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Fig. 1 is a flowchart of the biotin biosynthetic pathway;
Fig. 2 is a schematic illustration of the bioR and birA gene functions;

85 Fig. 3 is a partial restriction map of the bi bio (A, B, F, C, D) operon and the adjacent uvrB Iocus on the E.
coli chromosome;
Fig. 4 is a schematic illustration of the construction of the intermediate plasmid 322Pstl according to the
present invention;
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Control of biotin synthesis in E. coli is effected at the transcriptional level. After biotin is synthesized, it
is adenylated by a product of a gené at a locus designated birA , to form biotinyl-5'-adenylate as illustrated
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colonies were screened for ampicillin sensitivity, an indication that a Pst! digestion fragment from pLC2523
50 had been inserted into the Pstl site of the ampicillin-resistance segment of pBR322, thereby rendering it
incapable of conferring resistance.
Restriction fragments of plasmids conferring tetracycline resistance were separated by gel elec-
trophoresis and examined for the presence of fragments having the expected lengths of the biotin operon.
In this way it was determined that a plasmid designated 322PST1 contained the biotin operon linked to a
65 tefracycline resistance marker. However, in this plasmid the bioD gene was found not to be intact for it
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ext r acExaMpLERd et hanol precipitation, an al | guot of each tinme point sanple
was sanal yzed by el ectrophoresis thr ough a 0.5% (wv) agarose gel. The three
time poi At Hisdlinbageentviore pBBD Iwesl trediéit with BAL3 Nnedd the aydvenivas ligated intbtHpakoetl wer e
f ur t hepCRM52GAEE(Cakintel wBg| selectedidr Istinl prodilien, iampitilie resistesenad tetfacyclive sBggitvi  si t es
and onity. Fryed plasmids, pBA2.tAPA4 RRATIBAB wargrebtainedifforpthie2gecdon. f our t ypes of fragnents
were expected. O these four types of fragnments, 10 one was expected to
conf%%’ﬂéﬁﬂen&i nder of the bioD gene and to have both a blunt, BAL31

-di gested end
As jllustrated in Fig. 9, the plasmids pBP5 and pCFM526 were cut with Ncol and Hindlll. The ligation

product of these digests was transformed into an E. coli strain AM7 containing  plasmid pMW1 (A.T.C.C. No.
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“and 'a cohesive Pstl-digested end. The plasnid pBR329, [the conplete

nucl eoti de sequence of which is published in Covarrubias, et al., Gene, 17,
79 (1982), which is Incorporated ER0R3 429Bte herein] was digested with

bot h Pvul | (wh| ch cl eaves pBR329 in a chl or arrphenl coI -reS| stance segnent,

to produ nt end nd with Pst 9at a site in
o arp c.?*gfﬁ‘% %ﬁﬁ‘g; e ??% g&%ﬂér? § 5, e b\ F S| e
b el e i i ne
res?stanéoec%"ee %"t'ah"mor "b mg?"“f Pec? °d %L‘%? h t he four

types of ts produced by t he Bgl I I and Pst | digesti on of the 4.4 kb
Ncol ffa#ﬁscrl bed above in the presence of T4 DNA |igase. As shown in
Fig. 6, onlyp tplagﬁ.e ptéa%mssta esfa@w At aﬁmcor QH@E&QAH& pEmd28 Gadlimldng eiea had
the combiigaéd stoduef of et iwo AUYests HodigrdleTBALINIGI TG rmddEiAtd icBIR Gt b BadtePiaistrdrh t h
the |ar ge«smdmmgl the RibbratifeRG1ERY repo&B? & faprtage QRS AT ldshid SUFRBE8 Ebntains

desi gnat &’ FpBroléter Bdkdtaioplag®h. ASdend brigeRdddibbristeioRnsiram fidn® thi¥Bstus\arb BorirBiRd by
product s thaf proidter] Tigaprordterviclivity ishveguiatsdQs refres3GMERH . TherePBRAASh th&tnipBiakfe MET €
sel ect edrdised, thecteprasspc fundlien Isadimhbitad) Gies, prorasterds eclivital andiths Gdsirdd gens rodicts arb t y
and scr eexpeatsddoSeecd:y..Manizpsuprai io AHNEA thetbioAigbne Is Tiider P.exagftoh ThepflasimittpAHNRER' S S | N
vari ous pérebined @ith pRfitdo preduce mplasmid lyhichr meducésdidtio pnden@laxetel. ease anal ysis. 25
As sho@n i Theifgjlowing byffets were emplaed 3 esbamples] Apbigh saltvimifer comprsingt nyM NaGkst ed
Wi th Pst POmM g HClH piyd i L0m MgCle;antd iSmbidithinthepitel] A eedlium spitcludferi eomprising} 315MM  DNA
| i gase. WNaG: 300w, Tis-iid. pH Z6:u0mM\MaClj 2ad SmM dithiethraifah ipy isalt loulfn compisingt §QmMh
SA291. ChfigfifrlerH gé; & wmeaowrma %6:?5%5&'\!%?@*@# Adlamwﬁqrrpomnemgbme of

bi ot | gfa ﬂ; " MQC rE’IB”é E'°tB’P“°l &I 7 'b q;‘;??@;:eﬁég'%fgg'é‘;‘ﬂ? t he
-y inas I04ne "Ga91
n conj u ' a °a4$§ rswnaﬂ'gﬂ Mg G

in conju

l

lo; s-I-fff(? ; an
resul ti ng r| on }ngpégo ’we u dm Jﬁel:[ar}l reo in é&: ﬁe
blot'noe.maes. SQ%V ol Qé il ‘P
gene upsio’ Has saﬁ fssﬁ J Coidd ¥ NewOEh Abs ﬂfé
bi oD gen%sﬂﬁmgﬁﬂﬁa’ﬁbg wab 06dTothe 10w saf biHe?, i in li é(Euﬁe 9 was
t enper at pidned SR NbW Engiaha YBidMb PEYver) MasShchusbies. M cu&eé BALH SpdsQedVint BaLEF OR
and r esemlchésebukibt dntl Gvas dbthiRedOfdAf BRRFosBiRddeardid bdratondd] BhihbesUE MahyiRd. Fovine
pr onot er sgem hibdnile Was dlsopbiEivedDfin Bdthoad Redeardh Lalitkddes,6 had been constructed as
descrisbed iAmpletiin, kehamyzinbdulidd) Hlofamplisaics nlPadtaciiclind ke 6tdined TroMOSigrha Chehiléll
from pl acomghny (Sigvite). 4St( bTISOMIssouri. ABssBidbbibtin Wi 180 dtainkd) frérh Bignia, ChemizainCorthphey: I |
and t he PiottrswascbbaiBBS frove pithes Sigma at fedny J.AT. (Raker ©Hericdl ICompang | Rhillipsbing New dgs@nt s
wer e | i g8traind B#82 wbichl hasobeen ainpdisitad ARNS 2B, 1985) withi the Amerioan JedecCuitare Gollaction,
anpi ci | | 1330t Barklannalrive Reckille, iMarvddntl la$ A..CtGs 53R381\bad lesiprisdn thb digR duncish ahd the bilh A
pl asmisel fyaalipy The ith MuEnts wassstenpassture sensitivelin thatsheywerecviably at low tamperaturbs i 98 €4 ve
genes of byt ea {5i 1o OlON it bjgh tempgratiyes (-43° Q)WWF dhej speifisi myltast igrquettion, g lethal
replicat ?ﬁ?ﬁt of I’_’BQB p@rayr%eoumetrﬂerse% Ry, #d¢ing Pxqgeppus 9'°t'raﬁbq PFE‘?" '&@W shaigs al so

construc g '"a"‘ 2anples a?n%.' trgd in 'E?ble \eE’&’Bpt oroifeet, all of plngslisted in
describe e[jl Y Bar eroi thgs(n ob?arrép ra|n P has
%OC::('\)/E]'??;S 68N re| |n et al, g%z{:ﬁ%i duf 0 e% &ﬁ? that
BIORY é: rtial
eQI? |$ti';‘]

anpi ci | |""H \Qer %tﬂo% os it Mﬂ’\ﬁ"

AHInd|I reae rewa

l'i gat g4 | nto Hpal cut [err] CoI oni es Were seI ected for b| ot| n productlon

anpi ci | | mMirobBRbisd Ak, and tetracycline sensitiv- ity. Three plasmds,

pBA2, pBAd—amd pBAG were obtained fromthis selection. 55 EXAMPLE 4 As

i |1 ustrat ednd Biothl @nceftratibh @asddeteimingts byd Ertizs-RBEing? SARBL EolIsVRittEthé Blotin\brbducdicsy and

Hi ndl | | . thd laesignated stradi Infisly ISK201 @hs EuRarad ovdinihin GMHBSroth (GY/E Migdiniie gbsayCasardifio E.

col i sd radids (Bfidd, Detrit,aMichigen); B gis glucbs@2d g/ Ahibtidiied0 Liyd. thimine; 1mM MgSO,; 6 g/L
NazHPO4; 3 g/L KH2PO4; 0.5 g/L NaCl; and 1 g/L NH.Cl) supplemented with 300 pM d-biotin (50 mi
volume) at 37° C. The overnight culture was diluted 400 fold in GMH broth. 2 mL samples of diluted culture
were dispensed into test tubes. Varying concentrations of the sample to be analyzed were added to the
tubes. The assay was standardized by adding one each of the following concentrations of d-biotin (Sigma

8§56 Chemical Company, St. Louis, Missouri) to six individual tubes: 30 pM, 100 pM, 300 pM, 1000 pM, 3000 pM

added d-biotin. All tubes were cultured overight at 37°C. The optical density of resulting cultures were
determined and the unknowns were correlated with the standards.



"EP 0°236 429 Bl 39933) harboring a gene for the tenperature sensitive
repressor [err] In this construction, designatied pBFl, the bioB gene is

pl aced under the control of thdéEH@RI§429Bhoter. Therefore, this
construction is useful for converting desthiobiotin into biotin by neans of

the .bi gB gene product, biotin synthetase. 5 EXAMPLE 5 The plasm d pLC2523
was” di amm_ﬂdl 1 and NcoI The pl asnmi d pCFM626 was simlarly cut.

:[A\r 1’;1:121? E)Ir %ﬁgr Odc%%éegﬁ:‘ lgs:r:es t WO §( |o m fucdesﬁfp att f:ﬁ"dgfzég frorX‘@l%Cormlck
X f‘a?ssé? '§~a E

tta. na‘ tica rred .

t enper --.- ) ' Q i¢rolite Qrap d%%&n
PCEMVB2R, QI e '5H SPinb lutich 1 IS4 Haf 2. ? %su %ﬁrenopandgﬁ@es

i nser t Gd,,ifHaWBiskoh a8V n@%f&rm@m ni¥e '4Rd tﬂérﬁcaﬁﬂﬁ&&ﬂbrj &d nfﬂMtetahbfoo PSR R &dper, The

Pr onDt glardfhadd df Yhe'sSlutioh Wt AbEHan¥rddRd b 8 TR EdpBiidod: tubblerhé SsNoft wadBRporbteé

t enper gf dijridsd Boicre¥hé 8litioh BE100 AidrEIerIst 25LIRG) dullitic iaSid Ghd 100 MAdrélitbrs &fDRYPEMANDL er

IS agt wametWiaminetiinbRaldbifdel TKb GSuRIAG B6IGIA Has vaiorbd N tRA aiiked BeRand. W@disturMDI 11 s,
supr a. béd¥ostd\iinded bforddine Addiion 6f 806 w Lt @anoP IThe alisbrbance (A] bithgosohsion a 582iN203 i s
conbi nass détériingBérila GikordrRashonge spegtiopivitnitevtFrant thp rabsbibams, the bibiimconcaiteatiorPL

cont r olC) inlrbolesfliter Wimscobfaimed niha g ciniplthdangth Wvem ¢heaaqyudtioyed i n t he Exanpl es. A high
salt buffer conprising: 75nM NaCl; 50mM Tris-HClI, pH 7.6; 10mMJ[err] and
5nMieli CHe @7 W8l . A nedium salt buffer conprising: 37.5mM NaCl; 30nM
Tris-HCl, pH 7.6; 10mM{err] and 5nmMdithiothreitol. A low salt buffer
conpr i SXMPLERONM Tris-HCI, pH 7.6; 10nM [err] 20mM KCl ; and 5nM
dithiothreitol. Al |§Wse buffer compri si nq% 10mM [err]

S i 1%, Breciuise tigad I Expges ddAa e ¢ W@Eﬂf‘%w"%c

Kind e SERY Vil A sl dedtor 1 W e 20
sper meﬁ'f Ff‘evq- hesf)oRh SRS And PRPES Gtize ﬁﬁoi'@() ;Wrgt hyl enedi am ne tetraacetic acid

(EDTA) 5—5&&5’1 nucl ease buffer conprising 12nM CaCl 2; 12nM MgCl 2; 200nmM
NadCl ; s-HCl, pH 8.0; and 1mM EDTA. The restriction enzynes EcoRl
and 2L\ch%gused in the high salt buffer and were obtained from New
Engl an Beverly, Massachusetts. The restriction enzynes Bglll,

BanH ,  HiAiki donfaififg B il o¥\BIIR brbEEkhs Fidculdidll Wil Q@iveiiing 8 4 cultitb lidtéd iR TableVR 'TRe

obt ai n%éurﬁanmum\Me%"lﬂﬂu&ﬁéﬁ vt @haklag at $FegeAtloy, 6V S8 3%, 130 heddasss hil 3R allgBstivaé Ct i ON
ENZY e rekfidddd dhe it SRAizbd) (A D6 mLUNGUBE WS rBrvidvbe &t 0 ArwhilDNAnL dligdtswer@mmagsadt | N

| i gab e thb wihbelimepuints)che GR¥iRzod edingids avsraN@vayEd [ A cuidabteOovithliie mBebidlobiyal assay

MaS s ac preticisly Sesciited andithb esaais (RALNDS. &) arelilfustebtadrin Babledll nucl ease buffer and was
obt ai ned from Bet hesda Research Laboratories, Githersburg, Maryland.
Bovi neEXAMRUEI7al bumi n was al so obtai ned from Bet hesda Research Laboratori es.
30 Anpici I 1in, kanamycin sul fate, chloranphenicol and tetracycline were
obt @b nEetmpntesMediodna Cheni cal Conpany (Sigma). St. Louis, Mssouri. '
Dest hi obi otin was al so obtained fromSi rra Chem cal Cor‘rRany Bi oti n was
obt ai ned T B?H’@f'%tﬁ Bpst B?@'H%P'B?’""fsr‘f’ﬂﬁ? quitu ot of th

Phi | | | piares adgeq t9ch00g.fpl broBau WG\RHF r’r&é"'-b@ ?Pé& ust

R3/ 198‘9:a 10 ﬁo f"hcﬁ? © %%{'?? af' 6@?’%?‘? qu‘g "faé‘&‘l“F%‘H?v‘:“l ive,

ROCWI ? VhP ?r% 2] meS aﬁ‘ as P rfor a N runéw%lc?k ro FI r \S"Iﬂd on and

the b eaug? .%fan .Jﬁ*%t 'ah g it i ggjﬁe% B t hat
tomalit 2 i%t@ roxie; t mH:i‘ éa"ﬁlfi‘ih hi gh

t errper b & |§§e tatl Elgx ft diokib& o @l-mreré ﬂotqﬁ@lﬁ&récp Iq’he the

l'et hal 1684 bas 99 o N4 16840 Bl6R! Warin G4 & ioCA4RE, SR W ¥neB iR Ot GRO US

bi Ot I NglanlaC0. 8% ARihicAha DT oy 6iAb, 3 1uMPofiam RIS half SrBRTMRMRInRsas. e

SUMBI {e& Wad itidtaddbight Inburs EieF fiAbculafidn apA%3tinucib rat®bf 14NALII The-terfieralird 8t thd St ed

I N TabliRe bflinndéutiéro 36 o¢] Whidn tha lojstiREI daksitpbf. the clitur@mRadhed approximatlefy310, MédSur8H 0
(1980) at@o0 handibrers, the 1@inpdratyre Wagificrenhéatally raidédaid 40 U5 TheDsibtin condErfidations SaporiedGn 630
(197%2) Takiechl @éra dbtvenjned 2¢ haurd afdemndculatiod usisg dihert thaxmicetjiclogicah gssayt (Ran Nes. 8 r ai n
SA291 heisioha@ dhe speqpoptbohetriciassShye@oryNose10 and 12). J. Bacteriol ., 112, 830-839
(1972). In Table 11, it should also be noted that [err] refers to a
genotype giving rise to a "partially defective" Bi oR gene product. The

foll owi ng assays were utilized to determ ne the biotin concentration of the
samffes in the foll ow ng Exanpl es. 45 M crobi ol ogi cal Assay The biotin
concentration was determ ned by "cross-feedi ng" SA291 cells with the biotin
produced by the designated strain. Initially, SA291 was cul tured overni ght
in GWH broth (9 g/L vitam n assay Casam no
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50¢ Acids (Difco, Detroit, Mchigan); 4 g/L glucose;20 [err] 1-histidine;40
ug/L thiamne; 1InM|[err] 6 g/L [err] 3 g/L [err] 0.5 g/L NaCl; and 1 g/L
NHACI ) suppl enented with 300 pMVEBR-OR364RABIS0 nml vol une) at 370 C. The
overnight culture was diluted 400 fold in GWvH broth. 2 nL sanpl es of
di,luted culture were dispensed into test tubes. Varying concentrations of
‘+He sanple to be analyzed were added to the tuabes. The assay was
st andar di zed by addi ng one each of the fo&l @Mng concentrations of d-biotin
(Sigma 55 Chemical Conpany, St. Louis, goliri) to six individual tubes:
30 pM 100 pM 300 pM 1000 pM; £008 gMga dgd-nd bgolin. Al tubes were
cultured ovem ght at [err]., THg Qnt @J}.dgnsﬁ‘y\o gedulting cultures were
deternined and the unknown cpefe2&oPr & &t &dhwWinit § Eh§ ®tandards. 7 EP O
236 429 Bl Spectrophot onetg &s%@y.nTRepbboalﬁ eoﬁc:enér ation was determ ned
by a biotin spectrophotomes g e tre LMECernick et al.
Anal yt i cal Biochem stry, 3 2§6= 3% 1%7% p§CPf§C§| ly, 100 m croI iters
of sanple were transferred=5’ go,_.,a Beft St lﬁb\e $0eWRi 6Nhe900 microliters of
water were added. Concent rit av[ery ™ (“5""rrf‘c?‘o1°| Pefsf Ras added to reduce
the pH of the solution Lo Less than 2. To the solution was added 1 ni of
n-butanol and the resul tu ng solution was vortexed for one mnute and then
centrsifuged for one m mgt egat 3200 rpm The ugp@rs Busanol phase of the
sol uti on was then transfSerg to a 1.5 nL Epp@&n#okf &t 8be. The sol vent was
evaporated to dryness b& of&|t ﬁemadcﬁ tﬁ (ﬁnuoﬁ g0d & & §I iters of 2% (v/v)
sul furic acid and 100 m&rgé_q é w/g)vlé
4- di net hyl am noci nnamal The resu t| ng sol uti on vvas vortexed and then
‘a1l offed to stand undi stl,ﬁ d for 5-10 m nutes before the addition of 800
[err] of ethanol. Tha eﬁasﬁ ance (A) of the solution at 532 nm was
determned on a G| fOlid ;‘.Re§ 6 B sp 4% m t he absor bance,
the biotin concent ratgom (?)o i gl gbl | #g@-&i grtzgd for the 1 cmpath
| enggch fromthe equatkorg err] EXAMPLE 5 The vari ous
cultures utilized in Exampl 6 and 7 were constructed by transform ng an
appropriate host 20 strd§n wglth a pI asmd derlved Jrom Exanples 1 or 2
accordance with the proddurdtsfdfsci e a-i%?h gupra. The host
strains and plasmds utidizé are-llmtoe i A ﬂifé- SEXAMPLE 6 25 Fl ask
Met h@d A flask containirg 30 mM of GVH broth was inoculated with a vol unme
of a culture listed in Tabl J B The Lesu!!ti!n@ ﬁuﬂ!tﬁr%s were i ncubated with

shaking at [err]. At O t&, ff 3 ﬁf Ijrgt'i_ lﬂ an al i quot was
renoved and filter sterilized. 2(Al2 A‘h a”ﬁl"" moved at 0 hr, while
1 nL aliquots were removed a3 Omthqu;_ep RS . The sterilized
sanp¥es were assayed in acca dggé’.’a vﬁlt%ﬁl%&*tﬂ?ﬂlﬂgl cal assay
previ ously descri bed andthegr : Mt P illustrated in
Table 1l. EXAVWPLE 7 35 Fer o rq ge host bearing
~plasm ds were cultured ovem hta mlm dl’li bﬁ'r{ Iﬁﬂgf @l i quot of the
~cul ture was added to 1000 ml. of GVH broth supplenented with 20 nL of 1%
al anf’ne, 20 nl of 1% nethi gfne, 20 L & 3).37% ﬁ & & and appropriate
antibiotic (final concentr@&Bod & R/3I & i gi\%s 40 used when
pl asmi d pKA5 was enpl oyed & ay/d BHE & ate was used when
pl am d pKH4 was enpl oyed. The fernentati on was perforrred in a New Brunsw ck
Bio-Elo fermentor with the ggl oW NG, fed W eS'e bl SN ant agitation at 600
rpm 2) sprarging with air®%8) pH control between687and 7.2 by automatic
addi ti on of concentrated ammoni a hydroxi de; 4) tenperature control and 5) a°
sl ow feed during the course of the fernentation. D ssolved oxygen and
carbon di AthbulR ditéRhdbl iaMbng\Essays M thiok MiakeOd @ifbct cofParison difficult, a comparison of the
s0 results reported in Table Il with medium concentrations of biotin reported for wild type and mutant E. coli

sorve to illustrate the improvement in biotin production afforded by the present invention. For example,

according to Campbell, et al., Proc. Natl. Acad. Sci. (USA), 69, 676-680 (1972), the media concentration of

biotin for wild type E. coli is less than 0.05nM and for strain S942 (a birA~ strain) is 30-90nM. According to

Pai, J. Bacteriol., 112, 1280-1287 (1972), for a strain P48, which may be employed as a biotin retention

s6 deficient mutant sirain according to the present invéntion, the media concentration of biotin is 1000 times
that of the wild type.




‘45 feéed consisted of: 12% gl ucose; 0.6% vitam n assay casam no acids, 35
[err] magnesium sul fate, 0.2% al ani ne, 0.-2% net hi oni ne, 0.12% cysteine, 7
[err] sodium nol ybdate and hal f EBOr238d428BW® ni ni nal salts. The feed was
initiated eight hours after innoculation at a continuous rate of 14 niL/hr.
The tenperature at the time of innoculation was 30 C. When the optical
dehs"it;[%ﬂﬂ culture reached approximately 10, neasured at 600
nanoneterg, the tenperature S |ner ntally raised to 40 C. The biotin
concentra ?Igﬁgu?egﬂbngg'fgﬁa"fpﬁ?%mﬁlw '"ﬁjfrﬁe\@re determ ned 24 hours after
inno%ul ation using either the rﬁCrolPA%lcl)qugi cal assay (Run Nos. 8, 9 and 10)
or the spectrophotonetric assay (Run s. 10 and 12). 55 8 EP 0236429 Bl

[err] Although di ffe'_ecmes_amn.g_a&sayLLath_nu_n_mkﬁa di rect conpari son
difficult, a conparifpon of the 50 reSulles reported in Table Il with nedium
concentrations of biptighaih €P@ehdbel OF W T e | aGshotypd Nt E. coli serve to
Il lugtrate the inpropereprt—i—brotrR—protuctiontarordedl by the present

i nvention. For exanp| &8acc )PBL'F%&?RL'CP?r&\r;])bEPWS, pt al., Proc. Natl. Acad.
0,
% o

Sci. (USA). 69, 676-p§M8(19fPo,. ol Bty & FIchan'Pion of biotin for wild
type E. coli is less n 0| 05w ;;’,gr sggin S942. (a|[err] strain) is

o> DB ke | RY2 J28b°128f (1972), for a
straisn P48, which may npl.Oy' .arsb| O retepntd4 on}55 defici ent nut ant
stain according to t g ,nregc =RF’ lnveh 'rlinn *1% me.d.i_gié.c.anl:entration of biotin
s 1000 tinmes that of the wild type. 9 EP0236429B1 EXAMPLE 7 Cul tures
used i n_t FAch cullurerwas dnogyiatedipte dpriafieth (1% saspraing pqids, 8,5% yeast extracts, 0.5% sodium
TABLE [|chlpride), jand, insubated -qvpnight at 3946 Fhe optical density of gaghj epiture wag (sletppainedpand
VB 20 represelrtglrip ]Table IV. A ten-fold dilutiony wag. necggsary due to[dgquqofthe culture. pKAS bi o
S965 [err] None S965 [e pKAS biois
BW062 [err] None BMA062 [err] p EV bi o Each cul ture was

30-90OnM According t P eldde2

i noculated into Lurig-hroth (1. 0%casanmino acids, Q 5% yeast extracts, 0.5% -
sodi ym chl oride) and |iGuwbat ed overnight at [err]. Theloptical density of
each cul ture was det¢r daJa A P, Sme IV. Aten-fold
di lution was necessar-yﬂﬁﬁ-& P s'ﬁgi t\?f f\lﬁ&f A aivies [ABLE |V Cul ture
Strain Plasmd | Non errg-6205 | 9B um FM6 None
0. 6205 6. 205 : r] |F -6°5§m\56-056 0. %56 6. 056 5 [err]
30 s M od¥ne INGAYY | 2919 H4QEL 1> 919 10 [err]
BM4082 | pKAS 0.5768 | 5.768 5uL -
S965 None 0.4920 | 4.920 6 uL
$965 pKA5 04379 | 4.379 7uL
8 A flask containing 30 mL of GMH broth was inoculated with the volume of the six cultures listed in the

Table IV above. The resulting cultures were incubated with shaking at 37°C. At 0 hr, 6 hr, 21 hr, 30 hr and
45 hr an aliquot was removed and filter sterilized. (A 2.5 mL aliquot was removed at 0 hr, while 1 mL
aliquots were removed at the other time points). The sterilized samples were assayed in accordance with

\_/ the microbiological assay previously described and the results are illustrated in Table V.
40
TABLE V
Biotin Concentration Time Dependence of Biotin Accumlation
45 Culture 0hr 6 hr 21 hr 30 hr 45 hr
Strain/Plasmid
FM6 <0.5nM (1) <1.6nM <1.6nM <1.6nM
FMB6/pKAS <0.5nM <1nM 12nM 17nM 6.7nM
50 $§965 <1.6nM 13 nM 133 nM 140nM 137nM
S965/pKA5 | <1.6nM 43 nM 150 nM 173nM 143nM
BM4062 <0.5nM <1.6nM <1.6nM <1.6nM <1.6nM
BM4062/pKAS5 <1.6nM 2 3.1 uM 32uM 1.5 uM
55 (1) Time point was contaminated; no value obtainable.
(2) No data point in the linear range of the assay.
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BM4062 pKAS 0. 5768 5.768 5 [err] S965 None 0. 4920
4.920 6 [err] S965 4.379 7 [err] 35 A
flask containing 30 nL of GWH bro%rozgé)aﬁgo’o%ﬁl ated with the volune of the
six cultures listed in the Table IV above. The resulting cultures were

i ncubat ed Wiyirhe $adkibsast iMentloR Ted beehldeShribdd in Gers of Brbrehéd embbdlMen@Nel ishimdistodn
al i qUOt  Wakgt VaRSIBNE BhadRBrolemen@Iwib bedii 1ol REd . skild i3-the Bt ThbrefdieDT isVABndeANRA kb at
0 hr, whi hdeddellclafths VeI &I SWEK SquivaRMVREatihs Wihich eanhaew.tmd N8 sP6Pendf e inveénGon as
sterilizedamadipl es were assayed. in accordance with the m crobi ol ogi cal

assay previously described and the results are illustrated in Table V. 40
TABLE V Bemtman Concentration Tinme Dependence of Botin Accuml ation 45
Cul ture hr 6 hr - 21 hr 30 hr 45 hr

Strai n/ Pl s dyskelvb for the production of glotif mmnprising( g)microorganismlhaymma pEKlge@otnm and
<1. 6 nM FNB/nid&mid DNA, within egid cali\gncoding<at leggyjone genppidguct of the biofim Rperon or a fanciiengd 50

S965 10 h°m°'°9 tbife?an 13 nM 133 nM 140nM 137nM S965/ pKA5
<1.6 nM nM 143nM BM4062 <0. 5nM
<1.6nM 1Th8ﬁ¥\ﬁ°m as 'ﬂ‘%ﬁl\ﬁ'wm 1 WE‘i’*"BﬁM emezwmeab'm FONSHRP- (2)

3.1 [err] oi nt was

cont am naii edhe ﬁ’f?"W{iTsd%J'tB‘bf‘ﬂ%g PLSW Jﬁ'" ! rizsmid B ﬂ'l"g‘%’% thteﬁ’g f B’?Fé?i‘r range of
h Wi | h b
the ass ]1%? 8¥stem as recztgcg %?alm g ]v'vh%%I gi‘d Fntl am?srr? Rés u%r&; &3{'}8 as been

descri bed erre t hat

variationg at‘ﬂgs;}sﬁ}fé% FEdhTah 5'w QQRQ&d Fn gibgrﬁﬁn ﬁé‘s‘éé.c?dgreh&Y he art.

Ther ef or e, nte Ted 't hat t e appen ains cove such
equw)valz,@ng Viib 5@%‘@5&5@&&@& ﬁf&nﬁ&ﬁ%f %ﬁr@'ﬂoguﬁer&ﬁ%plggmlé BRa isv@pt i on as
cl ai' med Cainms 1. A system for the production

of bi oti nz,compreystéiGis rBcitdH GR QRY @ﬁeﬂ bﬁ ClalttVi 6 62whdkdin\said) Pracrhid PENA BAtoBésAHiBlnd
DNA, Wi t hi n s§ithethsé 6 4 fundlibriaPibimd@g &erdbeast one gene product of the biotin
operon or a functional 10 honol og thereof. 2. The systemas recited in
Cl ai m 2s whersesystesafotl thei produdlionaoi i biotin [tasprdsinge a jicrg@ganisyplieaving .a {bloe, Biyst GlBRIYS
recited in Qeamitype;land plaghidiDAcwithinsaid dell Wherein daidDplasniich DNA escotidscthdobictinioperopadon.
15 4. The syderemsaid pleewd DY4isuwBCl ai m 3 wherein said mi croorgani smhas a

bi oR- genotype. 5. The systemas recited in Caim3 wherein said

m cr oor gahi Heysied for fheopro t 6f (Riotin xgmprising TR anigrgargaismakeving @ (bied. PirA'“akipROne
of C aPhs 1 geretypoind pissmidyAY wihin 83id gelisnphereln piesmjd Dify @ncodes BAnbigtin pRoFanY o
in any one & @eé?’?wia'dlp"lsﬁ"dd)%féﬂ\ﬁpn sai d pI asm d DNA encodes biotin

t het f ho f th
o oduct i ofP- & meleiipr e g %;%%; i oSGl e o Hdgf Wﬁ{awgq%“ s o
bi oR ) genop i gg?f’ A hPPRTG 83PTP Gt o PR oReien o g
DNA encodes n operon and wherein said plasmd DNAis uvrB-. 9. A

system f 0{1 kﬁt@ﬁof ESHvbriiy REiniBtiGh! 18 oG Bhrpididi%he Repl ot QRIHAGE hS mikbbtgallsrt

( b' __0' ~ genotype and having plasmid DNA encoding a bioB gene product of the biotin operon
or a functional homolog thereof, in a medium containing desthiobiotin.

40
* Patentanspriiche

1. System Fiir die Produktion von Biotin, welches umfaBt: einen Mikroorganismus mit einem birA—-
Genotyp und Plasmid-DNA, in besagter Zelle, die wemgstens ein Genprodukt des Biotin~-Operons oder
45 ein funktionelles Homolog desselben codiert.

2. System nach Anspruch 1, dadurch gekennzeichnet, da8 besagter Mikroorganismus einen birATS-
Genotype hat.

50 3. Systom nach Anspruch 1 oder 2, dadurch gekennzeichnet, daf besagte Plasmid-DNA das Biotin-
Operon codiert.

4. System nach Anspruch 3, dadurch gekennzeichnet, daB besagter Mikroorganismus seinen bioR™-
Genotyp hat.
55
6. System nach Anspruch 3, dadurch gekennzeichnet, daB besagter Mikroorganismus sinen bio™ bio~-Genotyp
hat.
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30 ' genotype; and plasmid DNA, within said cells, wherein sai"a_T-a—é—rh

DNA encodes the biotin operon and wherein-said pl as (J 5“ u“

nmet hod for the enhanced producti &R 023628 81n whi ch c ng a
m croorgani smhaving a birA- genotype with a pI asm d encod| ng a gene
product of the biotin operon or a functional honDIo thereof 11

cul turi ’PE E@ '" the 'i

DNA enco ?rg, BB EOYE AL SPT Y t°“ f"a'ta °é's '8 °P|“‘% f

horml I n a nmedi um cont ai ni ng dest hi obi otin. 40 Pat ent anspr Uche
1. Syst e&]“ Ur d| e Produktion von Biotin, welches unfafit: einen

M kr oor gani Sus mt ei nem bir A7- Genotyp und Plasm d-DNA, in besagter

Zel l'e, di e \GRl@SHERS drodicilh BP blobH! B&mdﬂiﬁtﬁg B RilchoBrgbMéal ﬂ%ﬁoﬂﬁﬁkdﬁoa%type ghd

method of . fir,top tpreﬁ%‘; H%‘%‘I"Pﬂ PP&‘BP’P FPSF'EP% |"b'ﬂ"f? ?f(?FFfﬂ’ %ﬁz %%ﬂ”
asm d
! ﬁm%? t"v

funkti onel basmid®NR! dhincigRISeN, Qﬁé&diﬁ?’ 1645t onegener8duRidf t ional
dadur gh gekemdahgrepnet , daB besagter M kroor gani snmus ei nen birATs- Genotype
hat. so System nach Anspruch 1 oder 2, dadurch gekennzei chnet, daB

besagt e £ aﬁe“rsydteﬁl\dé\rd&m iBCim ﬂwhe@i)ﬁd’aﬁmﬂﬁdgﬁish hadla bifAFemitgpe.nach Ans pruch 3,
dadurch gekennzei chnet, daBi besagter M kroorgani smus ei nen bi oR- Genotyp
hat. 55 & Thysysemas sciteddmCiimuicér 23vhedindaid plasngjd RNA aavedashirediigtin dpdorbe s agt er

M kr oer gani smus ei nen bi o- Genotyp hat. Wil e the present invention has
been deskr iThaesystem as eacitasl i Elaipy whereinesdidevi¢roniganiemthas a bioR genelveger st ood t hat
variations and i nprovenents will occur to those skilled in the art.

Ther ef orf, The syplemjap fesitrddp)Claima wherein saidisiersganien Apsabie 09aBPYRE | such

eqU| val ent vari ations which cone within the scope of the invention as

clai n¥d.5 6 Te9 ¥FRE ai’ec',l?dé'ﬂ/%’tyé’ﬁ? ‘Pfd?'a"t’?temﬁ’r"ﬂ‘dﬁl‘,’tsﬁ'ﬂ R'aﬂ‘P'd BN8is W= onpri sing: a

m cr oor m_h VI [ A- _genotype a
encodi nd- a i"? umgédgg B img feof} o 33&%"'&3'%[}%8?% Bt " 10
hom)logth oloR ey reC|ted|n Claim1 vvhereln sai d

i cr ogr ganisgy sfoaht ﬂ%f‘a.?rapt.éﬁm s'ﬁ% SRR 1 %J' Bt Bt 01
2 wherein Eﬁo p. ﬁDﬁRen

recited in SNAs § ﬁbd mcroorgan sm | OR- genotype 5. he
system as reci ted | n Caim3—wherein said m croorganl sm has a bio-

genot ypes, AGsyStom Fbreths \prddbctom ot bibn Edhthridiny: ANMicRBGariim kdvik e (blo~} Bird®, \BaRF)EI N
sai d sl asnyshofyPpt? ah® plishiidBDNA, withihesalydBliss Whérsin 68E plasiild DRAAYLIES e thotquﬁurdﬁs 1
"to 6 wher ebrt wheieih saii prasmid DNAAS wrB-0des bi otin synthetase or a functional
honol og thereof. 25 & A systemfor the production of biotin conprising: a
i cr oor ginAswathod ¥r thy eahanbadoproduttion At biotibiwbieh Fongzisesttapsiorming d mbdranegunism Dhig

Wi t hi n sai d birAT ponotybeewith & plaemid DAzEmrdding RI\Jene pedebt of thébiotin orisfon op pdunstionaind
wher e#n sahQ!nq!ﬁgaMOﬂ DNA is uvrB-. 9. A systemfor the production of biotin

conpri si ng: m croorgani smhaving a (bio-, [err] bioR) 30 genot ype;

and pl ashit & "BFllqd of gonyerting Segthipbiotin fo '°“0\/HQ9FF@F'F9 als@Psnge%‘H'ifﬂg BRpst avitkosaism.he
bi Ot in OpeF?fﬁ'g a bir A~ genotype and having plasmld DNA encoding a bioB gene product of the biotin operon

or a functional homolog thereof, in a medium containing desthiobiotin.

\/
40
Patentanspriiche
1. System Flr die Produktion von Biotin, welches umfaBt: einen Mikroorganismus mit einem birA™-
Genotyp und Plasmid-DNA, in besagter Zelle, die wemgstens ein Genprodukt des Biotin-Operons oder
45 ein funktionelles Homolog desselben codiert. .

2. System nach Anspruch 1, dadurch gekennzeichnet, daB besagter Mikroorganismus einen birA™-
Genotype hat.

s0 8. System nach Anspruch 1 oder 2, dadurch gekennzeichnet, daB besagte Plasmld-DNA das Biotin-
Operon codiert.

4. System nach Anspruch 3, dadurch gekennzeichnet, daB besagter Mikroorganismus einen bioR™-
Genotyp hat. -
85
6. System nach Anspruch 3, dadurch gekennzeichnet, daB besagter Mikroorganismus einen @:—Genotyp
hat.
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~and wherein said plasmd DNA is uvrB-. 10. A nethod for
production of biotin which conprises transforming a mc m u(:n ﬂ 'm ﬂ!"ml
birA- genotype with a plasnm d DERO0R36A2ORBI a gene productr 0O

operon or a functional 35

desthiobiotin to bioti r|5| the steps of: Itur|n a ho _
m-et oor%a§V§7W nach Pinfry da' ’Eﬂs d’é‘%bf’%@ | "'Pfa'ﬁ'?"ﬁtg "ﬁl begaglePISRUe M ng a
bi oB gene' roduct of the b| ot| n operon or a functional honol og thereof, in

a medi u{n ta n Zﬁemd %g pr chgtllbls 6 uP ﬁ‘%&Qﬁn@ﬁ'ﬁﬁ&l@ﬂ%&?w%{é&%rﬂlﬁx%otﬂ' €

hormol og thereof. 11. A method of converting

Pr odykt1 o Smis i ¢

bi rA?i Gendt yp un 'ggur'ﬁ ﬁo"%mg%es?iltéet er Zélle, die wenigstens ein
Genpr odgikis, 465 Fl di brBauidRRvoR Bt Weiéhas umfast®éifbn NHIREdrdaRBRLY AR el Ric® Tbira-,
dessel ben bR L @hbtyp; And PsK@BNRAE BesAENZeS; obbel bESAEHE Fiaam@EIAAAS BickHOFSron d2B
besagt er Ighdidriumt GBiYi Sé¥kigie iR DRA LA Sist, Genotype at. 50 & System nach
Anspggich 1 odor 2, dadurch gekennzei chnet, daO besagte Pl asm d-DNA das

Bi ot i n-g9, Oggstem fuaerdlF@dd:kt-oﬂvoﬁmh.eﬁawnes:mm?ewemMm&rgadaﬂmrmhi@ek(emmmhnet ,
daB besagbiR-)Mekotyn UEPIasaidBNA iinis8agisn Heldh, abeitieygate RidsmidsiiNAGdas Biotii-Operorac h
Anspruch Sodiatiasd wolkei beskgie Piasid-DNR tyrBTB besagt er M kr oor gani snus ei nen

bi o- Genotyp hat. EP 0 236 429 BI 6. System nach ei nem der AnsprUche 1
bi s % t9a¥anfabien gerkgesteiaerien RraduktionivoR Bintin, angichesrtimiadhidal hNMikepprgBnisnpustmit ememSy st em
nach ei nefirATefenpiip mitt eiee Plasji-DNG, diel sirl Fonirodyistdon Bjalin-Oherens, oderagh heldiagpiles

Pl asmi d- DNPI"E!PQ)'#GiS’Pﬁle’BWd'G“ t'asﬁﬁﬂ??ﬁt“e{ge oder ein funktionelles Horml og

der sel ben COdI ert. System Far di e Produkti on von B| ot| n al t:
ei nen aﬁwslﬂm\ga"ﬂ‘mg Yop [Pesfie \Jgﬂﬂ 2u Biofin, °'°h “"" r "l{:'"es

Pl asfh d %g{s E'P'f‘ irA Bgég g '° 3 >Oper on
codiert u H’" é‘?“sB £pyuptignefigs 3] N °§?'° 'be'??m %?;ﬁg?’rh o

Produkt i ofi® 8% 8i ot i n, welches unfafit: einen M kroorganisnmus mt ei nem
(bi o-, )-Genotyp; und Plasm d-DNA, in besagten Zellen, wobei
besagt e%?@l%iapm das Biotin-QOperon codiert und wobel besagte Pl asm d- DNA

uvr B— '15t Sydtmel B Ms&é.&h&eeaoﬁu coRlfrahet: saﬁr.ﬁ.&aorgaﬁ.@ﬁlu dnP Un 46HdLyb @kA-Net ! Ches
unf aBt,  daAprepils O&F\Qﬁ&]{em i bodd |pB&BL olné\ud ?@némufe d8'6iFon biotine

Pl asmi d- %aﬁh@d@ée@h%ﬁm s Bi otin-Qperons oder ein funktionelles
Honol og dessel ben codiert, transf ormert wird. 11. Verfahren zur Umwandl ung
von besd hlsspéum&semnwﬂﬁhmatmuwisadaea ledit Micfaorfgtnidnieca ungéadype bikAt.t i vi er en ei nes
20 W rtsm kroorgani smus, mit einembirA7-Genotyp und mt Pl asm d- DNA,

di e ei 8. bispdientécsajon GcteNehdichion Bruc, dans @gas! dis ADN plasnidiqueodeLpokt llopéren bietiwe.Honol 0g
dessel ben codiert, in einem Medium das Desthiobio- tin enthalt.
Revend| 4 aSysfémee s2ion ke re@ydicatione3, dans iaquel iedit inisreorganidpect UnrgénatypeioBniant :  un

m cr &or gani sne aéant un gdnotype birA7 et de |'ADN pl asm di que, dans ladite
cel | ul & §usttreaxglon fageendicationsl. dans inquel fegiy ictoorgamnivmne aiRgSBRIYPR'DISH- - on bi ot i ne

6. Systdme selon l'une quelconque des revendications 1 & 5, dans lequel ledit ADN plasmidique est
\J ﬂ/_rB .
7. Systdme selon I'une quelconque des revendications 1 a 6, dans lequel ledit ADN plasmidique code
pour la biotine synthétase ou pour un de ses homologues fonctionnels.

8. Systdme pour la production de biotine, comprenant: un microorganisme ayant un génotype (bio™,
45 E_i_‘fA_' @R‘); et un ADN plasmidique, dans ladite cellule, dans lequel ledit ADN plasmidique code pour
I'opéron biotine et dans lequel ledit ADN plasmidique est E’IB—'

8. Systdme pour la production de biotine, comprenant: un microorganisme ayant un génotype (_b_ig",
_tﬂA“. bioR™); et un ADN plasmidique, dans lesdites cellules, dans lequel ledit ADN plasmidique code
50 pour I'opéron biotine et dans lequel ledit ADN plasmidique est yirB'.

10. Méthode de production renforcée de biotine, qui comprend la transformation d'un microorganisme
ayant un génotype birA~ avec un ADN plasmidique codant pour un produit génétique de I'opéron
biotine ou pour un de ses homologues fonctionnels.

55

11. Méthode de conversion de desthiobiotine en biotine, qui comprend les étapes selon lesquelles on
cultive un microorganisme héte ayant un génotype birA~ et ayant de I'ADN plasmidique codant pour
un produit du géne @B de I'opéron biotine ou pour un de ses homologues fonctionnels, dans un
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"ou pour un de ses honol ogues fonctionnels. 90 2. Systbme -selonTa :
revendi cation 1, dans |lequel ledit mcroorganisnme a un g m&‘\!ﬁ\“\
Systhme selon | a revendicati on 1EB® 236 4@9B3 | equel | edi tj N er
code pour |'op6ron biotine. 4. Systbnme selon |a revendi cattore 3,* dans

| equel ledit mcroorgani sne a un g~notype bioR-. 36 5. Systbne selon |la

r evendi cat F‘B‘ﬁ%","“&%{‘h& 2 GBIt t i cr oor gani sme a un genotype bio-. 6.
Systbne selon |'une quel conque des revendications 1 a 5, dans |oquel |edit
ADN pl asm di que est uvrB-. 40 7. Systbne selon |'une quel conque des

revendi cations 1 a 6, dans lequel ledit ADN plasm di que code pour |a

bi oti ne synth6tase ou pour un de ses honol ogues fonctionnels. 8 Systbne
pour | a production de biotine, conprenant: un m croorgani sne ayant un
genotype (bio-, 45 birA-, bioR-); et un ADN plasm di que, dans ladite
cellule, dans lequel |edit ADN plasm di que code pour |'operon biotine et
dans joquel |edit ADN plasm di que est uvrB-. 9. Systbnme pour |a production
de biotine, conprenant: un mcroorgani sme ayant un g~notype (bio-, birAts,
bioR-); et un ADN pl asm di que, dans lesdites cellules, dans |oquel |edit
ADN pl asm di que code 50 pour |'opdron biotine et dans |lequel ledit ADN
pl asm di que est uvrB-. 10. MA hode de production renforcde de biotine, qu
conpreénd | a transformation d' un m croorgani sme ayant un génotype birA- avec
un ADN pl asm di que codant pour un produit genetique de |'op~ron biotine ou
pour un de ses honol ogues fonctionnels. 56 11. Mt hode de conversion de
dest hi obi otine en biotine, qui conprend | es etapes selon |esquelles on
cultive un mcroorgani sme hote ayant un gdnotype birA7 et ayant de |' ADN
pLasﬂ?dique codant pour un produit du gone bioB de |’ opdron biotine ou pour
un de ses honol ogues fonctionnels, dans un 12 EP O 236 429 B1 mlieu
contenant de |a desthiobiotine. 5 10 15 20 25 30 35 40 45 50 55 13
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