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NOVEL BACTERI AL STRAINS AND USE THEREOF | N FERMENTATI ON PROCESSES FOR
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present invention relates to a process for the production of .
2-keto-L-gulonic acid bkl fermentative conversion of L-sorhose and/or
D-sorbitol. The p‘?'%‘é‘:érﬁ GTRPSTRANG ANPHEE THEREPR W FERMENT AT IO, ct er i al
strains useful in thiRROGFHESEOR 2eXFIRARCUNNICACTRERPRIATIEN ON 10
2-Keto-L-gulonic acid ("2-KLG') is a significant internediate in the
preparation of L-ascorbic acid (vita n _essential nutrient. 2-KLG
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These methods, however, also suffer from a number of disadvantages that reduce their
usefulness in commercial production of 2-KLG. For example, the chemical reduction steps in
25 these methods (i.e. " the reduction of S-keto-D-gluconic acid to L-idonic acid and
2,5{diketo-D;gluconic acid to 2-KLG) are accompanied by problems with controlling the -
stereochemistry of reduction (thus producing D-gluconic acid and 2-keto-D-gluconic acid,
- respectively, as byproducts) whi'ch, in turn, reduces the yield of 2-KLG. Alternatively, when this
‘reduction is performed by one or more microorganisms, excess sugar is required to provide an
30 energy source for the reduction, which also reduces the yield of 2-KLG. _ _
| In view of these problems, an alternate pathway has been employed for the fermentative
production of 2-KLG, which involves only oxidation of L-sorbose to 2-KLG. via a sorbosone
intermediate. A number of proccsses have been developed using this pathway that employ a wide -

range of microorganisms from the genera Gluconobacter, such as Gluconobacter oxydans (U.S.
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Pat ent Nos. 4,935,359; 4,960,695; 5,312,741; and 5,541, 108),
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_ SUMMARY OF THE INVENTION
" It is therefore an object of the presént invention to provide microorganism strains which
efficiently produce 2-KLG. Other objects, features and advantages of the present invention will be
set forth in the detailed description of preferred embodiments that follows, and in part will be.
25 apparent from the description or may be learned by practice of the invention. These objects and

advantages of the invention will be realized and attained by the methods particularly pointed out in
-the written description and claims hereof. |
These and other objects are accomplished by the methods of the present invéntion, which,
in a ﬁ_rst embodiment, is directed to a process for producing 2-KLG from L-sorbose, which
30  comprises the steps= of culturing in a medium a microorganism of strain NRRL B-21627 (ADM X6L)
. Or amutant or variant thereof; either alone or in mixed culture with one or more helper strains, and

then recovering the accumulated 2-KL.G. Another embodiment of the present invention is directed



or a nutant or variant thereof, either alone or in mxed culture with one
or nore hel per strains, and then recovering the accunul ated 2- YLG Anot her
enbodi megjo 417k present-invention is directed 2 WO 98PATY$L/19022 '
PCT/ US97/ 19022 to a culture of a mcroorganismof strain NRRL B-21627 or a
mut ant thereof, such as NRRL B- 21630 (ADM 86-96). It is to be understood
t hat hotarcultare 6fr miprborganismef atraiddSRRLB-2 062 7a0rh tiutant tiereohi sigh 82 NRRIeB-
.descript]| | ary and explanatory only and are intended to provide
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culture deposit DSM 4027, U.S. Patent No. 4,935,359); R boPrint[err]

pattern (C) was obtained from Pseudononas sorbosoxidans strain |FO 14502;
and RiboPrint[err] patter BRIEF DESORIBIION ORIDRAWINGS om Pseudogl uconobact er

saccharoketggenes, strajin | FO 14484, 15 DETAI L DESCRI PTI ON PREFERRED
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ITOCr 00216271 (ADMUOX6L); RibbPiint®opitese (Bp was obtalidciremt Ghicormbacrdr biyedans sthiat i ng
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is preferably bacterial strain 25 NRRL B-21627 (ADM X6L) or a nutant or

var i anfseugeglieesmobegier saccharekeseganes oraip IBQUAAAY. at | east -about 40 g/ L of

g- KLG from L-sorbose by fernmentation in pure culture, i.e., in the absence
15 one or nore additional mcroorganismstrain(s). Strain NRRL B-21627 ( ADM

X6L) was deposited at.the Agricultural Research Service

.DETAILED DESCRIPTION OF PREFERRED EMBODIMENTS OF THE INVENTION
In a first embodiment, the present invention is directed to a fermentation process for the
production of 2-keto-L-gulonic acid from L-sorbose which comprises contacting a'miéroorganism
20 . . with L-sorbose for a sufficient time and then isolating the accumulated 2-KLG. Preferably, the
inventive fermentation process comprises cultivating a microorganism in a synthetic or natural
culture medium containing‘ L—sorbos'e for a sufficient time and then isolating the accumulated
2-KLG from fhe culture medium and/or cells of fhe microorganism. _
The microorganism strain employed in the inventive process is preferably bacterial strain
25 NRRL B-21627 (ADM X6L) or a mutant or variant thereof, which is capable of producing at léasf
about 40 g/L of 2-KLG from L-sorbose by fermentation in pure culture, i.e., .in the absence of one
or more additional microorganism strain(s). | | ' |
* Strain NRRL B-21627 (ADM X6L) was deposited at the Agricultural Research Service
Culture Collection (NRRL), 1815 North Uhiversity Street, Peoria, Illinois 61604, USA, on
30 October 1, 1996 under the provisions of the Budapest_Treaty and assigned accession number
NRRL B-21627. The characteristics of strain NRRL B-21627 (ADM X6L) include:



Cul ture Col-lection (NRRL), 1815 North University Street, Peoria, Illinois
61604, USA, on 30 Cct ober ‘1, 1996 under the provisions of the Budapest
Treaty arybagfiganed accessi on nunber NRRL B-21627. The chaRGEUSA718022cs of -
strain NRRL B-21627 (ADM X6L) include: 3 WD 98/ 17819

PCT/ US97/ 19022 (1) Cel | Morphology - gramnegative; can be gramvariable
-in ol dey CuCethmphqhbgaﬂ ﬂgmnmnganvsmambe igohs vmahi@nndldamulturqs plﬁmmombpear
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condi tI"ons use enper flir e
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growt h observed at_25[err] C and 3@([;0 )5 B range: no gro _
observed at pH 4mediug(available from B %.tlmbl-pg 00gbdhatdias heer R?B?éb’\ﬁéhdlﬁﬁd pH

7.2, 15 (6) 6'9% 99! £:4% 8 gl 8dl %hﬁfb&&m tﬁ%&en? ﬁﬁéﬁ&@-@&mﬂ%w ' ©

(b) oxi dase: positive (C) at rnase: negati

- gigowt h under anassetveanailitg t i ons 20 (e) br own pi gnent
formed from fructose; (f) acid is produced from ethanol

di hydr Rty acEersprratuze Kagep o areweh phsswvedl et Gl 37 G pr 4186e§vh1§t gdogy growth
pellicle or ri ”gob‘%NQHQt %ﬁkﬁgﬁ%%‘;@ st andi ng gI ucose or mannitol broth

culture at pHin Tange o 25 and
~ (5) ~ pH range: no growth observed at pH 4.5; growth observed at pH 6.2; _good growth

_ observed at pH 7.2;
15 . (6) Physiological characteristics:
(a) = catalase: p_ositive;
(b) . oxidase: positive
() geiatinase: negative;
| d) aérobic, no growth under anaerobic conditions;
20 - - (e) brown pigment formed from fructose; |
' ()  acid is produced from ethanol; -
(g) .. dihydroxyacetone is not produced from glycerol;
_ (h):  does not form pellicle or ring within 24 hours in stahding glucose or.'
_ - mannitol broth culture.at pH in range of 4.0-5.0;
25 and
@) sensitive to streptomycin; and
Q) Cultural Characteristics: .
' (_a) growth in 3% NaCl.: posit'ive;
() peptone-yeast extract-mannitol agar: growth;
30 ) B () . Marine agar: slow grdwth;
@  BUGM™and BUGM-G™: growth; and
(¢)  Brain Heart Infusion agar; growth.



(1) sensitive to streptomycin; and (7) Cultural Characteristics: (a)

gromh in 3 % NaCl : positive; (b) pept one-yeast extract-nmannitol agar:

growm h; oosarstle - - (c) Marine agar: slow growth; PE/USIHIRORZ err]
and BUGM J err]: growmh; and (e) Brain Heart Infusion agar: growh. 4.
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addition to naturally occurring strain NRRL B-21627 &QDM X6L), mutants and
vari ants thereof nay RibkPrist® paticinsyabtained fonstrain WRRL \Be2 283 X6lvirded
that these nmutants and variants are.al so.capabl e qf praduci.n t. | 40
O/ L of 2 KLG 1 rom Lo o GREBEL ST totnie: s Wemn o he 2pgte of BipiiacfRLc'
sui tabl e nethods for pyoaPRIsoRshsEUfedpictad fh FiglhtedNt s Of the inventive

m croorgani smstrains include, but are not limted to: nutagenesis by

i 10 adi at i onImadditicnsto natupdltyreeoumingtstraingfiRRDb B-X1622(ADM X6by), mnwatsapd tvariarth a
chemi cal t agen such as njirposogquani di ne . .

(N ot ARPREOK Y 400D FRPIDY S e VAR Prosess npRoiden Ahas SDRse SRSPRSS 2Rd Fasiash
must ar greadléh E4pablel dfprodiRi dt ﬁéaﬁea@gm Bf 2 AT IHOHEE.-sopbtisE ifnonbaRREEdi at ed
by insertional elenments or transposons or by honol ogous reconbination of-

t ransf or m ndjlustrative eaamples cfl suitabllAmethbds dibre prepariolg tmatants Laokli varianed ofittieed - by
bact eri,ophages.such as Pl., K These nethods are well known in.the art, and are
20 SDSERYS,BIFTORTEARISR ARinS, nclHde) DUt 2Ry Hqt Limitee p R HERResTS by RRdiAtionan
: et ¢ s oo Har r : el Yor k
(6%872) ﬁﬁﬂa@&ﬁlﬂxﬁ? edrr ',39-A & lgﬂby éo?%?ggﬂt%iﬁl Brchsmical HuthgeR sh&lP ad RitRRbguifithe

' (N-methyl-N’-nitro-N-nitrosoguanidine), methylmethanesulfonate, nitrogen mustard and the like;

gene integration techniques, such as those mediated by insertional elements or trémsposons or by -
homologous recombination of transforming linear or cifcular DNA molecules; and transduction
mediated by bacteriophages such as P1.. Theée methods are well known in the art and are
20 described, for example, in J.H. Miller, Experiments in Molecular Genetics, Cold Spring Harbor
Laboratory Press, Cold Spring Harbor, New York (1972); J.H. Miller, A Short Course in
Bacterial Genetics, Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York (1992);
M. Singer and P. Berg, Genes & Genomes, University Science Books, Mill Valley, California
_ (1991); J. Sambrook, E.F. Fritsch and T. Maﬁiatis, Molecular Cloning: A Laboratory Manual,
25 2d ed.; Cold Spring Harbor Laboratory Press, Cold Spring Harbor, New York (1989); .P.B.
Kaufman et dl. , Handbook of Molecular and Cel]ular Methods in B_iol‘ogy and Medicine, CRC
Press, Boca Raton, Florida (1995); Methods in Plant Molecular Biology and Biotechnology, B.R.
Glick and J.E. Thompson, eds., CRC Press, Boca Raton, Florida (1993); and P.F. Smith-Keary, |
Molecular Genetics of Escherichia coli, The Guilford Press, New. York, NY (1989).
30 ' Mutated s;rains derived from the invéntive organism NRRL B-21627 (ADM X6L) using
known methods are then preferably selected or screened for improved 2-KLG production potential

or for other desirable properties related to their utility in producing 2-KLG from L-sorbose. In



Bacterial Cenetics, Cold Spring Har bor Laboratory Press, Cold Spring

Harbor, New York (.1992); M Singer and P. Berg, Genes & Genomes, University

‘Sci ence Boglegnsdyb! |- Valley, California (1991); J. -Sambr ook pcEaS97/i022 sch
and T. Maniatis, Mol ecular Coning: A Laboratory Mnual, 25 2d ed., Cold
- Spring Harbor Laboratory Press, Cold Spring Harbor, New York (1989); P.B.
Kauf naa partiailacly Haeféired kembfodimenscol she anthgeoatsisiland sekdehingsappno®hotoo giraiand

Medi ci ne, CRC Press, Boca ton,, Flori 1995): Methods in Pl ant. J ecul ar
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Boca . RagBntrdtiof bﬂ%rﬁﬂi&?@rivaﬁm d7-degradld BIKING 25ukh MNDLRED dRbivaRR defidraftly
Escherichia coli, The Il ford Pr-es%, ‘New York, NY (1989). 30
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enbodi ctrve agent may 5 be generated by other neans of

ctenm cal nodi gargailirbnpreferréd nftant (ADM €6196) obstiain NRRIL Bi116d7 (ADM X6L) was
am no-substitution to create 2-am no-L-gulonic acid or 2-am no-L-idonic
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t 0 i ndiTysagit@dSaseiphned® dcdelsiéfuribdr NRRL B-21630. A particularly preferred
nmut ant ( ADM 86-96) of strain NRRL B-21627 (ADM X6L) was deposited at the
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i ver sj Str eor.i lllinois,61604, USA.. on.Octo 1 1996 under
T or B Wrigh B8 kor [ Gidbied wirh TGO o afvie Bk DS Thop ok, kBl
B- 216302-KILG i8ésolitéth N Peefidably, tHeemRiresgidist Rwai isQultivakd ihAViRiralV 6r synthetic
m croorganismstrain or a nutant 15 - or variant thereof is contacted with

L- sor baediuppgongaining Li-sorkase for aperiod of timerfor RKIL teihe produced 2nd the 2osumylatedt ed.

Pref er allym ) | Lrain. is cultivated in a natugal :
cynt hot P SRRk ABMAT Bufcfulyed, beplAEH doivey REHBE Aleiot 15 be
pr oduc adcronganifg seainumay bé eshtacted with L-sorbose for a sufficient time and the accumulated

20  2-KLG may then be isolated. | | |

As used _herein, "a preparation derived from the cells" is intended to mean any and all
extracts of cells from the culture broths of the inventive strain or a mutant or variant thereof,
acetone dried cells, immobilized cells on supi:orts, such as polyacrylamide gel, x-carrageenan and
the like, and similar preparations. o | -

25 An illustrative example of such a procedure. involves adding L-sorbose and CaCQ; ina
suitable aqueous buffer, such as 2-(N-methylmorpho'lino).ethanesulfonic éci_d (PH 6.5;0.5M), to
an aqueous extract of the microorganism strain in a shaker flask. This reac.tion preferably
proceeds at a pH in the range of 5.0 to 8.0 at a temperature in the range of 20°C to 40°C for
about 1 to 100 hours. The concentration of L-sorbose should be about 0.1 to 10% w/v, more

30 . preferably about 0_;3 to 6% (w/v)and the amount of the preparation derived from the cells of strain

- -NRRL B-21627 (ADM X6L) of a mutant or_Variant thereof, such as NRRL B-21630 (ADM 86-
96), should be about 1 to 36 mg/ml. After shaking for a sufficient period of 'tirixe under

6



2-KLG i s subsequently isolated. Alternatively, a preparation derived from
the cells of the mcroorganismstrain my be contacted with L-sorbose for a
suf fici eMoﬁ#/lﬂBlﬁnd the accunul ated 20 : 2-KLG ey t hen bECTABPZIWI2 As
used herein, "a preparation derived fromthe cells” is intended to nean any
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vari ous enbodi ments of the process of the present invention, the starting

mat er i @¥/v) of thecoliuree mn@ymbmqm preferablyfremd teeddi%m prior to introduction of

i roducti olf BPTTEEoA SRRoReb) EF o BiesdinRuBhs i, d-dotplly HRY hheralis

Q@Nt | Nieteedtyd OF sirdd biy! rféhﬁédmtmo&@fontéfq)%w:ﬁﬁ u@ifngwédxtamt x'ani‘oor‘gﬁmgﬁYOlbe
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anmount mmtunt_uﬁ mlmvgammsoyﬁw migyodsganissn o miinwige ofpicroorgahiymb yha cen sdmerte d

br oducR Rrvirel b -SosBlse Haht piebepee SRRl 32} 6f ROV RELER 5 Butass el
_f " om SthikreoPAHilé Whadverselyhefoitls! it DY &b LoRveHL-SorBbRB1290LB P BR BmbRy20%

Preferably, the mlcroorgamsm employed is a strain of Gluconobacter oxydans, more preferably

20 G. oxydans strain ATCC 621 or G. oxydans strain IFO 3293. According to this preferred -

_.u

embodiment. of the present invention, the D-sorbitol starting material may be present in the

medium prior to introduction of one or more of the microorganisms or may be added to the

medium after introduction of one or more of the microorganisms, either all at once at the
beginning or contmuously or in instaliments over the course of cultivation.

25 In addition to_ L-sorbose and/or D-sorbitol, the natural or synthetic culture medium also

contains a nitrogen source, suitable inorganic salts, and, as appropriate, various trace nutrients,

. growth factors- apd the like suitable for cultivation of the microorganism strain, and may also

contain at least one supplementary carbon source. The amount of each of these additional

ingredients to be employed is preferably selected to maximize 2-KLG production. ~Such amounts

30 may be determined- empirically by one skilled in the art according to. the various methods and

techmques known inthe art. Ina partxcularly preferred embodiment of the present invention, the

culture medxum contains about 10% (w/v) of L-sorbose, about 3% (wt. dry solids/v) of corn steep.



In a preferred enbodinent of the present invention, the L-sorbose starting
material is 15 ‘generated in situ by fernentative conversion of .

- D-sor bi t olyousitagrea suitabl e microorgani smor mixture of -nm @OIUYansEEs. Any
m croorgani smor mxture of mcroorganisnms that can convert D-sorbitol to
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PCT/ UShydrbdB2e., torgueep liguat, edseint hydrél9salesoybead cdig Bpfimiyshte? beast etdce drida pH
controlled usin NHLgrr_hC]-l, Ca( [err] or CaCJerr]. Mediumfor use in

pr epar gt ?%g%l‘ﬂi'éfﬁqs IstitlysR SAYReadour, sotansees e etidsthadikanpr opri ate, such
ags pept one @j ) : r ; c s Yald ou
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but ar duhatre noniimiwdtto: caemmmead, ipatitotitnitOacid]Tbiotia, dsamifRy rasHfAGMS AR a;

.a%mni um saléls of 1 norganic or _organic acids, such

mononucleotide, flaviné adenine dinucleotide, other vitamins, amino acids such as cysteine,

sodium thiosulfate, p-aminobenzoic acid, niacinamide, and the like, either as pure or partially
purified chemical compounds or as _:present_in- natural materials. Cultivation of the ihventive
microorganism strain may be accomplished using any of the submerged fermentation techniques

- known to those skilled in the art, such as airlift, traditional sparged-agitated designs, or in shaking

25 culture.

. The culture conditions erhployed, including temperature, pH, Iaeration rate, agitation rate,

- culture duration, and the like, may be determined empirically by one of skill in the art to maximize
2-KLG production. The selection of specific culture conditions depends uponl factors such as the
particular inventive microorganism strain employed, medium composition and type, culture

30  technique, and si1:ni_la-r considerations. In a particularly preferred embodiment of the present
invention when employing strain NRRL B-21627-(ADM X6L) or a mutént or variant theréof,’ such
~as NRRL B-21630 (ADM 86-96), cultivation takes place at a temperature in the rahge of 22°Cto



10 as ammoni um chl ori de, amonium nitrate, anmmoni um phosphate, ammonium
sul fate and ammoni um acetate; 'urea; nitrate or nitrite salts, and other

ni trogenwerdsi@smi Nng materials, including amno acids as ei Rk S’ﬂ@?&%r

crude preparations,- meat extract, peptone, fish neal, fish hydrolysate,

corn. steep liquor, casein hydrolysate, soybean_cak ydrol ysate,, yeast .
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t echni que, st m onsiderations.” In a particularly preferred
enbodi gendeneited hevaene.s Orystalline2KL G isvhemreeayered by fitsationiand NRResigpd? parifieq ADM

X6L) or a mutant or variant thereof, such as NRRL B-21630 8696
cul ti vayiremysailizatiopy a%@%&ly,¥~@M%JF@VFW3N%@8§3§@ Q3fn %‘%@% j‘scfhf’d’)s% of

98/ 148 . 1esins, i ipitati i d the like.
\F/;@I'/ usSH! %853@3%?3%0&%% aézp%l regggﬁttmn?,g'[ﬂg;lg ]m(l:t; anandealt ea pH in the
range of 5. When BKLG s edcevarbd us afrdehueid, dnggm boef canvBriedtora Salt,rasrdesisedfwitiabl y
about 6.0 to 6.8. The culture conditions, enpl oyed can, of cour S& b?hvdari ed.
by knowpdism hpRIaSSHIM.J CAICRYTL n AMIOREIR | Ot SIRHAT; FI00S 151k (Gogyentional methods.
appr opry i n™.&8 @i ISOR.: § rtedADUBY fréd bdri/ 8f toPR
for a &%ﬁ%}‘}gﬁi%ﬁ o?‘(ﬁzlétqleg%gr%gﬁaasg{e’ ?o%ranggacr?%rée,_ fr_olm {0 to 150 _
different salt using conventional methods. _ _ '

20 ' In an alternative embodiment'of- the preseni invention, the inventive microorgariism is

cultivated in mixed culture with one or more helper strains. As used herein, "helper strain” is

intended to mean a strain of a mic‘roorgémism that increases the amount of 2-KLG produced in the

Jinventive process. Suitable helper strains can be determined empirically by one skilled in the art.

Ilustrative examples of suitable helper strains iriclude, but are not limited to, members of the

25 - following genera: Aureobacterium (preferably A. liquefaciens or A. saperdae), Corynebacterium

(preferably C. ammoniagenes or C. glutamicum), Bacillus,.Brevibactérium (preferably B. linens

-or B. flavum), Pseudomonas, Proteus, Entet_'obacter, 'Citrabacter, Erwinia, Xanthomonas and
Flavobacterium. Preferably, the helper strain is Corynebacterium glutamicum ATCC 21544.

The helper strain is preferably incubated m -an appropriate medium under suitable

30 conditions for a sufficient amount of time until a culture of sufficient population is obtained. This

helper strain inoculum may then be introduced into the culture medjum for production of 2-KLG

either separately or in combination with the inventive microorganism strain, i.e., a mixed



hours, the 2-KLG that has accurmulated in the cells and/or culture broth is
i sol ated according to any of. the known nmethods. ‘Any nmethod that is suitable
with the ﬁ,?rgg}lt,glgns enpl oyed. for cultivation may be used; ipdrasorasonye
exanpl es of suitable nethods for recovering 2-KLG are described in U S

Pat ent Nos. 5,474,924;. 5,312, 741; 4,960, 695; 4,935, 359; 4,877,735; 10

4, 933, 2Beuluth. SP2feddtly, the Batid, 6f48e arfouhit Bf Beielpdr SDain G 8kiventd tRe ARSyrAtQF strain-
Accor di to o such haod, the m croorganisns are first renmoved fromthe -
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recover ed bg‘gl? ﬁé'% }%@ghﬁ%?% ﬁlacgg?tr@&%{rﬁ%ﬁrﬁsf%%ﬁg? Or%]gﬁlx(/’s%%la |ré§rlg'a®§£' :
Si mi | astrains deskdibisdcabove evhichpy avef it Séragnation pioteysss fatthe grodastidmelf 28E.®f 15
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like. Wen Zhyfedowing exanplisae Hlnstativecalyandcare not istaaderbtoclimis dba scope of the

salt, ' it ' 0 i .nGal cl u ni ym or. sim.|
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usi ng conventjonal nethods. 20 In an alternative enbodi nent of the

pr es enfeRingfrom the spiit ape seone pfthe invention. g Hanss inis intanded thatithe grasentripyention
cul tur ] . I : Bl . erein, -helper strakn” is
it endecyt R il gliofPA YA R oF A0 o BroV i 5] Gk vt aEhonie HE o
2¥KLG pppeadetdlaims dnldahdinsquivalents, pr ocess. Suitabl'e hel per strains can bé
determ ned enpirically by one skilled in the art. Illustrative exanples of
sui t abl e hefydmuateats andpublications eefermd to hereimare expressl tncorporated yeieterenicet he 25
foll ow ng genera: Aureobactenum (preferably A |Iiquefaciens or A .
saperdae), Corynebacterium (preferably C. anmoni agenes or C. gl utam cun),
Baci | l us, Brevibacterium (preferabl gx&pilgsnens or B. flavun), Pseudonobnas,
~Proteus, Enterobacter, Citrobacter, Erw nia, Xanthononas and : C

FI avobEEAMPLE 1 ISPLATIQN OF| SFRAINDRRES-2E27 SAPMIXEL) s Cor ynebact eri um gl ut am cum

ot um undef sui PRSRG ERCRRY A SCRRENAR o SAERRIRER, | "arount of Lime.

~until a cul Envieormfersalispeciineny wo@pubjbie@ o ificrobiapbm@shmehbirSshaReé ABEksS TR N
i nocul um may then he introduced into the culture nediumfor-production of

2-KLG EiSHINBE migeheuliuses were screeneshiol identifp thase chntaining #heast paemigroerganigaini sm
St rai Negpeds ] . 4 Lok ot e . : '
PCT/ USSQ%S%}? Bﬁi %fg §§ki‘1crlr? Eer e%érﬂ{ggr?f:y.:soﬁ%e.r g? I|nBle(s)T“) ff‘h"é“ﬁ%u%?d’oﬁedfrﬂ%mhe | per
st rai nfroit) berries; Huemish endiothenénvifonsilenal speditiins Bre2d 6aiTecteAMbnt FariohSrelgibnk he
rfonge OiI frd)g1 10:1 to 1;10, 000, . . ' N .

of the U.S.A.” Each specimen was immediately stored in a cool, ventilated, humidified

container. Enrichments were started by adding one gram of soil or specimen to 30 mL of
~ Medium A (Table 1) in a 250 mL baffled shake flask, followed by shaking incubation at 30°C, -
230 rpm, for 49 hours. S o |
_To screen the emichments by férmentation, 0.5 to 0.75 mL of éach enrichment was
25 transferred to a 250 mL baffled flask con_t_aining— 30 mL of fresh Medium B (Table 1). These
flasks were shaken at 30°C, 230 rpm for 68 hours, after which portions of the mixed ‘culture
~ fermentations were analyzed for 2—KLG content, and cryogenically_j)resewed. For
preservation, 2.0 mL of each culture was mixed with i.O th of sterile 40% glycerol in water,
~ then stored at -70°C. | B |
3_0 ' ' Flasks were screened for 2-KLG production using thin layer chromatography on
- Whatman LKS Silica Gel 150 plates, 250 mm thickness (Catalog No. 4855-820). The plates

- were spotted with 5 4L of centrifuged culture broth, and developed for 5-6 hours in solvent

10
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gtm o‘rSaElDIeB 0510Q pd csash were loadedyon §¥0 Ripm 300 K 7 % affl ed

shake f| | @}9’1911{ 9
c m,né #ﬁ%ﬂaﬁﬂ%&g@éﬁ%ﬂ §5"1{l% 6;'?8#{995 t&c 1 &ﬂuxﬁﬂ [l%{ggﬂ 566 Fifﬂ:ceﬁ@d bﬂf

hour s. séreen er nen atlon to 0.75 nL of eath
enri Chlﬁ%ﬁhrd/\&ﬁuxﬁﬁ of thetia@l{tsxfeﬂhr émdalmﬁﬁﬁsmnbwf"@uhnﬁg aflowcraret @f Wibng 30 ni

of fresh Medium B (Tabl e These fl asks were shake 2%{3 E]é 30 rpm
forI 68 mlduyB., I.a.‘,qrbcpse\mnc}, W?'@rﬂ:@t%fedt%&gﬁ 3@‘{'?1‘ S’t‘)f P# S wer e
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wps er, [L&pboset ored at -70[err]C. .30 _ Fl asks were screened for 2-KLG

production using thin |l ayer chromatography on Wat man &Ml Ji ca Gel 150
pl at es, 250 Trhlﬁty-mrék@é’ésfﬁf (eaiied gulare fepneuaings pragyged, Wbt t ed

with S LS kol 1.858'94 EHICTné Hlikdl Qubdte tdimeflofBbH QIPGnlpl #2168, MRS 1 1

sol ven
which strain NRRL B-21627 was later isolated (Example 1B), produced 6.3 g/L of 2-KLG.

20 B. ISOLATION AND TESTING OF MONOCULTURES
Pure cultures of microorganisms capable of producing Z-KLG from L-sorbose, either in

monoculture or in mixed culture with other microorganisms were isolated from the
enrichments described above. Eleven mixed-culture enrichments from Example 1A were |
chosen on the basis of their supenor 2—KLG production. These were thawed and diluted in

25 10-fold serial increments using Medium A, after which 0.1 mL of each dilution was spread on
the surface of a Medium A agar plate. The plates were incubated at 30°C for 24 hours, then

 examined under 8- to 40-fold magnification. Attention to the smallest,: slowest-growing

colonies was necessary in order to. recover 2-KLG producing strains from th'e dilution plates.
Several exémples of each colony type and size were selected and subcultured on fresh Medium

30 A plates, after which the dilution plates were returned to 30°C for 24 hours. Additional
slow-growing coionies were selected from the dilution plates and subcultured after the second

incubation period. Each strain was streak—pﬁriﬁed for 1-3 cycles on either Medium A plates or

11
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(0]

same resin. The columm was run at [err]C using a flowrate .6 m./mn.
L- sor baRwity o two KL Moxe micrgerganise, eashmgwaisalatecvas thitetbin pairwisgel Corbinitiorent i al

refrac er, and.were.identified by conparison to a standard confaini ng
2-KLG g’ﬁg%i%?‘h" stains opiginating-from Ft‘ﬁ%&é“{%%f 25 Well A% ingppre Ghltyree i -

f er menpabi _ 2 d ' Q. . The
i xod EapanBogtiit Gl stattopts suluROH P EM AN IIRY SR Carly M £1e e
B02162ipopaf celis was suspénsied dn §tEvileripiffer t@)tainfrpaf0mddl sédiGmphbsphate? 0% 20 '
B.. | SQATI %B@ND TE@E%%IG OF, LTbJ_RE-S Pure cul tures of m croorgani sns

- capabl ¥934m 5pionge; 3R GOxpansmmitel. P 4rd, JuoE cach purerstain ardniredistraingessy a 250

m xed &yl Sai& M )i r ' 115Ql.at I chment s
descri bed a:%ov?&gog%gﬁﬁ%nmig%%ﬁﬁm%@\ F\i@%ﬁn’gn@ &a??g%nug%ftg%lgﬂg‘e&;
chosencebsuspensivasifeadf of theirclewanpstrains. ThedeGlasko ot shaken akBESE, B8O epralfamed -
and -di Ag%ed in 25 .. i?}%{ﬁl d serial increnents _using MediumA,_ after which
0.1 m *bPoBscieiYhich Jvas fransiertsh to Al mly pf fremenation MediumDATagler Dpl at e.
Tle pl ok b - r : Xall 8- to .
40-fol d @ngﬁ?%%'??%g}@%? g%atk?@%‘t é(gr(%’ﬁzgos Hﬁ%ggir Qg@?”gmﬂ{%’qﬁéﬁ%%ga%m oni es
vias newnadyzed fori 2K.Gland sarbosecoment wsing TLOrand HPIDQ. J05 diasis werenredqiiteddil ut i on
pl-at es; veral exanples o ch cgl ony type and size were sel ected and
subcul ‘Fﬂ&gﬁlsﬁ%‘nﬁ' ﬁ@%@%miﬁ gﬁég - gggmegl@ QEE‘%ﬁ PRucai KL amouits on pl at es

wer e T @B §bok @.93&C19‘.9@/1%4f8 ArSof »ﬁ@gl'é %&gﬁfép iﬁ&gﬁ\st &%@%-1&8'@&43}‘&61‘1‘9 re

selected fromthe dilution ates a ured after the Sécon
i ncubafTiable Per Tt fa@abit staireADMEGLSNRRE Ba216277) arddé 04.91g/B of2CKEG i@rpueé t her

um I Fo.. . -
%dl u cu'ffupe \%r%%edqxts identity as a 2-KL.G producing strain.

~ Table 1: Media employed in Example 1

Ingredient (g/L)- : A B C D
L-sorbose 3 20.0 50.0. . 20.0. 50.0

25 D-glucose - o 2.0 0.0 10 00
Corn Steep Liguor dry solids 10.0 100 | 150 15.0
FeSO,7H,0 0.1 01 0.1 0.1

Yeast Nitrogen Base 1.7 1.7 ' 1.7 1.7

}f caco, T 6.0 20.0 6.0 20.0

30 Cycloheximide 0.005 0.005 0.0 0.0

. * The glucose, corn steep liquor, iron sulfate and talciu_m carbonate wére adjusted to pH 7.9, then autoclaved for 20 minutes.
The remaining ingredients were adjusted to PH 6.3. then sterilized by filtration. The finished medium had a pH in the range of
7.1-7.4, Yeast Nitrogen Base was Difco product #0335-15-9. '
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WD 98/ 17819 : . : :
- PCT/ US97/ 19022 on PYM plates (10 g/L peptone; 10 g/L yeast extract; 0.5 g/L
gl ycerol cﬁ% Jo mannitol; 20 g/L agar). The pure strai ns RETESI7/19022
cryogeni ca preserved at - 70[err]Cin PYMIiquid nmedium containing 20%

gl ycerol. A tot al of 118 pure strains were recovered fromthe el even
enrichnment mxtures. 5 ' - The 118 new strains were tested for their

Fhe. pobebisaf 0SLAaodse B By ShAn b i B R B amiba 26 by
of tmooﬁgrgggﬁlsrﬁ&nggﬂggmpmnwh new isol ate was tested in pairwise -

conbination wth all other strai ns .originating ane _enri chnent, as

V\B| l as I n p ?16'%"4[ lrbumulnal-rﬁ % £@eﬂnoﬁ\ﬁ§d U| tur ed on
PYM agar for ; e - 1 was
s@spended in [bteriABM¥AH f er |cont &-hing

chl oride, andjO. ()\Ebhg/%{a_ppltml, plj17 2. |For eagh puje- strggn or '

pai r ed- st r ai nfest—a—2560—mbaftH-ed—ask——contarmimg—thirrty—t of Medium C
(Table 1) was |ndQM>éﬁLedSV\nth 0. 2.9 off cel l!suspensi on H? eacll:“ of the

rel evant strafns. se, ! asks shgken q§.230[err]C 6330 rp for 24
hours, after > b *\Ag“g%‘ ered—to—30—+rtTof—Ferrenteat on Medium D
(Table '1). 15 ADM‘IEGLf-ET menjt at i M3 f | agks wef-& shalfen at’i80[err] C, 230 rpm

f t hree day ta%:s br o anal yzed for 2-KLG ang,sorbgse content -
UIS_I ng TLC and =t i E‘g'elfo' m‘l'[“‘ '"“ fcw..au}, teo—tegt—t-he—strai E from soi l
sanpl e #216B. || Ei gmdeten+oia thlese pN)duced_ 2-RBB.G in clrmuntBQ-Srangl";g' from1.9
to 19.3 g/L, ourt Qf“bV\im A hagd beer] 1 nogylated|w th gsol at ¢ ADM X6L
(Table 2). Th ; : — r g/ L of
2-KLG in pure 20ADM X6t tsur e| veridgd ed ifts idedtity|as a BIKLG gr oduci ng

,SAt rain. Tabl eI AT e oyed g Exarmlﬂ 69331[’285 ﬁfl ent Aq/ L) "

- A3.0 0. GpMX6L + 17 PO0. 0.19.0 50.26.125 D9gl ucos“e _
EOOO J” UADMXGL+18a 1ég 93 U.Qlﬁ_g;orn ‘Ft eep Ll quor |dry solids
0.1 E laDMX6L + 18 Of 1 24 '0 10(Yeast Ni t rogen Ba

é g 2"/\'“’“’”“"‘““‘9 ﬁfﬁl w1 | op Cq”ﬂe,eéabgaﬂﬁ de

K uor * P PRV B o MEPR S ﬁ%f“a‘“&ésr“e‘maﬁ%‘ Gk 2%%&"? 3 "t hen
autoclaved for 20 m nutes.
EXAMPLE 2: PRODUCTION OF 2-KLG FROM. L-SORBOSE BY STRAIN NRRL B-21627 IN SHAKE
FLASKS. _ _ _
25 - Strain NRRL B-21627 was culmted on BUGM™ solid agar medium at 30°C, then
| colonies were transferred with a sterilized toothpick to a 250 mL baffled shake flask
containing 20 mL of Medium E (Table 3). The s_ééd culture was incubated at 30°C, 240 rpm
for 24 hours. Twenty mL of production. medium (Medium F, Medium G or Medium H; Table
"3)ina 250 mL bafﬂéd flask was then inoculated with 2 mL of this seed. The culture was
30 incubated at 30°C, 240 rpm for 72 hburs.’ .."The broth was subsequently withdrawn and
- analyzed by HPLC. The 2-KLG production results are shown in Table 4.

35
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The renmining ingredients were adjusted to pH 6. 3.
The finished mediumhad a .pH in the range of 7.1-7.4. Yeast
Di fco product #0335-15-9. 12

filtration.
Ni t r ogen:

then sterilized by

W 98/ 17$a/us97/19022 -

WOOR/1B0 .
- PCT/ US97/ 19022 Table 2: 2-KLG production by strain ADM X6L in pure cul ture

and in mxed culture with other strains fromsoil sanple #216-B 216-B
strai n conbi nation. - Tabit % ¥edia)employed boEgarggleld: %.conversion yield* 5
ADM X6 340 Sde—le X6L +. 1
3.1 | Ingredient amougt/ligr) ' ' E* 6.5 ADM X6l + T B
1.3 3.9 T1. 0 .
690 AlNEREGXTact 7 _ 16100 g 158 ,24 5 0 8 10
ADM X6 otyod) 19.2 som. | 0532| o 589rL7 {}\DM X6L + 1la

ov. 1 . OVU. P ALUIVI AU T L 1Y . .
275 |M83047H20 82. 6 ADM| X6L 0+ 15 25g . R.5g : 25g 2. 3
53.7 A L+16 - 8. 31. 48. 1 15
ADM X6 oy o8 9g T D05 | aspsfy X6L + 18a
19 3 |isorbose 24.8 o 76| 6 943N XqL 538D | s13g §.4

8 ADV X+ 19— 7t

67 1 Z(ﬂc°ms‘°’91fﬂé?r(9@?ﬂ°l‘4§onversi n vikld Peferls 2808he|weiltfis p&rcent age of
consur’rﬂga&o spose that was fund as 2-KLG (E E 2: PROC | ON OF 2-KLG
FROM L+ ; - . Strain -
NERL B{Pieedtohas cul tured pn BOGM efr] 8ol id agasgnediumat 3f[err]C, then
col oni . were. trapsferred With a stleriTLzed |topthprck to a 259 nL baffl ed
shake jacfianmide Ining 20 i of Medi um F (T4bl 6 he ed gul ture was
|ncuba @hlardibie 30[err]C 240} r pmof or 24 hgurs. Tmtgy rln_ ofg proflucti on nmedi um
( Medi ; te=8—Tna250—t—baff+edff | ask was :
t.hen: | Beigheriearidyi th 2 i bf tRis seed.OThe [cud8%krze fms 3D i ncubat ed at
30[ err } GeammnéiindofR i O 72 hpursg The brogh wgs &_@sgeq_Jentloy W {hdrawn and
15 || D-sorbitol 20.0 g 0 0 0

pH was adjusted to 7.0 prior to autoclaving for 20 minutes

L-sorbose was autoclaved for 20 minutes and then added to the remaining ingredients, which had first been adjusted to

pH 7.2 and autoclaved for 20 minutes
20 ‘¢ vitamins were adjusted to pH 7.0 and sterilized by filtration, then add_ed to the L-sorbose and D-mannitol, which had been
autoclaved for 20 minutes. This mixture was then added to the remaining ingredients, which had first been adjusted
to pH 7.2 and autoclaved for 20 minutes. |
~ Table 4: 2-KLG Production by NRRL B-21627 in Flasks
25 MEDIUM 2-KLG (g/L)
F 18.6
. G 35.6
H 27.1
30

EXAMPLE 3: COMPARISON OF 2-KLG PRODUCTION FROM L-SORBOSE IN PURE CULTURE BY STRAIN

‘NRRL B-21627 RELATIVE TO OTHER STRAINS. -
The inventive microorganism strain NRRL B-21627 (ADM X6L) and Gluconobacter oxydans

strain 4025C (a reisolate of the small-colony component strain of the mixed culture deposit DSM

14



anal yzed by HPLC. The 2- KLG productlon results are shown in Tabl e 4. 35 13
WD 98/ 17819

PCT/ US97#nicpégirsikabl e 3: I\/Edl a errpl oyed .in- Exanpl e 2 Ingr edP@'MIS97119022
(amount/liter) Ea - Fb Gc Hb Yeast

extract 0.0g9 15 g 0. 0
G ycer #9027, U.S. Patent No. 4,935 359) ‘were tesged for production of ZT{QJG from L—sorbose usmg
5 O m‘se@era.& dgferel,\{xq %'gdlar (‘1%51?:?5 an&wcg}sr ]The results (Table 6) showed 51gmﬁcantly hlghﬁr
25 0 g2KLG procﬂx'étx@n By strain NRﬁﬁ, @-2962—7‘ MO PRERy of culture media. In addition, the twcp
8759 8 g 3 g Corn steep liquor dry solids
0 = strains wegg, ajfegted differentty) bjb tlz_gp Seitrhdperptneeddum 1/J to medium K/L. 10. 0 g
05 15.0 g 0 10 D- manni t ol :
0 0 14.4 g ONlaC|namde(5 g/ L)
0 0 Ta91e65 MMedia employedQn maﬂlﬂlé‘g
0 0.028 g Pant ot heni ¢ aC| d
8 l ln;i'edirgn (amount/L) g 3839 : d
. U 9 A i =aivin Simaie
20.0 glN-Z Soy™ (Sheffjeld) (W 0 D al0.0gH was amlj ugted to 7.0
pri or Rg@ tocl Vlﬁﬁl or 2 M NUtes|b- [-Sof bos¢ was| autocldved for 20
m nut e (AHM he remnini I’l(]ol ngrediefts, 1®P8had first been
agj ust rﬁge@m,qz,og(d@rgdh@ut ocl Aveg f DI Q)Q)é‘n npt 9@02{) tam ns were
adj ust topH-—70—anmt——sterttzed— —fHTaton—thet 0 the.
L-sorb ‘°EFH’Gnﬂ|IDFfEBin| tol , mhi ¥ had| bets® mut pcl afed flor 2 nijhutes. This
m Xt ur Jhen added to fhe rerral | ngredi ept s first been
adj u;}JF‘J—W?-%S—pH—L._La-nd—a-uLgcJ_auecL for qg%bﬁi HjQH TndLeln%] jELG Pr oducti on
by NRRIDBr&ib627 in Fl asks P5 10.0g 0 .  5.0¢g 48g NEDI UM
2-KLG {grC) _F — 186G :
35. 6 H D-mannitol 10.0g p7 . 15.0g 100g 0
15 niacinamide 0 0.05 g 0 0.048g
| thiamine 0 .03g 0 0.29g
pantothenic acid 0 - 04 g 0 0.38 g
p-aminobenzoic acid 0 0.2¢g 0 0.193 g
MgS0,*7H,0 0 25¢g 0 20¢g
20 CaCo, 10.0g 25.0g 10.0 g 25.0¢g
pH (before autoclave) 6.5 7.2 | | 6.5 7.2
Table 6: Comparison of 2-KLG production By.NRRL B-21627 and 4025C in pure culture
25 shake flasks.
Seed Medium/Fermen.t-alion Medium
 Strain ¢/ | W KL
B-21627 16.0° 39.7 33.5
4025C 5.4 - 17.8 19.0

a For media C/D (Table 1), the experimental protocol of Example 1B.was used, except that the strains were initiatly cultured on

BUGM™ agar, not PYM agar. For media I/J and K/L (Table 5), the experimental protoco! of Example 2 was used.

b 2-KLG value for ADM X6L in C/D media is averagé of nine trials; for 4025C the value is average of six trials.
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30 EXAMPLE 3: COMPARI SON OF 2- KLG PRODUCTI ON FROM L-SORBOSE | N PURE CULTURE
BY_STRAIN NRRL B-21627 RELATIVE TO OTHER STRAINS: The'inventive

M cr oor gagie ls,gfgal n NRRL B-21627 (ADM X6L) and. G uconobactmrr/osymisns -
strain 4025 a reisolate of the small-col ony conponent strain of the m xed
culture dep05| t DSM 14 WD 98/ 17819

PCT/ USORXANIIZ24:4 PRBPUCKIEN (Fa2-EDG HROM L-SBREQSESH) SHAKECFUASKS BY ‘MIXEDPCUIdURES ONn

- of 2-KLG from L-sorbo several different nmedia (Table 5) and
bt of 066 QUPRRD GESERL B 214AHAED &) ECAUMRICRIGHNI Nt | hi gher 2. KL

producti o hRLe &@&? r by '
addi ti on, 'Baﬁgedf’i \Asr/c())algjtjrsal ns d\%/resge IP in@t dﬁlxg eéréle‘g{lfl%été [ 1%1%\%‘@1}1&@ 61‘ of
medi um 4 frdzénocuimek @erKRL B-21603tang aﬂlkehﬁbﬂirm @ﬂﬂﬁeﬁo&ﬁﬂmam E‘Xwﬂhﬂcsiivdré ghaghent -

(aount/ L o J N Z -So err]
( SRef f i &)- pgprn 30°C for 24 hours. Two mL of this ulture was then l_:[gxsfprgfd toa 250 mbb '

%cgn F{}%i(rdon&ﬁﬂgbr n Hgf (e)fep Be l|m(i1ul\(;Ir (T(a gle 9)5 o‘?ﬁ?{s‘? hogrszﬂ’%‘“& at 240% fpm, 40 0C

20.0 g flasks wei&axﬁlﬂe@&?ﬂiﬂlﬂpf&rf@rrﬁﬁidm)z-KLG from L-sorboseQ- ’Qhé}results are sﬂxéwa g
0 0 L-sorbose 0 100.0 ¢

-

o  inTablg79 g D sorbitol ; ; 10.09 '0 |
5.0 g - - 4,8.g D-mannit ol o o : 10.0 g . 15.0 g
10.0 g 0 15 ni aci nam.de - 0.

0.105 g Table 7: Prodi:ctxon of 2-KDGQﬂ&nQJ—§6HbB§E B¥mixed cultures contammg strain NRRL B

0.3 ¢ .29 g pantothenic acid
0.4 g 21627 (ADM X6L) in ﬂasbs 386 g p-ani nobenzoic acid. . ' 0 _
0.2 g e s S s e N e ' ' 0
2.5 g Producer cmlture Helpep cdituye®0| .- G2 '
10.0 g . 25.0 g 10.0 g — 25.0 g |p per or e au:oclave)
6.5 X6%. 2 6.5 283 Tablle 6: ¥®arispn of 2-KLG
?r odgctll on bymﬂRRL _B 21R%éca{b%5ﬁ02 Jolx n. APIL.L;G cullt gre %89 hake fl asks..
15 XL | arcciesor | 424 82.5
- X6L | ATCC21544 - 45.6' 100.0
- X6L CATCC 21529 | 41.7 96.1
X6L NRRL B-14840 , 41.2 ' 81.3
X6L NRRL B-43647 ~ 35.6 83.4
20 _ L
~* Strains ATCC 19354, ATCC 19391, ATCC 21544, ATCC 21529, NRRL B-14840, and NRRL B-43647 are
Corynebacterium ammoniagenes, Brevibacterium linens, Corynebacierium gluthmicum, Brevibacterium flavum,
Aureobacterium saperdae, and Aureobacterium liquifaciens, respectively.
*¥ yield % refers to the weight percentage of consumed L-sorbose that was found as 2-KLG.
25

EXAMPLE 5 MUTAGENESIS, SCREENING AND SELECTION FOR IMPROVED VARIANTS OF STRAIN NRRL
B-21627. _
The inventive bacterial strain NRRL B-21627 (ADM X6L) and mutants thereof were subjected
to mutagenesis, and variants showing impfoved 2-KLG production were recovered. Bacterial -
30 cultures were grown to mid-log phase in BUGM™ or PYM broth medium, then pelleted by
centrifugation and resuspended in 2 mL of filter-steriled TM buffer in a glass tube (Tris*HCl 6.0
g/L, maleic acid 5.8 g/L, (NH,),SO, 1;0_ g/L, Ca(NO,), 5.0 mg/L, MgSO,+7H,0 0.1 g/L,

16



Seed Medi unmi Fernentati on Medium Strain - ' D

1/J ' KI'L B-21627 16.0 39.7

33.5 30 wo osl0Bs 5.4p ... . . 17PGT/USI19022

19.0 30 a For media C/'D (Tabl e 1), the experinental proiocol of Exanple IB

noar ?ﬁﬁfﬁé&% ity asiutird 0 13 6 e Rrt rle L BRESupRasion it iked
prot OCQIIi of 5B ﬁﬂ?L ‘é§ﬁ€ion B R K- \Nihh'ﬁ)séyglfanm @fﬁtG) théd Qcﬁ&ﬁédiat' S

- aver age of n| ne tr|a S or 4025C the value 1s average of six trials.
PCT/ US307Q 96225 \ifin@5.1 781 SntrotiddPLdl]l 4uspPRODNUGES Glmﬂﬁl)Qinéu&th?WaLGCWBmE I N

e e cares o LS T e e it S 3 et
0 SRl 3l oS GrE Ty i 3&e@@%sp@n«’feh%?4 o acbie

~30[ er FMH%PC?A hesphate bifier) adjuaéd folpEs 7udsing KOHa sTleheashed eaibéuspemxdmt were 250
nm_. baffl ed asE containing 25 nL of medium M (Table 9). After 65 hours
shaki nfpreer dibged prphospiate bytéer, apbaliquetswergespreag oa) g}mowUﬁM’Cw& agar

N S e R e fa S B Lk e e o e
st r ai Nedvpithedd- s3ﬂlﬁt%75 @@M KEL),s0) 2fd dgm K,HPopd UGPL, KHLRO) (9 g/1LIeFaTf-6H20

cul ture* 2-KLG ylel
2® 3 5 mg/L, MnSO, Q)S XeyL, casammo acdiicﬁg/lgygax;t extract 2.0 g/L, agar15.0 g/L, pH

| gg g i(g{qusted to 7.0 pl'lOlA%I%glAl}g the fA‘ Tlowmg élglé gomponents were gterib{;d(py%]l_rauon.

ATCC 23p3,«7H20 0.25 /L4ﬁ=ua?nme-HCl 30 mg/L, p@ftothenif lacid and macmaHRELuBmy@%d
41,2 1g & ﬁ B- 43647

83. 4 2p-aminobenzoic acid 5 mg/L) Relative to unmutagemzed control cells, the kill rate from NTG
treatment was 60% to 80%. Surviving colonies were picked at random and screened for improved
15 2-KLG production from L-sorbose in shake ﬂasks._. Alternatively, mutagénized cell suspensions
were diluted and spread on plates of growth-inhibitory lCM2-S selective agar medium (CM2-S is
CM2 with 7-8% 2-KLG added to the -heat-sterilizable components of the medium prior to
~ autoclaving). Colonies that grew on CM2-S agar were picked and tested for improved potentlal
to produce 2-KLG from L-sorbose in shake flasks. ' |
20 . _
A. PRODUCTION OF 2-KLG FRCM L—SORBOSE BY NRRL B-21627 AND MUTANT DERIVATIVES
IN PURE CULTURE SHAKER FLASK FERMENTAT]ON ,
For each tested strain, 0.1 mL of frozen culture was moculated into a 250 mL baffled flask
containing 20 mL seed medmm K (Table 5), then incubated at 30°C _for 24 hours at 240 rpm. 2
25 mL of seed contents were used to inoculate 25 mL of fer_m_entat'ion medium M (Table 9) in a 250
mL baffled shaker flask, and the flasks were shaken for 72 hours at 30°C, 240 rpm. The Z-KLG
product was'assayed by HPLC (Table 8). |

30
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* Strains ATCC 19354. ATCC 19391, ATCC 21544. ATCC 21529, NRRL B-14840, and
NRRL B-43647 are Corynebact erium anmoni agenes. . Br evi bacterium linens,
Cor.ynebaGgoki4g;e! utam cum Brevi bacterium flavum: Aureobaet:wmsumanzq)erdae
and Aur eobaC| eriumliquifaciens. respectively. ** yield %refers to the

wei ght percentage of consuned L-sorbose that was found as 2-KLG 25 EXAMPLE

- 5: MUTAcbleeSs) &; ummsgmosabyﬂmemmmsém shakerflasks OF STRAIN
NRRL B ;——————:-:——:—:-—f-— . X6L) and
mut ant ¢ . 1D] .; ? oW ng
|rrprovd 2- KLG?$ oductlor were r overed Hacteri al ' cyl tures were
grown flo md=| phase jn RLJGMg Phr PYMIbroth mn%qi' um thed pelleted by
centri ugat i om.zmd resuspendednd[,am?m of fli | ter st@ra led TMlpuffer in a
gI ass fube \‘ITI_S I‘Iu matercacrd—58 ng_ \ancllj)[ rr]SQerr]

1.9 g |, 25<1@rﬁwar_nmwse!{err] 7TH er®40 0.1 g/, 16 WO

98/ 178LQ ' / US97/ 19022
FeSCIerr] 7H err]O0 0.25 ng/L, adjusted to pH 6.0 using KOH). The 2 nL cell
Suspens s siasd 6il CVM2S aydr inbiiva, 5 [err]L of a 5.0 ng/nL sol ution of

N -nitro-N-nitrosoguani dine (NTG, then incubated at 30[err]C for 25

m nutes. An untreated cell suspension was simlarly incubated as a control
for esti rgat prsbutTioN bﬁQﬁ{LG“tfRToM Lsm&@tsmm@ 21627PAND Mlﬁﬂki‘%k%%{\%ﬂﬁd to
each tube, then the cel - were pelleted by centrifugation, -washe :
tifd ce PURETEY esuspended in 4.0 nL of 0.1 M NaH2PO4 (phosphat e

out or) SRS, Rt BB A ot %%%wﬁﬁ%ﬂﬁf@‘éﬁm@{@ of

‘BUGM em&m%a% GOHL 6P irdod e B Al a0 DA lBRR Ok, 95 L

avai l able fromBiolog, Inc., Cat. I um c

5.0 gf beed(ousfents wt;teeuse]i sqnmmla@?m gﬂ.Lpf ﬁi[mlem}ihﬁqmadm]m @ (Tapld %) ina 1.5 L

KH L F d 6H20 10

ety o APk fAmetiser. fpeferry minoe&{aaﬁpmcgee.fa@h%l‘%werysafe{lo‘@wsrcaewdo
014, adsididonsO39¢¢; 1000 rﬁﬁiﬂ Hﬁt@ﬂa& Qs 29% Nl%gogia g{;‘alrn.?l‘{ k}ﬂgsoooéﬁggﬂﬁl' g ng

CM2 components were steri 1 zed b |on
thi am adﬂl:@pr@lcng’hs_aSSpmﬁmHBhCo(Tablecloand ni aci nami de 10 ny/ L, and

p- ami nobenzoic acid 5 ny/L). Relative to unnutageni zed control cells, the

kill rate from NTG treatnment was 60%to 80% Surviving colonies were picked
at random and screenedr{ge 9; rmg&g ployed in?iﬂtﬁl% g4dugts on from L-sorbose
i n shake fl as nut ageni zed ce suspensi ons were dil uted
and spread on |p I atﬁée@émgﬁ,mlﬂ inh[bitgry JVB-Sgeledtive goar fredi um .
(7S 1e N-Z Soy™ (Sheffield) 100g | 50g 10.0g
| Corn Steep Liquor (dry solids) 200g 10.0 g 200g
L-sorbose o 70.0¢g 0 700¢g
D-sorbitol : 4_."2 g 5.0g 50¢g
| niacinamide - 0.04g 0 " 005g
25 _ || thiamine : 025g 0 03g
pantothenic acid | o34g | o 04g
p-aminobenzoic acid 0.168 g 0 02¢g
MgSO,*7H,0 20g 0 20g
CaCo, | 2s.0g 50g 2508
30 || Antifoam 6000K 0 0 - 04mL
' Il pH (efore autoclave) 72 6.5 7.2
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CV with 7-8% 2-KLG added to the heat-sterilizable conponents of the nedium
prior to autoclaving). Colonies that grew on CM2-S agar were picked and '
“tested feyoibgprsgyed potential to produce 2-KLG from L-sor h®SEUSEHNEke
flasks. 20 A. PRODUCTI ON OF 2-KLG FROM | SORBOSE BY NRRL B-21627 AND MUTANT
DERI VATI VES I N PURE CULTURE. S R FLAS FERIVE ATl ON., For _each tested ]
strai n,Yable 10;2-KLG prodnyction from *&&"sb%gw“a?&at\l?%“&e%%‘t?ﬁf baffl ed flask -

cont ai 1 e O R Tao e o LI ] or 24
hour s Q Sty 2 2o o TYPe cood dont o2 KLGURILY cdg ¢ apolapypld e o Ibs
of ferqentatigg medi um M (T%Id 9) infa 250 ngs baffl eg shakerg4flask nd

t he f | gske—were—shakenF e m,urs 3240 p—the—2=K-G—produe} was
assayed by HB&Ds4 Tabl e 8) . m@aht 7X6L. WO 98/ 17922 84

PCT/ USY7/ T90Z7Z JabnTe 8 Z-KLG proguctijon Trom.L-sor bose b e cultufes in
shiker [fl ask$*'%rain | mitant bt X6L 1 | tyr el AR (g/L)
X6L b 6503 Wi | glodhed BEX6L 76 27,4 77-111g4

mut ant flef—x%6t ' : 4065 86=96 :
2- KLG tflesi st aft44nut ant | of mutantof X6L 64.14 77- 13&trai n_del ect ec’on_CM2- |5 agar
medi umff B: P [ON DF 2- _ B— 2162783AND

DERI VAM&@LQHE@ ; , = ‘ . ~

baffl ed flask containing 35 nL of seed medi um N (Tabl e 9) was |nocul at ed
WO h 0. *Inolut yieh¥ % efefsrapiegmplag percentageof cinfyaed Li-sateshtiat eveb fopnd BQELG240 rpmfor 24
hours. 35 nL seed contents were used to inoculate 700 niL of fernentation
medium O (Table 9) in a 1.5 L Applikon fernentor. The fernentation was

conducted for 72 hours under the foll OWI ng controlled 15 condi tions:

e n B3 Ak D s Sk PR b8y %E#SDB@ZJTQ%%%M. a
enpl oy echiskidEbBRPA B $6-9B¢NRRL B-21630) AND A SECOND MICROORGANISM.
15 Strain ADM 86-96 (NRRL B-21630) a mutant variant of NRRL B-21627, was cultured in
 the presence of a second microorganism having the capability of converting D-sorbitol to
L-sorbose. A 500 mlL. baffled flask containing 50 mL of seed medium P (Table 12) was
inoculated with 0.2 mL of frozen culture of strain ADM 86-96 and a like volume of either
ADM 29-121 (2 mutant of strain IFO 3293) or ATCC 621 as the second microorganism. The
20 flasks were shaken at 240 rpm, 30°C for 24 hr. Seed contents were used to inoculate 700 mL
of fermentation mediuxﬁ Q (Tablé 12)ina 1. 5 L Applikon fermentor. The fermentation was
conducted for 43-70 hours under the following conditions: 30°C, 800 rpm of agitation, 1.8
VVM of aeration, pH maintained at 6.0 using 17% NH,OH. The results are shown in |

Table 11.
25 | |
Table 11: 2-KLG production from D-sorbitol by mixed-strain cultures in fermentors.
L-sorbose producing 2-KLG producing | 2-KLG (g/L) | % Conversion
strain ___ | strain Yield*
ADM 29-121 (mutant 86-96 109 - 96
30 [of IFO 3293) S ' .
ATCC621 86-96 114 08

- % g2.KLG produced/(g D-sorbitol - g residual L-sorbose)
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| ngr edi ent M ' N | - 020

N-Z Soy[err] _(Sheffield) - 10.0 g 5.0°¢g’ 10.0 g Corn
St eep Li ﬁwgrgg/ﬁﬁﬁy SO|-I ds) 20.0 g. ©10.0 g 20.0 gpd:'mjsg'bmn :
70.0 g - _ 70.0 g D-sorbitol : 4.2 ¢
509 509n|a0|nam'de : 0.04 g 0
0.05¢g 25 . - - t hi am ne o 0.25:g - 0
0.3 g pantothenic acid Table 12: Medxa(bnﬁﬁoﬁed in Exampl@G 0.49¢

p- am nobenzoi ¢ agid 0 _0.2 g

MySQ err] *7H er ] O In redient (amount/L) . 2.9.0 : Q0 : 2.0 9
CaCC3 5. q g 5.0 g.30
“Anti foam 6000K N—Z Soy™ (Sheffield) 0 10.0g 0O .4 nmL pH (before

aut ocl ave) 8 WO 98/ 17819
PCT/ US97/ 19022 L(:bﬂesmmaqwr.&qw"hds bti RO oml1 . Q%% &se *y pure cul tures

in-fernentors. $iD-divitol Type,lo.Og . 1052}§<LG (g/ L)
nol ar yi el d % X4C watype 651 -
84 54-164 = D'mm'ﬁ%ﬁlant of X6L . 20.0g 722 0 . || 84 5.
64- 165 oMbaRge Of X6L 0.05§ 3 0 " 82 65-93
mut.ant .of X6L - —Fe— _ . 94 66.44 : mut ant of
X6L . 73 tlﬂamine | 87 660.58 . 0 nutﬁnt of X6L

8 (O] B! ylela v efersto tie nol ar

rcentage of cq Rﬂ'ﬂ”hgﬂ‘cﬁc‘dsor bose that wa%*8ound as 2 KLG [|[EXAVPLE 6: 2-KLG.

PRODUCTI ON FRO\/Ingé.am&nghN FERI\/ENTO?&,_?% M XED CUW TURE}¥ COVPRI SED OF ADM
1 86-96 (NRRL B- Zj ' ~Strain ADM 86- 96
(NRRL B-21630), [[Mefer#hO vari ant of NRRL B- 21627, wagcul flured in the
presence of a sdeond m croorgani smhg Qﬂot he ¢apafLlity ﬁf converting

D-sorbitol to L A 500 m hakfl Bl aslt com38nin 50 nL of seed
medi um P ( Tabl e j| Adgfoanpsooonocul at ed th G2 nmLjof paeaen ul ture o_f strain

'ABM 86-96 and a pH (before autoclave) : 65 1 72 "

20



ADM 29-121 (a mutant of strain |IFO 3293) or ATCC 621 as the second
.mcroorgani sm The 20 fl'asks were shaken at 240 rpm 30C for 24 hr. Seed
contents were used to inoculate 700 nL of fernentation nmedium Q (Tabl e 12)
in a 1. 5ybofamibkon fermentor. The fernentati-on.was condu®@EUSHANR3-70
hours under the follow ng conditions: 30C, 800 rpm of agitation, 1.8 VWM of
aeration, pH praj 9?:6%% RELATINGSIO A BEPOSHTED MIARODRGAREMt S are shown
in Table 11. 25 Table 11: 2-KLG production from D sorbitol by m xed-strain
cultures in fernentors. -sorbosgrPOT Rdldadbis) .2- KLG pr odum ng 2-KLG (g/lL)
% Conversion strain . strain . _ - Yield*
ADI\/I 29-121 (nutant 86- 96 . 109 96 30 of

'Jcatuas mao% ; ow Bl_ate to the ntucrrorgamsm tet'en’g #\th description 114 o _
' )

‘ sor g resi ua L-sor bose) 19 _ WO 98/ 17819
Pl B. IDENTIFI@ANI&Q S@'}ﬂmfds]rr( Shef f I eI d) Further dcposﬂsi:@uﬂntiged onan addxtlorﬁl sﬁeet D
Cdrn-St eep Li G+ (rlr - soli dc\ 200 g o X & B-se+bit6t :

1( '@mgofdewsmfymﬂ‘e‘!i’“o g D- ranni t ol 20.0 g - 0

- ni %ﬂéﬁi@ﬂal Research Culture Collect.@orQE(Nﬂm.) - 0 thiam ne
) 0 10 pant ot henic acid

: Amﬂms ofdcposntaty msuﬁuar(ammga&r&amm)d 0.2 ¢ ' 0

0

0

My rﬁ] err, 0 2.0 g CaCd err]
#Ei%ﬁ ]Lerz]%sgsﬁeﬁﬁtlfoam 6000K 0 0.4
7

ia, Il

' ted States of America PH (before autoclave) 6.5
8 % _ | |

Date of deposit . Accession Number
October 1, 1996 : NRRL B-21627

C. ADDITIONAL INDICATIONS (leave blank if not ab‘plicab!c) This information is continued on an additional sheet D -

Bacterial sp. ADM X6L

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

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

The indications listed below will be submmed T the lnlernahonal Bureau later (specify the gancml nature oﬂhcmdtcnnm e.g., "Accession
Number of Deposit”)

For receivipgOffice use énly i For International Bureau use only

h@ international applicatioﬁ 1 D This sheet was received by the International Bureaﬁ on:

. Authorized officer

Form PCT/RO/134 (July 1992) 21



20 WD 98/ 17819
PCT/ US97/ 19022 | NDI CATI ONS RELATI NG TO A DEPCSI TED "M"CROORGANI SM ( PCT Rul e
13bis) A The-indications nade below relate to the m croorgani sm referred

tointh fg1Pt i on on page 2 PCT/USYH1%022
29 B. DéKﬁ?% TI ON CF DEPOSI T - Furt her

::Iﬁg;)ls![ Ltsl g;eAém%t%%sear cﬁl.ﬁ&?ﬁ#gé%gﬁ ection &?ﬁ%%w Addr ess_ of

depositary institution (includi ngpephat ige and country) 1815 N.
University Street Peoria, Illinois 61604 United States of Anerica Date of
deposi t Accessi on Nunber Oct ober

1, [+996 NRRC 5
AIATIE‘“I"T\BF’@S’W@KS' PO HE A ST R o) This i nf or mati of

p O 1 4 i aYa' Do o =~ e AN .
Q .l [ YU a—OH—ah—a -1 [ ottt Ar—SH—Ar X0
B e e e e ]

D
B IDENTIMEARTON WP B#POsENS ARE MADE (i f pylh? adplGli £ &5hdnBS ow..eamauma

I
deslgnated States) FSFPARATE EURNLSHING CE | NDI CATI QNS (leave bl ank E'r]
. not l&ppbﬂdea’btae')-nsﬁhmnndl cations |ist ed beI ow will be submitted to the

| ntesBati, gy %s% %ﬂw@s@é enggheral nature of indications eg.}
receV|n - _

" Ackessi on Nunbe posi t O fice use only

For Aﬁt&r@m%%t,aug,ﬁwmmg%wm sheet was received wth the -
i nte é}&thoqﬁl EBI i cation Thi s sheet was received by the International

Bur e zf%rﬁﬂ‘l cer Form PCT/ RO 134 (July 1992)

21 9%

PCT 190 _| NS RELATI NG TO A DEPOSI TED M CROORGANI SM
Date of deposit Accession Number
Cctober 15, 1996 | RRL B-21630

C. ADDITIONAL INDICATIONS (leave blank if not applicable)  This information is confinued-on an additional sheet D

Bacteria sp. ADM 86-96

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

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

The indications listed below will be submitted to the International Bnreau later (spac:b' the gawal nature of lhcmdacanons g *Accession
Number of Deposit*)

For International Bureau use only

D This shéet was received by the International Bureau on: .

| § Authorized officer

Form PCT/RO/134 (July 1992) 92



(PCT Rule 13bis) A. The indications nmade belowrelate to the m croorgani sm
referred to in the descripticon on page 3 ' o
liné  woésn781e 1 B. | DENTI “nu““t“ | T - PCT/USTIS022 -
~ Further deposits are identified:" tisheet Nane of depositary
institution Agricultural Research*Cutture "Col’l ecti on (NRRL) Address of
deposi WHAT I§ BBAIMER IBon (i nci udi ng postal -code and country) 1815 N.

Uni vers§i t et Peor | L MO} 1 ' : AR Dat e of
deposi ﬁ X p%c{egs for'th€ Ho%uctjiérl o Pkéto§?] g%n}érucﬁcﬁqmﬁf:ﬁ%ﬁ%lgieison I\Illu er Oot ober
15, 199&croorganism strain NRRL B-21627 or a mutant or variant thereof ilNRRledBin® tGRinhg

ADDI TI ONAL | NDI CATI ONS (| eave bl ank if not:applicabl eé This . inf Oéﬂi%{c%n

- i's conti-saabesedar atimessnfficiondor s4id Ersonbesedp ibg copverieap dgkeisLigulonicp

STATES FOR WH CH Ngt ]’I%\gﬁ ARE MADE (if the indicatons are not for all

d igné?@&e’é?%faég;z‘ .°‘@E¥5‘ TEFURNI SHI NG OF | NDI CATI ONS (| eave blank if
not applicable) Theindications |istedbelowv || be submtted to the '
International Bureau |later (specify the general nature of the indications

- eg., Accﬁhspmemmbmdirm‘toméq@ms),twberﬂnrsaldel@@ﬁam orgvaciant efestiade NRRL, B-21627

For Internagjonal Bureau use only This_.gheet. was I i ] _

i nt er ndt F‘ﬁ’ﬁée ‘ﬁﬁ’ﬁ? Ycing gjeast ghqut XQﬁ?e?%@?‘éﬁ%ﬁ%%ﬁ‘&%%ﬁ’?%‘;ﬁﬁﬁ Ponal
Bureau\xgﬂgreAut horized of ficer Form PCT/ RO 134 (July 1992) :
22 8117819 _ PCT/ US97/ 19022
WHAT IS CLALMED 1S:. 1. A process for the production of 2-keto-L-gulonic

20, i SO 25 Gl LR AL S, ML ISR

sufficignt.foik aéﬁi&jiﬁmaﬁ to be converted to 2-keto-L-gulonic acid; and_ |

5 recovering sal to-L-gulonic acid. 2. The process according to
claim1, wherein'said nutant or variant of*strain NRRL B-21627 is capable

of producing at |east about 40 ig/w .of , 2-ket 9- L- gul oni.c a iagafpﬁ-fg}!iﬁo%?rsqpse

e -
in pur . The process according to claim erein said cu?turm is performe

15 to 8.0. .

5. The process according to claim 1, wherein said culturing is performed at a temperature of-

about 22°C to about 35°C.
20 - 6. The process according to claim 1, whérein said microorganism is cul_nired in pure culture.

7. The process according to claim 1, wherein said microorganism is cultired in a mixed

culture with at least one additional microorganism strain.

25 8. -The process according to claim 7, wherein said additional microorganism strainis a
member of a genus selected from the group consisting of Aureobacterium, Corynebacterium,
Bacillus, Brevibacterium, Pseudomonas, Proteus, Enterobacter, Citrobacter, Erwinia,

Xanthomonas and Flavobacterium.

30 9. The process according to claim 8, wherein said additional microorganism strain is

Corynebacterium glutamicum.
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/‘ .

culture. 10 3. The process according to clali further conprising
.converting said 2-keto-L-qgul oni mmmn ‘wc ‘acid or a salt thereof. _
4. The prpeggprsascording to cl'aﬂ ! d cul t uri nBCTAISPEIM2E ned at
a pH of about 5:0 15 to 8.0. 5. Fhe process according to claim 1,
wherein said culturing is perforned at a tenperature of about 22[err]C to
about 38[ er Thepragess accerdinghie clpimch skbesein sidi Grjyrabacterum glutampeine 1St d
m cr oofr, ' js cultured in pure culture. 7. The process according to
claim fq%z&#n said mcroorganismis cultured in a mxed culture with at
| east ‘one additional mcroorganismstrain. 25 =~ 8. The process-according
to claim7, wherein said additional mcroorganismstrain is a nenber of a
- genus $bl ecThelpfacess acherdipgooslaimnk,i whereig said Iasorboseais igenérated by fermentative
Ogynebact eri u&; Ba .i.Aus, Brevi bacterium Pseudononas, Proteus,
Ert er oBYIVEENON o Disgiitoler . Erwinia, Xant hononas and Fl avobacteri um 30
9. The process according to claim8, wherein said additional mcroorgani sm
strain is Corynebacterium glutam cum 23 WO 98/ 17819 _
PCT/ US9Z/ 19TRE piidess atberdjnpooaddamall; ovhdreig siid Icsarboseds gederated by fexnentative
Corynebacteriumglutamcumis strain ATCC 21544. 11. The process .
accordF‘HB’e’EWIb‘ir’T}a}gﬁP&b,“%@P%i u%ogpgaqzersw e is generated by fernentative 5
conversion of D-sorbitol. 12. The process according to claim11l, wherein
sai.d L-sorbose is generated by fernentative-conversion of D-sorbitol using
AOucondbact The progessraecortiihg to clddm 12, Whergin ozid Guenwbacemnegxydanscis atrainl 2,
wher ei 2( %ﬁ]gzcsl uconobact er oxydans is strain ATCC 621 or strain | FO 3293 or
a nut afl lop# strajn [FO 3283 opa gewsant thereek ding to claim 1, wherein said
m croorgani smresists growh inhibition by 2-keto-L-gulonic acid or
chem cal derivatives or degradation.products thereof. 15 ' _

' 14. . The process according to claim 1, wherein said microorganism resists growth inhibition

by. 2-keto-L~gulonic acid or chemical derivatives or degradation products thefeof.

15 _ _ | R
15.  The process according to claim 1, wherein said microorganism strain is NRRL B-
21630.

| 16. A proceés for the production of 2-keto-L-gu10nic acid, which comprises culturing
20 microoganism strain NRRL B-21627 or a mutant or variant thereof together in mixed culture
with a microorganism strain capable of converting D-sorbitol to L-sorbose in 2 medium _
containing D-sorbitol, for a time sufficient for said D-sorbitol to be converted to

-2-keto-L-gulonic acid; and recovering said 2-keto-L-gulonic acid.

25 - 17.  The process according to claim 16, wherein said additional microorganism strain is a

member of the genus Gluconobacter or Acetobacter.
18.  The process according to claim 17, wherein said additional microorganism strain is
~ either Gluconobacter oxydans ATCC 621 or Gluconobacter oxydans IFO 3293 or mutants or

30  variants thereof. :
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15. The process accaording. tom—&al d m croorgani sm strain
is NRRL B- 21630. 16. A proce ction of 2-keto-L-gulonic

aci d, ‘whi WO B84 ses cul turing Hmm”m'igﬂ "SEEI" m strai n NPGEURE 7%%727 or a -
nutant or variant thereof together kn ure with a m croorgani'sm
strain pa sorb medi um_cont ai ni ng
Dsorblft%l é?#&ggltﬁﬁe&ﬁgfﬁ@g?én?ﬂ}o% mﬁ@#f%ﬁ%@?@o‘w teY to

2- ketodangmluhmeof.am d; and recovering sai d 2- keto L-gulonic acid. ‘25 17.

The process according to claim16, wherein said additional mi cr oor gani sm
st4ain is a nmenber of the genus d uconobacter or Acetobacter. - The

proces cc I ai.d a i onal croorgani smstr.ain
is ei t?lzeo(r31 Gogjr%oﬁgglbg%?ﬁ e* oxy'%l turewl%% d c%ﬁ‘&é?g‘rm @gﬁgﬁga]rpo 3293
or5nut MNMRRLB-28680. variants thereof. 24 W 98/17819

PCT/ US97/ 19022 19. A biologically pure culture of ‘mcroorgani smstrain
NRRL B-21627 or a nutant or variant thereof. 20. The biologically pure

cul ture,accof di t ajm19, wherein said putant is strain 5 NRRL
1651255 A Dol Br BrdthiBing 4 mithoheeniims srain Re¥iag meved PXHCRR OfRLG

i mpr 0V%19'I9§B#66s'e0 n{ﬂrﬁe
cells of a strain gg%gbl e of %roﬁﬁg%ﬁgﬂﬁgnm] cﬁﬁb‘fé’%ﬂg?ﬁ@%ﬂ ]%Hépf?oggence
of a grlowrhosmmtm pren@camﬁargrowﬂl-mhﬂmﬂngvaﬁmum obn deriedthe orfandloloB2-#BG, and

over ce h in the presence of said derivative or
a gl og aaaq [@g ceelps capgble of gr Wltm in the presence of said denvatlve or analog of 2-KLG.,

25




