MODI FI ED M CROORGANI SM5 W TH | NACTI VATED LACTATE
DEHYDROGENASE GENE Field of the Invention This

WO nooensi7eh relates to the identification of PCT/GB2006/002087
m croorgani sms whi ch may be adapted for the production

of ?N‘@FIIFIEI?hMIGR@@RGANISMStWITﬁlINMM?EWDAOMTE
particul ar, e inv no

production by ther &Eﬁmﬁﬁﬁ@éﬁ%@%r ound to the

I nvention Bacterial netabolismcan occur through ,
v &igld gkthgilnventiant nechani sns dependi ng on the

bacteri dSredids €8 e %Hﬁﬁﬁaﬁb &P MslEfob hich b
Het r ot r@lsh?gggﬂéct%rl a, which includ r(]e al | aﬂ?ﬁls&ssw ch may be

oledaptedeior tag Produetien ofiAhane! @F mERMCE of mﬁmﬁugermentatlon In
5 V"'dahnc‘ﬁ?arrbtﬂBYrWeﬁﬁtﬁwsre(é?@é {d &HR bbboﬂhmpéﬁawerdwbmmﬁ&.a

protein bein he nost commonl y oxi di sed conpounds.
BiBackgiosnd {g Invamtlam t hese organi c conpounds by -

bact er iggdi&ail! fatdoBlishy NEAL SbtuPTthAlBhavati®s diférere! mechanisms
energy source. The process also permts generation

of
mslegerding| @n éh@&qp@rlabﬁaménemwen@@n arogeitires) *Hetrotrophic

Whiaelerial SvHiGHUhdigse BY M’tﬁoé@fst Jokh &Rlrdy fiRIm oxidation of organic
bi osynt hetic reactions. The general process by which

10 ec@nmuadmwﬁb@ﬁrbgay@atelsa@ﬁélcg@fmtgﬂtaaOég) l@'d@@%l@gﬁé% being the

Whhédt cb%n%rﬁ;ﬁ%&%&c&ﬁp&ﬁ%t IBRISgi& Bﬁaaﬁ&ﬂyﬁﬁésse %Hﬁl@%@mpounds
|nto ruvate wth the generatlon of fate of

s iesylitreingyntestsi BN T5T awlemm'%a‘ @ﬁergyysqvéﬁq ekhe process
éﬁﬂtsoé‘eﬁé?@ndﬁ &t ﬁ’n@Fé! §mp$érbag“a¢uc,t B&nﬁé\)ﬁdso(fbf’@ﬁ‘ﬁs’ﬁr molecules),

COhdI?IOhS here are hr ee rlnC|gIe reacti ons of
py¥high age rpﬂwgetd bmﬁa%rba&@r@b.ce" demaiosyhstic feafjions. The general

15 MGhEesar BANNIIFBhaMtéla BGRAMIGAES sOREHIQubSAEs t@@ly‘éblyélbcwhlch is a
acid cycle and the conversion of érP yruvat e |
coerpence of reaciions &oa\gﬁrw? 8 eNTHYRly \@ Bi%ﬂon of ATP.
Serranfhte Bﬂgﬁﬁvﬂeaﬁﬁl@géné‘rﬁf@‘l bi ﬁh@f&boﬁ@éh@lgg vartes depending on the
et hanol o enlc or ani snms can carry out__al co

f SPiFERRr apg e EnvRRRaRAl FPagiTioRs- oThe;szv%e PHRgple reactions
aqgf hﬂ@t@yde cat al ysed by pyruvate decarboxyl ase

20 | nt 0 e?ﬁ%{gﬂﬁﬁumgﬂ# %ghgé&g,g %Bé&mgc{re %ﬁge;aftn?sl,rrqg V\y IF generate energy

da!isyreb ﬂ@e&ﬁ&ﬁacﬁld\ﬁ:y&ie it i1hl\z:’{r1 b &f pwEv:iﬂe |ﬁt0na/cﬂt38idaenzyme A,
ruvate intq lactate whi curs throug

ca‘f %/' @%WF‘A@F gﬁgy%BQWSBERE@e (LDH). There has

been nUSchrfdl; emeast ahﬁeMSicngormltlBhe cegaini sthandlogerfih @rganisms can

PR Aol EPRRLST B heAseb s bt ER VRIS Mo acetaldenyde,

25 t heatslgsed by pyruvefe decarsbkylasd (RDC) oand ghei smtiseqbemih reduction of

i ncorpqrate .the ruva ca as

acripag et BN Rl S R e fnase (D)
successAithirppradess isghetbraradionyf pauvale irte tetate which occurs through
m cr.o- ar ernent at i s often conprom sed by
th%at?lﬁﬁ'ﬁgﬁé%%atgﬁ?g EHPPEFSEH E@H)T he ethanol, especially

vvher e t Meer Kersdaaﬁhg‘aucls ntdrast ia Ustng migveebrgahisetshianitite production of

Nce. Ther bacteria haye been 9 d for
30 et ﬁﬁ Lﬁl%ﬁl&l‘fqrdﬂlcr ?]rgapﬁg]s tlhatsgn £rgo taﬁge \lfgt%frﬁar%taﬁon naturally
t hat thfr@IgmBm*eaiseOde r@anmbmaaanﬂcre@rgnmsrm whlictviategorate the pyruvate

PSS Al Ao BlS el RR o O, oA BEJEF ke, REs been some

aI Qﬁbcp% m pmdﬁang@ﬂiatoi on usmgklee@eagmre&brgnmsrgs,l fegnéntgtion is often
ar _conce However L ndi sujta
© hETHRBATACL Pl bt dRFeedad gancenalsPOal e Bkl specially where the

35 ef ficso-@rddrjsm Hapaodl &vet ofcethaiMd) 1dldi@86& di scl oses a

Gram positive bacterium which has been transforned

with a heterol ogous gene encodi ng pyruvate

decar boxyl ase and whi ch has native al cohol

dehydr ogenase function, for the production of ethanol.

The bacteriumis a thernophilic Bacillus and the

bacterium may be nodified by the inactivation of the

| act at e dehydr ogenase gene usi ng transposon insertion.




bacteria disclosed in WX01/49865 are all derived from
Bacillus Strain LLD-R, a sporulation deficient strain

WO bas/13r766e spont aneously fromcul ture, and i NP@HGBR006/002087
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the | dh gene has been inactivated by spontaneous
mut ati on or by chem cal nutagenesis. Strains LN and TN
are disclosed as inproved derivatives of strain LLD R

Howevemrhemhd hﬂ’bfb”ﬂcféhacmbaddenaprbb@seﬂlfbr eltmol production, and their
restriction s

t p%gg%m@aquaﬁtagﬁ ahqtﬁ%rp@p[?ggn ﬁ'a@\pgrﬁagnqcﬂ@t at elevated temperatures

g%rﬁ‘ﬁféﬂbmtth@ GtHéﬂnbhplﬁdUcféd?fﬁtt{eyﬂemcﬁrdd [NAapYGDaY @hfpefatures above
i scl oses m croorgani Sms at are pre

neb¥yil 40iF oAlseo e o%@“?'ﬂ@“?%s‘or |t%t |’%ﬁ eﬁfo%‘%er‘r@‘“gTﬁW igh  sugar

I BEhden@atidrsANFbREVEH Findingvistifasiig ehdrinbphit bytieria vafiet s produce

from Haenophi | us q?fgfv,gtl us into strains LLD-R LN and
Tﬁthane(,\%‘{;gently§§ PE IR LN and TN are unstabl e

mJt ant VeuH458681t aREIBsSd Ya I @remtpdsmvba@aateerum ogfhich ngxas been

ype stralns art Cul ar t | ow
o BRFTON DA Bt DEFIGGOHS, ASnP Top A bo; Y Bte, dRsarPase and which
Phad Usdtive hasaRs dehQarogemaseofunttion, afk ah@ prmkdtm éfhethanol. The
strai ns unsuitable for_ethanol q\rj%gj

i on.
diP3eiendws's; Adneureriilic BegiuR and 'iUUbtm%)’e £ oated by the
i r}i‘ch&loﬂ ot Rblaye @l@ﬁytfrégdvr@sé ngemet igig @ﬂaﬂﬁmﬁon(lhEértlon The

L RPGiefin QiR BTy 49d4rd  pimm Al dRE Ve G AR it LLD-R,
% %B@rd!dli@ﬁtdég@i‘ehf) ettranﬁ thlftsértaié Gpoﬁt@ﬁ?ﬂ&lyn?om rt:L{Itelcee raau dn which the
roposed sol ut| o 0 was O, Nhtegra

otk BF0a Ee S ENSUH BIEACS, SPPRENER s EUAUAn R Y ShEMIGEh B (agenesis.
p@{tm 1) ranaf'rmmrdl@m@ml mp‘rWede%émagJesgmfmtrT IJLLc[m-R However,
relles on nD I n | a tor [ uced.cnemny,cC .
la U8B BPTFS antiAoodl oA s IR PBacSIg e e (aeges plasmid
| Era‘hbfbﬁnﬁﬁdmaﬂuﬂmem%r@rmé\mﬂwm tmmdfofmawrewuhm dinfrgéthglated DNA.
the m .t | ntegrate a

| E seq&&%@é%%%éna%@é%r'@ Y hat g6t th égﬁargﬁdby in_vivo

t hﬁétaylaﬁ@h & swercagdltiad csyridtion Lpesblems h(T\lms teguiges fransformation with

i B BRSSP rRAr e BT T Py S LLRR L and

| N tHowever csmnamsnlg_n-a &Nf ancs TNampawntstaifie rivianis esdrspontaneously

aFEPE R RPN RARSLOZI N 5508 5y ioh suoer

4]r2)816emtra:llod§28'h13| resuitsdin fiérewentatiopeprodiuct changasdrara stwnol to lactate,

RRH T U g e o M B % 0 of

wi | dt prQGMQ&Sphdlscbsas dhatorstraim $hD-Rcand disngetivatiyes include a

sec E’%E@ggﬁqﬁ dwf ?ée[a}{?% gﬁ?ﬁ n{p@\’gtg';thég odﬁ\ m?égd?&? d%he idh gene. |

m 'b‘anm@arunswht}ans dto damdy otitoof) the Idbfdene ta|nd rsupsemue@é gene inactivation

h
o S UsBAGR Fe st JHEprePotpE sBLAGFRF Bilyed to inegrate
prgisEmid DMm’tbrﬂmlE sequettmd for the nodification of a

m Gr oor ﬁ%tlﬁ thé‘%ﬁe@%g’r{)&lﬁh% %‘F'Hﬁéer aff n%tf’a?‘gfh'anol production

conpris St i hithg “ar ic mcr organ
defeliesedn amdafymg débdkmbl\prmduwlscchﬁmlmw mmatzewaadlmwcroorganlsms

412

deﬁﬁ?ﬁgmggéﬁe%ge genyfrom %‘é’%ﬁ]‘ﬁ 8%%1&2?% %@g@iﬂqpetri rgrc])dlfymg the

ofmtdnmorﬁ)aras\mage iflegrate etasntid DN%bmtb dme i ségeendebedhe procedure is

fe t r toa

nlnglg Lgn;%'éggm aniwpheerg% r@g‘%é#;gl%t g¥ QQ oln‘é@an g{é:r%tﬁaéns can be

fomsemJBlQO and puBlQO Idh Descri ption of t he

I nvention The present invention is based on the

identification of wild-type




m croorgani sns W th desirabl e ethanol - produci ng
properties and the nodification of the wild-type

W@ b@s/epBd | i ¢ m croorgani smto di srupt the expPEEEBRIV6/002087

10

15

20

25

30

35

of the | actate dehydrogenase gene. | nactivating the

| act at e dehydrogenase gene hel pg to prevent the

breakdown of pyruvate into lactate, and therefore
prom)t.ﬁ]%r{ Ed‘ﬁ'{er@ﬂ% oé’ri-\é’éoe fEPniﬂipH\iéﬂs)rnlhrb%réHrﬁ?KéjoﬁUﬂ ethanol
of pyruvate~into ethanol using pyruvate decarboxyl ase
gmadwtiomhol dehydrogenase or equivalent enzymatic

rQuL s O-Flﬂ%l \oidnype m croorgani smof the invention
her mophi i ¢ m croorgani sns

deposiAedrdingicio MCIfivE @eRedr of 1the 7 presenty gnventisng a thermophilic
491%?0?; ﬁ’srﬁ%%@na@behE}e%L%EQ@%g§'BfSﬁbﬂ\ﬁBer%rﬁBérs 41217, 41278,

a I on sal d t %rp . e, iS no
a412§504132&§)r grchA bRl isomadifiechto pet dReERERE PEIFURRRN &f ethanol,

8|n%o%ﬂc Fl&? e Vthé Oét n ocfatgylla%‘f’atmeﬁb‘dr%geﬁé’éé"@éhe of a wild-
errm e I SO at e typeni croor gani sm was
cﬂypsﬁrrerrmmhmmlqr@orgamlgm; sing ability to produce

et hanoACcoir-@K\g\{g rq SHESRY b%é}‘é'ofltﬁ& &kt 3n\}én}ﬁ6hy al lﬂe@\%d for the
the maj or Nt &t on produc |so ate was al s

sleﬂoémt@d of @thanhbccmpriaetswuttwl@r@WW@P@@&'@@@C&HW”&Q to the definition
nﬁr%(/ﬂég aﬁb’\%aur?de?gtﬁtMé EDRMdrsGn fHe L RESHE o 3-CH BECE sugar.

Croor gani sm o nventl1 on has certain desirable
char acf\mr@ng co anihird penest tof tthe I?ﬁeé‘?'%iolngﬁﬂt?%?d“%@“ for the

uﬁ'l%ﬁlfl&é}loﬂ b€ ErﬁﬁFﬁrgﬁﬂsmrt‘BCﬁ§éasJ e Br&dRabE Tl @tﬁhmscomprlses

restriction her eby avoi ding the need

| | pbtaining aéhwmwmhgnmcrqormm.d&ﬂneq R& FAYcPlobFYMR é?ﬁ%sémn Nos.
‘?#37' 4%%%3“ 41 £35 14 13%p 4 iipaPhe 2 BAd RR%eting ethabiatiate/ dRydrogenase
tiTise an sugars as a substrate, including
cgemmfmrnéf@e BNRIOQIANSR. The m croorganismis al so

t PREG ?%'%Hh% [ﬂ,gwﬁ‘glgl gh frequency. Furthernore, the
anrsmhas a growh rate in_continuous c%ture .
of aboVBe gpreserfuinyention 4, gegpregdoianfelsrenee o the accompanying

tapg“n@omﬂeeeﬁnd grows in the tenperature range of 400C
Preferably, the microorgani smgrows

[
t enper Bigyre 1 1A @@W'Vﬁ@mf‘ﬁf%q??rﬂw meapgfor pug1g0 g puB190-
M 0or gani smgrows in conditions of pH 6.5 or bel ow,
in partlcular pFB 5-pH4.5. The nucleic acid sequence
pbthe ti98enase is now known. Usi ng this

sequenqgﬁ 'rlireéé'ntp%%nﬂbg fior badert i | tred iﬂeaﬁfﬁmﬂbm of wild-type
target the lactate ro ene to achie

i WAETOPIEANISEIS With Pﬁé"é%%@thﬁ%\og éﬁ dne pepraties sl dhg mpgification of
| thd SvilBtASe EHeRhobhilit NRictRgatism defwﬂnpgﬂm&epmelenl of the lactate
i nactivated either by the insertion of a transposon,
ordehyragiesBI9fNepy t he del etion of the gene sequence

or a Pokddtioatiry thbh@c@fw@erﬁﬁﬁbg%hﬁge gé]éaé eélpsnolpsevent the breakdown
preferred, as this a '

r é{gwmya{el Bip @ctqtﬁ,earécgl & 118{]% @mot% L(léqf}/qr APpFRIjate conditions) the

eXPOIIBRREEF WRNVatd atepesancli nsiayi matvate decansedlasenand alcohol
preferred enbodi nent, the | agt atf13 dehydr ogenase gene
|sde?‘WH€9?"\‘P§lee8r eHvaentisnewgAts FouFSor a

t emper Wﬁﬁﬂcﬁ@ﬁé%kk&r@rﬁ@moﬁ tl'(epinﬂérﬁﬂdﬂ\ PR b Carlyddf; the thermophilic
deposi ted, as cceSS|oq

AP BRI ASPOTISADH S50 0C MECBHEFSIoE 157 41278, 41279, 41280 and
I nf1egyation betvveen t he pl asm d and the
m croorgani sm's chrono Chr o |nt rant [ P
be sel W FARIBHSIHRE ??Fé%q] for gp ‘{rfoﬁi?%im ﬂ%§?‘§t§f?@e"@8%gbﬁ 8. itis
anidt bacigidratonag@acddk amataigi n) The hmldrﬁbr@lhstﬂ owas nisolated from

the | actate dehydrogenase occ n
crsvEorental s@gtiRh avhieh &%?G@Xﬂwcﬁ’m%ﬂbl Zrh(eoP%‘a‘%ed wild-type
nore) cross-over reconbination event. A double

cross-over event is preferred. The resulting nmutant is
stable without antibiotic selection. M cro-organi sns

to be used in the invention have been deposited as

NCI I\/B 41277 41278 41279 41280 and 41281 , NC I\/B

T . e~ . s -~ 1. 1




The m croorgani sms of the invention may be cul tured
under conventional culture conditions, dependi ng on

W0 b@etiBigssophi | i ¢ m croorgani sm chosen. The chptTe82006/002087
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substrates, tenperature, pH and other growth
conditions can be sel ected based on known .cul ture
requi renents, for exanple see WO01/ 49865 and
dVW6&§85i§mbﬁéﬁﬂcl’Wse? eoé té ms/aurbnsing whilify to (pn?dhﬂ:e ethanol. However,
escCr i : way. exanpl e on ref ere

W temaiens TiPds b s ok derinof Ry Rid pidsolate was
Thigo BeRicR@aNtRMbIRED growlenisnose ahd/or pentosdisLigantat dmgmophilic
to the I dh gene is Geobacillus 11955, although the

QUfiSscl osed herein are suitable for use with any

of theTﬂ‘eCan%cQQMIQHBoﬂﬁ‘fel nﬂ/éni’tﬂf eias caaausl“dzamable characteristics
actjvation of ne .Exa

SPRETe PefTib 488 aPcHY AT, 1eb8) tAReitl S oY RN piocess. The

KRfisrsorglaniéBchas md pedtiidtish $ydtengetherdbyagusidingotheapgsddXor in vivo
into the. tenpe

800 bp was subgcl.one Lbiv

AETDBRPR, JB T ST GROTRF IS oIS 1 Skt 3% Sl and has

r ﬂ@éﬁmtwo umise 05 dnkB6Rugsiad epéi%%td tHeludmgycelibibsamdd starch.
Q 1 D NO. 1% Ten

E. 0 UB190-I| dh
TR iSRS i e DTS e AR MeHeei yEthgfmwe the

aflcrovRyapisht baLs gmld rdte umcmuuo@smmm of agief0os hours™.
transf matl on 5 oses. pUB190- | dh wi

H v\ TS REE T o, EbETRE UG S0e LA i s SiestpluRe range o
Tyarc f-ogsrat i %f@fab@ﬁQb@QNbﬂoU@aﬁﬂSﬁf eglsiedibirdde tesmperature range

h 90 dh Tr f
apPebhe " aian, Hedo ki ar TR Sas B oanoRighe R BH 4% R betow, i
Kk pasitylar pHSE- @m 50n The 1 dh transformants were

i fi f .Geo| AN h I [
655 ang VN FEd Saup s b HARH SHRIRARIAE P known. Using
Hivie sbfliermedit Pékx&dssnbld}dr eenskilléd reksaunt to Ganget thedadteiatdelmidrogenase

DShEIE e LALFRIRH LS TR ARy s e
piBihedQadtdie depydrogereseageristOC inactidatedl eilerbby thet ingertion of a

i%%;p%e%ne%ﬁ,h%@@ﬂagb Ve LB%'It %‘p erle‘? nvgf ttll?e é@ﬂ%gﬁﬁ%l%é:%g&@ Bortlon of the
t @e65CEq(ete. pDaletivn is srelfmrédmgéhlsraypldscihe|dvfé§lllty of reactivation of
{\ﬁéé” ?he S @?egﬁén &hog o%en'é%%ﬁérﬁ:teb %eQQFéHs?o?cﬁ'F Wsaﬂlatlon is used.

asm onosonal egran
V\Hnea :pfﬂfettreda@nfbmdmhgntx thel laciabs dshwdro@ertasekgﬁminﬁctwated by the

ﬁ% Fbho% é(‘@émﬁérraﬁﬁé <d étﬁy@hg§ 'irﬁg b d960$1§d) SR O?%Bosned as
ogous sequence r esi W ﬁJ
i rwcélgnaﬂcoesannt o t4fk276¢lh/vrgdnecm@wmaé@rabbomopgg@%sﬁcomblnatlon or
k t
s R, SALESA ! 58 MEMSE! 131 ProdBBnRhS ! btomosome.
| n@lwbimpeommdhintegnants tandearselepledtfor rmyh@(oeals ¢ffthslé\v¢éﬁ1%tance to an

R e%alﬁ?ctgﬁlalqbgpf%gﬁgeﬂﬂ mhﬂ t-ﬁ%(rjls &éartfgﬁgr{ﬂ?gﬁé %%gat(?‘ﬁghydrogenase gene

i maygoatiohy desingle msa-oxesmdomb@atlpnaml)ent @F thyr @ sloplee(or more)

oy 8% Blarpebmblandn enl D ASdor PP cFospl el vgp s (e fed.  The
rerewpwmubantmstaubamthvu(Swt»blcmocsme)ctl@‘n TGP (kan)
| at
\a/e? eefn @E:qo o%ﬁa%?s {& dé/ s ogmgﬁ‘nggttuveqw%grq hallé'tbggﬁ %‘%%nﬁsned as NCIMB
TCGRA7KaA) 214, amegg 4@ 80renalbét28d, NﬁWBtLt@,MQum Buiiglirg, Craibstone
t 540C f 12-18
o%srtgt%n‘?ugnigr8 H%SF%&I %‘r%? %2‘ gé(g( dg i nocul a?cra 50m
of fresThd @Rcrdosganistd tofirtes imrEntibn gy dpeoomitused 880 conventional

f I j .
G SRSl S LA F BRI 68, o o
68C for another 12-18 hours. The culture was pl ated

out on TGP (knm) plates and i ncubated at 680C
over ni ght. Confl uent



growt h was obtai ned on the plates. Single colonies
were plated onto a 50-square grid on fresh TGP (kan)

w@b@bast7and i ncubat ed overni ght at 680C. Scr eePCTIGBI106/002087
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putative integrants were screened for |dh gene
knockout using the follow ng: 1)s A plate screen
Replica plating of several hundred integrants onto

%’%&lré{e@ﬁeﬁ%ﬂemur’éaﬂ% aftll o@%@@romhﬁ%ﬁ&ﬁor&%’ﬂ bé/geléﬁéé! Based on
ro ess acid may have a growth a %
th@w/m ulturs REVBRAMEREE NER EXATRIE SRR W%@ﬁiﬁn%@ﬁbé 966.
2) A PERe é's%‘?ﬁ‘ ifehfshy wilGhowde dsRfbdd tﬂﬁ@vﬁj}rﬁf%&ample only, with
whet her th t& asm d has integrated into'the §gene

Bleferoes | | ARGOFPBAYNG f FERNKNGSheln rtb%gfoélwvts'ﬁ p@ples.  The

| lniddBSgdHPsR IUBLE 1d QeriBh&Fte 'ﬂ% HBGEIB&foanCiB tBE M gene is Geobacillus
inte ratlon had occurred% CR fragnent

was
aipP4%. iakthowght thengiethods di oseadxea%'e %5@%93%\‘@ W3 With any of the

dﬁﬁ(?rb&ﬂg@ﬁ@n'}éhﬁtflhsé hérBf bQ%ﬁ&Kl@mﬁxd@ﬁﬁlé‘BCG lactate when
grown over ni aytnggge@Mz kan) at 680C. The culture

sUt?é’tt'Nat'ahPf & for the concentration of

| g&bAlpfe Y- EndiBereibver hilth@ée reagent for |actae
determ nati on, Lactate negative integrants were

f evplepmenbefdbe &PHIegckspt Bestoand eval uated in a

fer menten kRl 8k agf%én'e' ¥r¥gm5||1t96f ra‘bﬁlgxabt)@rb VPO @0bclb/Ed into the
Ceobaci | I us t her nbol ucosi dasi us

MB 11 A f Ezlen L
s tesereraturegeenaifive) defenaecRidd B1oG Hene ﬁan%{H W flgigpulting in a
Cvlﬁ ki nflaémxdTﬁﬁ’BMIdwrF@aEOﬁ BAY @Ecﬁﬁ@ﬁo 5)0n1fenV|§\!|t§ﬂ'0% Ercoli JM109
conical flas 00) , add e ng‘% "
oKplé@b/%fbldpbér@aﬁfoaﬁaﬂtaﬂwr& YRyMief Ry Py qag@?@'saﬁ o cultures
Sh@éd RIploduéd F@EH\'R?§NN1‘M B#58Fornition %Lr;id%w Shigsonas pUB190-idh

used to inoculate 50mM of TGP in a Oml  coni cal

f WABHINgIH Qne afle) refeasss diee expgsieshiph lfmgﬁnpng he: cul ture
r m@r@ﬁaﬂ oti r?‘éosbleitllﬁk Qﬁ&ﬂ@@p?&@ﬁﬁﬁ#QMBSS with' pUB190-idh
m nut es en e culture gentri e
ot " h00 R ae e et Bef S Al eI darlp npas hrs ot
| 3°C Qlitfl kahael ciaRreleatioro MHEdh wrrahamdnamw\reré pg&rdaomom Geobacillus
CABOBTshlhad0s TEB11 B2 413 S i) PElglBR A3 HE ing i anc
peddaet resuspended in 1.5m ice-cold el ectroporation

' and, di yided into 60m aliquots. For the
gw&&&& ‘?‘%&?,“ﬂ-zm of DNA was added to 60m of
el ect r Gz &hotitot eldss perfoaned hye mtiegrétidruloé & éptnperature-sensitive
[ S Sus ensi on was transferred

d t 1 xed.
?P?%F"%Béﬂtggg?{5’59&9”)8(2’?#‘6?;8@8{‘1%8 Cuvet t e (1mm gap) and
el ect r apesraidgslB1 9RIGA0&hlickfkstat mﬁram Galn@éS ot nGI0A\R5°C. Selection

resi st an i ate e,
crsmeaieer WA draeyendsuRyonrPhn Dot gptfifre was then
SQﬁ@%é@ptd b ghd plaemibds ed langé}%fihdsmwe)l Naturah recambination or
Ki wat er bat er incupa :
o e N BBl hetuet I et LAY BlpiiSe s Bk alBPmegrants
atwete @é&rcmﬂ fop by AReintesittarsse tbé@nawmdehhteglamﬂwbs Si[véctbd towards
T pl at.ed on TGP agar ¢ ni e e
ot i ieeBe "ehee APoparabidie el raBkec IR PR o Targeted
sqntl@gtambnTh;cptm ¢tdfl gand. dechiddrbgng tpobceSsykrpapt a@s esitfgle Loross-over
10% H L / ) .
L ) SRR RS oA ) pon rsutn na
inactive /dh gene. Tandem repeats may occur if several copies of the plasmid
integrate.
Methodology and Results
Two different methods were attempted for integration:



G ycerol 4m /L Inactivation of the LDH gene. Double
cross-over nutation Priners were designed based on the

w@rashaiBe£ 11955 LDH sequence. The knock- out SPCEHGB006/002087
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was based on the generation of internal deletions
within the LDH gene by two approgches. In strategy 1,
two existing unique restriction sites near the mddle

of the phdhbgqdy %mwg&n%umsé WeRd bR & SPCIHA!218 hours.
a deletion. A single la per product was genera

f ritén eplisonere mll&t%mérqemglftra@ﬁ?n émdt egugReadpg dnetmippf TGP. The
S‘?%{I% Sﬁsnoﬁ%s ‘b'la‘?élf{t % Q@(ﬂnlﬁjcﬁ T@Fag(aﬁ ésrhntdhﬁcubated overnight at

['e clonin Cl one was

19
t 188FC dilgfegrasts \y@wﬂtqdawgpwedrpmﬁlﬁrwresgr'éonafrﬁfh TGP (kan)
|ét9§éﬁ<§inr@t|5&éd6}rﬁ£l%ﬁ'cgestl on, to generate an

| ternal deletion int ene bet ween Bst EII and

Bar G Nistnsd 2ai achpml TR ATHeuABISS Y030 QAWM EDRATE fR 1Aal8 hours. 1
C'n‘ﬂr@%é‘%u@urg%s%é%@%%ﬁocu!d?é 50/ 6f f?QsH\kPG\:’ %CFféulﬁuPes which was

th e0|gonuc eotide priners to allow the
prasene 5 68% fas 1&@&%%& asglétwaérsubrp%tuﬁpgthevfpqumméay into 50ml of

IGRRKAEEP r{ké}f) &lltg@seér{ooé‘rom dthepea fG\d bSotREr 4 Q—q glididrs. The culture

sequence. enes with the internal

devas plsted \ﬂé’? @nstﬂé& @iﬁgop‘?tﬁﬁ @ng w@wéfﬁ?ﬁi At QL owgryight. Confluent

SYrbRiFPwh® %b%@h 'tll\élﬁ}ate-gh esﬂgie' YSibrfed Qfet® gffat&? bBto a 50-square
transfornmed i nto el ecfroporation. netic

stgrigkayesnF@P ﬁlsani) @latewﬂeln@\gh?&ﬁ oynight 3WA&G- syst ens
f ascrBenmgogous reconbi nation. To generate knockouts
an efficrent systemis required to deliver a nut

ed
gene Theytative |rtt%gr@@tp W seresnsdhion /dhigeneknogkout usmg the following:

|n¢)egraAb@,|§1egaggnthe genone by honol ogous
reconblnatlon wth the tar wld-t

pri nci 919 Slcp GRS s ien BUMred dleGpMErTID AN g ese(with kar) at
DNggegn Léﬁa@ A tlvé! Q%Il@rprd/uub@%’és Aci€amE aFiHav¥ & growth advantage

licon carrjes a i ve sel ectable
ma‘? gfhe "Y’Hu‘é'p? @&u‘?fﬂ@@t%i'vﬁuﬁg?ﬁi'a Wﬁﬂ%?tggﬁﬁisr on
efd)i ci em?gR $beegl ectroporati on net hod devel oped for

Geobaci |l u 5 ener at es 3x104 nsf or nts

of DA GPIETY BB SRS PR e RIS, whgS e B 8 infdrated into
dethi Vel gbiie mB?Bﬁboslﬁgtd?ﬂ\eB@ﬁt ¢|ah|ahmgmwegrandw §itenrit was possible to
PTHT15 .in tge sequence da abase. e cat

ene
p,\ﬂmgrmv% WSS T dePec et patnostinst M, LR fragment was
Cesrhpifiied forsinsdrégyper at ur e- sensi tive nmutants of pNWB3N
were ge ert%Eed b‘\é passagi ng the plasm d through the
age ° mut ator strain. Exanple 2 CGeneration
of an LThis mﬁsajntdetarn'g@sewhe‘ipérattemaMQrmté Lp'rbdnme lactate when grown

¢ neveriat B AN et PrdE T EE Sufral Siindbhe Wt igBlea for the

11&5ﬁebtyatg:enef nmtammnme .STgmsslactateegaagenvdd_)Ntmttaehdetermmatlon.
S8hirrgeDis, hurdaRsia® e e Erbfsdd By QR o Lvaluated in o

pOfErMeMBrfmfrsdemy ntroduci ng a novel Not| restriction

Si Thi s .. nse
rr EffctrbRpfati ol Biarse

gener at Arigzth estab&ldNCdMBJﬁQﬁ@ \QasPﬁBdé m@g;mwlng ausm\mgmght culture in

et 8P e RAohEoL 8 R Ao SollPATh elehon oG il Blpr. acing

cogh regiuak gblume 106 R0 Yhrcerdlhands elipiding entof 1triheslunomtmrml storing in

used%%g%‘ ow. kL. a%{g%@&,a(s L}ﬁgélrtgﬁtﬁ]%céla(té LU EP in a 250m!

conical flask, incubated at 55°C, 250rpm, until the culture reaches ODggg 1.4.




sequence i ndicates bases introduced to generate a
novel EcoR sitel; SEQID NO 3) Priner 2 (reverse);

WOBBETHEA CCCCCTCTTTCGGTAACCCGCT (under | i ned BETGBR®6/002087
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i ndi cates bases introduced to generate a novel Not\

site; SEQ 1D NO 4). Fragment 2:7Primer 3 (forward);
GCCGCCCCTTCCTAAGTGAATATTTTCAAGT (under | i ned sequence

L S2aBR B8P iR CRNEPHARCF o HRNALA1 APV Rre Ehrfuged for 20
wammmmmcm@ geliatiovas esuspendechos 50ml ice-cold

%cﬁgé%% %ﬁ%@dnﬂ%ﬁ& g?gt? gjlgtgg O%rg\nfgh ﬂavﬂ(\x{:} §F \Three further

Gmaehes:w@r@canasd pubpaﬁéﬁjnifamlrﬁ 1]19515 ar@i then the pellet resuspended in

SidegonTalasrohorsts ebhfad SheRERD Ehuat o' 5,

cent ri fFld)gﬂiel elactedpotatithl 1+2pof DNA2OaS addedTtece®elof electrocompetent

pel | et was resys ded in 5m of STE buffer

P Gelsin SR Satnendorn dhseckepon fs‘%nﬂnecﬁ%t@a@ B8 BN eyspension was
8 taneferrtaitd lafb}eiboaw ¥ ctiopsrRuiyNeudstit (3@1“11 g2b) 2AW/efdctroporated at
r| bonuc| ease A s i ncubated for 1 hour at 300C,

%n“gokkﬁfcapmas'ﬁaé?cﬁ ORORIES'S@AE’ and 50m of 10% SDS
foI | ongghrfauidterg Wraf iHenpuide, 3m¢dF0Wa§ab@éﬂ m&@@ érwstﬂé suspension

culture was then extracted sequential

vérla@ﬁ{@geeftopﬁ SHAY dAP JHRR Ghfh inerhadeiedt b‘s? %hfpb %hewmn a shaking

befREBatH, PEEPINERALRA tMé ElspehSIBh maréﬁh%hﬁéteardméaﬁweg@ x 0.5ml) or
twice with ice-cold.70% et hanol, the

| GanSISRE 4 000G for HELmButeseresUEBATEIeIn JHOBk SA0pL TP, and plated

deIneFEPRGEOESHAIHIAG - théDQﬁré&%téam.&% out using a
Robocycl er G adi ent 96 t rat agene) and the reaction

conditions were as follows: Cycle 1; denaturation at

950C for Befird omma{qgmnat 47OG|-¢prméd|an ext ensi on
at 720C for_ Z m Cycl'eZ2-30; denafuration _at 950C for
1 mn, arﬂwé’%ﬂlﬁoﬁ@ °<ht 470C for 1 mi HyPE&REenst’§f at 720C

for 2 m ng.smndamnifour t heri ncubati osoppeﬁaﬁgjgml 5 mn.
The enzymss used were an equal

pol yner as% BN6R®Ya) and Taq pol y%%#ga(sde @”Engl and
Bi ol abs, NEB ) . The buffer and dN&Es COTT‘pQ}y/III on and
concentration used was t hat recom‘rEnd for Pfu by the
suppliers. The PCR products obtaif ng genom c DNA
fromNCIMB 1 1955 as tenplate \/ver;ed@msms‘p@i-alu}oomargose
gel el ectrophoresis and eluted fr mthe agar,ose g

usi ng the Q Aqui ck Gel Extraction R?"{"m( rg\ﬁaéﬁ)f/"r
purified PCR products were |igateGiycergdUCL9 ( Nawi/L

Engl and Bi ol abs) previously digested with Smal and the
ligation m xture was used to transform Escherichia

C Ollniactrditivh 6lirh‘ei|1[nl®gen): Ampicillin resistant col onies
vvelée ﬁlel ected and ug?r} contained plasm ds were isol ated
and®Y Srcéef%rovg fstriction analysis, and the

or i ent aPtipersofvetdhdedigisey bssedasn ¢sd abalulaﬁleedh 955 pDHsseqdence. The

noysersbt PhePoy WA Hg cadhe Gepr ey of rirBaLLy e it the LOK

Psgénesit tvo apdrdsm:tmql t| ple cloning site (nts) of pUC19)

was di gested w and Pst\ ultin .
fr agm&*nﬁ'| S(t%?g%qyoi'i @pi}mg Upiie « E'CF? feesdn?q{%ge fpiddie of the LDH
pUsdfhgobequende (%T&@pﬂo)te@@@@bﬁ@afef a@rmmbnl A sirigte tahge per product

novel cof 7 trod 0 | .osest.

Rouek eftetsehoReRaGiSTheRs e Hst of i BHeldbfy L peavence,
Psénd blOr&éd im&ameﬁﬁphf@teﬂh &h?dl Tin dltlpl'él”tgodm@&“te ohpWEC+@.uTlkee pUC19 clone
was u to t sf or . : .

AP A FGelEts FatHenaMG M BN e PSR leRnd feisping after Kienow
contai ned plasm ds were isolated and characterised by
restriction analysis. A plasmd (pTM)03) wth the

expected restriction pattern for the desired construct

(the LDH coding region carrying the del etion and

i ntroduced Not\ site) was identified and



verified by sequencing using ML3npl8 reverse and
forward priners. The nutated LDH gene was exci sed from

w@TBAa37by di gestion with H ndl U and EcoRl andP@uGBRi06402087

el ectroporati-on-—protocol
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by agarose gel el ectrophoresis followed by elution

fromthe agarose gel using the @ Aquick Gel Extraction

Kit (as an approximately 0.8kb fragnent). This

f digesmit, twagenbraéataadintérbdl deletipminptey lBHagend IWefiveen BstEll and
aécordi ng to manufacturers instructions) to generate

bPa%t"- ends and introduced into the pUB190 vector. This

yas aclm va‘é?tgg)b% ($8euBkanapld 2) 'rtrmawlla rgewgtvhahspdlﬂﬂélﬁas 2 PCR products,
i nearised, by . digestion with Xbal .and ¢

rinaues dasiSs St ot cbelad prifit.te Sig te 2B roducts to

The ligheattogsthai it puc d)asthuhedyenerdtioans fzoderetiorcinl the $RiBdle of the
12 js"ft r at a%%ne). Ampicillin resistant col onies were

sePECIEYCEFRY the contai ned plasmids were isol ated and
((:rr%omm Lbﬁeﬁel’@é wils tthe qhugmt aduidtinas Swerd @jmmﬁe? into r? potential
pTA with the expected restriction pattern for the
dé’?\"feéﬁéﬁ?@fmgeo\%ﬁgmﬁemifi ed and used to transform

NCI MB 11955 by el ectroporation using the

GenarBrBIY andP8RYS act eri zation of a gene-repl acenment
LDH pdant Dy| 4louky, @RL1AE SYR¥RF basdllr &FpOTI4, ¢arries IcAB& Wbla
i nt egrant-of pPTM)14 gbtained [

TML5)PRES  useld®-Patpthuitle uekien denvedohpin it @{5@%%“ PE194,
repliacenment) .| Jdiiss ¥asnayd. eved by serial sub-culture

of mcin— Five

P_nedi umw thout kanar p—FEi v
succlREYQmos hbk&R2ih| farved (e riEHtS o cBieRa Rl gno  Gram

bet ween 8 houf gegttive#ficamd 16 hours at 520C, using
5m CP_in. 50 gt?glt:l\flme (Igg':wgnn) at 250rpm 1%transfer |

at each stage. After these 5 passages, the resulting

cul t ur erneadelig@y vaktods Weretip@iorMed fAto and55 BPBlechapahish.

pl ated on TGP agar plates for incubatjon_at, K 540C
R&ANetie. ppliptedy  Infarmatians | Reuplormeph; of daliyenpsystems  for
agmé1egbas fedumBiagEoA]  kananycin was used to identify

kanamyci n-sensitive caolonies, K After streaki.n 0, .
singl o toRSRTLE Kipckelits, B Sicient §,yst?we§erewfﬁg%§&fiﬂwef a mutated
sejepkt inte tHeT okt | organivlr entiesdlest fopr inteagsthing into the genome by

DIeiectL s s TS 8l SUPe B ol s coutbe
c hanhrebe by ZtebdayinP @R BNA &0 IFedon vekl svithGatreoGram Phisitive replicon

AR, St bR 58 bk Tl e =
t argiistdreation eRcRnep] NThe rdleatioporatian dnéthod sdevgldped for Geobacillus

o B0 BB ar TP PR L) BN e cram
bm&ivé&éﬂioﬁbﬁﬁﬂém& frem pBC1 i therpb8Castalvgues and from pTHT15 in

purified b rose gel electrophoresis and el uted
f%ﬁws?%‘ée@éﬁgggésa‘el usi ng the Q Aquick Gel Extraction

Kit. Samgd est gore on@NWSBN G wéddtoNsélectmdn both Bizot afd Béobacillus.

agarose gel to.visualize Q . The PCR pro t of .
St e i, riknds Bf B, 48% SR pBhsaging the
explashiddhronhe tHeeStatdyen@ QR 1ped chutstonstrdivB9 gave 2 bands

of _arou 0. 4kb, indicating the replacenent of the

vwﬁ"ﬁ’“f‘?% gene with the mutated allele. Not\ digestion

of GeheraioR gfaadlBH mftadtiyp gehbeeplaceraent i nt egr ant ,

gave predonminantly the 2 bands .seen wi,th T wWi.t.h a

trace d&%'ﬁ?&eruﬁj{ﬂﬁ M W?gﬁﬁs‘%‘gﬁ&? SRPLatE S{\)ég’?éex “lt%[foﬁle%f the LDH
bygérizeinr @sobdcillabttpémrglusosidaSos NGIMB bl @55 bygepé replacement. This
TML5 genom ¢ DNA. Genomic DNA of 11955, TML5 and TMB9

was digested with L/ofl, Pst\ and Not], and Hi ndU and

Not\, and subjected to agarose gel el ectrophoresis.

The DNA was transferred onto a positively-charged

nyl on menbrane (Roche) and hybridi zed with a

DI G | abel | ed probe generated by PCR of the 11955 LDH

gene using primers 1 and 4 with D G| abel ed dNTps,

-~ 1 A A o -




bands of approximately 7 and 0.4kb in the Hndl I/
L/of | and Pst\INot\ digests of TML5, indicating

WO nioeassd on of nultiple tandem copi es of pTMIRAT/GB2006/002087
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integrated at the LDH locus in this primary integrant.

Wth all 3 restriction digests, 9TMB9 showed evi denceof

a different restriction pattern showi ng an extra

hathategl m'k/ﬂgedbﬂ‘rwlgenB:M@neﬂ at 42bp ktfefion wiotei to ttee miadile lof the coding

3 .Eth I
mﬁn@eﬁg‘g H\Opea”%gi, PB%IE%] %P@Pd géqu#?ég'n% rﬂsy% &{?élt restriction
fsifemiﬂ'hlén m&@ﬁeacbeqﬂeede i wa$ eidtehdéd htoardusond | framdeshift mutation

Itures for the wild-type thernophile. Tables 1, 2
aﬂ”%s?ﬁ'mNthe condi ti ons used in the fernentation

pPThe efrategy ablaved Jamdratiryy Hel gdlation Using PORTMEagmesonding oligo
Sol. utian

L- . H2O (final),|.1000 1tr Tabl e .
Bl ietey Boqusng RegiRye Bl 5 RS e desiangdSasgd on the partal
et;dsqilenbe pf thelLDH osdity reigheey femp i85S The segdericet of the piimers used is
hlg %et et hanol yields and productivity fromthe
t AT {3 PVe, lactic acid production was ninini sed
thfagmﬁmttlhe knock-out of L-Lactate Dehydrogenase (LDH)

Aty Y oL Rl AR QLR TR MRS TBRAS AL (nderiined

Sseglence ﬁmmssebasreeml’dwned toagenefaterarmose! 3R] isitelpSERED NO. 3)

| dh regji.on_ of the chro ' i

transcFPBEf on?2 or"&eHSibI MQ#F@%‘#W?Q&%?CCGCT

r agiderimedfsefndenihdicitbe bbheds ipenduded torgeatmta amdval Noth site; SEQ

%Rlipuihe gene region, rendering it

noh-Tuncti onal . The single cross-over approach rapidly

gEregnanead: LDH negative nmut ants whi ch showed an

i ncrea et.han uct j 5&1@]:

wi | d- t)%gren egt r a:?n R@%rgg & E;é’&?@? pr odéu)Ac'%dlq'&e.lr_]mCAAGT

byurtdedmbmldequermet lsduwtes lbbbes fratiuces torgenetate wenayeyNothsite; SEQ
atch cultures, in the established m ninal

nmedi a tz measure the increase in ethanol production
r esul t Prignefr r & nireveesein GEIGC QAGCHTOABA TASBATCAGTTGAECA (underlined

@&%%cerhc%lébqe%g%%ggktiré&c% ?cf %erfegatgf MV% FQHS@%B NO. 6).

conpar e the op | fum €
pP@@@mtlonoﬁemmDNAd type strain. Table 6 shows

knock. i CHTC L Aes 54.%3"“*?&&”'1925?%‘%5%‘@% @ fpfoR. cels

mirosma 20t ovkivight eyligre pi PO gfowin YhEEPymediiua a§152°C were collected
e%g%@mrlfded%ﬂ?n 508 0fblr ?M&%QM%% mapbi c'eE geﬁ@c%ﬁe@ﬂéﬁ&ﬂed in 5ml of
succ rerou e metabol 1 sm of

t BdiErbpifer @SM swrpﬁ@erimM s &1Gl ando25mivl £[XTA, adjusted to pH 8.0
C%Bmafdl%%l ?ﬂgesuﬂlbézmsatddt HEt 8f f1ﬁ'f /%F?lbb%é‘égeaw This was

trains I'n 1 ncreased et

Elnavbriedsois iheyr ehe0’Re thrsusme of prqﬁeaaw@@mqicéedzand $&ul of 10%
' @bé%ﬂb&ég @)& iRWRSH FREPd 1‘8r h$RLALE N%é@é@lt%?g wadlifen extracted

sane trans nmati on I‘Ot ocol was use
t saawdndiatinnith reqst V@U@ﬁé)ﬂf whsnelishlorefera fellpwasciamghipiform before

Th’ reCAEtibn Wlﬁﬁ%\ﬁ&f&f)aﬁ@s fﬁ/?é%htr@ RAOCWith B8R €0%) ethanol, the

seri al tuarin he prinary integrants was
c&NA edle(t)maslrﬂdlgsorveﬁem%mb%bufé@rn doubl e cross-overs

Widdhetdifort SPLBRAIRIENSN construct.

PCR was carried out using a Robocycler Gradient 96 (Stratagene) and the
reaction conditions were as follows: Cycle 1; denaturation at 95°C for 5 min,
annealing at 47°C for 1 min, extension at 72°C for 2 min, Cycle2-30; denaturation at
95°C for 1 min, annealing at 47°C for 1 min, extension at 72°C for 2 min, and a further



phenotype. A stable knockout strain 41277KO4 was
characterised in fed-batch and conti nuous

wo eooas7ad i on. The results are shown in Tabl e FCT/GBR6D6/002087
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shows that the nutant 41227KO4 has significantly
i ncreased | evels of ethanol prodifction conpared to the
W | d-type mcroorganism The nutant is also stable in

wﬁ:wt?naatdmwﬁmrrmtrmheva@ tel\%mwgst&eﬂhﬁewi bd- équ@ﬁmtxture of Pfu

a e aril s ween

TREV Befaseoi Tame e it TPy HATIE Boh, & Nl R BT NES ). The

It Bufferbdr SNTHﬁrmnﬁabﬁna@n Egd tdaaca’{nnalnom %US@& waTsﬁthas eécvh®Bended for

oduce e an e W e orm 1S 1

Bl bedie Susriin She b, Brerlicts SaiBSq 2 lBrgsbogiic DA from NCIMB

; YH)%B'\"aila kenﬁﬂ%_e%éré Wpueified bpagarosd gl eledtrdpHoaes addttealted from the

or 1Sso S m cC (0] anl,.sm Sl t n
NePAESE b &Y Uy P Gk GoEE R gt LiRuaTH aTe Wiited PCR

Wpfhd‘ub&dwae ligered ity qﬂﬂ:ﬂ‘@ﬂ@mdﬂ%@&dlﬂﬁ) aire\nously dlgested with

nas ene. " mCro a
AT T WS AlgBET ik Oee By BYeEgs KEnfie ool DH1OB
b@lamutrdgér@t Behpicllin kssistaiit coldRisy wergssleaat emdahdldmgteﬁred plasmids

‘ ﬁlgfaeh&slq!%%dcﬁﬁ@ %G@qil n t%hpﬁd Ch{% gﬂ aﬁ:\et %pen”tatlon of the

[ n@e&amstd@@bmghyamtl on of et hanol conpri si ng
Gopos! todeamie THERRAS FaSERR! 2 fisteh 735 PG R5Gn the novel st
3%&8 thro@ﬂaa&i)or&bdméﬂﬂ %lbses”tdo ithiw?btg yidd Inrgge trﬂilﬂtlﬂ)la@toatng S|te (mcs) of
e enase D, net t he oduct i
e BRERISE Weso Ao i AR it bRl Crgmert @Bbroximately
a@cg«btﬂlwu; ligated 6hntma1 poic1el ;au'a?mia, (pOMDEr ) Sheiatingp I femgment 1 (with the
ondi tio i,n. resence a r o
S e RS Do ciofestilp Ble ECR e therpgs of pUCTS)
Mdigestscowitth Sl and F&H td\nﬂé)éribé%\é)piekﬁﬁé TeROKgE1i60 ixtufe was used to
BT SR A Bl " sBefea ans o
t hentargddudashida siets issbbibarid deeabdtergeritbyt ieatrigtjorr analysis. A plasmid
t
aggt'géé%f \(/:wtﬁgé% é%cgéd r%t{l . gg\; ’ce{ngl gé'g@ket gcg’su%% cons%ruct (the LDH
g agtigag ctgionl 28y dheacteﬂea\oat argtgtttcgmcg@twbtsge)c was identified and
c
CURLEERS-A80RTR0E A A ORCE LIS ARALI AR,

acgcC gagaggcgg
240 cgcThec nuagecnttaabggm:was gutiged drom gHMOFS thygdigestion with Hindill

Ct%}%g.?gﬁﬁgarﬁ:g alg %Q? Céléél ﬂe%gsgfoﬂé\gg(g by elution from the

¢cac ag gaacat

gtammmaal @gmga@ea@%ag@cﬁagg@ara@tm dehdey) ayc egpgrimpdely 0.8kb
Cgfga%&%rﬁ)t il rﬁgﬁt?‘%gg ttl“eafg%c\‘klﬁl‘f ‘iﬁ%’%:v@%g@%@ (NEB, according to

cga cg CF agagg
manufacturers mstruc’uons) to generate blunt ends and introduced into the pUB180

vector. This was achieved by blunt-end ligation with pUB190 linearised by digestion
with Xbal and then Klenow-treated followed by gel-purification as before. The ligation
mixture was used to transform E.coli SCS110 (Stratagene). Ampicillin resistant
colonies were selected and the contained plasmids were isolated and characterised
by restriction analysis. A plasmid (pTMO014) with the expected restriction pattern for
the desired construct was identified and used to transform NCIMB 11955 by
electroporation using the electroporation protocol as described in Example 1.

Generation and characterization of a gene-replacement LDH mutant by double-
crossover.
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gaactgttgg cttttgttta ataacttcag caacaacctt ttgtgactga
atgccatgtt 6960 tcattgctct cctccagttg cacattggac
aaagcctgga tttacaaaac cacactcgat 7020aactttct
ttcgcctgtt tcacgatttt gtttatactc taatatttca gcacaatctt
7080 ttactctttc agccttttta aattcaagaa tatgcagaag
ttcaaagtaa tcaacattag 7140 cgattttctt ttctctccat
ggtctcactt ttccactttt tgtcttgtcc actaaaaccc 7200
ttgatttttc atctgaataa atgctactat taggacacat aatattaaaa
gaaaccccca 7260 tctatttagt tatttgttta gtcacttata
actttaacag atggggtttt tctgtgcaac 7320 caattttaag
ggttttcaat actttaaaac acatacatac caacacttca acgcaccttt
7380 cagcaact aa aat aaaaatg acgttatttc tatatgtatc

aagat aagaa agaacaagtt 7440 caaaaccat c aaaaaaagac
accttttcag gtgctttttt tattttataa actcattccc 7500
tgatctcgac ttcgttcttt ttttacctct cggttatgag ttagttcaaa
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<210> 3 <211> 29 <212> DNA <213> Artificial <220>
<223> digonucl eotide Priner <400> 3 ggaattccct

WO ad0gadcsha ggaat agca 29 <210> 4 <211> 31 <212eCTNB2006/002087
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<213> Artificial <220> <223> digonucl eotide Priner

<400> 4 gcggccgcac ccgetctttcl@gtaacccge t 31 <210> 5

<211> 31 <212> DNA <213> Artificial <220> <223>

CCcLadM8cl eoti de Prinmer <400> 5 gcggccgcectt gctaagtgaa
tattttcaag t 31 <210> 6 <211> 28, ~-.2> DNA <213>

Artificial <220> <223> digonucl eotide Prinmer <400> 6
ctigcagégmicraargboismt depaited agglar 28CIMB number 41277, 41278, 41279,

41280 and 41281 modified to inactivate the endogenous lactate dehydrogenase

gene.

2. A microorganism as defined in claim 1, wherein the lactate dehydrogenase
gene has been deleted.

3. Use of a microorganism according to claim 1 or claim 2, in the production of
ethanol.’

4. A method for the madification of a microorganism to increase the production

of ethanol, comprising obtaining any of the thermophilic microorganisms deposited
under NCIMB Accession Nos. 41277, 41278, 41279, 41280 and 41281 and
inactivating the lactate dehydrogenase gene.

5. A method for the production of ethanol, comprising culturing a microorganism
according to claim 1 or claim 2, under suitable conditions in the presence of a C5 or
C6 sugar.



