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The present invention relates t Qe %Im'poa}&tqgrl al genes and processes for
i nproving the manufacture of clavars avul ani c acid. The present

i nvention al s@he prepmvmdamoﬂol\efalreso&gamwarrbaou:emalyeeesoﬁnd)r PHlocdsseg forcr eased
anmounts of clavulanic acid. 5 M croorganisns, in _particular

St r ept om}BREOVEE th msgufestuse aliplevamset.g. clavulasiq 4%4 o?h%§r$%|Wﬁgn élsavul ani c

d and o
Funi any GV aR ey AaR e e A 2R ProdiEna oSt s 8ms ofirulFB ARG ot 1
bei ngsabl e tom&gwrﬁstnﬁ PRl SrRaRtbhReat ip/ € pRRLOt & Ahmb&essr
anti biotics produced by the m croorganl sm and accordl ngly there have

been a | angkioticsvineiudofg tlévulatic dtidsand mhest:iagans ragphalespoeing bpdlyketaes] genetic

rrechanl snms_of the biosynthetic . naj n 990)
"Bi osynt [reRhazmyERs: P@b‘i}%’lf%}r‘PQF‘YﬁB@&d IPE?:‘V\@% ﬁgrea‘ﬁtcpﬁ"éﬁri’gg Intefelt in5) year s

f P t
i ch careyBoaeris, PifiRe  Shasic My eBRNR R of i e  adbion O Y TS

whi ch cogeodured tbyethe RiaFOOTESI s QndK REoWRdingly there have beth aviarge mafibdrcof
arbitrarily divided into two groups dependent on their ring

st er d8cheamdigs y Investigatiag Sike cnetabely) andigenglie dmchf-@ans pvé’[t m/al;@smhettche

bi osynt h d av u l,uci dat ed
but it h éhﬁvean Pg’g’g‘%[ 831 hzfgdb ﬁ%ﬁ%ﬁs erl rﬂf hgééslgﬁémstarter
uni ts (annfbioyied." URi:dNfdafs SFPediclRd BOplicRQHRO Hidebry and trEer%spnsxﬂlaﬂy@fﬁxe and Ho,
MF. (1985) J. Am Chem Soc. 107 (4), 1066- 1068 and 20 El son, S.W and
A iver, RngmesIVhBh Gury/outithe seiiaus Stepsl inNBe enetEBdr pathways gindithe genes

Val ent| ne e 1993) J. .Am Chem Soc. 15, 1210-1211] and share sone
comon |rﬂ’k857‘r§ eaé"ég’eﬁ(’ eRARANOWE. and C. ATownsend (1992) J.Am Chem
Soc. 114: ) m

Dot t _153 9313 1%1%3% @zn b@r!ﬁ'blt]xﬁﬁ& c#gld)é‘% ugg: t?so gﬂo%%avg de rﬁfléggonl\ﬁgir fidpe

cl avam 2- ma@dwyhane(S(S@ﬁ) R zlavﬂﬁs) Theoblm&;cmahphﬁxhra‘yafnr(tmmyymhesxs
2-(3-al ang/fj cl aci/ val c] avam an m n| JFGB 1585 , Rohl,
F et al. R EIRSERE have fiph yeir es gy gl at%éﬂfs*iéaﬁb fopggesied that o

however, F%‘%%m f cWBbh ¢ ds the
bet a th act amatsedalﬁqr?ﬁ1 ?E%?é c rg{r%ftg&gsc?ﬁﬁ I's pr od{ljcgﬁﬁﬁﬁht

f er ment at[lTownsénd,C.A. didr Hp} MTPC(E)S?SG) AV Alm. gClvens . Sd’d a0l (d))i H068c1063 ami t he

f orm of pot assium cl avul anate is conbi ned _w t h t he bet a-|l actam

anmoxy2i | | Elpot - heandn@livaroRi® (A%)EE\M totica JEXXI No.q368] gredt argmingel

B h f t th
uﬁggr 2Pandi§%3§%?%c aggnly{ EI osynt h%tg?&s:héhngvg&gghsdei rmé?gﬁaﬁﬁgaﬂﬁ%@vm hesi se
of the common 1dt@n&81a$&&%ata—1{eurl D. and C. ATownsend (1992) J Am. Chem. Soc.

PCT/ EP98/ 00644 | avam cl avul ani c aci d, S. clavul i gerus. A nunber
of enzynmebl4Rd6288i mdylaped W. et HLE9B) BioerzwMed. Ch@ﬂﬂr%)f*r?@ﬂés]i@ of

pul | cati one. | REHES | BECEy nlbisid ©CuRliteR! RER carbp BB MR 25"

Ai doozs K. b&dr@tyn@dth lclﬁiﬁﬂﬂ imC)412-€§-afaiﬁ%&vaafaMﬁ%m akd %av&hmﬁb acid. Bact .
177(9), 1307-14 éé . I n contrast not hi ni; i S known about the -
bi osynt he[ﬁ% 1afe0%en . ef al. Arch. dficrabinlahe? ot 1820,tUd 4. Qﬂzaﬁllérﬂ nthereci d

which is uIa c. acid, pr ror oro n of

cl avami ni ¢ o4 c?‘d""%e)/’ Wa?%mipﬁg ﬁg ?@ E{grtgeﬁmosgéﬁ{ r@f’ g‘i%%& in

S. clavul jagfridSe inhibitor clavulan@e%&dc k@ﬁ'&.mgs eprdahdede B S tHea Yemieditiohf bed t hat
S. cl avul |§erus contains two 10 clavam nic acid synthase isoenzynes, casl

and cas2 fxeptemycas alpvidigerss. B lavulenit scidy in the fogm, of reasiues Plaveianse)is bot h

ut 1119 onShmeR it i bt oy Gl . antpionsoAOMEMTR Chrage! 15 "
(1995)]. Madl ZmHithKtine B ébcRamt 'B%éﬁxse%f'tmstebnt}ﬁécﬁi ﬁ@er@ﬁe&véﬁfg%ﬁ&&dm@ ot her

cl avul ani c acid produci'ng mcro-organsinms, ie. S. junonjlnensis
[ Vi dal , GhelundESt80E4f, clavam biosynthesis have concentrated on the biosynthesis of the
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15 (198Q$§§%9§' kat surahamanus [Kitano, K et al., JP 53;%;@@054(51978)']
a .

as wel | antibioticos, a producer of the 5S clavam valclavam_ . .-
[Baldwin, J.E. et al., Tetrahedron Letts. 35(17), 2783-86, (1994)] .
The | att R plapam, dasdanicgsid,t bl SS/aaddigemisotA. owmberfigazanes and theipgeresam ni c

id amdjno. | tivit h Kk . ' d
o cl avul SR PARE o tslor Rlag ad Bficeeth Wik ey 85 pRIBhAE
S. cl avul | gedmMflesASt dutd PuMRALEH inklldE HRYBBDT &S ¥hhhegkse r@s{ag-sse@rwgy;por ted
to be required for clavulanic acid bi osynt hesi s [ Hodgson, J.E. et al.,

Gene 166, Aitoo5K. Al60&), Getiedtd, 4K-48 (1©94)IParadianeA.S. et alAy, Bat- 487(6),994) |
and as-yet_nope ve been reported which are specific for the |
bi osynk hegi‘}'g‘? (@shllé\ﬁ'é’ﬁﬁ?s‘ nothing is known gQout $RebIRsKRthegls AndiReBetis Rt ai n

genes whi It g 1 hesi 25 V,

exenpl i f é%%&@%%ﬁﬁ%ﬂ“@.ﬁéﬁi% %S%F%E@%%?S‘Fﬁ%ﬁ&t gHuctd
present iwhstaction f elxvatittic REIA spahge s tHeglantanizrachibiosypeires pathwelh ar e
specific for 5SS clavam bi osynthesis in S. clavuligerus and which are
not essend.i@gVigerssR cl avam (e.g. clavulanic acid ) biosynthesis.

By "gene" as u herein we als ncl ude..any .r region required for
30 gene f unc?’!%g?'n cg 0B, SPREEEHS % h?vr? 5%'3?@?‘% P}agggé%%g}%nfshg&%ﬁﬁs ﬁg'oas .
i dent idf | eglavuinificOHéid® synthase isbe £ e¢a3Plavd tche s OEBY. i3 2% Bibdhetistyeot i de
sequences indicated in Figure desi gnated as orfup3, orfup2, orfupl,
or fdwnl , 3L.f1R643-667d (19520Wb&h dathwhigh egr rwontribute to clavulanic acid production

O 98/

PeT) EPos BRiSA £OTtER AR copditions JParagkat A S eh ki hBALALH B BN The
bresent | 108, otadhidlic acid BSiALIREGHaR a0l OUIR defefll ih tnavelanlde

i nvention and"hosts contal ni'ng suc vect ors. Surprisingly
we have f acidcprothadingvmsicroadrghresiag, iend. gémotyinegsine d Vadat,0 €M gES 05305495

i nvention,i efective the anouni. of ¢l avyl gni Cj ed by the

or gant¥m (159%7) andi%&F@a@gemamﬁ%anﬂgﬁye&qiﬁgﬁg-slgﬁl!gﬁ’ R@i’%f%wsﬁ &y°pr ovi des
processes .r l F=1p] jd by a
Ui tabl o G Bioklls, ERNdMler dFine 53 il lcilanFFINA L E AOL TRARARGE

i denti fi ellens3SPE7)NBTE3p80, {1%94)} OTi latteicpapanales gepoitednScanrithibricosfto have.
produci ng i ncreased anmounts of clavam _suitably clavylanic acid. The

fi ndi ngs Bfodayamic agid asudino fipdnelase dervaly) sUPtRST SIAPTE KW B esiavelyed ( he

| dentificgy &12%18]&:: QL Y soithedtd, Ul other géﬂeg *i‘fe%ﬁﬁéﬂﬁ“ié‘t&bﬂiqiﬁ&sdas%%%& Ion
conprising a prelrmnary’screening Tor oOf ganl Shs W | ow or ho 5S

cl avanp pr afl idvamn blosifthesiX a61d € Yewn Nepértands ofe cequired furodaadymiasacid
described in the,exar&)I es herein). Sul t he 5S cl avam genes

bl
of the pr&insynthesis,Hedesen ddh @l obeas hekl 4(9«]5516199gbfa§é¢f%/,i18ﬁ‘a|e1 &f-ofieng
t hod h P ' i F Th
funce: on o #E3s TBoARERs 98 bk BEA-GRf HepRial MIRR PE SPtelic fory oy

genetic  biosyhtBedbfBEElavansh as gene disruption [Aidoo, K A et al.,

(1994), Cene, 147, 4146]. . random nmut agenesis, site directed
mut agenesi s andVahayesroys ideptified certain genes whichrare spegificifer thediiesynthesis pfie

i nvent,ion Jdher re provide I i.d ai né ng_one 2 or [,e

def ec%‘%ve Séeﬁﬁ\ga,“%p?'se?’é lggléjtbﬁe@%nﬁgirizg@%é&g)éga,”'g 61{‘“&%@%‘? t_he _
pCECO56 a?ﬁes@@ﬁ%ﬁonﬁ&ﬁdésbw&%ﬁ%siﬂ@Sngsﬂﬁzéré?gdﬁebﬁrhfm@e ciidfo¥e In a
variety of ways. For exanple by insertion of a fragnment of encodi ng for.
an atbi davem biosyyhesisaince cgewbigemys and odngl aneatoy easestitlsioe SR plavamt i vity
of that gene. LAl L. atively, other strategies may be enployed to
produce qZ'f'gb‘flf\’/uémﬁ%ﬁggﬁ%}oﬁgftﬁ?f?sng 25 insertion of DNA not encoding for an
antibiotic resigy agGR" aefsed BakiAl woRIsB infladd a®f rdghRtory regiGSr}S?]uiﬁ.@ﬂ" on of
all of the gene or alteration of the nucleotide sequence of the gene by
addi t i30n ®eo¢ Smction ot expressinm. oln a peeferredanpectrthe DA isdassidebiffed aisiFgurgenes
according .t t he 1 ntion may be defective to different extents. They
may be qeflegatrF(?Eabﬂyn ﬂ_ﬂ%;ﬁy‘g ferprises M’ea’(‘:‘f‘iﬁj"(ﬂt’ﬁﬁ Sieg‘_‘et%ﬁspinglcé?e)‘} dBol#8ed or a
propor ti onie@gnitB® 29rdrflip3alorfgs,! inlpl, BHMvRE, oBfiAnPeMd orfdwn3. The present
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30 ' wo oaisgggbl y, the plasmids of the invention are usqstmgtgmamform
an organi sm such as S. clavuligerus, e.g. strain ATCC;27064 (which.

corresponds to S. clavuligerus NRRL 3585). Suitable transf ormati on
met hods caRVEFEOR Al Dravides| rrotains easieddiyssaid DNA.  The present invention also

-3 - /33

beT) Epos) GERYSE vetort g?‘ﬁ%ﬁ‘%g the, A f thy invensiop and hosty conaiping suchy ; <
(1989), Myegdstar cloning: a | aborat ory nmanual, 2nd Ed., Col dSpring
Har bor Laboratory, Cold Spring Harbor, N Y ; Hopvvood D. A et al.
(1985), Genet i cSwanmpdb'am huvedaiurﬂtthapwhmw teast ge of thgenes agcdviiing ad theand

Par adkar , nsen, 9 Bacteri 77 (5)
1307- 1314. favention 18 dlﬁ ectigg rtQF r?é“%‘F“ P%éﬁ%é&cegm Preﬁwdlhﬁsgéé%er%%sed
i ndustri al 1|n¥re'é§%dpﬁ9anc | tegl‘%%ﬁnvengﬁn ash ré@@sjﬁﬁ#%%@s%@%ﬁ%ﬁﬂﬂ%m .

Wthin the Britis L ates ar nacopoei

cl avul anat amdubt iof chabuikhia aokc prdatceal BP9 suitablichaivtourgd@id, InpdhdGapétt afithe
U.S. Pharnacopeia Oficial Mpnographs 1995, USP 23 NF18 p384-5) the anmounts
of 10 thelnVemtioa tbsgénwémnﬁgdepaarwgn@w%x@ teapEoduge anseanism capable of

Chere i piagpeins ngreased AREUf OF S Bnoaidbh b PRRERGd o Thb JRaley R kG,
cl avul gni C%. rdSdnt Witk alkaSalldRein MRGHEvaBRkasstfBr the idertHieRtiée 6F BFgabRR8 Rlith Of

pr oduci ng gh amounts of clavul anic acid but able to nmake only | ow
| evel s of iggir danudanid weidhproduction| compristngi 2l ppelseioarly nigresniggnfos mrgamsms ns one

15 or nore. fectlv cI avam genes dis f bly . the S. clavuligerus
strain 5ol T or o S YRV pitshctan Chie oxipble Ry Tolf sl e dm Siginad’s: 5
61-3A, andy&lnvd) in9RSEEanRE herein). Pel ow. Such organi sms are suitable for the
production of clavulanic acid w'thout the production of the 5S clavam
cl avam 2- car box$hitabdy dhe Bt dlavaim geddscafhteypresshticievention capr el wbtaimed of

cl avam 2- car boxyl a exa | es all t hods are

as in Banbfwentiopal clpmgwo@%hﬁﬁ%hbwﬁson tge sequen qsmgsle 88yl ar
d A d , A alel | .
(18g|5)ngGenl£?Q ‘&&anl %%é\/g{gr%é“(@s?fgiﬁ%%%g%e‘%ﬂ RF% oni ged/%héed e‘bya%% etié’

Par adkar, @&ghniqdesSuchnd gbﬂé&lﬁﬂuptﬁnE[Alddtﬂ%N et aap(m@;l Gerle{ 147 p#1-46R07- 1314
unl ess ot herw se st at ed. DNA sequenci ng_of the Streptonyces
cl avul i ger E@dEWr%%SWSMt%MMECMSIS and antisengg ream of the

cl avam nate syn f :
To isolate chr o%ggﬁﬂ%?%&??gmﬁéﬁ entp?éhﬁr%%'& e%’{ﬁé*r?%gg"‘%@%m er g One
NRRL 3285 em@&engddféngeg@ei Opremrﬁxﬁﬁhaqﬂanﬁ&mpnméospwmﬁ pOEY3) an

ollgonucleotlde pr obe was synt hesi sed based on nucl eotides 9-44 of the
-4- PCEQHS6 m;gg:gf’@?COS 7, described below. The genes can be made defective in a

PCTI EPOSI 00044, o worR 841 QUshilc S5 HSHRSH F95hagS08 MBABL by B

antibiotic resistance gene which completely abolishes the activity of that gene.

Alternatively, other strategies may be employed to produce defective genes, including
25 insertion of DNA not encoding for an antibiotic resistance gene, deletion of part of the
gene, deletion of all of the gene or alteration of the nucleotide sequence of the gene by
addition and/or substitution of one or more nucleotides. Defective genes according to
the invention may be defective to different extents. They may be defective in that their
activity is completely abolished or a proportion of the original activity may be retained.
30 Suitably, the plasmids of the invention are used to transform an organism such
as S. clavuligerus, e.g. strain ATCC 27064 (which corresponds to S. clavuligerus

NRRL 3585). Suitable transformation methods can be found in relevant sources
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(1992) B ry 31: 12648-12657). digonucl eotides wer ed
AR DR

‘usi ng stan d net hods on an Applied Biosystens 391 A\ esi ser.
The sequence of RMOL, a 36-ner, was synthesised in the antiparallel ~

sense to idehtdimgub§amstredk by, Bz‘ﬁt&éihESF méMﬂhat(leQ@%@b,i[d};leMcmmg a
radi ol abel |l ed with 32p usi ng standard techni ques for end- | abel I'i ng

DNA ol i gofRRr&8ty augualstre bk ColdSgring Hagbor LB?QI’)“"%n@“Wa%PTngHa{QS’Tscr een a
db f |
rybri di ot S aRoPSROEIERD f B HoRBE CionelE 1P EuI0n o SR 4.

t echni quelbming ddrmial, adndsyﬁﬁcﬁmwss and JensefsCS. EE61 geisack ehicaRidt. BITd (S
Goodf etl ow. Toronto : John Wley and Sons, 5-248, 10 1991). The

genonm & bdAR7-dB14. cl avul i gerus DNA, prepar ed in cosmd pLAFR3, was as
descri bed by an, L et .al cterio 172 4909- 4918.
Col ony bl ots of 'FHE o e ecigh gcé‘&zge%fg IR e VR o ght

W th I d Uik

Mo 5 ARpolsneh RsuiED, ubPLE kG BeTydel eppaataldl A °

0. 015 I\/Na:potdssxameclamlmaae(Bmsﬂtpimm&opsah Li993 N Adderfiinth B, (1362% End:ol |,
and 0. 02% PVP The blots were then washed 68%err Cfor 30 m nut es

in a sol uty-SnPlarmgcopsia @@143@@%@%19%«5}@0%%1&93 @-5) the amaupty of g5

i sol at d di zation signals
upon Gll getdtkla{g ﬁﬂg‘&&g tril tg.{n%gir %a&%’gg‘a&@ﬂicgy‘fongrﬁ E(ECORI that were
consi st ent Thatdfbrenivity Riftthenipgesot of ﬁi&axhﬁerdtbhemétedislpioﬁdéﬂ h@%ﬁwi ment s

with digests of S. 20 clavuligerus genomc B.
sequenci ngj?ab'# ble pE peoducing higly emeynts 1f slayulanis 4q1%1rblé¥ hes been rpade unable to A

enoonc oduase S BP Rl oe ittt BOKEmRR Rt IThAGR A0 B SISH okl
bet ween 2%njy BMIEV&@@PCQU (su&asiy maﬁmmncl&wgfaxacmg@rg@;saﬂcémhs 6as| was

nost |ikely Iocat ed at one end of a 7 Sacl - Sacl DNA subfragnent.
Thi s flsag ra@mmorcdniapBYeedam génss,caadlis preferablythers. clayuligayus steave Serid, 56-

SUbct onea P2 7R CoRG LA R R oA F1-{ A S SR - pBEB L A ArieEtR s pt 1

SK+ Helow ESulch; oéﬁﬂﬁhﬁ%%}tablé lfstSthe PrehtibR &f choulagie ARl WRdutRhasm d

pCECOO7. 30 facilitate the process of sequencing the chronosone
upst r eam girodustion of 313 58 clavanb tlecim-Ricatboxylafer anwath significhatly7 reducghc| - Sacl

fragnment was,subcl (3.2 kb; Vieirra and Messi ng,
Met hods Erp{gw.bthonfggﬁvgn%gar 8‘}5 in both

-5 - WD 98/ 33896
PCT/ EP98/ 0064 orientations, generating the reconbi nant plasm ds
pCECO26 anEXAGSEPLES. The 3-kb subfragnent consisted of the

pst 1 eam XD caatipies il RRbRTOAre thisr APy IsoFUisHbrk Fughh MAe i“n’ bot h
CECO26
( Sanbr ook Gr o oreryils (Rl RINNELG Mahig (AR Bl 6F POPRO R0 - ol

fragment vas(ld86p Gmetm:lempluhhbn of ISareptomyged. ¥e Cloningl Mkmxly andh :I’laradkar,

Lo g1 O LU0 (SRl ghhhel By IS S S0, A (100,

term nator kit and an Applied Biosystens 373A Sequencer. 10 To
determ ne the DNA sequence of the chronosone i mredi ately downstream of
casl a 4.3kkb aBtci the tinycs slasuligdros etltofmosome ieimcindne 10D7

in pBluescriptll SK+ gener at i ng pCECOL8. From pCECOL8 a 3. 7-kb Sacl - Sacl
subf r agnment wass sieam; of thaglavaminate synthase geneidasmaci a); one of the Sacl
termni of Ishiatisn GFAQEENt parti aI |y overlapped the TGA stop codon of
casl, the other~was vector -

30 To isolate chromosomal DNA fragments from Streptomyces clavuligerus

NRRL 3585 encoding the gene for clavaminate synthase isozyme 1 (casl) an
oligonucleotide probe RMO1 was synthesised based on nucleotides 9-44 of the
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15 encocpgesBsmeb orientations of the 3.7-kb fragnment wer ePEBERPHMS44Hur i ng

subcl oni ng and the resulting reconbinant plasnids wereidesignated - - -

pCECO23 a I } d t+ 0 din
Pot h pl ac Byl fipencey ol RETMAYE'E RERCRTE B Rl MBI
det er m ne(1992) Bivbheaiistnds: 12648-12639780t OHgomrtHsEidee wete thfstiacted using
clavul i gerus chronpsone generated in these experinments, including and
f1 anki ng &tasdardgnetbeds emae AppliesBigpystams3 3. DNA Synthesiser.| The spgussce ofial

| ysi di f fl anki | .
anal o o BMDTce AR, HAS nher el Tnr, BRnical e ip et auplisbes o MR O e
of twos cogphlqll 99@,ri$i8%)RN§£b PH8s HAtMBRIES ®itRPRP.usiNg! stdnfh@aeetntfue¥@herldocat ed

on 25 the opposite strand to casl and were thus oriented in the
opposi t e dibelingiIINA oligonucigntidés (Sambogokres adadP8Ryibid)aene was dseplto sevaen hocat ed

579 bp upstre 0 sl and 'ncoded a pql ptjde of 344 am no acids
(aa). The cese@?ﬁfnlsaﬁtrﬁ@am@ deligeras genowﬁ?fﬁg,eby\&nh% hybrifizationas pp
beyond th ' rfup n 1.5 ‘ j . . Beyond-
orfup2 i SQS%PE%@%%%H s{ngrém%gggﬁ 'glg‘q%g? %5%1 %Ser?lg"ssfn tbﬁgkéges%dre gﬁgf{;t i onal
st op codoEdoE. Gtdckptrandtu@d it Gogdfelidy. TdrentforolobnWileyr sdt SaRsp a20504d, | y

coupled. No translational stop codon for orfup3 was_ |ocated on the 3-kb
Ncol - Mol 1991). Thegensmic bank of S. clavuligerus DNA, prepared in cosmid pLAFR3, was - 6-

VO 98/ 33896 , . .
PCT/ EP98/ G0855F0ed by Doran, J.L ¢f ak, (1959), T-Ragterisly 1 73 PrPOBKR e quence

downstream of wESbnPbIREY KRS d@vuligerusROSGERIKHAK Veré MRuEAFDbAIRight Withand one
i nconplete orf . Two of the orfs were | ocated on the opposite DNA

strand t o radiclabelled RMQ@! @ah$8°Crin enselutiorowansistingael 5 xTRECt 15 kdDenhardtsr f was

500 T ss Salier R S 08 (B3 oS o ARNEG 4 Bts VBt ERed R eaaryy - T
downst;seangRion: 0.0%%‘%3&30.@2%%9&%%@0@% Pvpg.o HYE BRI Here theE waskédnsl open

readi ng franme, orf was located 55 bp upstream of orfdwnl and
encoded a 639€ fox I omymuest inde soldtior3ab 0l5px SSC +updts 8BS oOnercbsmid2clang on t he

opposite st d was ,orfd . Because no st don observed for
or f dwn3 ort evga:s?_scpggtefi,tﬁ%ﬁghp, s¢d s d%%fﬁ&%ﬁﬁ?’%f‘@%“ﬁﬂl tide of

219 aa. upon digBstion it lx‘f&‘tﬁ%{lo dBQ&l&EéyﬂaﬁﬂﬂldOEzmnt}ﬁP%ri_?:aﬂéi.&gntf rames
To assess the possible roles o tnhe open reading frames flanking casl in

t he baitts yIntbimgsdasion sighatss detmnted dci similad éxdperimenter withadiestspobdiced by
S. clavuli qer s, 15 insertional inactivation or deletion nmutants were
creat €8 by e’F’@rﬂ"'&E@}éSﬁqA- The met hod used for gene disruption and
repl acenent was essentially as described by Par adkar and Jensen (1995
i bid). A orfup I 20 A 1.5-kb Ncol -Ncol fragnent

carrying tBe apDhiVsiquendi sfitheSers e ®@fidspine flanking caghst ructed as
descri bed in Paradkar and  Jensen (1995 | bi O% was treated wth Kl enow
fragment to genérpartialyrestricaign (reamioRicopmidhlPBdkwas ssneratedggung isesaictiond was
ligated to CRO t. ha e des - WL . | I se
treated V\AWOW%%%\%E 7 ﬁé&?aﬁ@e&‘?ﬁep%ﬁm 6 %%&aélgg%g%%%gsqﬁ% ocat ed

Wi t hi resor fRMO lahnd34ridus digeetd dfI@DZSDNAI indichtat ithatadas 5 wak inaso Hikdly 1ddaeed
ligation m xture was used tao transform conpetent cells . of E. coli GM
2163 (avai3tFeend of NS ackgreliaNg; sibfiagmenysAhis fagment sonsisted ofghe cas/ a1 M

Cr anst or m9Red e FRREEnS sdnrh PR RHE SR phEF RS T R ebme e,

i sol at ed; then subcloned from a Sacl digest of 10D7 in the phagemid vector pBluescriptII SK+

(2.96 kb; Stratagene), thus generating the recombinant plasmid pCEC00Q7.

30 To facilitate the process of sequencing the chromosome upstream of cas/, a 3-
kb Ncol-Ncol subfragment of the 7-kb Sacl-Sacl fragment was subcloned in pUC120
(3.2 kb; Vieirra and Messing, Methods Enzymol. 153, 3-11, 1987)) in both

-5-



by restri al ysis pCECO54 was found to possess the agmnerit
I nserted v?fr{s)?‘{gss@?he sane orientation as orfupl, while pCE%'gﬁposs%{ésed it

in the opposite orientation.

pCT/ EposBisEf RS géiidfing the recombinant glasmids RCEGO26 and pCECO27. The 3k

pl asm d [Mﬂﬁgﬁerﬂl gaistdd Wof hthe arxﬁimidhnﬁ:ﬁﬂeddloﬁdgl Ipo&nﬁ | fyadagd taadt he
hi gh- copy nunber Streptonyces vector pl.486 (6.2 kb; Ward et al.,
(1986) MAPPraximatelyeh6tkb of opstreamddNA8) . The |igation nixture was then

used to transf 63 co ete el [ t ance.
From t he resul@F#@Ft‘?Vgﬁg‘f%%\r/ﬁéfgo%n\g El%ﬁé d bé@s‘&%@sﬁgﬂiﬂu M 2-7pl asm d
PCECOG1, ysing eﬁéﬁﬁcib&é&'[ﬁtﬁﬂ sﬂmeaeé ARl Eamblk 424 1089 tmaan&i‘doahm S.

cl avul i ger us NRRL he resulting transfor mants wer e put through

t woI jsucceEMAv?qumdxf thgf 3-kbbﬁcul-ét’t:al_cfm_gment was detgnmpai @cb?tmstmm by thad t hen
oharnye HRESYais CEFH R BEEPO[a5Hcts B aNEHes S SRR AR. 0Tt hi s
Process fﬂ%f:ylllgtl ARME A V8 sTAlt sisﬁﬁltsiﬁ%mag ag%g@put:g?%n?{iﬁét E{iose” for

further analysis con ive nmu S were

di srupt edaridnenoA Qﬂimeg@m 3D!N&Sequencms prepared fromisolates 61-1A and
61- 2A, digested W|th Sacl and subjected to Sout her.n bl ot anal ysis. The

resul 16 of t heTs&%%@m the BINAweaquercsrafithe ehromgseme immediately d OWNSHIEAMS S - OVer

havi ng oc d at these r tion 15
r epl aceme?n aﬁ?g(b &Wgﬁcgﬁﬁ%\tﬁagmmt s ﬁ“ﬁgfoggé ?’ &é&-ﬁﬁﬁo Qﬂ?_ 3A and
-4A wer e g fBebdiptYSKE| geterstdi pOEEOMR. Fromt PEECOTR!Iat 3I7ekts WaeT-Fadiant s
were assayed by HPLC for clavul anic acid and clavam roduction. The

conposi t i Mpflagmentewsoglandd io @SLAEIN (3rd22kb, th@hcﬂ!leﬁfﬁh%l yemani of

| LC t ed P J
it exctin IR R B BRI e, TEROTOR 5Pl EasTc2o8 By e@%ﬁi‘%ﬁed of
0.1 Ms Nak{eHed PHARE blieta®38s of the BELRR eftHvere Odbtdinedl Qs | aci al

acetic acid). The HPLC anal ysis indicate that none o the ant s
produced st tast a@hbmgemebmbmintcplmds wera dosigydted @CEHCO23 and pCEC024

hyd . h
b7 onasayebiesed, Suefibning Heletiins Wree tasalad e SOt aiegids far4Ae PREA FealBie o pr uess
and Kel | efye ii%%agﬁxen?&as d&é’ﬁdnﬁ‘dcﬁn bo%@strﬁﬁg Belucleofi@ @qRbnde T thISANE S

produced detectabl e | evels al anyl clavam 1In contrast, HPLC assays
of the cublawlgesupehmamamns gsdeoalmrﬁut thete ¢xiperiments, including sndiﬂpdangdaslo
pr oduce su erior. | evel s flcl avul ani ¢ acid when conpared to the

W|Id a‘b‘f“e‘si OWn 1348

WD 98/ 33896
PCT/ EP98/ 00644 Tabl e |
IL Functional analysis of the open reading frames flanking cas/.

Computer analysis of the DNA sequence upstream of cas/ predicted the

presence of two complete orfs and one incomplete orf . All three orfs were located on

25 the opposite DNA strand to cas! and were thus oriented in the opposite direction.
The first open reading frame, orfupl, was located 579 bp upstream of cas/ and
encoded a polypeptide of 344 amino acids (aa). The second open reading frame,
orfup2, was located at 437 bp beyond the 3'-end of orfup/ and encoded a 151 aa
polypeptide. Beyond orfup2 is orfup3. The start codon of orfup3 overlaps the

30 translational stop codon of orfup2, suggesting that the two orfs are translationally
coupled. No translational stop codon for orfup3 was located on the 3-kb Neol-Ncol

fragment.
-6 -



d avul ani\g()%g/hﬁg&i tre (CA) of orfupl nmutants in shake flaskctm&wﬂm STRAIN
70 HOURS HOURS : 93 HOURS 93 HOURS CA -

ug /'m CA ug/ ng DNA CAug /m CA ug/ ng DNA NRRL3585#1 87
915 A simil&6analysis of theIONA seqhBiRle 3&88stream 65cast predicted the790

1 1842 1-1 72 4 4
6??3 61pr2§§n§e of twcg5 comé}g@ orfs and onezuchggﬂete orf . T%/%gof the 95@ were located 232 8

61- 3A th cered t d ] 2 461- 4A
0 on thS op%ﬂsxte DNA strmdqg%ﬁ% and were thus 525 1 owa5r s cc(z).s; ; uﬁ?ép t[g%rldet on

A cloni ng efmesiloeatéd vmthelaterstrali®as tas/candaves '&hugerimtekbhwhj' fronoft. Gk
nucl eot i des between the Aatll sites of orfu PCR products were
gener atied st Agwasteeam OPelbWaé@ﬁuﬁS&%tqf.ﬁé""dr D’Y?érlgcqt%%@& bpedoywpszreamt ofe above

d bed 1 .

o tor en 1 AT 08 sopased 'S 338 o olRBfs (TR soptl! R Qi Ralrll SPRAHECE 1O
orimer 11 g@ﬂgﬁé&?gg@g@ﬁhﬁ%ﬁg@%@ﬁg@ abod ELPolppasiel A 315ty

d CGGGGECGAGHACETEET opdmnT @ad 3h the oppositetrapdrvasl arfidvinde Brgauseousen cbdnn

generate PCR produc Pri mer GIrcc 3
Primer 14 Was bs %ﬁ%ﬁm&@wm‘ it e“?:?@&?d‘ PiE¥act i ons

were cafri fidW go bhe PTC- 200 Peltier thermal cycler fromGR
(Fel stiy. @K’%\A‘/ EggewaNB 3LD).

-9 - WD 98/ 33896

PCT/ EP98/ 00644_ PCR roduct I was generat ed usi ng prinmers 11 and 12.

Thi s produgg?q [ e car boxy term nus of

o o e bt e R L

appr oxi mat gilo¥ynthesis of clavulanic acid and the other clavams produced by S. clavulzgerus

15 insertional inactivation or deletion mutants were created by gene replacement. The
method used for gene disruption and replacement was essentially as described by
Paradkar and Jensen (1995 ibid).

A.  orfupl

20 A 1.5-kb Ncol-Ncol fragment carrying the apramycin resistance gene (apr’),
constructed as described in Paradkar and Jensen (1995 ibid), was treated with Klenow
fragment to generate blunted termini (Sambrook ez al., 1989 ibid) and was ligated to
pCECO026 that had been digested with BsaBI and likewise treated with Klenow
fragment. pCECO026 possesses a BsaBl site located within orfup/ at 636 bp from the

25  translational start codon. The ligation mixture was used to transform competent cells
of E. coli GM 2163 (available from New England Biolabs, USA., Marinus, M.G. et
alM G G (1983) vol 122, p288-9 ) to apramycin resistance. From the resulting
transformants two clones containing plasmids pCEC054 and pCEC0SS5 were isolated;
by restriction analysis pCEC054 was found to possess the apr’-fragment inserted in

30 the same orientation as orfup/, while pCECO055 possessed it in the opposite

arientation.



1. 1Kb Adssget @i ns the amino termnus of orfUpl from t Berfepbgidosiat | | '

S|te and upstreamregl ons. - PCR product 2 was ligated to Srf] . _--

di gested pCR-Script Anp S}(2 2) instruction manual (Strat egene
Ltd, Canbridge BtinsmdacepekC Mmt@ﬁ‘ RepdIgecampiaseif DBy weg di

371 o0 A S B S' AEHASRT MRl by bk s

resi st ancee (aigh; PWard et al., "ANBEPRAGUT GérS Gengt 12081 4481878). PliashgatioDNixHas
i solated fromthe resulting transformants and DNA restriction analysis

reveal ed tWhstthen yseshtestransforai i o qamgﬁs gompetent; ¢eilp tquapramyFIGRestankect 2 had
been | i gat t hese.pl a was desi nat ed,l PCR

product 1 Iﬁ'ﬁ@ @d@%’ﬁ%@ %ﬂé’?ﬁ’%ﬁ?ﬂ‘F Oﬁﬁaloﬂ&tﬂqss"é g8 thes q”ﬁ%@?ﬂ?l‘flj ROLC061,

fracti onat b hgﬁ@ I r BSks BW S

exci sed an"g&ellstojltateeél1 ?I' Eﬁ‘ﬁ& ‘gfs il ﬁgégsfbgg&% he Sgp%%glldyss pll‘)jan prg'f)gj\li\?t

( Phar maci aI”heS'tesmtlhg\transfdmmhs weit buSthjughTthe @cessisotainds of spognletion vas t hen

ligated to Aal and Pst] di gested pDES 1. The_|igation m Xt ure was
used to t riORsTECHYE Siegiar andith erbrqpé%plar_edcfm mt&mwm%mmeﬁamédmﬁh

Strat egen (N c fpg% o ions) .
Plasm d D&rmymﬁ&# sagii @E%}Pe%)?&(;hm? n[glxg er'es utti ngtfrg}r%“s ?rgpfctegs gog‘
restripti ofutahal nistanits(61-2a) 2d, sRaindl44) were choSeefof further aRdysil asm d into
whi ch PCR product 1 had been Ilgat ed. This plasm d was 25 desi gnat ed

pDES2. "f@cpraﬁmb@a@éeq@mwb RUSArES wem/d:smg@ﬂurs orfiypl Etmf— Néis

further nodified t ont.a n,.of on,whj oul d
function i He%sPTERE® gnégxgs\scl%lss géﬂl%%d gﬂ %.,tchgested Bath %aaﬁt Apd s B"«!ﬁ tﬁg 'BDES2
was di gesteditMérhbideGdilysig MtheHefiis | dF tﬁ@§od&&ﬁtlﬁ& Witk Qoﬁﬂﬁeﬁ’t' \gllih nguEIQ py
nunber Streptonyces veCtor plJ486 (6.2Kb: Ward et al., (19

Genet . cr0582@®r468mg7®):umd5 end dgmenaémadu that EreoRmutants Hrentmlxet thsru'ﬁmen

ligation m x%ure was us 1 transformE. coli (JM 109) conpetent
cell's Pstri&p ﬁ%‘ﬁ%"‘tlﬂ‘ﬁ?“tfﬁ‘%fﬁﬂ cillin resistance.

- 10 - %éa?@@?ﬁm ~24, -34 and -44 were grown in Soya-Flour medium and
PCT/ EP98/ 00644 Plasm d DNA was 1 sol ate f%mt ryesu?tl ng

transf or nethes cuittire @spernaaito ware adsyayed by I—ﬁ’éﬁeﬁdredaﬁxl;m@mesl mdsskaysmd pDES2
e o pomRua: FRSe e R he S Bk R SR i o o1
the orfupl Q%@aﬁy . cinb
resi stancedgene ("as %gsvgé??g gég‘%g g?éﬁ%ﬁgg#%ﬁ%&?éggﬁg?gﬁ Eb?r)gdr%g rmant s
were 20 thet ¢lod adnmgibuﬁ&sﬁ:rttharrﬁfm rasgay scomsistedt dfed 1 plf Naﬁzﬁmg,h+36%ounds

of sporul atlg?g ahusel ective nediaq and Sﬁ{ﬁ%ﬁi for the | oss of
apranmyci n PeURRel, REE3. 6§r(é §tad gvith glacial agetig acigy, aralysls maicated; ed

whi ch had he y HPLC
whi oh cont 15 ngRE o HE nluddié bRIGOEF dpiEUBEIE, IGAE of cavanBEbuBRRIANE F 2V 17T

61- 2A, 61-Bpiraxgndliyldlavene Hoabdrtot®) wher wnkure &mai’amar»bmyblamamd 2

hydr oxynet hyl, cl av when_fernented .in conditions where these clavans are
nor mal | y agamsb a@éosp ATCC 27860, using the method of Pruess and Kellett (1983, J

25  Antibiot. 36: 208-212), none of the mutants produced detectable levels of

alanylclavam. In contrast, HPLC assays of the culture supernatants showed that the
mutants appeared to produce superior levels of clavulanic acid when compared to the
wild-type ( Table 1).

30



15 B.
or f dwnl
wi th Ncol

WOms3a89e6|

This_20__fr

gel .

and orfdwn2
and orfdwn2 was created by first

was.th

iLaated to

A del eti on/r epl RCIERIS/ONGHH ANt

in

di gesting pCEGOL8 (7.3 kb) - -

jliberating a 1-kb subfragment containing
and a portion of orfdwn2 .

el ect r oph@ z‘micmzcaﬂddftzhe L@Azoﬁ&rﬁg

n_Ncol

DNA f ragnent

resi st

restrici on anal ysi
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ey e
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jogtirmnts imahaleXlisk fedrsand el uted fromthe

- Ncol

gel

nycin

t hat tw

NRRE 5 T
t he del %1

et 1 on

asmd. To

gg’aprany b

resistrance
elTmnate the

givent
ex ra_cop

Ty T

]l into

aprerr
sel f-1i

]NRwamst#e t
gated The |

e pl asm

gatinn m

d79@s di gest ed
ture was used

259 wth

1o transf

Negr and

m E. caol i

Gw163
i sol at e
possess

& -84 y one

t &/-ddr amyci n
o t-hat—¢

2é2i st anc

ant.al-naed

28 om t he tr3

|l acuna Ac nr":

SPor mant 4

O Aand nf"Et

56111?wo cl ones W

lf\nfh n-F wh
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ch
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Pt T OO [0 o

hEl4he apr [ er r]

g

agnent

703&0052 posse

5sed

t he apr
2, whil

g]péﬁ fTagme

Cb3 po<

§ésll\f€[ SE

sed the

f I clll EU
8%%

ZZTF[H re

ment I nsel

tggs ro—orfdv

in the

and
sane

orientatgpgqas orfd

vpl and 2.

construgcted by liga

i ng BanHl

sauttle

rlerr]-frag
Ldiqested

pCECO52 wilth simlarly d

has d or pCe

D52 was

gest ed

pU486 and transformng E. coli
this experinent one clone was isolated that contained the

98/ 33896

PCT/ EP9 8/ 9 eletion®
t ransfor nr%éf%l‘ry'p'e
The resul ting
of sporul ati on under

to anti bi &t ¢lenisgsrparimen Wasunderiaken toaeate ¢ B5pR aolfha

resi st ance.

huttle p
S.

non-sel e

GWw163 to

| asm d pCEC060.

apr anyci

n resistance.

From

WO

This plasmd was used to

clavuligerus 3585 to apranycin and thiostrepton

transformants were put through two rounds

ctive

conditions_ and then replica plated
nrpfH54 nusleptdesnt |

thiostrep S Y 0- 1A, _2A and
-3A) % reé:ﬁgﬁ' éat;qf"?ne? °?ﬂﬁi‘e?§“ﬁ9§%§ %/ere Eenn}%ﬁeacph?mé %stablish the
identity @h?@:hﬁz%naa ifresdistd bRl aiE AR dbovOlkscrbéd pCRCasESs the from
strains 60-T A and 60-2A and digested with either Sacl or BstEll and

subj ed® ed teraplate. The griginalmucleptde sequenesiveas altgned to{nspingrata aiRsH intaneligo

gener ated ;fro

under gone

13 s s B Sigfas

were 10
event denobnstr

ating

are true disruption replacenent nutants in orfdwnl/2.

t hese were cul tulred |n Soya FI our

assayed byolige
cl avam 2-

consistent with both strains having

that these nutants
When

rredl um and their culture supernatants
: g : )dBet ldet ect abl e | evel s of
car boxyl ate or 2 hydroxynet hyI cl avam A bi oassay of the

cul ture supernatants showed 15 that the nutants also failed to produce

det ectjabl erdnpitalis of s'alaryAcGerat AdsABERAGTECCGe st upl

orfdwnl /2 nmutants are capabl e of

pr oduci ng

superior to wld-type

mut ant s,

t he
| evel s

of cl avul drimerd@i d (STaACEGEGCCAGGACGICETECAGATCLAvul anic acid titre (CA)
of orfdwnl/2 nmutants in shake flask tests

70 HOURS

CA ug/ ng

915

159 1842
2911 60- 2
1320 20 PSB“%‘%

Primer 14

93 HOURS 93 HOURS

[ onfeledGd Bair 2 uled t4 %ﬁ@

60- 1A

STRAI'N

Fatd R produdBRL 3585 #l

585 #2

164
5* dGAGCCES TGGACGTCGGRROTGTCC 3

5" dGACGGTGCATGCTCAGCAGGGAGCG 3’

70 HOURS
CA ug/m
87
66 790
1872 260
108
214 2161

Standard PCR reactions were carried out using the PTC-200 Peltier thermal cycler
from GRI (Felsted, Dunmow, Essex, CM6 3LD).
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ragnont BPSBAE® | dounst | eam DNA subl oned 1 nto paLLLER Mee i tested

with Ncol and then self 25 ligated. After transformng E.coli with the

| i gati on PECRiposducal cvaspenarared using atimerst Hadnd 12. Thip pssimssisdppiosimdtelyni d

pCECO3 1. This plasm d retained only_the 1, 9kb Ncol -JEcoRI )

- 12 - 1Kb and ¢qntaypy thggahoxy terminus of orfupl trom the second Aarll site and

PCT/ EP98/ . agnment encodi ng a portion of orfdwn2 and the

i nconpl et_gggnf“ \}\axﬂé-_egxg\%i exam nation . of the DNA sequence reveal ed that

pCECO31 pPPSRYBodSLt 3 Widigdhierafed g phildefs 1Bt anliSi@b This producoivapproxithaslyl at i onal

start site of orfdwn3. Therefore, pCECO31 was digested with BstEl I,

treat et wi-#Kband sensams shamino teyminus of er/Bpl Atore g dirg el sénand gated to a 5

bl unt ed ﬁgr?%i n.resi stance cassette. The ligation mxture was used to
psire

t ransf or E°®BM' Gw163 to apranycin resistance and ampicillin
resi stance. Two transfornmants were selected that contained
respectively pCECO60 and pCECO5 1. restriction analysis reveal ed t hat

t he apr anjCRiprodusit Stwasdigatedds St/ digested pCReSuript ddnp SK{+H}as pamastondtiont at i on

as orfdwn3 in CO60 gnd in the gpposite arientati,on ip. 1. Both of
these 10 mapuad z%%tewit&mw@s&@a%ﬁhﬂlmIfqadaﬁamgﬁlw to simlarly
di gested : : i j i e . RaRptely to
trans?(gr m@gggﬁe hé%ﬁcﬂ}g toﬂegg%gjﬁgdgforr?r%wﬁa% éfr?npl cil IﬁF?Be%?stance. The
shutt| e pKas suptscomipetéit Gel{s @iGIable fronp Bit4tdgénep lampicillinre€si@ance (ap pErCO51+

pl J486) were isolated fromthe resultant transformants. PBoth pl asm ds

ver e t henmMaBactueers ingustiong). Slasmd BNAgwesisolpiriifrons _res_ixgxng One
Lrans’ or Mol 485 SELAGSRL LERMARGHLAUREN Y SIRCELIBR AR

t hr ough uccessive rou ation on non-selectiv

then repl i@ which PCR pt@fkct D hadbdenilighied. ORNbBthedetdasiidb wast desigelatetli Ty
apramnyci n-resi stant and thi ostrepton- sensitive transformants. From
this pfocePESlwo putative nmutants were isolated from t he progeny of
each primary transformant. (56-1A and 56-3A for pCECO56, and 57- 20 1C
and 57-2B for pCECO:7). To establish the identity of these

putative moRestodudenaal &F% WAE P @h@ 48T and the tésQart MISA fakficndted and
digested with either Sacl or Acc65l and subjected to Southern bl ot

anal ysi s. byhaparnsthgsl dlestophoresin The 1Kbifragmentivay exsised prd elnted fromethe gobr e

consi stent . i t h .bot h straj.ns,havin ngder go a Ss-over
event dentii8é the gmwbaglﬁ%%aqd%g%loﬁg Harm}f"gng‘s‘g@?%’ ﬁ%{fﬁ' %‘%@t}l ® repl acenent
nut antg i fsoPhédiiidnent was then ligated W0 Sfu1t BES Psib HigRited FEEIS?. The figakig i n

Soya- Fl our medium and their culture supernatants assayed by HPLC, the

mut ant s pruxtucewasuseditd yransfoomn eompetent| csllodf & el Xial -Blue (gvadablofryml at e or

2- hyd t hyl cl . A.bi f th | t ) r nat ant s. h d
that the MUPIREEEE)1P SEPICLIT SRS c (A5 st BRpuRauiec Pmicaoans PBroid ONAY ol avam
As 30 Wi t RydshlRed #Bm meﬁesarnfng%éfznms%sﬁ%ma%@%wsuz‘ea@ﬁa% were

capabl e of producing superior to wld-type level$ of clavulanic acid
(Tabl e 3) .clone contained plasmid into which PCR product 1 had been ligated. This pi&mid was WO
98/ 33896 . :

PCT/ E|338/ Sis&guated PDESZ ) o 3 Clavulanic acid litre (CA) of orfdwn3

nmut ants in shake flask tests

To introduce pDES2 into S.clavuligerus the plasmid was further modified to contain
an origin of replication which could function in streptomyces. To achieve this the
plasmid DNA of pDES2 was digested with EcoRI and HindIII and ligated into the high
30  copy number Streptomyces vector plJ486 (6.2Kb: Ward et al.,(1986) Mol. Gen. Genet.
203:468-478) also digested with £coRI and HindlIIl. The ligation mixture was used to

transform E.coli (JM109) competent cells (Strategene Ltd) to ampicillin resistance.
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STRAIN  woos/33ses /1 HOURS 71 HOURS 93 HOURS pcTAP9bi0HRS

CA ug/m CA ug/ ng DNA CA ug/m CA ug/ ng DNA NRRL 3585 . -
#1A 18 1580 193 1790 NRRL3585
#1B 17g’lasmxd DNA was isolgedfrom the resulting traggormants and restgigtign analysis56- 1A

gg 5 revealed%:‘1 fganes possessed pDE@gpmmmng plJ486 ’Zégfbd these éa;smi@ was

253 demgnatg@ﬁﬁ‘ﬁﬁ The plasmid p:HLgS3 was used to tr%ﬁ@@rm an S 57dvaﬁgrerus strain _
242 he application

di scl oses i mdncthé oxlﬁtpg gans:hadcﬁlneai@ imqldan&sd by i msemon SEQelapravgycin ; DNA
sequence of Fx?ure uence SEQ ID

No. 3: resigpcg geng éﬁ@ﬁ%‘i’e%@lmv%é@“?ﬁ%n 12951stanptransgq Guence
SEQ I D No 'seéctegégd f%&hoﬂﬁghnﬁmg%ﬁ?ﬁl L put tials 1'1 B Donds&f s%é'&latxgﬁ t Q\NnZ

sequence seq ence

ol i gonucl ephisdlciive Mediakbd Sergemedder the loss SEaPralybdin. reSistance. From)ﬂnsgonucl eoti ed
prinmer 12 sequence SEQ I D No. 10: ol i gonucl eoti de prinmer 13
sequence processgHmubang were identified syhiefoladd pERprarmyy resistangey PrEe

PCT/ Epos dbEaPaysed bY BIFE G, RER Sepfimnsd hat bese ieiadighs R SETRANS ger us
chr onogomes ji. & 6DRJ6 RN and 61-1A 3R EhbIAR produce clavam 2 carboxylate and 2

hydroxymethyl clavam when fermented in conditions where these clavams are normally

produced.

15 B. orfdwnl and orfdwn2
A deletion/replacement mutant in orfdwn! and orfdwn2 was created by first
digesting pCECO18 (7.3 kb) with Ncol and liberating a 1-kb subfragment containing
most of orfdwnl and a portion of orfdwn2 . The digest was fractionated by agarose-
gel electrophoresis and the 6.3-kb fragment was excised and eluted from the gel. This
20 fragment was then ligated to an Ncol-Ncol DNA fragment carrying apr’ and used to
transform E. coli XL1-Blue to apramycin resistance. One clone was obtained from
this experiment but restriction analysis of the resulting recombinant plasmid revealed
that two copies of the apramycin resistance fragment had been ligated into the deletion
plasmid. To eliminate the extra copy of the apr’-fragment, the plasmid was digested
25 with Ncol and self-ligated.. The ligation mixture was used to transform E. coli
GM2163 to apramycin resistance. From the transformants, two clones were isolated
that contained plasmids pCEC052 and pCECO053 both of which possessed only one
copy of the apr’-fragment; pCEC052 possessed the apr’-fragment inversely oriented
with respect to orfawn/ and 2, while pCECO053 possessed the apr’-fragment inserted
30  in the same orientation as orfdwn/ and 2.
A shuttle plasmid of pCECO052 was constructed by ligating BamHI-digested
pCECO052 with similarly digested plJ486 and transforming E. coli GM2163 to

apramycin resistance. From this experiment one clone was isolated that contained the

-11-



5 1

CTIEP98IOO644
@FACCMACCHRCFC@AWWU@FCCF@FCH&C

MAPPPQGPAEAPGTVLVVG 61
ACCCT AT Gt @l sl S FLERICHEBT CGT il CAlabridCWat Cied CaCGrdnsioMnAGHd-typd 28)

T PYHGAVRRLTLSGSV SGHT
cor f up3 clavuligerus; 93585 to apramycin and thiostrepton resistance.  The resulting

o WWW%WW%%%%WW@%

181 TAGesAdSAskad. cigmeéixm&rzr Mgﬁ@@ﬁh&i&m fakryéin
DPDLYVFARHVL RVEYVT 241 &
wwc&a&m@@mmm BeCClizeEoNel eanaRASEEACEand 3
CWRGAA EPDGARWPGDRHE 301

TGGCACCCH CAAGCCAGGGCCAGTCTTAGGTCAACTGCCT 360

GHTTGE AT’% dstabli ﬂig E&i:&éf t&é\é %“%&%’é‘/&%“c‘% 1g&.a:%cmﬁﬁiNA was isolaged

GGTGICTACCACCCACTA
WL H H Toin srafitisl 60F1 AGaﬁii EO-QADmE digd&eé With either Sacl of BEtEII and subjected to

GAGCCT GAACGGGGC?CGGT GGCG%‘A GCCCCTT 480
E S K seythegnbloy anajysisiyThg hy]:ndxpatmp bapds\/gqurat ;Aps gxperiment were

Y b VA PR A e e g 0o A ik sttt

<or f up2 that these mutants are true disruption replacement mutants in orfdwn1/2.

When these were cultured in Soya-Flour medium and their culture supernatants
assayed by HPLC, none of the mutants produced detectable levels of clavam-2-
carboxylate or 2-hydroxymethylclavam. A bioassay of the culture supernatants showed

15 that the mutants also failed to produce detectable levels of alanylclavam. As with the
orfupl mutants, the orfdwnl/2 mutants are capable of producing superior to wild-type

levels of clavulanic acid (7able2).

10

240

30
481

Table 2
20  Clavulanic acid titre (CA) of orfdwni/2 mutants in shake flask tests
STRAIN 70 HOURS | 70 HOURS 93 HOURS | 93 HOURS
CA ug/ml CA ug/mg DNA | CA ug/ml CA ug/mg DNA
NRRL 3585 #1 |87 915 166 1963
NRRL 3585#2 |66 790 159 1842
60-14 164 . 1872 260 2911
60-24 187 2013 108 1320
60-34 79 994 214 2161
orfdwn3

To disrupt orfdwn3 pCEC023 (conmsisting of a 3.7-kb fragment of casl
downstream DNA subcloned into pSL1180) was digested with Ncol and then self
25 ligated. After transforming E.coli with the ligation mixture a clone was isolated that

possessed the plasmid pCEC031. This plasmid retained only the 1.9kb Ncol-EcoRI
-12-




541 GCGCWABAIBGCGGAACGCGACGAGCAGGCAGT ATGGCCGGCTACGGT GCC'IW/O“‘GOO

ATl VAKRQEDTMGASAVSM 601 -
TGCTGGAGGT CTCTAAGGECCCACCGACACGACCCCGACGCCT TCCCCACAGEEEECECTT 660

- 15 - fragment epepding 3 p9aén of orfdwn2 and the incomplete orfdwn3. An examination

PCT/ EP98/ 0@24@51, 661

CT CCCCCCEBHEHATe e GARCRIMmcOA gt e AClaCctaatel Wﬁﬁgme@ﬁe a

CCTGCCCAGCCTGCCACGCGCACCAAGGCCACACAGCCTGTCQAGCCTGCCTGGCCTGCC 960

ACGCGC?ACCN&G@@@@#@A : SUTE A sdo trangorm
TA

N a1 M AW %@@% M%Em%sfom%s

wohe pany orientation

5 A&&&E@éﬂ%&@@%@eﬁ%&é&%v 3 i GBS B of e
D E GiR Hpldstidd/vferk thenldifdstedlwilh HifdIH and ligated to similarly digested pIJ486. The

ligation mixtures were then used separately to transform E.coli GM2163 to apramycin

and ampicillin resistance. The shuttle plasmids pCEC056 (pCEC050 + pIJ486) and
pCEC057 (pCEC051+ plJ486) were isolated from the resultant transformants. Both
plasmids were then used to transform S.clavuligerus NRRL 3585.

15 One transformant was selected from each transformant experiment and put
through two successive rounds of sporulation on non-selective media and then replica
plated to antibiotic containing media to identify apramycin-resistant and thiostrepton-
sensitive transformants. From this procéss two putative mutants were isolated from
the progeny of each primary transformant. (56-1A and 56-3A for pCECO056, and 57-

20 1C and 57-2B for pCEC057).

To establish the identity of these putative mutants genomic DNA was isolated
from these strains and digested with either Sacl or Acc65I and subjected to Southern
blot analysis. The hybridisation bands generated from this experiment were consistent
with both strains having undergone a double cross-over event demonstrating fhat these

25 mutants are true disruption réplacement mutants in orfdwn3.

When these strains were cultured in Soya-Flour medium and their culture
supernatants assayed by HPLC, the mutants produced greatly reduced levels of clavam-
2-carboxylate or 2-hydroxymethylclavam. A bioassay of the culture supernatants
showed that the mutants also failed to produce detectable levels of ‘alanylclavam. As

30 with the orfupl and orfdwn1/2 mutants, the orfdwn3 mutants were capable of producing

superior to wild-type levels of clavulanic acid (Table 3).

- 13 -
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1261 @WW@TWT@TW@&@T%M 1320

GDAVP LLSRNRALAPA 1321 ,
ACT T GGCCCOGACCGEEGCCGCCT TCAGGAGCAGGGGGT CTAGCAGCCACCACGCCTACE 1380 "'s
FRPQQGRIIFDEDGLDDTTRI 1381

ACGGCCACT CTTTGGGGCAGGGT CTCCCCGCAT TCGCT GCTAGGGCTAGGGGTCGAGGG 1440 T
GTLF icrichd B of@r, 3\ fants ke flask tests

COGTCT FESTFEEACEASEASEER CoTCTCOCARCTOpeOACASCT —4806— R
CV P VIVEAYE | G R|SNHQUESy H & HQYRS 1501 93HO
GGECCECAGTTEECCCACGTTEECS 3 NGO T ; \Y
ATVP[HVADRAR R|[CAE S H R 'CA uginy DA i
16 - NRRL 3¥83 984 335830 1580 193 1790

PCT/ EPO4/00644 156
CTGGCTCHMARRICGT & AND GHGRECCOGT GGTICINBCCGGT GGOGT @865TGCCAGAGN O 1620 L
GLRRMKGERNEIEAMAGUTE 1521
GCTAGCOGROEEGOCCAGECAGET CACGACCAT M GTCCAGCTAPSETAGCCACAEIFY 1680 E
| PV B——T——H—o——r—¥ P—t—RP—F-s0—168t

CToCTeCt A GeeARGOG] & ccooaceriBifoctccooat@EGTaTTead X 1740 L
RRL SIBA/EAARVIDs PEGUbofg 1741 577 2920

CCCT “AGCCTGCT GGTACGGCTTGAACCACCGCTAGT CGTGGAGCAGEG 1800 Q
SAGD|SmRVMGF|RE Al L V|E248 1801 ‘193 1860
COGO0GEICECTG0aaEeAGICTOGTCEAGGALT BESCACCTERA 1860 |

5  The application discloses the following nucleotide sequences:

SEQIDNo. 1 : DNA sequence of Figure 1
SEQID No. 2 : orfup3 sequence
SEQID No. 3 : orfup2 sequence
10 SEQIDNo. 4 : orfupl sequence
SEQIDNo. 5 : orfdwnl sequence
SEQID No.6 : ofrdwn2 sequence
SEQIDNo. 7 : orfdwn3 sequence
SEQID No. 8 : oligonucleotide primer 11 sequence
15 SEQIDNo.9 : oligonucleotied primer 12 sequence
SEQ ID No. 10: oligonucleotide primer 13 sequence
SEQ ID No. 11: oligonﬁcleotide primer 14 sequence

-14 -



RRGA Vw38 L EEGAGL GQV D 1861 PCT/EP98/00644

GCCACAGGT CGT CCCACT GEEECCGCAGCT GCCECCGCGECCTACCACCGECAGCCEGEECCE 1920 o A

TDLLTVGADVAARI TATAR 1921

GCGCEAGEOOCECAGBIRATCTT GRAESANECACCRET ECRREBELIHEEESAROBRT@ACTncluHgg9 and A

R Dllgnj&n ¥y FD T T.P L CGL G QA S 1981

GGCCT TCCAS CCCGCGCCTGGECCGCCTGCGCCTTGECGCCGCCTGTGCCTTGECC 2040

VPLDRLARVPPRPVAASVSG

<orfupl 2041 CCGGRGACTCGRECGGAGAGCGRGACATACGGAACCT CCACAGGCGGAGCCGRGAACGEG

2100 GGCCCCTGAGCCCGCCTTCGCCCTGTATGCCTTCISAGGTGTCCGCCTCGGCCCTTGCCC
AP SEP P SYFS M - 2101 .

FACEcec2 1660
TGCTCCCCECTCCT GCC'I'TGCTTCCT CCTGCCCT 2161
GACGGAAC@GAGT% 82 Mm 2250
CTGCCTTGCCTCAGCCCT TGECCCCCCCCACT T T Gt AcCrrAACCErAGEG 2221
CCGTCCT 'in“fﬁxgﬁ TCL .ﬁ P I(IJTTTTT'TYY:T 8§§¥§§gﬁﬁg§$§§§\ 28
B T S e e e e ol cac?5%a0
1017 - T PWYOE/3389%6 V R R L L 8§ G S V § G H T H

PCT/ EP98/ 00644 2281

GCCGCCCTTTCCAAGCECT TGACACGGCACCGACA
. <orfup3

TGGEGGA 2340
121 GCCTTTCCGGGCCTCCGGCCCAGTGTCGGTGCCCATTGCGCGCCACAGGAACGGGCGCAT 180

*L W P Y R A TD XK G A Y
15 A 8 L G P P R T M

181 TAGCCCCAGGTCTATCTGCTTCCGGGCCACCTGCTCCTTCAGGGCGTGGAGCATCTGGCA 240
D P D L ¥V F ARHV L FDIURVYVEZYUVWVT

20 241 CGTGGTCGCGGGCCGCCEGETEAGCCCCAGTERGCGEGCEETECCEGGCAGGGCCACGAG 300
C W R G AAWETUPDGA ATRTU WTPGDURUEE

301 TGGCACCCACCACGGGAGGCGCCGCTCCTCAAGCCAGGGCCAGTCTTAGGTCAACTGCCT 360
G H T T G E A ALL ETGTTULTIWNUWV S

25
351 GGTGTCTACCACCCACTAGCTCGCCTACCACGGEGECTCCABCAGCTTICTCGGCTCCGCTA 420
W L E H TTI S R I TG G L DDV F L RATI
421 GAGCCTGAACGGGGLCCGGTCTIGGGGTGAACCCCTTCTTCTTCTGGCGCAGGAGCCGLTT 480
30 E S K G R AL GW KPP F F FV A DEA ATF
481 CATCAGCTAGCGCCCCCACGGCAGCGACGGCTGCCGCGGCAACAGCTTGCGGAACTTCAT 540
Yy »p I AP T GDP S G V GG NDF A K VF Y
35

<orfup2
541 GCGCCACTACTGGCGGAACGCGACGAGCAGGCAGTATGGCCGECTACGGTGCCTGTACTT 600

A T I V A KR QE DT TMGA A S AV S M

601 TGCTGGAGGTCTCTAAGGCCCACCGACACGACCCCGACGCCTTCCCCACAGGGEGCGETT 660

- 15 =



CEIII%i?ﬁ&g%%%#%&FﬁACTGﬁfoﬁﬁGEETGﬁCEffEEfEEfIIEKEEECTAccqgﬁnmmﬁﬁ&ﬁ
CCCGT GCGECEGT GAGCGCCGGTACGEGACCCCACGCECCECCECCCG 2400

GGGCACGEECEECCACT CECCGCCACT CECGECCAT GCCCT GEGEGT GCECEECEECEEEC

CCGCTCGCTGCAAE%EEAACATCCACAGCCGCACAAGGAGCGCTCCGCACAGTGGGCACC
GECEACCEACEWTCTCCTTGWACEWGTCEECEWGWTCCTCECEACECEWGWCACCCGWGG

TGCACEiEEﬁECACEEEEﬁGﬁGECACCGGCCAGEEEWGEiITGﬁCEﬁGﬁCEﬁGEiEﬁGTC
CACCACATCGCACGGCACAGCACAGCACCACCGGCACGAGGAACCAAGGAAAGGAACCAC
GT GGT G AECEFEE e SRSt SRS F eSS F e X ISEH S

casl > MTSVDCTAYGPELRALAA 2641
ACCACCATGACCTCAGTGGACTGCACCGCETACGGCCCCGAGCTGEEiEiECTCGCCGCC
TGGTGGPAET GRS S RCET eFRSCTereSAsEs '
cnffﬁcfxxxxx¥mxxxxxxxxxxx¥(xﬂGWACGCCTTCCTGGACGCCGCGCACACAGCC

Go0aCCTEOC R AP AR e A PR RS RS

ASLPGALATALDTFRNAEG.S 2821
GAGACGACA SR G SRR RO o R SRR eI SRS e

1021 GTGCGGCCTIGCCCAGTCAACGGCTAGTACCGCTCGTTACGGCCCCACATGGCGAGGGGCC
* ¥N 6 I M AL L APTTYRE G

1081 TGTGGCCCACCCTCTAGCGCCGECAGTGGAGGCGCTCCCTGGCCAGCAGGTCGGCCTAGT
8§ vV P #H s I A ATV EAUL S RDUDILRTI
1141 TCCGCCGCCGCTCTAACAGGCGCTCTACCCGECCCAAGCGCCACGGGCCCTAGCCCTGLT
S A A AL XD ATLUSHAUPNATGU®P I PV
1201 GCAGGAGCGGGGCCACCACGTCEGTCCGCTCGCGCTCGACACGETCCCAGTCGGGGTCTG
VD E G R EHUL WAL ATULUGGALTULG L
1261 GCAGGCGCTGGCCCGCGTCEGCCACGTCGTTGCTCGCCAACGCGCGCTCCCGRCCTCGLG
G D AV P R LRUEHELULSU RUNURALAUPNA
1321 ACTTGGCCCCGACCGEGECCGCCTTCAGGAGCAGGGGETCTAGCAGCCACCACGCCTACT
) S F R P Q GRRVPF DEDGULDUDTTR I

1381 ACGGCCACTCTTITGGGGCAGGGTCTCCCCGCATTCGCTCCTAGGGCTAGGGGTCGAGGS
T 6 T L F R GL P A Y AV I G I G L E

i 1441 CCGTCTGCCCGTGGTGGAGCAGGAGCTAGGGCGCEGCTGECTGTCCGAGGTGAGCGAGACET
R CV P V V EDETI GRS WIL S WE § @

1501 GGCCGCAGTGGCCCACGTGGCECAGGCEEGCCGCGTCGCACCGGCGCCTCCCGAGCCTCT
vV ATV P H VY A DAUZRZPRILTMANMMASUPE 8

- 16 -
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EDGHCﬂégmﬁg@LPVEADADLPT POIE/EPIS/D8BIL
GGACCGCTCCCTGCCTGACCATGGAGECCATCCTE 2940
TPSSTPAPEDRSLLTMEAML Kpnl. 2941

GGACTGGT GGGECCGCCEEETCGGTCT GCACACGEEGTACCGEGAGCTGCGCTCGGEECACG + 3000

- 18 1s61 c'rGGc:'rdtﬁa@@dcﬁ‘&&ﬂﬁcsscmcscsmcrcsmCCGGTGGCGTGGGTGCCAGAGGA 1620
PCT/ EP98/ 0Q64 M‘E& H.T E.L T 3001
GTCTACCACG?(CG%GPACEC& écrr ge@&eﬁcé?céeﬁ& 3060
YHDVYPSPGAHHLS-SETSE 3061

A T R A A e 1

mmwmmmmmcmmm 3180
ACSRADHERTAATLVASVR 3181 )

AAGGOGCT GCOCCT GCT GGACGAGAGEACCCGGEECCCGGECTCCTCGACCGGAGGATGCCC 3240
A L P18} [STECESCSTRCATIECRAGCYTIRCREGACSCTECATSFHGCCAAGCEECGTETTICGGGA 1740

TGCTGCGT GGAI G GCCL T GEGREEEGEEEEA CRACRAGECRGEEF - CECAE C@CCEAESTE 3300
CVDVAFRGGVDDPGAI AQV

1741 CCCTCCGCGGCAGCCTGCTCGCETGETACGGCTTGAACCACCGCTAGTCGTGGAGCAGGG 1800
Q S A G D S &8 RV MGEVF KTATIULUVETD

1801 CCGCCGGGCGCTEGCGEECAGGCTCGTCGAGGAGTGGCCGCGGCTCGGGGACCTGCAGCT 1860
) R R G AV APRGLTLETZEGW aAMTGTLGOQ V D

1B61 GCCACAGGTCGETCCCACTEGEGCCGCAGCTGCCGCCECGCCTACCACCGGCAGCGEGCCC 1920
A T DL L TV GG A DV A ARTITA AT AR

) 1921 GCGCCAGGCCCGCAGGCATCTTCAGCCACCAGCCGTCCGTCGGCTCGGGGACCCGTGACT 1980
A RDPURGYPDTTPLOC CGLGUGQA AS

1981 GGCCTTCCAGGGCETCCCECGCCTGECCGCCTECGCCTTEGCGECGCCTETGCCTTGGCC 2040
vV P L DRLARVYVY P PRPV AAS V S8 G

<orfupl
2041 CCGGGGACTCGGGLGGAGAGCGECACATACGGAACCTCCACAGGCGGAGCCGGGAACGES 2100
GGCCCCTGAGCCCGCCTCTCGCCCTGTATGCCTTGGAGGTGTCCGCCTCGGCCCTTGCCC
A P S E P P 5 R § M

2101 ACGAGGGCGAGGACGGCACGGAACGAAGGAGAGGACGGGACGGACAGCACCGACGGGALCG 2160
TGCTCCCGCTCCTGCCCTGCCTTGCTTCCTCTCCTGCCCTGCCTGTCGTGCCTGCCCTGE

j 2161 GACGGAACGGAGTCGGGAACCGGEGGEGETGACCGGAACCGEGGCCGTCCTTGGCCCTCCT 2220

CTGCCTTGCCTCAGCCCTTGGCCCCCCCCACTRECCTTGGCCCGGCAGGAACCGGGAGGE

2221 CCGTCCTCCCCGCCATCCGCCEGTICTCCCCCEGTTCCCTCTCCCETCCTCCAGCCAACACT 2280
GGCAGGAGEGGCGETAGGCEGCAAGAGGGGGCAAGGGAGAGEGCAGEGAGGTCGGTTGTGGE

- 17 -



3301 AA%%! CGGGGACGOGGACGAT CCCTTCCT CGGGT ACGACCGCCGACH A fdgfabeas 3360
K P L 3g#AADDPFLGYDRELLA 3361 )

CCGGAGGACCCCGCGGACAAGGAGGECCGT CECCECCCT GTCCAAGECECT CGACGAGGT C 3420
EDPADKEAVAALSKALDEYV 3421

ACCGASEE1C B €A ECT CAEIAECAAGGTCEAMGRACSCEGESKCACEACEA 3440
EAVYLEPGDLLLYV FRTT
CACGCGOGGA A ﬁ%@ﬁ%ﬁ%wm 3540

ARTPFSPRWDGKDRWLHRYV 3541

TACAT%WEW@%W& 6 e

3501 GOCTFeRANCEREI IO CACE S FBCERISGFCRATSCALY » CC 3660
CGGAAGT GTGGOGCGCCGACT CGAGGECCCAGECT GTGGCGOGCCGACTTGEGTGCCAGG 3661
GGGGOCCACGET COBECACCEOCOGECT GAGCOOCCEEGT COBGCAGCOCELEOCTGAAC 3720
sesecicocittirgicivivteity: EFIEs 2460

19 - CCGCGGGCEETCCCRER 868 RB96666CCEEECEEEECCEGCCTCGCCGCTAGGLCC
PCT/ EP98/ 00644

2461 CCGCTCGCTGCAAGAGGAACATCCACAGCCGCACAAGGAGCGCTCCGCACAGTGGGCACT 2520
GGCGAGCGACGTTCTCCTTGTAGGTGTCGGCGTGTTCCTCGCGAGGCGTGTCACCCGTGG

2521 ACGTCCGCCCCETCCCCCACACCGTGGCCGGTCCCCACCGGACAGCACAGCACCGCACAG 2580

TGCAGGCCGCECAGGGEEGTETCGCACCEGCCAGGGETGGCLTGTCGTGTCGTGGCGTGTC

2581 CACCACATCGCACGGCACAGCACAGCACCACCGGCACGAGGAACCAAGGAAAGGAACCAC 2640

GTGGTGTAGCGTGCCETGTCGTGTCGTGGTEGCCETGCTCCTTGEGTTCCTTTCCTTGGETG

casl>
M T s vDCTA AUY G P EULRATLAA
2641 ACCACCATGACCTCAGTGGACTGCACCGCGTAéGGCCCCGAGCTGCGCGCGCTCGCCGCQ 2700
TGGTGGTACTGGAGTCACCTGACGTGGCGCATGCCGEGGGCTCGACGCGCGCGAGCGGCGG

2701 CGGCTGCCCCGGACCCCCCGGGCCGACCTEGTACGCCTTCCTGGACGCCGCGCACACAGCC 2760
R L P R T PR ADUL Y A F L DA AN ET A

2761 GCCGCCTCGCTCCCCGGLGCCCTCGCCACCGCGCTGGACACCTTCAACGCCGAGGGCAGT 2820
A A 8 L P GA L A TAULUDTUF FUN AUEG s

2821 GAGGACGGCCATCTGCTGCTGCGCEGGCCTCCCGGTGGAGGCCGACGCCGACCTCCCCACT 2880
E D G H L LLRGUL PV EADADIULUPT

Ncol
2881 ACCCCGAGCAGCACCCCGGCGCCCGAGGACCGCTCCCTGCTGACCATGGAGGCCATGCTC 2940
T P § § T P A P E D R S L L T M E A M L

KpnI.
2941 GGACTGGTGGGCCGCCGGCTCEGTCTGCACACGGGGTACCGGGAGCTGCGCTCGGGCACG 2000

- 18 -~
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Gmmmmmmmémmmam
maHHnﬁﬁﬁW@&ﬁwﬁ@%@%&@@@ﬁ&d@hﬁﬁdx

CEWGEEETGECACEEEEWCIEfEEWGEfIEWGEEEWGEfEEEfEfEEfIEWCEEWGEWGW
GGCGCCACGCCGCCCGCACGGTGCCCGCGCTGCTCAGCCCCCGTCCACCGGGCTGTCCAG

CTCT ACEEGCCTERGAIRCOCTAHETBCARET : :

LHGWV GRIVE

GGOGAAGAGCAGEAGET a&h ééA(%%ﬁﬁhﬁmﬁﬁmm&
EDEVAFCV DL-AGPLV VAT R - 421

GCGGCAQIEIEJE&&£HEéEE8ﬁ%ﬂ%%ﬂEH%%aM&%%a&%%zaiﬁﬁziaﬁa%%aﬁﬁﬁﬁﬁﬁEE
ATVSALAAEVSGGAGPTAGY
K A L P T R AR L L DR RMS@©®P

3241 TGCTGCGTGGATGTGGCCTTCCGCEGGCGGGGTGGACGACCCGGGCGCCATCGCCCAGGTC
¢ ¢ v D vV A F R GGV DD P G A I A Q WV

3301 AAACCGCTCTACGGGGACGCGEACGATCCCTTCCTCEGGTACGACCECGAGCTGCTGGCE
K P L Y G D ADDUPF L G Y DREULTUL A

3361 CCGGAGGACCCCGCGGACAAGGAGGCCETCECCGCCCTGTCCAAGGCGCTCGACGAGETC
P ED P A D KEA AV AU ATLTSTZ KA ATLTGDTE V

3421 ACGGAGGCGGTGTATCTGGAGCCCGGCGATCTGCTGATCGTCGACAACTTCCGCACCACS
T 8E A V ¥ L E P G D LUL I VDUNUFIRTT

3481 CACGCGCGGACGCCGTTCTCGCCCCGCTGGEACGGGAAGGACCGCTGGCTGCACCGLGTC
H A R T P F S P R W DG K DR WIUL KR V

3541 TACATCCGCACCGACCGCAATGGACAGCTCTCCGGCGGCGAGCGCGCGGGCGACGTCGTC
¥y T R T D RDNGQL S G G ERAGUDWV YV

A F T P R G * Sacl
3601 GCCTTCACACCGCGCGGCTGAGCTCCCGGGTCCGACACCECGCGEECTCAACCCACGRTCO
CGGAAGTGTGGCGCGCCGACTCGAGGGCCCAGGCTGTGGCGCGCCCACTTGGETCCCAGS

3661 GGGGCCCACGGETCCGGCACCECGCGGCTGAGCCCCCGEETCCGGCAGCGGGCGGCTGAAC
CCCCGGEGTGCCAGGCCGTGGCGCGCCGACTCGEGGGCCCAGGCCGTCGCCCGCCGACTTG

- 19 -
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30 WO 98/33896 Ncol 4261 PCT/EP98/00644
TAGGCACAAGAGGEGT CCACCCGTGGTACCACT CGT CTAGGECECCECEEeeecEEEeerer Q

DTNEWTRVMTLLDAAGPGSL 4321

CTTCT GEAZLACCSSI I RCEREGACTECAT BAEGEASH : - A

F V Q E WGGEC&GGECC&GTG&’CG&@CTEGCGBGG&G&T&CQIJ;CGCEGG&GACMGCCGC 4381
CACCCGTECCcEeeecEEarer GCOEEGTCGEECCECTT GGGCCGGGCG 4440
HARRAWFSRSTGWGAFVRGA : :

- 20 - 3781 GTCCHEXBLEASRROACACCTGAAGCGCCCGGCEGACCGCCGCCCCGCCGGGGGACGE 3840

B A O R A e S NP RSSSEPRSREETRSFAERRSRERERTE 4500

AKRGREGADASLAAALGSLL 4501
UGGTCCGACACGZCCGACGAGTGI:C@:GIII:GTUA@CCCGCTA&X)C@GTGGTA_4560

GPHSYV A M‘r@rc‘./sdt\:c&é@c&cﬁ:d‘ﬂs&d@z@c@c&sGGé&%LGGTGGCAAGGCGTGGCTGG
GI' CCCGGT CAAGGGCAT GGEEGT CGAGGAGCCACT CGTCGECCACGACGLCGECECTGTAA 4680

LOALERVGLEETLLRHQAAVN 4681
CAGGACEEGET CACRACHEXICETIIGCREECECEX #3GE CXEAGE

DQPTI L ééTEGE%é%G@%é%ééGEEJ&CEE%Eé§C§&5§CG;;GC;GGCECGGCCGTCGGTGGTGT

3961 GGCGCCACGCCGCCCGCACGGTECCCGCGCTGCTCAGCCCCCGTCCACCGGGCTGTCCAG 4020
5 CCGCGGETGCGGCGGGCETEGCCACGGGCGCGACGAGTCGGGGGCAGGTGGCCCGACAGETC
* ¢ G DV P § D L

4021 GTCGGCGGCGTCGCGCGEGGGGCTACTTGAGGGCCAGCCGCCEGCTGGGEGECCTGGGGCG 4080
L R R L AG G I F EURUDA A ASGG S G A

0
4081 CTCTACGGGGCTGTGAGGGECCCTAGTEGGAGGTCGCTCCGTATGCCGTCGTCTAGCCGETS 4140
L H G W VvV G P I V EL 8 A Y P L L DAV
4141 GGCGAAGAGCAGGAGCTGCCGCTTTGTGTGCAGGTCCCGCGGGCCGTCGTGGTGCCGGGC 4200
5 R XK E D E V A F C V DL A G P L V V A R
4201 GCGGCACTGCCTCCGGTCGCGECCEAGCTGCGAGEGGGECCEGGGCCCACAGCGREREATS 4260
A T VvV 8§ AL A A E V §8 6 G A G P TWANG V
30 . . Necol .
4261 TAGGCACAAGAGGGTCCACGCGTGGTACCACTCETCTAGGCGCCGCGGCCCGGGCCTCTC 4320
D T N E W TR V M T L L D A AUG P G S§ L
4321 CTTCTGGACGAGGGTCTTCGGCCACTCCATGAGGAGCECCCACCGCTTTGEGTCGAGGGT 4380
35 F V Q EW F G TL Y EERTA ATFGULE R

4381 CACCCGTGCCGCCCGGGTCTTCCTTGCGCTCCAGGGGETGGGCCGCTTGTGGECCEGGTCS 4440
H A R RA W JF S R S T G WG A F V R G A
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4741 CTWTTUCA%C&CACT@TGCGTCAT%CECCCACACIJW@W 4800

VGNGFLGATVVCYRRTDLPL 4801

A A A G I

GT GGT GCAAGCASGGCABCCECAAGECGCACGECAT GEACLCRATRGACTAGECCEGEAGK
VVNTGDANPTGYMAYGI RAD

< orfdwnl 4921
GGCGT RSB T RFACCACE SRS GRE RSP FATIRCERRISLRAEF SREA
RLVEGDUWK I ILLPsd £ RBIsEsFy¥ RGEMec 498 A 1 R R v M

GCGACT GGAGGAACAAGCT AGGGGEGEGECCT GT TGT CCAGCCAGCACCGGECCTCTGAGTICTC

* L 5041 GGICAACCCCCGCTAGAGCCACCGEGT GT CGAGGT CCGACGCGT CGACCTGIAGCACGCC

5100 4s61 acee¥cdtrHecATdTdeCcdaarettaTcckcArdectcdRcucthdaTBGTCEEEHCTG

4869

4920

44P%50

5040

4620
CTAGTCGGGCCISAT GA‘:;:CIC%: A'I;GAQC;(}FIAC@C@CI;;&A@GH@ECG@A 5160
v
| L G SY L Ca-EPDHREVL 5161
GAGCTAGT ACGCCAACT ACAGCAGGCCCCACEECT EGT GAGGTCEEEEECCAGCTEGTC - 5220
E M@zw 'G'rc@cEG'&AQG&’G&N:EG&GG@C&&AMC&ACTCGTCGGCCACGACGCGGCGCTGTAA 4680
21 - WD 98/ 33896
PCT/ EP98/ 00644 A L E 15221‘3 LEETTLTULRUEHEQAAUVN
CCAGAACATCAGGCTCGGECTAGCCT GEECAGAGCGEHECCAGCECELCGT CGCEGAGCCACTT . 5280
TKYDSGI PGTEGTARLAETE
4681 CAGGACGCCTCACTAGTCGCCTTTCGCCCTGEGGCTGCCCACCAACGGCCCGCTCGACCT 4740
D Q P T I L P F R 8 G S§ P HNGUP S 8§ s
4741 CTGGGGCAACGGCTTCTCAGGCCGCCACTGCTECGTCATEECEGGCCCACAGGTCGCCETC 4800
vV 6 N 6 F L @ A TV VYV CYU®RUZRTH DULUPIL
4801 GGGGCETGGCTAGTCGGTCAGCATGGGCCACACCAGGGCCGGCTTCTTGCTGCCTGTCTS 4860
G A G I L W D Y G T ¥ DR G VF F S P C L
4861 GTGGTGCAAGCAGGGCAGCCGCAAGCCGCACGGCATGTACCGCATTGGCTAGGCCCGCAG 4920
vV V N T G D A N P T G Y M A Y G I R A D
<corfdwnl
4921 GGCGTCCTGGAGGEGCAGETCETTGCCGTCAAGCAGCTAGAGCTTATACGCCGTAAGGTS 4980
R L vV E DL L P L EDTIZ ETFTIURTUGCTEM
4981 GCGACTGGAGGAACAAGCTAGGGGGGCCTGTTGTCCAGCCAGCACCGECCTCTGAGTCTC 5040
1 * L
§041 GGTCAACCCCCGCTAGAGCCACCGGETGTCGAGGTCCGACGCGTCGACCTGTAGCACGLC 5100
W N P A I ETAWULTETLSU® RLZOQVDHTP
i 5101 CTAGTCGGGCCTCATGACCGTGACCTCGTCTATGAGGCCTAGCACGGCGAGETGGTCGAA 5160
I L ¢G 8 ¥ Q COQ L L Y EPUDEHIREV L K
5161 GAGCTAGTACGCCAACTACAGCAGGCCCCACGGCTGGEGTGAGGTCGGGEGCCAGCTGGTC 5220

E I M R NI DD P T G V WEULGIRDV L

- 21 -



Cccg&ﬁk?ﬁ 5281 PCT/EP9S/00644
CGGGTA TGGTCAAGAGCTTCTACTT ‘GCGGGTCACCALC 5340

GMPGFWNEFI FGGGRSAWHH 5341
CCGGAGCGGECCT CAGGECCCTCT GGTCCT GCAGGAAGT AGT GEEECT GEECGAGCEEEEC -
A E &21S COMGARCATARGCTCGEYTAGTCTREGANGAREGEECAGLGCCRCGTEGCEHAGRCACTT
Ga0GT COCAGGCAOQGaROGRO0RACORAGEAGIGECAT CFAGAGET AGTRGR00PG »
RLTGHGAAEAEERYI D LR 5461
CTGCTAGACCAGCAGCCACAAGTAGT CCTAGCCGT GGT GCGEEGAGEECCCGTGICTTGEC
VIQDDTNMJ;IPVVGERACFR . 5521,
CTTGCACAGGAGT GACTTCGACT TGCCGACCT GCCCGCCCACCCCCGCGA TCCC
FT D E2® FcgpqgﬁgcEfqgcgmggqupF&sCﬁFgjhgwg;GG:@GCGGcscccggggﬁgTCAccac
GAACCCGCGCTACECuI CBEAGCCECTACHE CECEERCEECAHTCEC |
KPAI GVERI VGNEDLGRGYR 5641
CGCGTGGCGGAGCATCCCCTTGAGGT CCAGGCCGT GECCCTAGCAGGT GACGAGGEECCT -
A E ¥34P CFGRAGCEGCTICARGGLCCPCTIGTICINCAGEAAGTAGY GASGCTGEECGAGIFREAC
GACCCACT T GCAGAGGCAGCACGE GRGGAAGAACTACT AGAGGHT GACGAGEARCTIT CEC &
HTFTETTWAKKI | EWHEETFL 5761

CCGT GCCTAACGCGGECCAGGECGAGGEEEECECAGCCTGTI CCCACGECEECTGEEECATGTG -
A R N B4fR DeBeérdacAcddchctecbetedaccérdéal¥oaceeecarcTrBRLTAGTCGGCCCE

SAGMIACT\%FKg GRAf*Cg“rVF%E }{A%%WEEA

CGGGEGECCCAGT ACACCAGCT CGTAGCGEGT CTAGGAGCCEGT CGECGT CGCCTAACACGT C
5 5461 CTGCTAGACCAGCAGCCACAAGTAGTCCTAGCCGTGGTGCGGGAGGGCCCGTGTCTTGGT

v I Q D b T NMUL I PV V G ERATZGCTFR

5521 CTTGCACAGGAGTGACTTCGACTTCCCGACCTTCTGCCCGCCCACCCCCGCGACCATCCC
F T D E § F § F p Q F V P P E P R QY P

0
5581 GAACCCGCGCTACGGETGGAGCGCCTACTECGGCARGAGCAGCTCCGGGGCCGGCATCGE
K P A I GV ERTIVGNTEHUDTLGT RTGTYR
5641 CGCGTGGCGGAGCATCCCCTTGAGGTCCAGGCCGTGGCCCTAGCAGGTGACGAGGGGCCT
‘5 R VA ETYGPFETLTUDTGE®UVZ PTITTWOQTETSGS
5701 CACCCACTTGCAGAGCCAGCAGGTGCGGAAGAACTACTAGAGGGTCACGAGGAGCTTCTC
E T F TETTUWATZKTKTITITETW®WEHTETETFL
10 5761 CCGTGCTAACGCGGCCAGGECEAGGGECCGCAGCCTGTCCCACGGCGGCTGGGGCATGTG

A R N RRDUREGAD SLTGGV G Y V

5821 GACGGGGTACTACAGCCGGGTCGCGARGACCTTGGGCGCGCGCTAGGGCTGCTTCCGCGT

Q G M I D A WURI KOQUPFP G URATIGV F A R
}5

5881 CGGGGCCCAGTACACCAGCTCGTAGCGGTCTAGGAGCCGGTCGGCGTCGCCTAACACGTC
G R T M HEDLMMBATLUDEA ATULURULU PNZHL

5941 GCCGTCCTGCAACCGGTAGACCGGCTGEGCCTACACGGCCCAGACGTACGGCTCCATCTC
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GRTMHyadsdbsy L DEALRLPNHL 5941 PCT/EP98/00644

GCCGT CCTGCAACCGGT AGACCGECT GGECCTACACGECCCAGACGTACGECTCCATCTG - 6000
- 22 - '

PCT/ EP98/ 00644 = NV\Q%/&B%QL ZWANABTGVRIMHRT ONMGL YL

6001 CIISGTCGFAUA&:CCAACAACCFU@AGCTTT%A&:CACACCFTCACCACGA&:CA
G L MEoid Nobborc¥rhedacEe&abakbdrdthdAderitoceacecacaccP@tencangeen 6060
CTTCCTGI CAGGGGT CATCGGCT CAAGCAGCCCGECEGACGCEGACEECCCACT CrACEEC 6120
FSLGWYGGLEDYDABDAPFPRITY GRF G E TgEpfF K B E T
GTCGTACAAGACCATCAAGACGCCTAACT GEGGEECEGTATGGEECGACCTGGACGCGTAC . 6180

N Q PNV GA M G gc

or f deéYoelN C%CCgf"éiAGGGGTCATCGGCTCAAGCAG GGCG%ACGCGG'XCGGCCCACTCGACGGC §120

ACT GCCGACCGT TISGEAGAT AGARGAGAAT GGAET BCAECAET GBCTACCRCAGGTTAGCEGG R 6240 -

TGACGECT GGCAACCGT CTATCTTCTCT TACCT GAAGT GGGACCGAGGAGGECCAAGCGCC 5
SGVTPLYFLISKM 6241

GOGGGAGGTAACT, %mm%m%m
TCTGACGCCGOGCCAGT 6360
AGACT GCGGOGCGGT CAGCCGCCCGGRCAGROGECCCCACGEECGROCCCAGRCGT GRACG
CGGACGGCACGGOGCGCACCGCGOGCGOGECECT TCGGEGECACORERRREGACGREGTGC . 6420

6181 ACTGCCGACCGTTGGCAGATAGAAGAGAATGGACTTCACCCTGGCTCCTCCGGTTCGCGGE 6240

TGACGGCTGGCAACCGTCTATCTTCTCTTACCTGAAGTGGGACCGAGGAGGCCAAGCGCC
5 s G vV T P L Y F L I 8 K M

6241 CGCCCTCCATTGACGTGCGCCGAARAGCGGCTCGACCGTCCCACTCCGCCCTTGAGTTCCG 6300
GCGGGAGGTAACTGCACGCGGCTTTCGCCEGAGCTEGGCAGGGTGAGGCGGGAACTCAAGGC

0 6301 TCTGACGCCGCGCCAGTCGGCGEGCCETCCGCCGREGTECCCGCCEEEGTCCGCACCCGT 8360
AGACTGCGGCGCGGTCAGCCGCCCGGCAGGCGGCCCCACGGGCGECCCCAGGCGTGGECG

6361 CGGACGGCACGGCGCGCACCGCGCGLGCEGCECTTCGEGEGCACCGGEGCTCGACGGGGTGC 6420
GCCTGCCGTGCCGCGCGTGGCGCGECECGCCEGCGAAGCCCCGTGGCCCGAGCTGCCCCACG

6421 TCAGCGGGACGTCCAACGGARAGGCAAGCCCCCGTACCCAGCCTGGTCAAGGCGCTCATCG 6480
AGTCGCCCTGCAGGTTGCCTTCCGTTCGGGEECATGGGTCGGACCAGTTCCGCGAGTAGC

orfdwn3>
10 . . . . . M B G
6481 CCATTCCCTGAGGAGGTCCCGCCTTGACCACAGCAATCTCCGCGCTCCCGACCGTGLCCE 6540
GGTAAGGGACTCCTCCAGGGCGGAACTGETGTCGTTAGAGGCGCGAGGGCTGGCACGGGC

6541 GCTCCGGACTCGAAGCACTGGACCGTGCCACCCTCATCCACCCCACCCTCTCCGGARAACA 65600
35 §$ 6 L E AL DUPRATULTIHUPTIUL S GNT

6601 CCGCGGAACGGATCGTGCTGACCTCGGGGTCCEGCAGCCGGGTCCGCGRCACCGALGGCC 6660
A E R I VL TS G S G 8 R V R D TUD G R

- 23 -
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GCCT GCOGT GRDRB38M8T GGCGCGCGOGCCGCGAAGCCCCGT GBOCCGAGCT GCCCCAG@T/EP9S/00644 6421
TCAGCGGGACGT CCAACGGAAGGCAAGCCCCCGT ACCCAGCCTGGTCAAGGCGCTCATCG 6480
AGT COE 4T Cebdahricetadohoblalh el dddee Addelrl SAdetidaddddrcbbdiabbtée 6720

orf dwn3> 10 M
= G E %y1P A S A V L GV T QV G HGRAE

CCATTCCCT GAGGAGGT CCCGCCT TGACCACAGCAATCTCCGCECTCCCGACCGTGCCCG 6540

T BT SRR AT AR AT O ORI AT OO 68 a5

S GL E AAPR WRAUAHELQIMHAPR T E S FGENT ™W G T 6601
CCGCGGAACGGAT CGTGCT GACCT CGBGGT CCBECAGCCGGGT CCBCGACACCGACGECC 6660

AERI VLTSGSGSRVRDTDGR
23 6781 CGATCAGOMNT GPELERHGETCCAGCTCGCGGCACGGCTGGTGGGGCTGAGCCCGGAGC 6840

PCT/EP98/00644s @60 ® o v E L A A R L V G L § P E P
CIEAGFACCT%AC&GA&&CGFCCFCCIIISTGACCCACISTCIRCACCIECMCG 6720

EYLDASAVLGVTQVGHGRAE 6721
AGCT Ge8CCEGT BBCEEaRGATHARAACS A ‘

CELLY)

E&%&ﬁ&i&%@ﬁ@%&&@m@“ 6840

684l

| SNDRAVELAARLVGLSPE
s : @969

6961 GGTCGGCCTACCACGGCGTCGGATACGGCAGCGGCEEGCGTCACCGGCTTCCCCGCCTACC 7020
S A Y B GV G Y G S 666G VTG F P A Y H

7021 ACCAGGGCTTCGGCCCCTCCCTCCCGGACGTCGACTTCCTGACCCCGCCGCAGCCCTACT 7080
Q G F G P §S L P DV DUPF L TP P Q P Y R

7081 GCCGGGAGCTGTTCGCCGGTTCCGACGTCACCGACTTCTGCCTCGCCGARCTGCGCGAGA 7140
R E L F A G S DUV TDF CL AEULRET

Sau

7141 CCATCGACCGGATCGGCCCGGAGCGGATCGCGGCGATGATCGGCGAGCCGATC
I DR I G PEURTIM AAMTIGTEU?P I

- 24 -



LTRV YWDB9B3%86 GAEGNE | AL RM. . .690% PCT/EP98/00644

TGGOOCGGCT CTACCACCACCGGCGCOEREEAGICLE! .A@GmeACTCTCCCGCC 6960
ARLYHHRRGESARTWI"LQRB%,6961 ,
GGTCGRCCTALARBOGT COGAT ACCEHAGCERCKIGECASEEEETT ”l"!yg#m ” ,"]
S AYHGV GY G S G VT G F P A Y*H:e
ACCAGGGCT TOBGEOCOCT COCTCCOGGACGT CGACT TCCTGACCOCGCOGCAGOCCTACC 7080

GFGP L \/ 1
Q GCT%T = DRAYC FONA) cd&{ns éGTE of n@régﬁ_e\(xe&gemﬁzqgr 5SS clavam bxosx\négesm mS

R E L F A dngligexusindwhiad i4 not eSseptid fir SR clavam blosynthe51s.
Sau 7241 CCATCGACCGGATCGGCCOGGAGCGGATCGCGGEOGAT GATCGGECGAGCCGATC
DRI PERI AAMI GEP I

2. DNA according to claim 1 as identified in Figure 1 (SEQ ID No. 1).

3. DNA according to claim 1 having the sequence or substantially the sequence

shown in Figure 1 as orfup3, orfup2, orfupl, orfdwn 1, orfdwn2 or orfdwn3 (SEQ ID
10 Nos. 2-7).

4. DNA according to claim 1 having the sequence or substantially the sequence
shown in Figure 1 as orfupl (SEQ ID No. 4).

15 S, DNA which hybridises under conditions of high stringency with the DNA of

any one of claims 1 to 4.

6. A vector comprising the DNA of any one of claims 1 to 5 in which one or more

of the genes specific for 55 clavam biosynthesis has been disrupted or otherwise made

20 defective.

7. A vector according to claim 6 containing one or more defective genes which is
pCECO060, pCEC061, pCECO056, pCECO057 or pDES3.

25 8. A vector according to claim 7 which is pCEC061 or pDES3.
9. A host containing the vector of any one of claims 6 to 8.

10. A host according to claim 9 which is capable of producing raised levels of

30 clavulanic acid.
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I T
DY P31731 THIS SHEET HAS BEEN | .
Subst i t utWOSRER%_ 20 July 1 QQIL REFLACE] ai s+ Ef:'?/ipgwu
conprising one or nore genes Specific for 55 cravam bi osynthesis in S
cl avul i ger a t I IS
2. BN ol o B gl B SR 10 Wil il SRR IAPLPRS
accordi ng leeelcbfiSrclevans i dentified in Figure 1 (SEQ ID No. 1);
b) DNA accordingto claim1l having the sequence or substantially the

a) DNA

sequence shown in Figure 1 as orfup3, orfup2 orfupl, orfdwn 1,

or f dwn2 or, rfd | DNA accor di ng
to claim1l %aw #&%Pé?éé%ga@ tégzgy gpe %%%Tg% t?z}l I H%Sscekéﬁué%} | shown in
Figure s as orfupl (SEQ ID No. 4); and d) DNA whi ch

hybri di ses under conditions of high stringency with the DNA of (a) to

(c) above, 1br witdimnhigemconprigngDhAlcoresponding to3n open readig rame sel ect ed

o 01 i m g AR AL s g cgrop o, o AR RRREPERA of "% B m 1 o

2 in which one or nore of the genes specific for 5S clavam
bi osynt hesi s has been di srupted or otherw se nade 20 defective; and
c) the veclér pSE@ﬁﬂgexp@E@ﬁdingﬁﬁEﬂﬁSB whﬂﬁﬁﬁ&?omrpﬂdﬁ@frameisorﬁxﬁA. A

host sel ect he on |st| a) a host
cont ai ¢ ng® &H@é 57 rgg""gl’ ET‘F °r2@f -~ b) a host containing the

vector of claim3 which is capabl e of pr oduci ng rai sed | evel s of

cl avul ani ¢ aci d; c) a host containing the vector of claim3
whi ch is capabl _e;qurbcqss ﬁmhim'png'idng davarroproduction ih @ weitableahict®rgdnismam

d) 2 oSt cont ol B S RAYS dShit™ Sy bhedk oty pEL B L gerUS. 30

Jul'y 1999 inclusion in the said microorganism.
15
16. A process according to claim 15 wherein said suitable microorganism is S.

clavuligerus.

17. A process for improving 5R clavam production in S. clavuligerus comprising

20  disrupting or otherwise making defective DNA regions flanking casl.

18. A process according to claim 15, 16 or 17 wherein said DNA corresponds to
open reading frames orfup3, orfup2, orfupl, orfdwn 1, orfdwn2 or orfdwn3.

25 19. A process according to any of claims 15 to 18 wherein said DNA corresponds

to open reading frame orfupl.

20. A process according to any one of claims 15 to 19 wherein said SR clavam is

clavulanic acid.

* heet Has Been Replaced
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== i

iTRES BNACTemBesIdhdi ng to an opeoT/EPesieossd f r ane
f1 anki ng casl which DNA has |been HEUMSESD or ot herwi se nade: defective. - -
6. S. clavuligerus accorék erein the open reading frane
is orfup3, 215  A0pdodesd.foothk ifehtifieakiba 0N mibb@amigmanitabld yAZh SR clavam /-

A process for_ inproving 5R clavam production jn a suitable m croorgani sm
conpri si ng PRRANICHOR 69Mprising 2 prehmingrygssfaeniag formiereargansmyrwish lgmuon rosS$ ncl usi on

5. ‘S G@sbisger us conpri

in the sai 1 Groorgani sm 10 8. A process according to
claim?7 whg%’lmﬁ psr%ﬂm&%gg'i table mcroorganismis S. cl avul i ger us.
9. A process for inproving 5R clavam production in S. clavuligerus

conprising 15 di srupting or otherw se making defective DNA regions
fl anki n§ c@8 . A process ateordingAo platng @b swharsgothe meroorganam infeclofuligerisns 7 to

9 wherein said DNA corresponds to open reading franmes orfup3, orfup2,
orfupl, orfdwn 1, orfdwn2 or orfdwn3. 20 11. A process according to
any one of 8 al & prock@ allordhii8 Rird 8l dr SRWHLAHAREISR clavam is ElafMptigni ¢ aci d.
12. A process for the 1dentification of a m croorgani smsuitable for

hi gh 5R cl ae#&m production conprising a prelimnary screening for

m croorganisns with low or no SS 25  cl avam producti on. 13. A

process according to claim 12 wherein the mcroorganismis S. clavuligerus.

14. 1B prza.cessAggseésg hOQrdife & ﬁ{gg@f% ggaamils?z 1B eB8k krdih 8no B MbAVERES S

cl avul ani ¢ aci d.

27 spedifid fdrwheprobeaion-of 38 clavhis kRective. 15. A process
according to any one of clains 12 to 14 wherein one or nore genes
specific for the production of 5S clavans is defective. 16. A

T o1 oor gani 2 wh R e areebE e oI SRl Binction and 1gv or 0 50) o5
clavam production obtainable by the process of any one of claims 15 to 24.
15
26. A microorganism obtainable by the process of claim 25 which is capable of
producing clavulanic acid but which does not produce clavam-2-carboxylate and / or

2-hydroxymethylclavam.

20 27, A microorganism obtained by the process of claim 15 which is strain 56-1A,
56-3A, 57-2B, 57-1C, 60-1A, 60-24A, 60-3A, 61-1A, 61-2A, 61-3A or 61-4A.

28.  Clavulanic acid obtainable by the fermentation of a microrganism as defined in

claim 25 or 26.

25
29. Clavulanic acid according to claim 28 which is free of clavam-2-carboxylate.
30. Clavulanic acid according to claim 28 in the form of its potassium sait.

30 31.  Clavulanic acid which is free of any 5S clavam.

This Sheet Has Been Replaced

32. Clavulanic acid which is free of any clavam-2-carboxylate. i ‘II‘I ll“" u | ‘ll "l
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cl avam pr i obtai nable b proacess=3f any one of i o 15;~
b) am (F:)r“gggéfé#ﬂggm whi ch i § ﬁﬁ%%b.—l#*‘qf.péﬁzghﬁi/am %roducti oﬁ#g’%@(ng&#or no .
t ai Rap| €

5S cl avam productionllo i Rab| goby the iprocess of claim 12 which is
capabl e of producing Lani-e—aecig=ptt whi ch does not produce
cl avam 2- carboxylate and / or 2- 10 hydr oxynet hyl cl avam and

). the i ef300r RebAGbMRS RIS pbliSsiith ROENAL acloRip 2ciithi Winl S St rai
., 60- 1A, 60-2A, 60-3A, 61-1A, 61-2A, 61-3A

56- 1A, 56-3A, 57-2B, '57-

or 61-4A. combination With a betazlaataml atibiotiaici d obt ai nabl e by the fernentation of
a mcrorganismas defined in 15 claim 16. 18. Clavul anic acid
accordi-ng to claim 17 which is free of, or has significantly reduced

Level s sof 3t VAR RS QPIb A to clafll 33 in Wilich the terMlafHrfioBBligjsaccor di N

toclaim18 in the formo ts“potassiumsalt. avul ani c
aci d whi chamexytillae of , or has significantly reduced |l evels of, 5S

cl avam 25 21. Cl avul anic acid which is free of, or has
significantly reduced | evels of, clavam 2- car boxyl at e. 22.
A conposi t4on ¢ 1.Sd | e i f:0_claim19 in
conbi pati o wi ¢ PotsSt P PRI ERRLIEF B ARG odiRIE oty T

28 Gusutdniatelind asdoaedillin whithiboesslcddftises producingdavularfc gadriemid | on
according to claim?22 in _which the beta-lactamantigbiotic is,.

armoxycld [ i ficroorganisnp according oy Qaimss and thareadtep cenysrtingiibe the Patasssmeali t i on

conprisin ol assds I . : xycillin which process
conpri sesgapn[raocé’um %ﬁﬂé‘%&’\%&én‘gg&g}%’?é apggﬁgﬂgﬂp m cr oor gani sm according to

claim 12 and thereafter converting it to the potassiumsalt and
conbining the potassiumsalt with anmoxycillin.
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