERVIN (PLBR®), of

I nvent i OB kol WB110i9trycA (HCBR13E reny IFE CoriywtlsSutbrilrfl] WaR0AE SMidd&Nthe (molstdidnAve)ghtLorStAY .
The puri uried 26DiEBeductsse DE hisdavesidn (1.6.0abolTES,000d). (Basadron Togdrisgn ol theibiplts for the
sensi t i viifigrey aslispl ase egieglad trat O-L%nd thef tatelt asll @abtelnyof Apgihia uiBBII3) Ives therds-DRthe
parti ad wdupiaseokthipventioned by this nmethod is shown in Figure 1. A question
mar k i n t héVe-haye meds fudfier eongirictiongyiysing theaPL prombias: a giing gromoteviwhich sl barenntrdied

det er nmi nBythaire! ferzrsacs Ip(ptein. Expresipn ofithet\p, pramelersat be ¢optpllechby qhangjog shedprappratyreay ed
usi ng a §eMRALY & 827 4nbesiraiprwieh o Gaiion the Ml deprerature- ﬁ"ﬂb’ﬁt’?ﬂﬁ?ﬁs@f Ingregsedini no
aci d seqM'é'H%%fzd‘f'-Gd‘i?@ r&%memmstfar"a H@I?Pta ?‘b‘&lﬁ‘&é‘ﬁ?% 45 &Y%t hod is shown in

Fi gurd?2. (U Yy r|"""'Fdh :P f?ff"‘%‘"@ﬁ%"'%ﬁ"ﬂﬁﬁ*&'@iﬂi@rﬁ:% K3di ng
for that reguq;)as &8?’?3 %”'Eff" PR Lreds3 é'F-’r §d°o'Ty ipserige, A8 Ieereant de
pr obes ( nera e%li ion ;éa%ﬂ | 0] Olpa{zgfp ndm mg‘gﬂe}rgs

ret hod, 1%5 pagageg 3.%;5 o sfgihvos g?ﬂlﬁgg ﬁﬁﬂ 2 o L e
act ual Ve Ofr Tt .% e o éi% %@mﬁ'ﬁ. iat :

14}_%“9 r D&ﬁon%s Rertion GH &R IaAb Fi&rﬂﬂé?atﬁre QeﬁisnF Jegl'df)rﬁss&) gt8 ki, . FREMIN0 L b3l
one whichl cdﬁpﬁs&ﬁﬂ@d%&émdnh&n%d 8Chng YHEURIRA Grom tpbﬁﬁ%srﬁéw ngtreQSb € Of

Ri gur e 3bpecifiésad@sprd reafictdsb guaehals)mmﬂke %ofe&ﬂ# RARACH both EZ3ii MdliN EQMR dtreds, as
M S- M&b C hat dpbsified by PEBRIBNA probes of Figures 3c and 3d 15 (Pr obe 1TTof

Figure 1) cnaiia binelsERI026 wasiranstprmall wilti2pRiLred332itb formn etchinf ERIMEONE anot her only in
the first tiwerdgos cdnfionibe arsinaladdemd DNA-sagenddidAthp 2 SIKGobduBtaspLof ehisJavetion,ates | V
of Fi gur &b Pjerini CBR 13cwhs selquancpd by thd Maxahp arcidRibert techinigbe (Pragr Natls Agafl. Sci. USA, 74,

Cor y neba&&0e (1877 anpiiMaxem,phr Mi ends GilkegnWagMétly. Erizemp86.0489-560 (198Q)Lipeds bB (Sanasy t o
sel ect2s t prsugncing Dy plesid Mk (Ba hé= dNicklem S5 anchGesisen. g R- Bomcy Nath AeadeBdi-UhS-4p .

SHS 75200% S#8%67 (9N By mt"Pfé’at ﬁhg sqayensd of e B8 KBinsprt esvealssT & pRaenee &1 eadPd p

SHS 75208mogtieractly (Ps the fipbsixty amige p 'dﬁ doterrpjnedhfprite anzyng itsslf (s shove in F'QUfm\W Et'frA

and 20% PRk et gifoden mam gsgmoame fot the £9 %af('%tss enes
gt hm{e; ) 'g?%%w ﬂéﬁ?ﬁeﬁg 3%? 57y "Gy fhsgtfﬁﬁ?ﬁm & jsls nted
el 6 rrgﬂT el §co rthe “m dofah ;%%fs 39 gﬁ.s%ﬁevsgmm
b I
Zlnfjet g;l E!h%%oﬁ ngpm cgié"frfh %ﬁ%geg%%%ﬂ BB&; é:{&nce B% haX é% p:E h 2
| Vi h
INB3. T purborB BNWdubrde i Jamivd G s 1ndBeH mapmapﬁt?s w&mama bOte Bl figlkBs
r eConbi ngigdry théwsthal thd 2)5-OKE rédattise inventfoitand R¢ DRA isBqudnce Rre N&ﬁ&nmﬁer&t

Cor ea, Prtrodrithe 2Mfb @Ei@ seqbbhed BidDNACequienddas Eurofban B&Ght AddhGalidn 133j308.1 ar net hods

wer e used frae Midhlslis cdhetant (Krhy dliah 8nzyfo InRBsums tdfkinetise of Matlnkyinie) THel IGWeR thy valRs ©
scr een@dolvthd tonbtre, the biles the factivityy br etociBy, af thy enzgeél Thé Nizhglicmstant éor sret25RKG h | n
Wal | ace, reporteB.in EulaplarsApplicafidn 132,308l 15choraM, and the Michadlie con$tant faahactidiEhreduetasd.

and |t akairtbis inkentionNugRirigel0@ LM(NAREH @s a Refactor) i90.1 BI7Dis-Gi), o4 98 1Y 30 Tlie2.pmdbes wer e
hybri di zed The fcﬂ'@mmq pracedura ilestrate dementatine of QilECOfﬂeﬁf’r%K'-iGnaé’ tamin GORPQYrsHia 4#ing a
conpri si Aeyetrally mudified grognismeef this iaventionuf f er, 0. 1% SDS, and 50 [err] t-RNA. Of

sevent®®en col oni es_t hat Wereugoleve (h bri di zed) with the probe of Figure
3e, two \ﬁgmgntgpqgfqmewtpg&q, 'ﬂgpﬁ'?—sfq'm?ﬁ’ g Fi gures 3c or 3d or both. The

two reconb ant f those C. 0 Were des )CB 0 an

The forej, —%g%%&%gog ?"n%ep n esear J ?} qL 19. 35

Proper i & ool ofgalll ,ﬁ;s%ﬁ rwl’" 3"3%@ g&r Tﬁsn .

| nvent Oﬂc i Ma«? fLrhﬁae

i ncl udi ”ﬂvé?i{n&h b&ﬁ?g'tﬁ%ﬂpr&%&lﬁésé? ort | Ué YSRd Ao, L Prac waﬁe;(&a %@n

t he tranaéprdse%bq&bﬁ,, TR B sl by daﬁ@ten 780 douR mabm

not cont T eduited NAnveRfh BRlcds® fo L@ iRa Sin Algnt ase of th| S invention,
ol b9 ko

wer e ts§an S SaLies17Wad inoculated onto a plate of L-broth agar that contained ampicillin (40 g/ml). The strain
had been faken from a stock culture kept in L-broth plus 15% glycerol at -70°C. After the plate had
undergone 24 hours incubation at 18° C, 10 ml of a seed medium (glycerol, 5 g/; corn steep liquor, 27.5 g/;
KH2PO., 1 g/, pH 6.8) in a 250 ml conical flask was inoculated to an absorbance at 650 mm of 0.05 (Asso
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E.eoli ferr] recA and Erwinia punctata by the procedure set forth in Cohen,
'S. N+ Chang, A. C Y., and Hsy f* [err] Acad. [err] USA 69, 2110
(1972). Vector puUCS, which is reI a?%d pBR322, has a strong |ac pronoter
| ocated slightly upstreamfroma BanHl site. Several procedures were
exam nedo.65y with Slain ERBTTJakeh 6ok e platéG r educt ase of this invention fromthe 45
t ransf or mael resekihgs sdekl adultyds adsl edbatetl farCR4t ivats A r18clCiGiith Gdtary hakingC0anl 8li bfea
measur edducananiin ©orn eiaep qoomab groKip@Oohag; Mawi, 1N CCHCOs Lad/);fglucbsa) 0. g/EpH r act s
of E. p@arinat250 an goridal feslc whs inaraletey torky s EBRRL Gthethel sqaCBiB and wes imbatpd eith by
sodi anratandehekingsal P8 for §gdioyracr y| ani de gel el ect rophoresi s ( SDS- PAGE)

(Laenm i ,Thejculygre wga thep gentrifyppd agiihe gpernatat a'&'m?dtfv thagrresenae ohP-BLE pnbjgh
(ThonaBemFma"Q liquidy d¥omaiggraphy (HPLG). Fitte pl samples of the sypamptapiwere geRlypyd psingngy
ant i - ( Blosd @6‘87Wm%ﬁ&ét%é°@ rfmin)yin @ 18N-kaSi0¢ | APk BYing Bdetontion frriol &8 mihov e,

to det F LGs Thy r '\SUP{G'“P%GUE? gthex °8H‘_‘P‘1“Pﬂs§f 1“F?(Pé‘rﬂ“? o Y’?J&éced by

the ¥r mn% a'aﬁgc'do( -KE%BF‘? '?@% 10. raﬂg e th t he

| ac |nduc about
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flvet en on rl'a\’ %iuunﬁeaa o amws C}l% asm'd

carrylg .

| nvept H@ Vmeﬂ%;u oh%{ﬁ ﬂwﬁ% Lk o E

pr oducgd; da¥cekrdRbi Gt bu otectalld Q_Kggger tranps?bornatlon W|th pCBRiO and

p R13 wag @xmiinder tha 2966 (a.fd riot 2-RBE) hd3GcRa gﬂmm&ea FohébsRbuf MR, 2

I ne fality of KABMPLKDEES thealdiish salff was adabl £ a ﬂapl@ Blupdiani®) Lorbertrativgi ght
Q/ t heofor gA. ¥IPOC ahdheR! df @@t Epyked\eRiuURY thendhowdd the) probons< bif dwSpeatt attd 481 rih,abut
( pCBiR1 89sentialfy rb.changé in[ter 2-kLG maat@BEBL3) , and of Corynebacterium was the
sane as tAnethermethod bbdemanstigiing tief prédoetiop of 2-KiGebl e bultilldwas elshicsba By coiivelting S
i nvent eyn2-KiG producad byl the Z&metislion tdassertlic Gaid.ca radeainigsagentothe tedecigl @pzitf ofra t he
di f f er fermeentaéion reediunt copfaiving 84KI-Grartaie e mbasured,-aRd dhe fampunt oft 2L&I present|in e enlubiom of
Erwi ni befgrp @BRa®preip do aseerbio aBid g 1 cajculdted: tTasompénsatpfes thenrresengeodt redpginthav e
madés f agents etheihansasequkie pcishia atﬁ%"i“?@“?ﬁ@'x["@f # firsiemalp kg fermentgtian rpisdieiedr
whi c h togenyse 219:% foorspaic geid taFFb“‘F'é the] "°tF'é’B‘i’L€'§% SePagiy ot é'iensa"EB? elemingd-of t he
[er fagiple ds, prepared s 38y paayp h‘lsH‘éd ek Pﬁtaﬁ'f’ é'“’f“F‘ﬁ?ﬁ T‘@P r] in

trafh oY oy e e e kil npepRared e
erfer reg @ ?1 6, FmosIt gt AScrbis: A6 \"tg’é?iﬁm i ?Sa?wshewer*h ke i B g this

pr orfbt &f B i % Rt . O forbnS B e BNS! 6 el (4G Qs used
For mai AT Ters %g% #5 A dEﬁ. F o1 o
the XPh.n%@éﬂzi A48 ta 5@6 gqm

aa% i‘ﬁ e

coding 1 alaR uaa&asu%c.a 218 il RS-0k ea the etk The
fr aggns t'hls duﬁé“tﬁf ithiylE-2, 5 RSy ALY biémiRFin! t%‘p@éenébcﬁme?ellé\ét%ﬁ‘ c£rﬁe’*}tﬁMsC 1 on
eqQden U ﬁﬂﬁ%ﬁazﬁﬁﬂééthyﬁ’dﬂ drd] 614 bdrmazhd) Sudh/RoakreROrEE Rhrfied R BncSiE REEASEHe R¥AI

el ect r gfdn eddasingSaghs Gl nd wumiEd) il th@mik@ 0se. The vector was al so di gested
Wi t h EcoRb fdfitaspedificridiotminiores Wtargihl CEa Bgmphilof tHadaémbiiioR piduBPbdicrd Realmengment s
coul d bith MTDaideRMS Whcreaed with astorbip|adid Bkidhse RhY_6x@GER3A destbns artyr\atardih @ présdnti Nt O
St r ab NSyBadglient [treatmpnt with MIT lamd RIS thiem inliCiié3iB8e arfduntof sdndrigrageras othed thaa Vitamin

chr onoSerembnt.iand by tifference fthetdmeunit ahVitdaint @ (apd thas efr2eKLGpwasi detevngingdelp thisswayrthggene
C1857. pPéancedf itassh iR mixtuyegeing kthe: the peegenchef 20bEtimihe sypemetpnt wakerproyend f r om
210* and Uskg therpsespdurg Pb?ﬁ"}!@ﬂlﬁ"—ﬁsﬁ Hroim Cwith ﬁr%ﬁs@omni@ww pengenfrationHK G

r educt SiKl@rallewpd papargiins %&#@dﬁﬁI%ﬂlTa? °W9i sgmed ahthe giypgroptant GPt‘f""Qi’rf@ml the

Er wi*hi 8o-haut pultyre of é‘éa“‘zﬁqaﬂﬁ&? i ob g% ing with pesylis of the HPLE @iRlyseRPD26 was
transf 'r%ﬁs thd e e’f‘ "&%%i "‘F'&lpﬁ’dHQi ﬂ%"eﬁ“’}‘? Yty P gt RN O t he
am no re of this invention, the
3 kb I V eqﬂ' g?g% i m ut mcu 'fggrqrthé %ﬁﬁe
1 ure t
m,f 2. 9'?5 % %rgl vic SEAUENCT G USi ng
etter lEst@kaG to% re(t‘f?ei‘l.I Si'of the inBrmediate® prodl¥ak irl théA‘C ad.
SC' Ufeﬁneﬁtation o glu'éé%@%o cor@inﬂgﬂ ﬂ%ﬁo\o@ﬂal Qbactidn® asts eheige®to 4-K&s 3. 0 kb

i nser t plouthnl Alordingf Qu\ameoftew.a 6968 (5HS2003) that was unable to use 2,5-DKG or 2-KLG as
s5 sole carbon source was isolated following nitrosoguanidine mutagenesis in the procedure described by
Miller, Experiments in Molecular Genetics (Cold Spring Harbor, 1974), except that the cells were incubated

in the presence of nitrosoguanidine at 30° C. After mutagenesis, the cells were incubated for 18h at 30°C in

M2 medium, that contained glucose (0.2% w/v) or glycerol (0.4% w/v) as described in Miller, Experiments in
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al nost exactly for the first sixty am no acids determ ned for the enzyne
itself (as shown in Figure 1). The gpb@§23qzgansert al so contained a sequence
that coded al nost exactly for the amino acid sequence of Figure 2. The end
of the reductase gene in the 3.0 kb i-nsert was indicated by a STOP codon.

I n this walolédnler Senetiesd(FoldaSpeing) dlarbornadsy4)X] Semples ofcttle totulsewdS Spreadcortw piade ©f MONg
(omi tting aliveseSFNY glpebenh madidmiand waxdi they rediiGated drdo SIFtERTT M thediym comaining 25-DKG
sequence i@-5%hwiinor rKiG dRi2% wiv). Whlentppgeblociquarere en eblr il thiese medie vané nwifiad by
sequence oPstiepkingzand wepedestecigt thejs abilihf totuse 3 variglredh sulksiitepsds sole cedppaquesss-tsvartle
DNA seqgde FREaEOMIS) gbipipad thaf pquid Rt useAMOOf 25 IGs DS - KIG astshle cpaPR, pruFses: dle of
Eur opean Pfibfpts t‘@%ﬁf‘i"aﬂd Y@‘ZP'W PEER]A t form S¥AIRER 1981, phich avepiian dasted doydts

I%lngu?reﬁ Zoo?ﬂifyd°§g E‘,césef t evs 5 DKG reduct ase %fmtml s |nv t| on.
sequence a‘?\’gur% I§I° Y °é":§w Phelty } 8"”' '%sc;u 4 “I, of m

t fi ; f

e e
DNA seque f u nt
(k) of uam@?ﬁéﬁ;moa%%*ameﬁm WAtk Zﬁ i AT e 2o

40 of the CopShg@Awinial dtRud EBTHRE trﬁr{%%nﬁéatﬁlt“'tﬂeyplasﬂﬁd Mﬁ.l'dags‘zt ¥ furthdr ithSt6veRRBAYIA Gield
The M chaedfi2LG a5 bétkbhieléd. The 1esuling skAFCERENB,E §Ewn & dedérBREMdve \PBWvdvER nkiBH of
132£8D8 i Sterkfinafing v feiiéhtdtibie dddoibdach the eRamiid ardk 20 @) thb M@mentdioliés bashded By theOF
this’ T nv e nddaioon df aSurther 10QA. df glutdse NADERNEr mecutatianof actor) in 0.1 M Tris-HCl, pH
7.0 :at 30 CTwe fthg aubitionsind 10 @/l cfvgluegsepean caisd Lbe asadis | I6US bridaditeh faae*rrmanttartloomeof
gl ucoseza derhetatan. A find lbeaiioh2-I8 indisuipmentation Drattgwas 19EA gL rembsentingatbrivieidn from
or gani sm ofiucpspiof 494%enti on. 45 Fernmentation of ducose to 2-KLG Using
Transf or med Emilf be eprEewi tpthese shlled insthespStha0GEous grpdifieationsi mawbet hadetie tharfeventioan
Type Cul't uwiboutslepasiing; frpm "WEFQFPa’ﬁGP'"Ua@ pur bagi censigections sgmbe aitriedole Rrevidespther
with the FRRtegiments whish pilize e grocpsres and gampositions, plothis joygation. Toeriorep ity besgppre-
5449, n&r rFéﬁt? t"@xtg? &eoee of t!i‘]f;z yeptonyis, fo %ﬂ?f'@?‘i P!h egq'%g%’e'fd@d Femstoryriter thap the

strain was (POPBTRETE Wiig Bresefiifl @R xaWBleescri bed above, contains a
gene t hat ﬁ: s for the 2,5-DKG reductase of this | nventi on usi ng t he

&

D O9pOL Gl e io M TUR, , e qeE0 AiBRE L PO
ER817 t hLlﬁ 3R %‘a@dqﬂm §élgﬂerk9 Sodify P a f2%rDl@ doadcliSe, esgﬁyﬂmsserqgﬂlﬂé EQ&tqu‘EﬁéT?

converting ghigeessibihg 6 in_a single fernmentation. Strain

was i nocul at ed aprQAgqugn%sef@;foLmdy oth agar that contai ned arrpl cillin (40
[err] The straln had been taken froma stock culture kept in L-broth plus
15%.¢g] yeerol at [err] After the plate had undergone 24 hours incubation at
[errf} 10 M of a seed nedium (glycerol, 5 g/l; corn steep liquor, 27.5
g/l; KH2PO4, 1 g/l; pH6.8) in a 250 m conical flask was inoculated to an
absor bance at 650 nm of 0. 05 (Asso 9 EP 0 231 354 B1 = 0.05) with strain
ER817 taken fromthe plate. The resulting seed culture was incubated for 24
hours af? [err] with rotary shaking. Ten ml of a production medium (corn
steep liquor, 30 g/l; KH2PO4, 1 g/l; NaCl, 1 g/l; [err] 29 g/l; glucose, 10
g/l; pH6.8) in a 250 ml conical flask was inoculated to [err] = 0.2 with
the seed culture and was incubated with 5 rotary shaking at [err] for 65
hours. The culture was then centrifuged and the supernatant was anal yzed
for the presence of 2-KLG by high performance |iquid chromatography (HPLC).
Fifty [err] sanples of the supernatant were anal yzed using a Biorad HPX-87H
colum at 65 C (0.6 mM/mn) in0.1 8N H2 SO4. A peak having a retention tine
of 8.86 mn indicates the presence of 2-KLG The retention tines of the

ot her cgnpounds of interest are as follows: 2,5- 70 DKG, 8.46 mn;
2-keto-D-gluconic acid (2-KDG, 9.20 mn; gluconic acid, 10.0 mn; and
fucose, 12.1 mn. The various sanples of supernatant showed a peak at 8. 86
mn, indicating the presence of 2-KLG at a  —

65
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concentration of 1 g/l. To confi rmthat t he conpound pr oduc
8.86 :m n was 2-KLG a quantity OE [P BlfLG (as the sodi u m m,u,’,
added to a sanple of supernatant.” That ‘I'ncreased only the peék @t 8.

t hereby providing the confirmation sought In contrast, when a sanple of

cul t ur e MeseulbraG&RicNICYd BpringLBarbi,U1984)AEdneplesi of @feUdufird @ere(gp&ha\eﬁto ol ofiMoer 65
hour s) , dilicbde danid glgdel Mbdidinh @nds wége thaA traplidated @Rtoilafed tbf M9 mdditfn dontaiding 2,5-DKG
concent r{@somviosr ZKIgH K0.2% wiv). Ndutghtst erablalib qroid- &L StherTof themaf meda Wwers trodfied tHyat

2- KLG ( ansireakiig ad MBG)testasidorateinahllityyio besi aveprigly otisubsiaies s sdiecadon somcesclaveralr e, a
guant ist ymuidntskwengnbtainad Ut Ceudd odh @secany of A/MDKE] 2-KDQak 2-KU@ etisaleocasbon aptee. @ t he
super natsugh mulantavag dranstormoedawiihgitasmid pCERAS to T Wain RiR108T] whiehf wasikan testradiderdits
cul t ur e ablliyrio egnvriediicesedo BKBence of a new peak at 9.16 nin, but 20

essenti al | 9 cHityre; pf 'alﬂzﬂﬁéﬁwﬁkw@ B@&ﬁ“’ﬁt‘" f8e dRgutpghrSamiyng e

dermnst raf ‘f' lipqtin. ?s't %LJ@V% PReand i igenified g, Dlloyys ‘Eﬁ“{h

10
convef® i gg am WEeky t°{)th§§8 e e g%ln
e “ff‘?&% e :? : %ﬁn ,aeﬁf( %tfé"ﬁﬁza%@%;k? Yt jﬂe B

before i, B 092_ E;
t he Pls S nggn rw{nﬁ QLJI F H pggr‘s‘&%?'a%rﬁlgll IQIp}oOen?ent in yleld
er nent g bdlg 'Thrche: nCER 1e£|s % WEBE UECHIRE aBdvE IHbwever, Snstebf et €d

GONV brhingiingLihe Feﬂné?lﬁﬁ&r &Hs&ub@& In @%mblaedﬂert Tyt @meﬁﬁ@HC‘v&aQth&ﬁlB@%y e of
t he™ s anpld@itidnSof & RkrtRér b GR G SEN WheSiAdERN] S prepared that, after
conver si onTwd fukthe? additidnSof %Iﬁ@/Lhiﬁ@luadsb o G166 B #nade 561 h @hdl 8D MadrGiché Fs@M o B
medi ugh  férirentatdALUC finaliewdC bfl MKLIGI i the Gdrmbritdion woth a8, 8g/Arepretditiny LCadnyesiondromand
t he di f fguceseme49.4%.acti vity shoul d indi cate the anbunt of ascorbic acid
present i nitmiicbesappbre3q thasedskitiehio dhet dricth@ vido@ poditioativins imay bé eadinftier inentiant | on
medi um whhed idpparting ffrogujtee sqope anspidf ard due basio tarstrugtionndad i beraltered ta prodide dthéro
convert emppdiperig @high etifizanthe iprocesses and rrompaSitiosof [thig injentidn. Zherafime, itneill de apied t o
50 [ e ]ciatfd thatehesgqoee alathis rinventian is; lacberdefinedrky @ slaimg cpprideskinerele raior fiam thet
[err] 12effieerpodipontaviighdeyafeperremapiediocamemiiebe pH was adj usted to 3.75 using
1 N sodium acetate. Ascorbic acid and any other reducing agents in the
m xture

me ' -
\(-f4f Sh%l r%gﬁvﬁ?’hﬁgﬁng ;["‘e?:["rg'?‘égélf?gnbﬁ’taé{ Pg"- %’ #ﬁn‘i’vﬁs St H‘efﬁ. n the presence
19 or tmzanJ §t r %ﬂfzgc}iﬁ seeh'fe"ce CJdm f g}{ {Q r%ﬁétlas%msaqfé 3?%’8 ?ﬁsge%l c{ rﬁg}e al |
reduci ng agegi SplA éﬁgé?%?\{bmg]n C inthe mxture. To facilitate

specific determnation o tamn C, a sanple of the fernentation m xture
beforg treatnent with MIT and PM5 was treated with ascorbic acid oxidase
and; oxygen to destroy any Vitam n C present. 40 Subsequent treatnment with
and PMS then indicated the amount of reducing agents other than Vitamn
C present, and by difference the anmbunt of Vitamn C (and thus of 2-KLG
was determned. In this way the presence of Vitamn Cin the mxture and
t here#ore, the presence of 2-KLG in the supernatant were proven. Using the
procedure for converting 2-KLGto Vitamin C with sanpl es containi ng known
concentrations of 2-KLG allowed preparation of a standard curve. The curve
showed that the supernatant obtained fromthe 45 65-hour culture of strain
ER817 contained 1 g/l of 2-KLG agreeing with results of the HPLC anal yses.
2- KL® was not detected in the supernatant of a simlarly produced and
treated culture of another ‘strain of Erwinia citreus that |acks pCBR13
(strain SHS2003). Conversion of glucose to 2-KLG was carried out with the
follow ng fernmentation procedure using transforned strain ER817.
I noculation was carried out as in Exanple 1 but incubation in the
production so nediumwas for 30 hours instead of for 65 hours and 100 ni
of culture were used. The culture supernatant contained 1 g/l of 2-KLG but
|l ess than 0.1 g/l of glucose, 2-KDG 2,5-DKG or gluconic acid. One way of
obtaining better yields of 2-KLGis to ensure that none of the
i nt ergedi ates produced in the fermentation of glucose to 2-KLG are being
consuned in biological reactions that are unrelated to 2-KLG production.
Accordingly, a nmutant of Erwinia citreus (SHS2003) that was unable to use
2,5-DKG or 2-KLG as 55 sol e carbon source was isolated foll ow ng
ni t rosoguani di ne mut agenesis in the procedure described by MIler,
Experinments in Ml ecular Genetics (Coj4d Spring Harbor, 1974), except that
the cells were incubated in the presence of nitrosoguanidine at [err].
After nutagenesis, the cells were incubated for 18h at [err] in M medi um
t hat contained glucose (0.2% w v) or glycerol (0.4%w v) as described in
MIller, Experinents in




and were then replicated onto pla medi um cont ai n| ng
wv) or 2-KLG (0.2%w v). Mitants unable to grow on either of these medi &

were purified Ry do use a
vari ety of subst r%ﬁ%xas se?c cﬁggé’ggﬁﬁéQQCE%SEEEc@ nmut an s wer e
obt ai ned t hat &QWWC%@%?AGMQCBGWQGKQ@AGGGQGRGGC%%W car bon

sources. One SL@i‘bé@é@é&AT@éAéTé@éé@i‘ﬂééGM&c@b@i&hés@@&ﬁﬁah@f mstrain
ER103%, which was then tested for its ab Gﬁ'tgépto convert ucose to 2- KLG

A culture of ErWFAACGAGAGCRAGRRGEGCHRAGH EEECLAGLAGC G@&? GSarmi ung
von M kr oor gani crecaceTtaATectetteatcancaATbecesttesecaseateretdoaton July

train er 1037 SESHRbERCRSARCN A RaRe e iR rrtpacr Rt 7 e

i nocul®t ed | nt a\mmmacmomcmccsmgccpacccmsspcspchmg [err]

1g NH4C, t t,
sg: corn ot ATGTRFCSGesEEhteRT A CRRRaRLERERRL R CeT BTN T 01
growth at pH 6. mrc;cifseﬁncmeucmasmccaamcweaaaacccwmsmccm urres
[err] h( v.v.m); A@é&é@é'réiﬁ:ﬂécééécél'ém@ E‘f&&hbébt;&ﬁ Ig%déLG in the

growt h medi um was 6. ter WI nia citreus 1026
transformed W t& W&Gﬁ;@sﬁ@@?@ﬂ@gécsécﬁ CEACECLATCEGEALRCAGAGH el d of
2- KEG can be acmcmcbcabpctlseed_scwmee?ﬁcc?-séﬁciiéétémcagmﬁ@es;:L i bed
akoye. wever o e fermentation described in e
exEvphe ol Ler SAGEIECPReA T SEAGHGACE coBREERA B TR TCEIRTs D &
further 10 g/ L cKCGIGCAGETCGCCAGEAECCCEATOCECARGTCTBOCEACCOGCAAMET | ons  of
10 g/L of gluc e hRE the 20
fermentation. ﬁc %&ﬁé@?egﬁ:&gféféﬁ?ﬁséﬁgr&g?mg o] P?Wc%c’.\tﬁﬂ 19. 83

g/ L represent i rATCCRATCTCCERCTTCRAGCGCEEECEECTCTEGEACCCRCACOSEGAhar ent t o
t hose®ski | | ed igpd MGAER?GV""“ ous nodifications may be nade in the

I nventi on w thout parting Tromits scope or spirit, and our basic
construction can be altered to provide other enbodlnents which utilize the
processes a :? 0Si tlons of this invention. Therefore, it will be appre-

25 _¢iated tH AB ﬁ' a;I‘?‘I result pf tag, feggneracy of top Q?@etﬁéPqenwemaPHEWE? | s
appen"ﬁed hersé’f’% Y 8 ?%’Qﬂ ﬁge%‘ 'é°8mc enbodi ments whi ch have been

present g 0 n tes:
BE, CH, iogLEJE %L%%ekdlnpsol a e%%gagéﬁgﬂ(?@%
codi ng for a(a u,asal sequence selected fromthe group

consigting of: a a DNA sequence of the formula: 35 40 45 50 55 EP O
231 354 B1 Mol ecul ar Cenetics Cold ring Harbor, 1974 Sanpl es of the

10 . EPQ231 354B1 Mol ecul ar Genetics (Cold Spring Har bor les .
of the:culture were spread ont o E%'%tﬁ?fagww gl ucose or Wtﬂm

D

CCTGGGCTCGGCACGTACAACCTGCGCGGCGACGAGGGGGTCGCGGCCATG
© GTCGCCGCGATCCACTCGGGCTACCGCCTGCTCGACACGGCGGTGAACTAC

GAGAACGAGAGCGAGGTCGGCCGAGCGGTGCGCGCGAGCAGCGTCGATCGC

50
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gl ucose or MP glycerol mediumand were then replicated onto plates of M

nedi um cont ai ni ng 2, 5- DKG (0. 5%vv/ép 354 (0.2% W v).

grow on either of these nedia were purlfle y restreaki ngmﬂmmumﬁuluml
for their ability to use a variety of substrates as sol e carbort sburtess =
Several 5 nutants were obtained that could not use any of 2,5-DKG 2-KDG

B e L L e T AR

to convert gl UCOQWMCMWQ@QG@TEWW&@,GG¢WCGWG

deposi téed i n the phpeids &@m{ﬁd@k gtion.
The cul ture was dep05| ted on Ju y 198 and IS | de 'fé\"f(};ée%@%'g@#bﬁ OWs:

DSM No. 3404. 106 GGRGSGAATGATGGAQIEACRCCARGCERERFTEGFCTERTCR
L-broth and 90 mmmmmmmemmmcmmé@@mmmmdl um

5766, thoam ho adpEcsmsAerttcadiciadhoafiaecfoadiirrioifoess,

D- manni tol, 20g; WWCGHQ;GWCCHKCWGMMCPGMTM&GCGRGAGG: liter

fermntor, (ser ot ieaB ottt TRAGRIc iy deiorageiagegen! O0°

15 4si ng  Er WieACE TEGOGETCGIRIKIEAAGTAACICREACGCACGTRCTSAEECAGPEG ed332,

a further inprovedegr dﬁ%&é‘%@fb@w Je Ng
rain, ER 1 16, Fg\%ndeg%escr&b oV wever |%%¢€%g§§?b&b
Lo nati ng t he. CARRBRCAGAIE GRS TARAT TGRGT GO GA GRGCRCACCAGGT e
L e ntation was mmmmmﬁdtema&c%@%w@/{@%é@@ém@éc&ecFse %2
afteeo i nocul a r additions o g of glucose can al so be
made 36 h and GO%QEM%%rt of the 20 fernentation. A final |evel of
2-KLG in the fernentation broth was 19.83 g/L representing a conversion
fromglucose &Md 49.4% It will be apparent to those skilled in the art that
various nodi f {ot BNA ganences which, apercresuitief th degenarass of hegenlicrode, catieparratriolygeplideom
its sc#pe or %F'qutbvﬂ&rferesﬁm DhAsequeaesnst r ucti on can be altered to provide .
ot her enbodi ch utilize the processes and conpositions of this
i nventi ort ‘FHEF"(S?’B'?"@M PRA W°|°F“"b@f Pe whepein g3id, PNf spqyigicet i) apesativabie linkpd fohans
i.nvention |gx"tr??s'ﬁ'bcc’ﬂg‘f'fg?f’é'ﬂ"cﬁipt{'%@m 51 ns appended hereto rather than the

fS]OSfKCL Lg;c fF ”E‘ge egol?rm; %ntVBNA olecale s[te%?l sent ed a?s: exa | es Cel lg:sglrgqt_q;g::‘ 2’%: s
f%ﬂegf; wg%fgﬁf rone

SE 30 1. An
and a enovurus

ratér
sequence sekRCif Jn&q &n 9
f or mul aT 35 lidthionE prom t kinase or other giycolytic enzymes, the
CCGAACH CCC%Q%-EGAQ&H atin factors promoters for mammalian
CQTGEECT omoter, and other sequences that
d their viruses and combinations

m
e

“isaCétgeridelof big
GAGAACGAGAGHEeWaIGT CGGCCGAGCGGT GCGCGCGAGCAGCGT CGAT
GACGAGCT CATCGT GGCGAGCAAGAT CCCGEGECCGCCAGCACGEECECECC
GAGCCGBT GEASABBNTODEOBMFIG S hGhAaiEome Wb &35868GbEombihant DNA molscule according
ATCGACCTGCABGRIMTOCACT GGCCGAACCCCAGCGT ceceoocejccoje

6. The transformant of claim 5, wherein said host makes 2,5-diketo-D-gluconic acid.
45 7. The transformant of claim 6 wherein said host belongs to the genus Erwinia.

8. The transformant of claim 6, wherein the host is Erwinia citreus.

8. A 2,5-DKG reductase selected from the group consisting of:
50 (a) a 2,5-DKG reductase having the amino acid sequence:

55
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GACACCT GECGECGECAT GAT CGACGCGECECGAGGCEEECCTGGT CCCCTCG

eosscrecaccosasoromcsnsaro e taietBiacrreses I IIA

CAGGCGECGCT GCECGCGT TCCACGACGAGCACGGECAT CCGCA
TGGAGCCCGCT CGCCCGGCGCAGCGAGCT GCT CACCGAGCAGCT GCT GCAG 20

O e SRS R G v atananetvay
ACGCACGAAGACGAT Gy u&é@i{% ﬁﬂ: R?ﬁ §é}*¥ A g§ gener acy
of the genetic cog‘e"(i code for H i% %% speC| w%é% %Qﬁ

f or egoi ng DNA ssaml@auhmmpmm W%W&um

sequence codi ngAﬁglvan%p"séyﬁ G

t he gfPoup consisti ng of (a a

W’*@“ﬁfﬁ rem

R¥ValGlyArgTrpLeuAsp

ef;mmo AR

C' ﬂb ..C’.q o
[a) \ snPheTh
G GCG <

A C
GQ/ SN TLETCTR X
ﬁ%ammmwmmwmm

e )JRASPpProAspArgGln

TGGAGCCCGCT =
GA@TWWWW@MGMM

CACGTBCAGCT CGECAGCACCCCGAT CCCCAAGT CCGCCGACCCCGATCGC
CAGCGCGAGAACGCCGATGT GT TCGGECT TCGCCCT CACCGCCGACCAGGTC

GATGCGATCT CGGCGACCCCGAC ACGCACGAAGAGATG and
(b) DNA sequengi %mwwkﬁwmwmﬁmw c code,

code for a pol giegludiuifet; specified by the foregoi ng DNA sequence.
3. Th& reconbinant DNA nol ecul e of claim2, wherein said DNA sequence is
operatively Jiynked to an expression control sequence in the nolecule.

(b) a 2,5-DKG reductase having the amino acid sequence of (a), and additionally including
methionine at its amino end.

'\/- 10. A 2,5-DKG reductase produced' by the host of claim 5.

11. A method for producing a 2,5-DKG reductase comprising: the step of culturing a host fransformed by a
recombinant DNA molecule according to claim 2 or 3.

12. The method of claim 11, further comprising the step of isolating said 2,5-DKG reductase.

13. A process for producing 2-KLG from glucose comprising the step of fermenting the fransformant of
claim 8 in a medium comprising glucose.
45
14. A process for producing vitamin C, comprising the steps of:
(a) fermenting the transformant of claim 6 in a medium comprising glucose to produce 2-KLG; and
(b) converting said 2-KLG to vitamin C.

so 15. The transformant of claim 8, wherein said host is a mutant of Erwinia citreus unable to use 2,5-DKG or
2-KLG as a sole carbon source.

16. The transformant according to claim 8, wherein said host is Erwinia citreus SHS 2003 (ATCC 31623).

65 17. A process for producing 2-KLG from glucose comprising the steps of:
(a) isolating a mutant of Erwinia unable to use 2,5-DKG as the sole carbon source;
{(b) transforming said mutant with a recombinant DNA molecule comprising a DNA sequence of claim
1 operatively linked to a lambda P | promoter; and

14



30 4. The reconbi nant DNA nol ecul e of claim 3, wherein said expression
controk sequence is selected from onsisting of th '

the [err]-lactanmase system the tr%&gggigéﬁh]%fhe tac system ﬂm’"ﬁmnﬁmm,
the maj or operator and pronoter regions of phage [err]; and the contral s '«
region of fd qoadmpning shiidmutirt® sARddiuvh dRPrisindlgficsdeonot ers of SV40, pronoters
derived from pol yoma virus and adenovirus, netallothionine pronoters, the
pronot er fi&r Te-ppicessphdainyIZ.evhalsin thel pias Gaidmodiinh Bmafinaie hivebbt pBOY MES, the 35
pronoters of acid phosphatase, the pronoters of the yeast [err] factors;

pr onot ef s Clains fox thedfplawing:Coritractingdtatas AT he SV40 early and | ate pronoters,
adenovirus late pronoter, and other sequences that control the expression
of genes d&f HPEeSF Poprpducing a BNA seapence codinglfora 2RKQ tedictase/¢omprsing thensleps of:

conbi nat i ons tH&FRBING aeloning vecter charagtesizebit 2 DA Sequeton godinchios e 2651DKGbdyctased
with at | east 58 éea’gﬁﬁﬁﬂ?%ﬁ?mﬂ%’?mlc@@m'@%ccordi ng to claim3 or 4. 6.

The trahsf or manf? HNVETovaIract hRHMUE: sai d host makes 2, 5-di ket o- D- gl uconi ¢

genus Ervinia. 5. oA SR R RSB ectTReddendr . °
Erwini a citreus. $CTFGEETERACACIALARICTGCGICACEACCRCEEGCTICOOCGCORDE St i Ng

15 "fb o 231 o8 BN (R IR A Rt RS e o

y%guGl yThr Tyr As FRGARCRAGAGHRAGRTICARACEAGTEARRAGEGCEAGCAGCGTCGATCGE
aAl al | eAspSer G ﬁMM@W@A@%ﬁ ddddbaeeaceacasacecace

a
Al

Asn@ uSer d uVal A yAr r@gcé%erSe Ar gAs _
d uLeulkb eval Al aSe%WgﬂG% W&{%&G&Wwesacmnesm
Al aVal AspSer | | eAr §ECEECOTETAGTIGATE AN TIICAGCETEEGCCGETGGOTC

e perunee | SACHRERGPREEARER IR kBB BB ccsacerasrecacnc

d yVal Ser AsnPhe ThATCGECEMETCEARCT TOACCGRGCASACGCTICAAGACCCTCATCGACSCAG

G i T ol 2V AR BL R RAGRERRsbocancecamaercce

Ser Pr oLeuAl aAr gAr gaeGCEACE0Ta0CaGCETTEAACGACGAGCACGGRATCCGCACCGAGAGE

B8 ol Ll AR B R RO S focmacaacraomacas
Ar gd uh’g nAl aAs pv&%@ﬁ%ﬁﬁt@m@A@Tﬁ@‘p@awampmsmsmc'rscss'rcc
Al al | eSerd yLeuG'mgﬁdﬁé@@&@éﬂé‘gﬂé&é&ﬁﬁéEéé&i?ﬁgég%c%cggfzgmccc

H sd ud@ uMet; and (b) a 2.5-DKG reductase havin Sequence of
(a), and additi o&G#?W&MG@CMWW%@?@S@Caﬁ%@ceaaeaccaecm. A
2, 5- DKg r educt as gareutrrcrdscdderdnsdcdbessedePerddordedBERCEct8ic

reducing a 2, 5- educt ase rising: the step of culturing a host
'Ito rgflgfor?red by a%%éACGLkAGaAGAfé);Wp 9 P g

and
40 (i) DNA sequences which, as a result of the degeneracy of the genetic code, code for a
polypeptide specified by the foregoing DNA sequencs; '
(b) transforming a host with said cloning vector;
(c) culturing said host;
(d) isolating said cloning vector; and
45 (e) excising the DNA sequence coding for a 2,5-DKG reductase therefrom.

2. A process for producing a recombinant DNA molecule characterized by a DNA sequence coding for a
2,5-DKG reductase, said DNA sequence selected from the group consisting of:

(a) a DNA sequence of the formula:
50

55
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reconbi nant DNA nol ecul e according to claim2 or 3. 40 12.
claim 11, further conprising t ? isol ating said 2 Hﬂ@iﬁm’m%ﬂ HII
13. A process for producing 2- rom g?ucose conpri sing

fermenting the transfornmant of cI aim8 in a medi um conprising glucose.

14. A process for produci na vitamn C, conprising the steps of: (a)

fernmenting the Qﬁama&qﬁmmammmcmm@ ucose to
roduce 2-KLG The
p c@&@d@cfa@mwm ARAA @rﬁ&ﬁ%ﬁ%@s |

transformant of claima8, wherein sai host |s citreus

unabbe to use $T& CRATECACECHSCAT MQ?&MCWCGHGMAG

EBSQSE%?&nélgmmmmm%?mﬂ ST GedglaRRquRbaiTede, Lous TS
conpri si ng theégbgﬁg%gpzréﬂ'%ﬁgdﬁgiﬁﬁé‘\gpm&m%w&ﬁ@ to use

2, 5- ’%?n:ﬁt t hec;aeGesaafcbamsanmcesccbhrtmmm@mm&f d mmgwr ; PI 3e|

[ Toked 1o a I pAaAEEHeEaGRaRarochinBeraaRERtERsR o esk R elgnta: nent | ny

sai d nutant i nsacnecmaacaospcmsngcghusosecc&&s@besnmewmm m 17,

R e T L R Ay

seq u énce codi m;.ﬁGGGCa""QAGACKCE CBATICAASCAGOTRGASCTgCARecsragTTetCe( a)

’ p%k'e”?eﬁu2't%ﬁ;&e@@’%f%b@éc6@?%@"’%@%@85@?@%?@?@3?55§3§8ﬁ8§§?. g of - 10

DNA seqUHARGOECEORCEFOCBEECGCAGCGAGCTGCTCACCGAGCAGCTGCTGCAG

CCTGGggc:GGCA csdai :cfgrﬁgz‘scrscssmc

GACACCT CGOGCCHGHERT GGCGGGCCTGGTCCGCTCG
ATCGGCGTCTCGAACT TCACCGAGCCGAT GCTGAAGACCCTCATCGACGAG 25
ACCGGGGT CACACCCGOGT CAACCAGGT CGAGCTCCACCCGTACTTCCCC

SAGGCGGCG eaeueu TCCA ACGAG ACG ATCCGCA
““%gﬁ.: cecleonemsilostice] PR PR g oodo for 2 polpopic
ag -u ) ...-. - ul m-@n‘f %A‘ ::Jé!iwi ?1:!‘.3:29 || a 2,5-DKG reductase into a
uenl TGT GITCGGECTTCGCCCTCACCGECCGACCAGGTC 35

GAT GoCAT G et T BRIy Gemiimat DRAG IR Gl by ABRAASRRAGASARSor and
\_ 2,5-DKG reductase, sald DNA sequence selected from the group consisting of:
{a) a DNA sequence of the formuia:

40 CCGAACATCCCCACCATCAGCCTCAACGACGGACCCCCCTTCGCCGAG
CCTGGGCTCEGCACGTACAACCTECGCGGCCGACGAGGGGGTCGCGGCCATG

50

55

16



40 . . (i1) DNA sequences which, as a result of the deaeneracy of the

geneti.c code, code for a polypeptggg %ﬁhg"led Dy Lhe Iores !ﬂmlmm"’”mu”m

sequence; (b) transform ng a host W|t sai d cl oni ng vector
said host; (d) isolating said cloning vector; and 45 extistng *

LPﬁdE’Ef‘nzeg”fzﬁ3&%&&#@#@2@8&%&?&%&@ R AGACIAREH mﬁeﬁéeiidf ng
for a 2,5-DKG r egnehatGaGRaCtARENCESECCaACECITEOGCOCCACCACTTTCCATIG

72010 o, (8 G e edes e **

CCTGOGCT COCCACGT 8R4 4CCE 00 RORG A CeGCIORTCICRCGRAECGOTGECGCTCEACSTS
GTOGCOGOGAT CACT GTGGGCCEETGROTC

GAGAACGAGAGCGA PRI IRAECaARCS

GACGAGCTCATCGT CGEACACAMEAECCRECATERTCARCACGCECOAEECEE0CCTCETCCGCTCE
ccecifoc’ SACCOOCT COCOCT

ATOGACCTGCAGCT CAVEEHE REpEERatEleRe feaceereatcancaas

GACACCT GGCGCGECAX CBECo8: BCETCGAGCTCCACCCGTACTTCCCC

ACGGOGT C&W@ﬁmwhcmmm

TGGAGOCCGCT COOC0EERGG ..,A s N ‘
BT Oa00aT G AR RO AE TS 3& Fifhdindteorceracactes
SCRGITRGER AAGTLCGCCGACCCCGATCGE

GATGCGATCT CCEECT C &%ﬁ%& and 30
(b) DNA sequenc&AWWC’QGG@G‘EMAG@C‘FGGC@&%%@%G&C%cghgcgﬁﬁé?-| c code,
code for a poly (f\ by the foregoi ng DNA sequence; conprising
the step of intro u0| ng sal sequence coding for a 2,5-DKG reduct ase

i nto a®cl oning vector. 35 3. A process for produci ng a reconmbi nant DNA

nol ecul e char®teri zed by a DNA seguence codi ng for 5- DKG r educt ase,

sai d DNA sequg};gw %ﬁmfg’ﬂ“q‘rﬁrﬁ "evK obfhe pgetanty Piihe %etb“rfc"deé ggde for pRalyRaptdfence
of the f or mul el v AGQ G
g et e

‘i‘i&j’ TOCE L
conditions suitable for replica lon of said recombinan f molecule

4. The process according to claim 3, wherein said recombinant DNA molecule is further characterized in
that the DNA ssquence encoding the 2,5-DKG reductase is operatively linked to an expression control
sequence in said recombinant DNA molecule such that the transformed host is capabie of expressing

85 the 2,5-DKG reductase when cultured under conditions suitable for expression of the 2,5-DKG
W reductase.

5. The process according to claim 4, characterized in that said expression control sequence is selected
from the group consisting of sequences that control the expression of genes of prokaryotic or
40 sukaryotic cells and their viruses and combinations thereof.

6. The process according to claim 5, wherein said expression control sequence is selected from the group
consisting of the lac system; the g-lactamase system; the trp system; the tac system; the trc system,
the major operator and promoter regions of phage \; and the control region of fd coat protein, the early

45 and late promoters of SV40, promoters derived from polyoma virus and adenovirus, metallothiomine
promoters, the promoter for 3-phosphoglycerate kinase or other glycolytic enzymes, the promoters of
acid phosphatase, the promoters of the yeast a-mating factors; promoters for mammalian cells such as
the SV40 early and late promoters, adenovirus late promoter, and other sequences that control the
expression of genes of prokaryotic or eukaryotic cells and their viruses and combinations thereof.

60

7. A transformant comprising a host transformed with at least one recombinant DNA molecule produced
according to claim 4, 5 or 6.

8. The transformant of claim 7, wherein said host makes 2,5-diketo-D-gluconic acid.
9. The transformant of claim 8, wherein said host belongs to the genus Erwinia.

10. The transformant of claim 8, wherein said unicellular host is Erwinia citreus.

17
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16. GI'CGCCGCCGATCGACT CGEECTACCGCCT GCCTCGACKCGCGEGT GAACTAC

:GAGAACGAGAGCGAGGT CGGCCGAGCGT GCG o GERAGEET CGATCGC 5
GACGAGCT CATCGT GGCGAGCAAGAT COCGECLELCAGC ”llllll "llﬂ "l" ﬂlll " Illl
GAGGCGGT CGACAGCAT CCGCGGAT CGCT CGACCGGCT GRRGCT CGACGTG |

AT CGACHT, GCAGId IO Srbaticind 52,6 -ORA cddubtdyesbid i dFkorthel §rbuip Idonslsting of:

GACACCT GEC@IBRATIRET 6 GEORIGE B GNIcaET SGIdesCT CG

ATCGGCGT CTCGAACT TCACCGAGCCGAT GCTGMGACCCT CATCGACGAG

A R R A A LA S L S A b Sy amgBropheALaG LuPTo

TGGAGCCCGCT ceosmamm ‘gr‘" s G@gau.lulanet\ml

8 A o8 AapThzAlaValasnTyrélu
CACIZ&GAGAACCIMGBISE’?GMIW R DAY AGerSarvalas

ALGH Ar Aa&
GATCEGATCT CGER; ng ACCEORACCOOGAC. A EAGRTG 25 and
(b) DNA sequences I C as a j B Eg ﬁﬁmgﬁ aﬁéHetlc code,
code for a poI&b@WlMS@II&AE@GbySemmmneu GASSVEEI160NPr i Si ng

indeg 30 . Ads %@%ﬁ‘%@isﬁ?ﬁﬁﬂﬁfn%ﬁdﬁm&%@ pCORARB nant

DNA nol ecul e. ThrTrpArgGlyliet ileisphlairgs ikl 26 ByLewws FArgSer Ii16 econbi nant

25/ DXG T oduct aé’e"‘*fis%eﬂ??‘i‘%? M A SRRMRREPORT oo

\L{} said recomt IFﬁNeQ:‘Z# wn\{mmmxtmmympmms capabl e

expressi ng A&%AlaL d/!;gﬂ ondi ti ons
sui tabl e for reSS| on 0 the R'ﬂg'uct %Mﬂ%ﬁgaccor di ng
to claimé4, Wﬁ’ﬂﬁe Q&ummeme is

sel ected f romgmlgwwﬂqwﬁymﬂfrm ﬂ@%&gﬁt’rtﬂ rﬁm expressi on

of genes of p eukaryotic ce Viruses and

tic_or
coni# nat i ons E’ﬁg “511’5%'@1}5'?6@5&? e}éﬂﬁ&w@k&&mmq&ﬁ@ﬁm@m n said
prreSSIt on c?nrganunma@m;mlmbm eh?.ﬁ@d{&%x&{% £y ﬁtlt ?f the
ac system m enl e tac en e trc
system the ngﬁﬁﬁﬁégrgﬁg %&@Fﬁﬁé?&&@&%’ﬂ@’&ﬁ1M§§rPéﬂthrand t he
sontrol regi odisGlhGluMet;protein, the early 45 and | ate pronoters of

svad; pronoters derived from pol yoma virus and adenovirus, netall othiom ne
prom)ters ahdre pronmoter for 3-phosphogl ycerate kinase or other glycolytic

enzynes, ProyBRE, t.ase
[err]-mati %@ﬁg % ,:Ea%;qufag?%q %ﬁgrﬁ%&? ?°§'f€§?‘§°ef3f g&}g% %@B?%PQ@@%&%H y
and gk at € PreofpsRl She AGCHRURFING a Ihadk GraRRREYE B the FXImBIHARE DNA HEMRHE ﬁdﬁc@@t
control t hecidges84iRia, §)lor §BiBEcoRditidAs SUaYIYBE dxBreSdion JELRT HDDKE redftdss. and
the€ir viruses and conbinations thereof. 50 7. A transformant conprising a
host t nans25DRE tbdudtéss paidude@ 8¢ the GosE off Wi Nant DNA nol ecul e produced
according to claim4, 5 or 6. 8. The transformant of claim7, wherein
sai do ho3t Thewmethed &f, cleind it k Girther Dorgbrisipg thie step of ishlatibgbsafdl 2,5-OKGeretiuctase f or mant  of
claim 8, wherein said host belongs to the genus Erw nia.

14. A process for producing 2-KLG from glucose comprising the step of fermenting the transformant of

claim 10 in a medium comprising glucose.

45 15. A process for producing vitamin C, comprising the steps of:
(a) fermenting the transformant of claim 8 in a medium comprising glucose to produce 2-KLG; and
(b) converting said 2-KLG to vitamin C.

16. The transformant of claim 10, whersin said host is a mutant of Erwinia citreus unable to use 2,5-DKG or
80 2-KLG as a sole carbon source.

17. The transformant according to claim 10, wherein said host is Erwinia citrous SHS 2003 (ATCC 31623).

18. A procsss for producing 2-KLG from glucose comprising the steps of:
65 (a) isolating 2 mutant of Erwinia unable to use 2,5-DKG as the sole carbon source;
(b) transforming said mutant with a recombinant DNA molecule comprising a DNA sequence
produced according to claim 1 operatively linked to a lambda P,_ promoter; and
(c) fermenting said mutant in a medium comprising glucose.
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10. . The transformant of claim8, wherein said unicellular
citreus. 17 11. A nethod for pgg%1 e @12, O- DKG reduct aqmm' uﬁim’““'u‘“l
the group consisting of: (a) a 2,5- re uct ase having the ammo acitl s
sequence: 5 ProAsnl | eProThr 1| eSer LeuAsnAspd yAr ProPheAl ad uPro

G yLeuG ytu triky prbssss 6rehing (8, Wheréiiihe GH YhaldMeaumadikivaihedt asduedH &dhs p~

rd yTyr ArgLouzeuAap~hr Al aO | AsnTyxrd u

AsnG uSer RdévendicaBons\r gAl aVal Ar gAl a~er Ser val ApAr cpgAnp

G uLeul | eRaverdiceBons pawr lesrBtaSicomiragaalisrsulvants y BE, (0N, DE FR, GB, IT, LI, LU, NL, SE

Al aVal AsPSer | | eAr gG ySer LuuAupAr gLaud yLQuABpval | | |

AspLei G nl:-eWnd |sE44enc GARN ReKeapiSede/ 2@ ynar HPHPIA oidngtpse. eptte séquence d'ADN étant
Thr Tr pAr gG yheisie dapples) mumogwprae yLeuVal Argser. |l e

d yVal er AanPha)|une e§auence fAPN gvantia Pl Lz | | Aspd uThr

d yVal Thr Pr oAl aVal Asani nVal G uLeuui sProTyr PheProd n 20

Al aAl af®ukr Al aPg Ai&ﬁgdéa?a#ﬂ

Ser Pr oLcuAl aAr qAr g e~l uLeULau ﬁ&@%ﬁeu%A@CCCTTCGCCGAG

CouAl aVal Val Tyr CRTRCHRRROPACEACAACER dCIRGGAGASTAGGIROTCACGACCATY, G
nLeud ySer Thr Pr ogirceceurATeGACT NNtV B ECTCGACACGGCGGTGAACTAC

0 AR S ngpncconcaneac
|(-|I ;sGI uGIdul\/géI anGACBAGETZATCONGGOBACARGAT(COCEGLCACCAGTATCOGREGCSetuence of
a)S~and additio -

C rising the s?g‘%bé?@ﬁb@%ﬁ’&%&@ﬁ%&%@%ﬁ%%@%ﬁ%ﬁant DNA
nol ecube pr oduce8TRGACCTELYCCTCATTICACTCA CGRAGCTAGRATARGLCGETAACTC t abl e
for expre on o E%gc "I‘(iﬁi %@t@é @' oduced
by th)(;phoztSI of cfﬂeﬁbgu‘aggc %% %gégc q%a(T?Gr‘n:%l urt er co r| s:Jng
the step of isol AFFREGCGRCTCEARCHRCACSGAGCSATGCLEAAGAGCORCAT duci ng
2-KLG from gl ucoencccccccscnaccbcwmwad@ramwmmm@xwnt of

Vi camn C corpr FEPRACERBEEEEEcHRae AR ek T At RN Ao R o

AT s s
RELCEpERE G

\;\.Es}t a !5%12 g‘é}[‘ Eg;CSGOGCGAGMCGGGGATGIWWQ@G@M@GG’HD 2 e

for oroduct ng 2. B BcaReA-8e8LeEURGEEE s dcAToosNCrBRACEEcd e P Rss

i sol ating a mut aﬁn@@%cwh@&‘l‘ﬁnabl e to use 2,5-DKG as the sole car bon

sourceg (b) transformng said nmutant with a reconbl nant DNA nol ecul e
coppri sing a BNA sequence produced according to claim1 operatively |inked

to a |ambda Pb) qus@85eRdes dADN dulpar sGiforiRN s@nsiéEcshcsdl @6de JénétigueTBstishtBour un
conpri si ng gl paypsptide icifié par la séquence précédente d'ADN.

40 2. Une molécule d'ADN recombinant contenant une séquence d'ADN codant pour une 2,5-DKG réductase,
cette séquence d'ADN est choisie dans le groupe consistant en :
a) une séquence d'ADN de formule :

P, CCGAACATCCCACCATCAGCCTCAACDGACGACGCCCTTCGCCGAG
CCTGGGCTCOGCACGTACAACCTGCGCGGCACGAGGGGTCGCGGCCATG
GTCGCCGCGATCGACTCGGGCTACCGCCTGCTCGACACGGCGGTGAACTAC
GAGAACGAGAGCAGGTCGGCCAGCGGTGCECGCGAGCAGCCGTCGATCGC
GACGAGCTCATCGTGGCGAGCAAGATCCCGGGCCCCCAGCACGGECGCECC
GAGGCGGTCGACAGCATCCGCGCATCECTCGACCEGCTGGGCTCGACCTG

50

&5
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EP 0,231 354 Bl 19. The process of clain118 wherein the
I s mai ntai ned at about pH 6. 0. %cat | ons Revendl catl o
contractants sul vants: BE, CH, %%B T, LI, LU N, HM ilt“ﬁ E]Uill
sdquence d' ADN i sol de qui code pour une 2, 5-DKG r~duct ase,

d' ADN 6t ant choi si e dans | e groupe consi stent en a) une s-‘-lﬂquence d" ADN
ayant la fornul g ( TCCCACCATCAGCCTCAACGACGOACGCCCCTTCGCCGAG

CCTGGGCTCGGCAGTA BCGTEGGCCGETGGCTC
GTC&C&ATCGAUGEWWW%@@C&GCCTGGTCCGC'I'CG
GAGAAGGAGAGCGA C

GACGAGCTCATCGT

BCTEBCCAGCAGCTGCTGCAG
B QGEAGRTGETCCTGCRRTEE
MGTCLECEGACCCGATCGC

G EEETSRCCECCGACCAGGTC

GATGOGATCT RTHIBAGERPORIRATEACIG ot b)
des ‘s6quences JABBRAGGAAGAGAIG t g de | a degenerescence du code gen~ti que,

codent pour un pol ypeptide specifie par | a s6équence prdscdente d' ADN. 40 2.
Une nmgj,~cul e ¢f' ADN r econbi nant contenant une s~quence d' ADN codant pour une

2, 5- DKG r 6du) asLssqbetdsta’ mu&wesude AN &aénéfabaah&l a, 58 §6rieBquB 'cBSHAE pour un

consi st ent € Ipolypblide SpBcifidisik R R6dRients PrAEddMe HADNUI €:
CCGAMCAT CCCACCAT CAGCCT CAACDGACGACGCCCTTCOCCGAG

CCT GGECT 80EHa AhidotleAMISN tdcaknkihan\candalcbrbhdidalign(Ce,/chfactérisée en co que cette séquence

GT CGCGECCGA TN EstaeddnaiinaDen it Ghe"EAlsnta is(Ebarile aAexpression dans la molécule.
GAGMCGAGAGCAGGT CGECCAGCEGET GCGCGCGAGCAGCOT CGATCGC 50

GACGAGCT GATI@GEsdeAADNASETRIDA 3(EYR ERCEREaMERse en ce que cette sdquence de
GAGGCGGT CGAptGindediemmession MWMWSBC dysystempp-lmtopRse, 964 Bl

1\ systéme trp, du systéme; tag, Ty Fysiemertic; de Hopdrateyriprincipal et des régions du prometeur du
2 % sa.~~..~phaga~h.4.BLdaJaJégJQrcde cqntrdle de la Brotéme de couverture fd, les promoteurs précoces et

retardés de SV40, des promoteurs dérivés du virus du polyoma et des adenovirus, des promoteurs de
métallothionine, du promoteur pour la 3-phosphoglycérate kinase ou d'autres enzymes glycolytiques,
des promoteurs de phosphatase acide, des promoteurs des facteurs d'accouplement en « de la levure ;
des promoteurs pour cellules humaines comme les promoteurs précoces et tartifs de SV40, du
- promoteur tardif d'adenovirus et d'autres séquences qui contr8lent 'expression des génes des celiules
N procaryotes ou eucaryotes, ainsi que leurs virus et les combinaisons de ceux-ci. '

§. Un transformant comprenant un héte transformé par au moins une molécule d’ADN recombinant selon
les revendications 3 ou 4.

40
6. Le transformant selon la revendication 5, caractérisé en ce que cet h8te produit I'acide 2,5-dicéto-D-
gluconique.
7. Le transformant selon la revendication 6, caractérisé en ce que cet hGte appartient au genre Erwinia.
45

8. Le transformant selon la revendication 8, caractérisé en ce que I'hte est Erwinia citreus.

9. Une 2,5-DKG réductase choisie dans le groupe consistant en :
a) une 2,5-DKG réductase ayant la séquence d'aminoacides :
50
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2, 5- d’cdt o- ET"(}}?'\J‘(?&?"Q] mile anfineer  ansfor mant sol on | a revendication 6,

caract6r sd re Ermnia. 45 & Le
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AsnG 4 SeaB.GRiodéaE GoyrAl grabactien. de 2RLG G cpaffie nd/gludsp Anigsdmprend I'étape de fermentation du
transformant montré 2 la revendication 8 dans un milieu contenant du glucose.

14. Procédé pour la production de vitamine C, qui comprend les étapes de :
a) mise en foermentation du transformant selon la revendication 6 dans un milieu contenant du
45 glucose pour produire 2-KLG e,
b) conversion dudit 2-KLG en vitamine C.

15. Le transformant selon la revendication 8, caractérisé en ce que cet hbte est un mutant d*Erwinia citreus
incapable d'utiliser 2,5-DKG ou 2-KLG comme unique source de carbone.
50
16. Transformant selon la revendication 8, caractérisé en ce que cet hte est Erwinia citreus SHS 2003
(ATCC 31623).

17. Procédé de production de 2-KLG & partir de glucose qui comprend les étapes de :

65 a) isolement d'un mutant d'Erwinia incapable d'utiliser 2,5-DKG comme unique source de carbone,
b) transformation de ce mutant avec une molécule d’ADN recombinant contenant une séquence
d'ADN selon la revendication 1 reliée fonctionnellement au promoteur lambda P et,
¢) fermentation de ce mutant dans un milieu contenant du glucose.
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am nde. 10. La 2,5-DKG reductase produite par |'h8te solon |a revendication

de mise on cul Gk UW&@EEA&E?WSP%%@?#EW% aa

recqgbi nant solCGTAGEGRGRGLACTACHACOTCCEECLRACHBGBEESTORAGGECATS
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cont enant du 43TCGACCTGOAGRRGATECACTEGUOGARCCCKECERGEORGETEGOTE on dudi t

car act ori 56 ‘2?@S’@&&%&t%dﬂé@%%?éﬁéeﬁeé%ﬁﬁl‘%&%G@?&?ﬁ%apab| e
d ut#liser 2, 5ABRE Qﬁﬁkﬁ@cwaeteweneaewswcmm
Tr ansf or mant sghgudg@g gg@ﬂ@éﬁ-égggagacg codagadlgd8t e est

Erwinia cit reui g@&% 3 (AT 3162@% uct ion de 2-KLG a
partir de gl ucd8 %%Er#qgrﬁf G%GCQQACCCAG AﬁFTﬁg&c@rﬁant d' un
Yt ant d' Er wi ncascu-cmamct*aﬂadcmm&@cmtwmwereém&@m de

Conait “une CRRLAERCLAR AR A B AR B AL ECR oA ool e
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dans un mlieu
| iiggiiui M cREGEBARI R clgpec bt iuradnatéabheceraone,
revendi cat i on AQCCAGFARGAGALS en ce que | e pH de ce nilieu est maintenu &
environ pH 6. 0. Revendi cat i ons pour |'Etat contractant sulvant: AT
et
(i) des séquences d'ADN qui, par suite de la dégénérescence du code génétique, codent pour un
40 polypeptide spécifié par la séquence précédente d'ADN,
b) transformer un hte avec ce vecteur de clonage,
c) cultiver cet héte, '
d) isoler ce vecteur de clonage et,
©) obtenir & partir de celui-ci la séquence d’ADN qui code pour une 2,5-DKG réductase.

45
2. Procédé pour produire une molécule d'ADN recombinant, caractérisé par une séquence d'ADN codant
pour une 2,5-DKG réductass, cette séquence d'ADN étant choisie dans le groupe consistant en :
a) une séquence d'ADN ds formule :

50
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8 1. Proc~dd pour produire une s~ quence d' ADN qui code pour une 2,5-DKG
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reductdse, cet HCCCALCAREAGATON; et ant choi sie dans | e groupe consistant en:

a) une sequence d' ADN de fornule: 50 55 22 EP 0 231 364 B1 * C L M
S * CCGAACATCCCACCATCAGCCT CAACDGACGACGCCCTTCGCCGAG CCTGEECTC

code génétique, codent pour un
rqcpde comportant I'étape par laquelle on
Auciasa dans un vecteur de clonage.

CrALR-eod )
GAGCEC—BTW QP%@IW %mm@é par une séquence d'ADN codant

pour une 2,5-DKG réductase, cette séquence d'ADN étant choisie dans le groupe consistant en :

35 a) une séquence d'ADN de formule :
L/.
CCGAACATCCCACCATCAGCCTCAACDGACGACGCCCTTCGCCOAG
CCTGGGCTCGGCACGTACAACCTGCGCGGCACGAGGGGTCOCGGCCATS
© GTCGCCGCGATCGACTCEGECTACCCCCTGCTCGACACGGCGGTGAACTAC
45
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10 . . ATCGACCT GCAGCT GAT CCACT GGCCMACCCAGCGT GEECCGGTGECTC

CAC O OO, 1O crecccres I

ACCGGGEOCACACCCGCGOT CAACCAGGT CGAGCTCCACCCOTACTTCCCC
CAGGCGECECT GCGCGCGT TCCACGACGAGCAC%ATCCGACCGAGAGC K>

%7 ﬁa’w&ﬁéﬁ&%ﬁbcmcmmc
(L L[
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o
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CCCGEA
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mmmmwmmm@@ code génétique codent, pour un
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@G‘I‘@@I"&m des conditions permettant la

CACGTGCA
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GATJ@GA#%A sco n{. e Y—% NG L
b) des s6guEncbs d Abl aEQJd% & kel & ﬁge%m.mﬁsc Mst& oms
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85

\_~s 5 Procédé selon la revendication 4, caractérisé en ce que ia séquence de contrble de I'expression est

choisie dans le groupe formé par des séquences qui contrSlent I'expression de génes de cellules
procaryotes ou eucaryotes et leurs virus et les combinaisons de ceux-ci.

40 6. Procédé selon la revendication 5, dans lequel la séquence de contrdle de I'expression est choisie dans
le groupe formé du systdme lac ; du systdme S-lactamase ; du systéme trp ; du systéme tac ; du
systéme frc, de l'opérateur principal et des régions du promoteur du phage ) ; et de la région de
contrble de la protéine de couverture fd, les promoteurs précoces et retardés de SV40, les promoteurs
dérivés du virus du polyoma et des adenovirus, des promoteurs de méthallothiomine, du promoteur

45 pour la 3-phosphoglycérate kinase ou d'autres enzymes glycolytiques, des promoteurs de la phospha-
tase acide, des promoteurs des facteurs d'accouplement en a de la levure ; des promoteurs pour
celiules de mammiféres comme les promoteurs précoces et tardifs de SV40, du promoteur tardif
d'adénovirus et d'autres séquences qui contrlent I'expression des génes des cellules procaryotes ou
eucaryotes ainsi que leurs virus et les combinaisons de ceux-ci.

50 .

7. Un transformant comprenant un hfte iransformé par au moins une molécule d'ADN recombinant

obtenue selon les revendications 4, 5 ou 6.

8. Le transformant de la revendication 7 dans lequel I'hSte produit I'acide 2,5-dicéto-D-glyconique.
9. Le transformant de la revendication 8, dans lequel I'hbte appartient au genre Erwinia.

10. Le transformant de la revendication 8, dans lequel I'hdte unicellulaire est Erwinia citreus.
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45

14. Un procédé pour produire du 2-KGL 2 partir de glucose comprenant I'étape consistant & faire fermenter
le transformant de la revendication 8 dans un milisu comprenant du glucose.

15. Un procédé pour la production de vitamine C comprenant les étapes de :
50 a) mise en fermentation du transformant de la revendication 8 dans un milieu contenant du glucose
pour produire le 2-KLG ; et
b) conversion du 2-KLG en vitamine C.

16. Le transformant de la revendication 10, dans lequel I'nSte est un muiani d'Erwinia citreus incapable
65 d'utiliser le 2,5-DKG ou le 2-KLG comme unique source de carbone.

17. Le transformant de la revendication 10, dans lequel I'hte est Erwinia citreus SHS 2003 (ATCC 31623).
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parti
tranSf‘PrméneqﬂslA@eqﬁ&MWér $BRa-Re &&eﬁnuloéﬁl&'e o2 hudy aE L d

15. Un prasddifniaird! did sbsieht@@siCt I on de vitam ne renant S de:

WO Dmseq@ﬁhésepamat ation du transformnt de | a revendi cation 8

danssun mlieu contenant du glucose pour produr re le 2-KLG ; et b)

conversion dug % Fheg%cw FEAAeC d&t&& evendi cati on
dans quue

te est un rrutanl rvvrnla crtreus I ncapabl e 55
A 1 Ser - eCOTGRBRECSS CRRGRACCASRGGOTEGCRAGRARS 17, Le
ansf or mant  decke cmmmmst&ammwmam u&m&na Cltreus

SHS 22003 (Achbglezs 25 c&é‘lla&%al | #27 || HI lu Il 11 *
18 Un pr oced6® WW%nt Ies
6t apes de: a) sasahatmmﬁmaMMﬁmcumccmmmcmﬂadcwr l e

ine ol doul o GRABRCETE AR A R o R R SR A E e sel on
| a Pevendi cat APOGACCPGCAG COGANCCCQAGORTEARAOGGTIGEATR PL ; et 5

0. "Lo” pr ocodpRahcr RoBR o A AR AR A e et

mai ntenu & enwcsﬁcsmcgcsnmwmmmmwm@ f ol gende
Wr o agest aat §6cc§§c*r€ﬂca@6cd&35@adckdr d&g S A

DNA- Sequenz, die eine DKG- Redukt ase co | e DNA- Sequenz aus
der Gruppe au%@ﬁﬂﬁ%sﬁrﬁﬂ:c%@m OSCRAREEAGRGC For nel ;15

Y CACGTGCAGCTCGGCAGCACCCCGATCCCCAAGTCCGCCGACCCCGATCGC
CAGCGCGAGAACGCCGATGTGTTCGGCTTCGCCCTCACCGCCGACCAGGTC
GATGCGATCTCGGGCCTCGAGCGCCEGCEGCTCTGGGACGGCGACCCCGAC
ACGCACGAAGAGATG;

und
(b) DNA-Sequenzen, die als Folge des degenerierten genetischen Codes ein durch die vorstehende
45 DNA-Sequenz spezifiziertes Polypeptid codieren.

2. Rekombinantes DNA-Moleklll, umfassend eine eine 2,5-DKG-Reduktase codierende DNA-Sequenz,
wobei die DNA-Sequenz aus der Gruppe ausgewihit wird, die besteht aus:
{a) DNA-Sequenz der Formel:

55
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20 GAGAACGAGAGOGAGGT CGROCGAGCGGT GCGOGCGAGCAGOGTCGATOGE. ' f—
CACCAGCT CATOGT GOCOAGCAACAT CLUGOC B RAPRAEBRELET00C RN 00 0 i
GAGGCGGT CGACAGCAT CCGCGGAT CGCT CGACCGGCT GBGGECTCGACGTG 25

ATCGACCT GCAGCT GAT CCACT GGOOGAACCCCAGOGT GGEOCGGTGACTC

GACACCT GCCGCCCCA bet ApleAqidied i s aici A dddice %CC‘I‘TCGCCGAG
ATCGGCGTCTCGAACTTCACCGAGCCGATCIJTGAAGACAT

GATGCGATCT } :
(b) SequenzehTwm%W@Wmm ein
durch die vor st egaedecteccececcaTN T CRNCEEEINEdcdd i CTRIG TR SPRRd | d

codi eren. 2. Rekonbi nant es DNA- Mol eki | unf assend ei ne el ne

2, 5- DKG Redukt as BTCHICOTSTES AACRTSAGSGASCCRATACTHAAGAGCOTARGBAGEAS der
Grur)pevsausgewAhl nmmm@mwmwcdmmmmmmmc 50 55

T

4:‘;;;‘“’ A
ACCGGG@TCACAccammeaxQeAGCTCCACCCGTACTTCCCC
CAGGCGGCGCT GOGOGCGT TOCACGACGAGCACGECATCOGCACCGAGAGE
TGGAGCOOCCT ORLICEE0BCACCGAGCT GLTCACCGAGCAGCTECTECAG 20

A oaCEAcAn G et Poosbad crilemh < 21 Sy (<rC
meT@m&@mﬂme%m%Tﬁ

sequenz im Molek{l funktionell verbunden ist.

85 4. Rekombinantes DNA-Molekll nach Anspruch 3, wobei die Expressionskontrollsequenz ausgewihit wird
W aus der Gruppe, umfassend das Ia_c-System; das B-Lactamase-System, das E—System; das tac-
System; das trc-System, die Haupt-Operator- und -Promotorbereiche des \-Phagen; und den Kontrolil-
bereich des fd-HUllproteins, die frihen und spiten Promotoren von SV40, Promotoren, die von
Polyomavirus und Adenovirus abgeleitet sind, Metallothionin-Promotoren, den Promotor fUr 3-
40 Phosphoglycerat-Kinase oder andere glykolytische Enzyme, die Promotoren der sauren Phosphatase,
die Promotoren der Hefe-a-Paarungsfakioren; Promotoren fiir SHugerzellen, wie z.B. die frlihen und
spéiten Promotoren von SV40, den spiten Adenovirus-Promotor, und andere Sequenzen, die die
Expression von Genen von prokaryotischen oder sukaryotischen Zellen und deren Viren und Kombina-
tionen davon kontrollieren.

B. Transformante, umfassend sinen mit mindestens einem rekombinanten DNA-Molekll nach Anspruch 3
oder 4 transformierten Wirt.

8. Transformante nach Anspruch 5, wobei der Wirt 2,5-Diketo-D-glucons3ure herstslit.
50
7. Transformante nach Anspruch 8, wobei der Wirt zur Gattung Erwinia gehd&rt.

8. Transiormante nach Anspruch 8, wobei der Wirt Erwinia citreus ist.

55 9. 2,5-DKG-Reduktase, ausgewshit aus der Gruppe, die umfast:
(a) 2,5-DKG-Reduktase, die die Aminoséiuresequenz aufweist:
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und (b) DNA- Sequenzen, die als Fol ge des degenerierten g | schen Codes
ei i durch di e vorstehende 30 EP 023135884 Sequenz bezei ch lm,gﬁﬂm”m
codi eren. 3. Rekonbi nantes DNA- Mol ekU nach Anspruch 2,

DNA- Sequenz mit el ner Expressionskontroll- sequenz im Ml ekU funkti dnel |

\éirbunden |ytom11éprmwhal gmgm YACGPrioFHR AT WD 3, vvgbgl di e
ressi onskqn

ARl O 0 S T EL S I B s SRR ES SEV T it
trc-System mnwmmmuwnmwmmm &hage-n und den

o, br oo B S A 0 S S AR T e "

Met al | ot hi ommammmmgmrnnsclymmmm

Phosphogl yc é(h%gﬁ Ert‘zé‘{ﬁs onot oren der
sapy en Phos gyaslig‘ zﬁ%n xg"er e-"a- Paarungs 2iA oreir::é Pr onot or en

fOr Sauger zmu%@@meﬁﬁmamnmmmmmmm SV40, den

sp~ten Adenq_eﬁEm ﬁm‘fﬂﬁ% eﬂg@ﬁﬁ ssi on von

Genen von prokaryoti'schen oci"er ukar | dgjnaqt#oﬁs ie)%gv i ren und
VakEardanAhe TG L mreMeny

Kombi na- ti G4V ssend ei nen

m 5 M ndestm&wlmyﬁmrﬂvdmwrwﬁdﬁw w&bfn oder 4

transformertén Wrt. orrrante ach Anspruch 5, wobei der Wrt
0,50 ket o, IlahMansTRARRRAR ARl B SRR o uch 6
- Wobel der m&m@mﬂwa@msurr&cluﬁm\mmwmch Anspruch

L iovoneh!  Sosktaval G o p e RS o

Ami nosaur es muemmwm'rmprorm S%Mspprm\spa:gcln

IGI yLeu(C:sl ;%ﬁ#l il I I Iﬁé}@éﬁgﬁgrl l‘i)ﬂw%aﬁrﬂﬂ oPheAl a@ uPro

Al aAl al | eAs mmmuc&mgcnymmmﬂwupProAsyThr
Asf@ uSer A uvad yAr gAl aVal Ar gAl aSer Ser Val AspAr gAsp

d uLeul | eval Al aSer Lysl | eProd yArgGI nH sd yArgAl ad u
Al aVal AspSer || eAr gd ySer LeuAspAr *ﬁéjg LeuAspVval Il e 10
AspLeud nLeul | eHi sTr pPr oAsnProS é #Tf:i)LeuAsp
qh; Tr pArgd yMet | | eAspAl aAr gd uAl ad yLeuVal ArgSerl | e
d yVal Ser ggnPheThr G uProMet LeuLysThr Leul | eAspd@ uThr 15
A yVal Thr gy 2 8bREMHeAKREE, Addidhimessitesobisnd YorPREMivfsk Gnd auferdem Msthionin am
Al aAl al eugvigddnadtisiaddl SASpA uHi s~ yl | eArgThrd uSer Tr p
Ser ProLeuAl aAr gAr gSer d uLeuLeuThr G ud nLeuLeud n@ u 20
LessAl 18\ a5\ RendEags/ ale HorchPtenWirt@ach\Anispradhl Scazdng WrgHi S
WVal @ nLeud ySer Thr Prol | eProLysSer Al aAspPr oAspAr ga@ n
Ar g UAYerfshmAw \HerdstilloGl gjfeh 8 DK G edukiasd, diesqidZictiuhg\sipesAiyreh ein rekombinantes
Al al | e SENGMplekill Ghah Angr@ich Aoddr SurangioBlie@mWideymiz@ pThr Hi sA ud uMet ; 30

40 12. Verfahren nach Anspruch 11, das ferner den Schritt zur Isolierung der 2,5-DKG-Reduktase umfaft.

18. Verfahren zur Erzeugung von 2-KLG aus Glucose, das den Schritt der Fermentation der Transformante
nach Anspruch 8 in einem Medium, das Glucose enthélt, umfaBt.

45 14. Verfahren zur Herstellung von Vitamin C, das die folgenden Schritte umfaBt:
{a) Fermentation der Transformante von Anspruch 6 in einem Medium, das Glucose enthalt, zur
Hersteliung von 2-KLG; und
{b) Umwandlung von 2-KLG zu Vitarnin C.

s0 15, Transformante nach Anspruch 8, wobsi der Wirt sine Mutante von Erwinia citreus ist, die nicht in der
Lage ist, 2,5-DKG oder 2-KLG als einzige Kohienstoffquelle zu verwerten.

16. Transformante nach Anspruch 8, wobel der Wirt Erwinia citreus SHS 2003 (ATCC 31623) ist.
86 17. Verfahren zur Herstellung von 2-KLG aus Glucose, das die folgenden Schritte umfast:
(a) Isolierung einer Mutante von Erwinia, die nicht in der Lage ist, 2,5-DKG als einzige Kohlenstoff-

quelle zu verwerten;
{b) Transformation der Mutante mit einem rekombinanten DNA-Molekill, das eine DNA-Sequenz
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und (b), 2, 5- DKG Redukt ase, -di e di e Ami nosguresequenz von (a) aufweist—und
-au~er.dem I\/bthl oni n am Am noende 10. 2, 5- DKG Reduk

durch den Wrt nach Anspruch 5. ergthé ﬁi?& 11. Verfahren zum}luﬂﬂlmmmm
ei ner 2, 5-DKG Reduktase, das die ZUchtung eines durch ein rek

DNA- NbI ekl | 236 BinsBRaBIPT Uhiast i Bindin &- PAPSh&trTirRiidnNvellhdeR st und af i t . 40 12
Ver f ahr en nagyrefitishpatiohCder Mbtantél Seinbm WRdiumEdas Bludsdetohthitdr | sol i erung der

2, 5- DKG Redukt ase unfalt. 13. Verfahren zur Erzeugung von 2-KLG aus

G ucose, 180 ¥gtatien ndsb inspirch dZ wobat derpHiVidri das MadiomsTsehstwd 6,0 gehialiah wkdch Anspruch 8
in ei aem Medi um das d ucose enth~lt, unrfat. 4s 14. Verfahren zur

Her st el | Rateptanspriche fiinfolge@iendVestratisstadtolATenden Schritte unrfat: (a)

Fermentati on der Transformante von Anspruch 6 in einem Medium das d ucose
ent hgl t ,1- z¥eriapien sue Hprigtyng ginen fik | aine 2PrakG-fipduidaten Aearanden, BNA-SequeR, Zgs Hiet ani n
C. 60 15. 'PlospdepSehwlimimfabtach Anspruch 8, wobei der Wrt eine Mitante von
Erwi n’ ci t r@)Eerpeliing gings ﬁ'P’Bﬂ't‘"QP‘ﬁktHé'rde[zQ Eh pigg fUr ping_45:RKG;Redukigee qodiergpde

ei nzi ge Kohl ‘?ﬂ‘?’ﬁu@f‘?"@z%"%éﬁt'v%‘fhﬁ leflie DNNA-Sequenz, aps, fereGryrpe pysgewiliisish dieh g,
wobel ~der WECBAIR %Rﬁltr SHS 2003 (ATCC 31623) ist. 58 17. Verfahren
zur Herstell ur"be'{'/eon Ak A ?ﬂ"utose das die fol genden Schritte unfaBt:
(a) |D§O| ierung einer Mitante von Erwinia, die nicht in der Lage ist,

G als ei “%Mﬂbg&&bﬁ@umé&&ﬁé@[#&i&tcé@h%&%ﬁ@ nt i on

der Mutante mt el nem rekonbi nant en das el ne enz 28
EMZS 1 354 Bl CCTGGGCTCGGCACGTACAACCTGCGCGGC@ACGAGGGGG@QG@@QG TG1111

’@Ch Anspruch 1 shé@Etcceh c@Abﬁmﬂsﬁﬁﬁé&Aéﬂéw gechaveneunden

I'st; #nd (c) Fernentation tante i n el nem Medi um ucose ent hal t.

1& Verfahren nacFRGRBEFAGACCEAGRRGGGERIAGREARGECCRECAGRAGRETEEATS R 6, 0
gehal ten wird. %i@éﬁ@ﬁ@ﬁ@tﬁﬁ@@tdﬁ@ﬂﬂfé&hé@é&é%ﬂééﬂé@&sCéEGE

Verfahren zur Herstellung ei ner ei ne 2, DKG Redukt ase codi er enden

DNA- Sequenz, dasPAFECEETHEAFAF CAMGGGARCATAGARCCARCGGCTGGGGLEFGARETGe! | ung
ei nes#®d oni er unw@&@e@scﬂ@bﬁxﬁcﬁméd&mm&%&%&b@qc

codi erende DNA- Se uenz ekennzei chnet ist, wobel auenz aus der

Gruppe ausgew-h|$AGAGCTEEEGH WWA@QG@%GW%EEG FCEELTES nel

75 CCGAACAT CCOCA AT OSR ET EA AR AT A S X TN e XA GACCCTCATCGACGAG
\C@TGGGCTC(XBCACGTACAACCTGCGCGGCGACGAGGGGGTCGCGGCCAT
. TOGGCGATCGA SiiTl A

GAGAACGAGAGCGACQ’

GAGGCGGT CGACA

ATCGAGCT @A@TG@MWW@W&GGWGMCTGCGGTGG
GACACCT GGOGCGGCAT GAT CGACGOGCECGAGECGEGCCT GGT CCGLT

AMUWW?WWCGCCGAGCCC@TCGC
CAGCGCGAGAACGCCGATGTGTTCGGCTTCGCCCTCACCGCCGACCAGGTC

40 GATGCGATCTCGGGCCTCGAGCGCGGGCGGCTCTGGGACGGCGACCCCGAC
ACGCACGAAGAGATG;
und
45 (i) DNA-Sequenzen, die als Folge des degenerierien genetischen Codes ein durch die vorstehen-

de DNA-Sequenz spezifiziertes Polypeptid codieren;
(b) Transformation eines Wirts mit dem Clonierungsvektor;
(c) Ziichtung des Wirts; .
(d) Isolierung des Clonierungsvektors; und
50 (e) Ausschneiden der DNA-Sequenz, die flir eine 2,5-DKG-Reduktase codiert.

2. Verfahren zur Herstellung eines rekombinanten DNA-Molekills, das durch eine flir eine 2,5-DKG-
Redukiase codierende DNA-Sequenz gekennzeichnet ist, wobei die DNA-Sequenz aus der Gruppe
ausgewihlt ist, die bestsht aus:

65 (2) einer DNA-Sequenz der Formel:
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30 ACCGGGGT CACACCCGOGGT CAACCAGGT CGAGCT CCACCCGTACT TCCCC
CAGGOGECACT GOGCGCGT TCCACGACGAGCACGGCAT CCGCACCGAGAGC
GAGCT GGOGGT CGTCTACGGAGT GACGOCGACGCAGGT GGTGCTGCGRTGG K>
CACGT GCAGCT CGGCAGCACCOOGAT COCCAAGT COGOOGACCOCGATCGC
Vegs ' B ECBGETGCECCTTCGCCGAG

O PRI ACERISRIR o0+

durch die vorste’meccmmmmmcmccccmecmesmmpemmmm en; (b)

Wrts: (&) 190 %&%&&ﬁ&%ﬁﬁﬁﬁﬁé@%é@@gaﬁﬁﬁb%“% ges
Aus ?cﬂnel den deGACSA S@G@@ﬁ-‘ﬁTqﬁQﬁﬁ GARGATCOCECERECREAGIAR GGG 3 2.
V
ar oime 2. 5. D@éﬁesbz?% e cod erende @CWCU@@&@GQCT@@M@ eine

far eime 2, 5- 1guenz ekennzel chnet 1 st,

wobei di e DNA- SbﬂGGASCg@A&’&T@W%M ECLAECCICECRESAIRCES: 55

(a) einer o c&ﬁd@l'rsﬁ?cs €66 CaCEAGGCGRGCCTGRTCCGCTCE
CCGAACATCCCCAC?i%%A A CGCC(%T

3 #@GQCCCTCATCGACGAG

GT'CGCCECCATCRAJ ket sl delctds e ‘!‘f‘zf;:

GAGGEOGGTCGACA &&@@E&WW@C&RG@G@G@GCA@
ATeGécén.rg:TGCAGCT TCCACTGEOOGAACCCCAGUGT COGCOCGT GLCT
GACA e

ATCGGECGTCTCGAACT TCACCGAGCCGATGCTGAAGACCCTCATCGACGAG t 5
ACCGGEGEGTCACACCCGCGGT CAACCAGGT CGAGCTCCACCCGTACTTCCCC

CAGGOGGOGCT GOGOCCGT TOCACGACGAGCACGCAT COBCACCIAGAGL L
TGGAGGECGCT e ¥ CCCAASTS cgpcsAcccccA'rcc;c
] -

| c%fccccccAccmG'rc

GATGOGATCT CGII:C;E@QQ&WCT (XBGACGGCGACCCCGAC ACGCACGAAGAGATG 30 und
(b)” DN&- Sequenzen, die als. Folge des degenerierten genetischen Codes ein
durch di e vorstehende DNA- Sequenz spezifiziertes PoI ypept I d codieren; 35

unf assend der¥n®chritt des Ei nfUhrens der fOr eip (B ‘?”}< ase
codi er enden $@ apenzes; die Als Eplge, fos dqg y:gﬂﬁétﬁ'f %‘?"et'sche" C3ed i durcn 4 Bfehende

NA-Sequenz spezifiziertes Polypeptid codisren;
umfassend den Schritt des Einflihrens der fiir eine 2,5-DKG-Reduktase codierenden Sequenz in einen

‘\/- Clonierungsvektor.

3. Verfahren zur Herstellung eines rekombinanten DNA-Moleklls, das durch eine flr eine 2,5-DKG-
Reduktase codierende DNA-Sequenz gekennzeichnet ist, wobei die DNA-Sequenz aus der Gruppe
40 ausgewihlt ist, die besteht aus:
(2) einer DNA-Sequenz der Formel:

50

65
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3. Verfahren zur Herstellung eines rekonbi nanten DNA- Mol ekal's, das durch —-

eine fU eine 2,5-DKG Reduktase Sequenz ga

wobel di e DNA- Sequenz aus der Gru?)%ﬂbgé)‘e%agevwhlt |st ﬂmm@Iﬁm

(a) einer DNA-Sequenz der Fornel: 45 50 55 30 *

CCGAACATCCCCACCATCAGCCT CAACGACGGACGCCCCT TCGCCGAG
SR GEXEECCCCTTCGCCGAG

CGGCGGTGAACTA

i AQGAGGGGGTCGCGGCCATG

GACGAGGH CATCGT o, ) rrrr*trs? G
A % > ﬂ&ca CGGTGAACTAC

ATC@&T&A&T@WW%WC@GQGC@CGATCGC
G CTRTCETS A GCAAGATOOORERUEGCCAGCACGGGCGCGCC

ATCGEOGT CTCCAACT FCACCGAGK T CAAG
AW@@MWWW““SG@CT&M@G
(3

A OTCGOUCARIBIEAG CGTGGGCCGETGGCTC
TGGAGCCOGCT!
GAGCTGGCGGTCGTCT,
CACGTGCAGCT CGGCA
CAGCGCCGAGAA
GATGOGATCT TS RATTEEC30 und

RCCCCEA
(b) \BNA- Sequenze@AGﬂ@@W@GGGGW@G@CWQWMGCel n

unrassepd don SR TCCREHERasCRr cb e aiAcRa A SRS oo

transform ert en WAGGTGOECGETEGETCTACCFACTCACSCORAQHCARTUCTGTCTECCGETEEG

ekombi nant o DNACHBCAIGE ¢ ar AG TR AT ER AR oot RS oTc°

2, 5- DKG Redukt ase codi erende DNA- Sequenz funktionell so mt einer

L € ( {ala{als

Expr essisonskontrol | - 40 sequenz in dem rekomnbi nant en DNA- Mol ekt |

ver bunden i st, d@aecccnenﬁtemmdmmw@@m@écchecass-rc

2, 5- DKG Redukt ase zu eggrl m eren, wenn di eser unter Bedi ngun ercht et
Wrd, die fOr d CRRBFEATFRCAELCR ORGSR I TR Aroe CORRBCCEAE
VeU/ahr en nach AngesdabcAacaafrash gekennzei chnet daB die

Expr essi®onskont r ol | sequenz aus der 45 G uppe ausgew hit ist. die
best eht aus Se uenzen d| e d| e EXpI’eSSI on von Genen aus prokaryotischen
Egﬁ[ r glulklareygf_ll %7@#” n glﬁ 8l I r enlénedrtgr|1< 8embet Ioé%ggsnemdgu\(&rhle vorstehende

| acy System AMeidrbinalon BA gébihbt'sAd: SyStem  dem so
trc-"System en Hau t- erator- Pr onot or ber ei chen des X- Phagen, und
-dem Kont r Qi | Q&taRilef Hac PRspruch 3, wobsi das rekombinante DNA-Molektl weiter dadurch gekennzeichnet ist,
' daB die die 2,5-DKG-Reduktase codierende DNA-Sequenz funktionell so mit einer Expressionskontroll-
40 sequenz in dem rekombinanten DNA-Molekil verbunden ist, daB der transformierte Wirt in der Lage ist,
die 2,5-DKG-Reduktase zu exprimieren, wenn dieser unter Bedingungen gezlichtet wird, die flr die
Expression der 2,5-DKG-Reduktase gesignet sind.

Expr essj onskgnt 8RS %:%""z s%?ri'i.?z'm E deﬁH% Bl 50OBEP G bl Gl

5. Verfahren nach Anspruch 4, dadurch gekennzeichnet, da die Expressionskonirolisequenz aus der
45 Gruppe ausgewdhlt ist, die besteht aus Sequenzen, die die Expression von Genen aus prokaryotischen
oder eukaryotischen Zellen, ihren Viren und Kombinationen davon kontrollieren.

6. Verfahren nach Anspruch 5, wobei die Expressionskontrolisequenz ausgewdhit ist aus der Gruppe,

bestehend aus dem lac-System, dem g-Lactamase-System, dem trp-System, dem tac-System, dem

50 trc-System, den Haupt-Operator- und -Promotorbereichen des M-Phagen, und dem Kontrollbersich des

fd-Huliproteins, den frlihen und spiten Promotoren von SV40, Promotoren, die von Polyomavirus und

Adenovirus abgeleitst sind,- Metallothionin-Promotoren, dem Promotor flir 3-Phosphoglycerat-Kinase

oder anderen glykolytischen Enzymen, den Promotoren der sauren Phosphatase, den Promotoren der

Hefe-a-Paarungsfaktoren; Promotoren flir S#ugerzellen, wie die frlhen und spiten Promotoren von

85 SV40, dem spéten Adenovirus-Promotor, und anderen Sequenzen, die die Expression von Genen von
prokaryotischen oder eukaryotischen Zellen und deren Viren und Kombinationen davon kontrollieren.

7. Transformants, umfassend sinen Wirt, der mit mindestens einem nach einem der Ansprliche 4, 5 oder
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fd-HO | proteins, den frGChen und spiten Prormtoren von SV40, Pronotoren, die

von PRol yomavi rus und Adenovi rus ala tk sind, Metall ot hi oni n-Pronotorer,
dem Pronotor fOr 3-Phosphogl ycerat |nase oder anderen gI

Enzynmen, den Pronotoren der sauren Phosphatase, den Prormtg' m u ,",
Hef e- a- Paghstgasthil fRériiiantth DRR-MOkRMrdnslormmsiger zel [ en, wie

sp~ten Pronotoren von 55 SVv40, dem spdten Adenovirus-Pronotor, und
ander ers, Seahtsinaile nadh Anspiveh Ewobe 8&i Win 2)5MikefodAgliconstire perstklr yot i schen oder
eukaryoti schen Zellen und deren Viren und Konbi nati onen davon

kont 60l9. | @rassiormante nabh Amspfucly Srenobad der Wit aw Gaftehgdrwimimgdbrtt ., der mit m ndestens
ei nem nach ei nem der Ansprache 4, 5 oder 31 EP 0 231 364 Bl |

1111111191 Transformante] nagh Arspructgs, H@b‘{ijég'teéwltgerw it Em’niﬂﬁitwamiﬁfen DNA- Mol ek Ul
transformert ist. M Tr ansf or nant e

nach AndpVerifreny Z“’\MSE@?'""E@WW?‘?“Z“‘!S’“W@“?R@@ %%%%P%b?fﬁ'%‘ldéﬁ t. 5 9.
Tr an¥f or rran@l?"ﬁ’éﬁ'ﬁ DRFSsrivkiape it derdminosayeoseaypnz ~zur Gat t ung Erwi ni a gehért .

10. Transformante nach Anspruch 8, wobei der einzellige Wrt Erw nia

citreus ist. 1i>roX%&1fﬂfh’P¥bMIﬁééiﬁhﬂ%%%bﬁ&&g?%?ﬁfaéiu@

ausgewdhlt aus_der G uppe bestehen
2, 5- PKG- Redukt G4¥LANG Iy rdsaleudsgGdyAspGluGlyValalaAlaMetval

TS A v annyns

all eAs pS %’L&W aVaﬂ-Arql;haGerSerValAspArgAsp

4spd uSer G uVaé;ﬁx:z.é Al Y 48
%L@ul | eVal Al aSer Lysl | eProd YArg n | sr - Fé}%k%%lﬁlyugluaclu

Al aVal AspSer || eAr gd ySer LeuAspAr gLeuGI yLeuAspvaI Ile 25
AspLeud nLeul | eHi sTr pProAsnProSer Val G yAr gTr pLeuAsp

Thr Tr pAr gG yNR1avaAappSeiTI@ AR PLAASHAPET.LLE1YLeuAspVallle ..
IS P ek e A .
él aél ateuﬁlr gﬁxt'nf’heb!mésn?udﬁm gm&[@s{imgscgneuunrgs«erne
Counl aval val IRV STERFRRRER RGP caR e ELart s b LeyZ LedspGluThr
\at d nLeud ySBIyTVIaPmntbtwm%@mv&.@fﬁnéﬁﬂ.Gs?ro'rerheProGln

o o a y Rk bR S AR er R AN RReamnrcrusermry

von (8). gwfm T A S A A AR
v u us u
unf agsend d r?gFigéﬁ&%W&’ﬁ&°WFg§“vﬁéyaH‘PM%| nem der

prUche 4f Va DGENLEuGeySexTH P10l 1 eRpsly §sgf§m aRbAPMIAREArampsf or mi ert
|s unt er | O G _ Redukt as net en
Bedi ngungen. et fukeBATaA R Fnde ubheh1 ctevih PR Lo 3 Red AR ASR aCh
Anspruch 7. Jmanesdmymamw eﬁmﬁﬁhéwmmsgenrschri tt
der 4dosol i er U'}ﬁé‘&i & G Redukt ase. 14. Verfahren zur Herstellung von
2- KLG aus d ucose; §<ehd den Schritt der Fernentation der
und
(b) einer 2,5-DKG-Reduktase, die die Aminosduresequenz von (a) aufweist und auBerdem Methionin
45 am Aminoterminus umfast;

umfassend den Schritt der ZUchtung eines Wirts, der mit dem nach einem der Ansprliche 4, 5 oder 6
hergestellten rekombinanten DNA-Moleklil transformiert ist, unter flir die Expression der 2,5-DKG-
Reduktase geeigneten Bedingungen.

so 12. 2,5-DKG-Reduktase, hergestellt von dem Wirt nach Anspruch 7.

13. Verfahren nach Anspruch 11, auBerdem umfassend den Schritt der Isolierung der 2,5-DKG-Reduktase.

14. Verfahren zur Herstellung von 2-KLG aus Glucose, umfassend den Schritt der Fermentation der
85 Transformante nach Anspruch 10 in einem Medium, das Glucose enthiilt.

15. Verfahren zur Herstellung von Vitamin C, das die folgenden Schritte umfast:
(a) Fermentation der Transformante nach Anspruch 8 in einem Medium, das Glucose enthélt, zur
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55 . Transformante nach Anspr uch 10 in einem Mediu das d ucose
centhbIt. 15. Verfahren zur Herstgh h pgqVitanmin C dasumujwlngnﬂﬂﬂllll
Schritte unfalt: (a) Fermentation der ansfornante nach

ei nem Medi um das G ucose enthalt, zur 32 EP 0 231 354 B1

11111 1il A IHetgtelibdg voh 2KLG;vhd L R S i Herstellung von 2-KLG und (b)
Umnandl ung JBrunvakdiiéngzdn 2KLG &G Witafin ¢L6. Tr ansf or mant e nach Anspruch 10,

wobei der Wrt elne Mutante von Erwinia citreus ist, die nicht in der 5
Lage i st1f. DaisiobhdBteonbel ABSpKLICI G iwsbab der Wig eink dotasta sorofrviniaeiless istudie eichtay deen.

17. T# ansf tagerish 2&-DGicider/R¥d.6x alscdinziyd Kohianisteffquellerzu VerwerteRr Wi i a ci t reus SHS 2003
(ATCC 31623) st.. 18. Verfahren zur Herstellung von 2-KLG aus d ucose, das
di e f ol Jéntressfogprants W@Aﬁﬁ#’%ﬂ 10; wobg) der Wirt Eryigip citraus| SHEr200(AEP G 8162Wistant e von
Erwinia, die nicht in der e Ist, 2,5-DKG al s einzige Kohl enstoff- quelle
zu ver wdft ¥agfahren, Z“r'?fa*ﬁ@n% 2L Gy P Blocdencah e ojgepdon SeHe ERBID} nant en

DNA- MBI ekU! , (a) 'lé'ign"é"‘* ?JbEfﬂ‘En‘?‘?mﬁ‘F’t‘ in dar &agedetn? §:\H§‘fb Pege fvegedtel | ¢

i st und di e‘g et a eI ner vugr unde éequund i 5
( C) Fer ment % leglrjlac é Teg rse w:u’ggagelwg emem
Ver f ahr en nq’

gehal f&en w r ﬁéan%}m %ﬁerﬁ Qlleéiém ?H%s Glucose enthélt.

L 18. Verfahren nach Anspruch 18, wobei der pH-Wert des Mediums bel etwa pH 8,0 gehalten wird.
20
25
\
30
85
40
45
50
55

33



