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WD 2008/ 038019 PCT/ GB2007/ 003699 1 THERMOPHI LI C
M CROORGANI SM5 FOR ETHANOL PRODUCTI ON Field of the

WO pwsfssoon This invention relates to the produkCT/oB2@f7/003699
et hanol as a product of bacterial 5 fernmentation. In
particular, the |nvent| on refates to ethanol

' foin

various di fferent mschanl sms dependi ng on the
ch rial species and environnental conditions.

—ﬁ?—m I 10 bacteria, which include all
pat Wﬁ@eigwenttﬂht ﬁldteenertgef Ffrdidll’d&tlaxicﬁéd_iha)'lml el argaticat of bacterial
cOo un Wit h ¢ rate i,CU

ferBBIRSh anls PARLE o BT oh B 2o SLtARRDRISHUEASTPL Bigrmophitc

bagei@ounds. Bi ol ogi c oxi dation of these organic

BaSQTROU ds,[ bnv bacteria results in synthesis of ATP as

—%—%#%@%—L@H@ﬂgy source. The process also permits
genaaateirlah dktaipplisn Sicapl eceurgahrioagie o rprdausd sd(faeet umsoinamsms

PRI Ty i e P e e o SREUERRS ,, Felrbuophic
bawtetiah wHiImCtlmlwdia raslt adatﬂoigsas Subbableﬂeegybsﬁrbrrat@@datlsn of organic

cor%Bﬁld%(H/ télc&%;ogmé/gﬁtﬁs &‘)sapgc ¥§E\x§§% lfqiocst ér?cp rot% lq %%mgfthe most

coﬁnmnlyTbmdrfsad! eoafpoppdsiv Rielogin omdwogelidh%é @rgsm‘ic compounds by
bagtﬁhg ? oslultg S nt@é{ms ﬁf Ma'éca%ﬁtgg %ﬂ%ﬂgapgn%‘pg sg?flrg fﬁlﬁr%a;%éégs also
pepnltmgnrmétloneﬁcrmrerwnpié opyaniovearepoudds Kprestirsoumaacules) which are
, e , . | S5 il : -
B BB BB AAGL 05030, 298 lilo HAREELG whc
bacteripynetalalisei swteblambyﬂrate@mglymsm, whicht ig| y seqiemge of reactions

theﬂ OH\Y%S IQ@J%%@W?%@PWG e%%?éﬁ?)q 'of lApf‘%erTﬁé]?a% %Ptngruvate in
, cer 1’n" et hanol og nic organi sns can
th@thna‘atxwholf incetéleoliceenangy varidsydependiigcernt sk yienoprganisi and the
t
or AN oRoRE kS e erfosRLALIKRS r i L o
acetFarlst;leW@e aanokic egdnditions, bypaADRicrocerganisme dwilygenerate energy

usﬁ’llgcfﬁgoé:ltrl e ﬁ@néﬁf‘ e \E5hve fbﬁ I (rﬁ, V\lﬁ/éf%?rﬁé dcdtyi MBenzyme A,

nversi on o Fuvate i nto | actat occurs
Catalused@M pyiixetel debydropgnasedPRE® dehydr ogenase (LDH).

Ther ngﬁn a%ﬁbi%:%ﬁ&iﬁ&ﬁs 'c@rtéiﬁ'eﬂ%rﬂo@%ﬁuc%r@&%rﬁg‘éan carry

for t e ction o hanol using é
ouli jeahotie gfsﬁn%mtethmdw thed legarbaxiatiopb Pt mwﬁ@wtl@pu aeetaldehyde,

capa"’ﬁ}s%albk/y %vat%hrd%H&lBoW‘fseus(pD@? L ORI I%@B;'l%equent reduction of

m-cro- of gani sns whi ch i'ncor pora

e the ¥\r uva
acatsbiann e BaRolby AR oy Slsehal e ydrgenase (ADH).

At ULQH% ﬁrﬁé‘éé @Qﬁe REAErSIONBF pRrUfRE Iftol I ActReOMER REcurs through
et hanol usi ng these micro-organi sms, fernmentation

CaF%YSdﬁQ)éﬁCta@cﬁﬁW rpgseaseN-Dihe i ncreased concentration
of tﬁ%r@%agrﬂé'en rﬁﬁ&?ﬁit@r@éﬁ’mvﬁk‘ﬁ{genﬁd?&dq%(é?ns for the production of
to

organi sm has a_ | ow | evel of ethanol erance.
ethayos LeiBg GithePuigreBras T g ynderag Rereopisi fprreeru}a%qrbwtara"v or

th.%gﬁ feelsdrAPRBMbIRNht ShiBRLGhamERs URKiE® NincEPBratd1ahé pyruvate
de%grboxylase and alcohol dehydrogenase genes. Although there has been some
success in producing ethanol by using these micro-organisms, fermentation is often
compromised by the increased concentration of the ethanol, especially where the micro-
organism has a low level of ethanol tolerance.



10

15

20

25

30

35

has the advantage that fermentati on can be carried out
at el evated tenperatures which allows the ethanol
w@e@dos®® t 0 be renoved as vapour at tenperat UPEEGERR@TH03699
50C, this also permts fernentation to be carried out
usi ng hi gh sugar concentrati®ns. However, 5 findi ng
ernmophi | ic bacteria which can produce

Suit
ot hARGITeYIE CEETRRyTaVe Bogh GHARBRA I SV POSAGEEN, and their use
ha$l tlﬁcédi@ﬁfagbhﬁatﬁémﬁbmétldhrbahfbeé&d‘rﬁéw butugti glgy atdreteripaifatlited which

Bacj | | us R LLD-Ris a
allysoingietha p@ PF%‘*&%‘? gmayed %SH'&P%r%é%mQﬁf@H{f%éB%‘ﬁ §P°C; this
alsb rgeifits Wrindhtio® il bé Ratted cdut Ublﬂghﬁﬁh S8J: cOAcereEons. However,

g8 oEUIRElS SherERdEr BRFSTE WBIGB. RN u Rl o SthgBol sisenty s

prdbghatizt ed bel ow. W01/ 49865 d| scl oses a Gam positive

ot LTOPHERIY 5els%s 25 Prod Eln, ot B anel sk pesmeptifey Becilus

stravhal - Rgs LDBIR W& fa @ioﬁﬂh\ﬁdln dh_.‘lf_lﬁbédf sgsinanst hrosetspontankously from
e uct.i o (0] et hano e e um | a .

cul i, DT fiscih G608 R bee MEaRALsq B Phejaeus mutation or by
chél’ﬁidialfﬂwetdgbryesﬁsh The Baahiiy hbwever ohstable, dSintizateat@low.

oo OB ARG 15 RIS LA B GBS trpsiprmes

WitB_a@iHdte*ﬁb@b“ﬁig@né@dadmﬁt pyrivete Ldécaridxiibsarand which has native
alcgbg\géeg}y%gogl%?\aéﬁmf \H( (%t c\?/ %tr%a/qeglggﬁ fof I‘c’ﬁtﬂ[qarlgpg L'I"h% Bécterium is a

tharmsplmh@tBamrﬂusyesﬂeth‘a bdderiinmeae be phadified by the inactivation of the

f { . , t - .
ad & TR ah A0 iR nebafrateditng e trstadsseed
WaA0 49885 sirenallr deivgd nramsBadiats Simn prlEpRr ed@tiainsi hNvandd TN are
dlsgﬁltsgg lragtn{t}?%vga :&reg%agi&%ér) %g}%ﬁ L'i_BSér 'I-FoWel(\)/Pl %r"osl? aii®eontain a Hae
It type h9$tt|ctmm§yetemaethht Dpedee m:qsmldi tranﬁemqilommd thiewefore prevents

st LLD-R, LN

the ﬁ%%ﬁwa%r?wﬁmp lubll rﬁ&%%@ﬁt%’k’g\rﬁvggont aLZIOBEI y revert

to Waot/gbeshdisdasenmiomdrdanisme thet aed preparedrityi iowiar hethylation
to Hyel B e Mt Buch] BRoUIUAE | FRe"RRERES (PirsBliferdl i Hee 10
methyltransferass frcrraangmoMHlust pegypsus nslsm stibine LlP-Rst hBinahd TN.
HoWegglug réﬂg LLBQQZI{I@%ﬂga'I\%I%C ? I'rhu"fgntsc‘taﬁé” orlrtg%g‘ﬁsmvert fo

ts derirvatives a natura occur

laqtats@rqdu@rmgelveldéme ($t@yjns, n pattieulgdyli ﬁfg lpwgipbh aﬂd tine higih sugar
coREMratidis n$ RSebliNinOErmdithtion %Qu&tadﬁgpgé’é frefn) t?ﬂgﬁolltghactate,

ene an sequent gene 1 nactivation unst a
m heusﬁgmsnnwétaéles‘pmtham@rqﬂugmed solution to this
Was W?OQ/Q@@:% afs@o%@ﬁlg} QIF]MLDQQ Qnd §t8 %Iebgat%gw?d N a naturally-
herefore uction o
ocmrﬂn@msgamns%mebtr(l@tlnath@lc%n@mw ghtherldh jgege.of ransposition of
thlénmﬂo Fﬁnﬁgoutag‘@rtﬁé%w g@n@déﬂ%@uS%ﬁtabéﬂe Wtﬁ@%n is unstable,
Baci | 'us m croorgani snms, treating thése with in vivo
resHitingyin sevessiopr ESB@ @iaresed salutier torfhis wasdiofiieqgate péasgid DNA into
thdIECSRREAG SMB to integrate pI asmd DNA into the IE
sequence. The procedure is onpl ex, uncertain and
t herléeggferegins ey @@uqhatmq/uqt@@ (P SIGTROFIARI ST 05 tqthaNes production
relre‘?:norp?n JiFRHg I%r%@%r@&@&ﬁgcﬁg— 4P ZRANALO B s ?erB@urg%msms

I's therefore a need for | roved mcroorganlsrrs
tregtingaribpsr Willic 1 oo rspihiviatign groeeskirgsn skt j fgrher modlfymg the

microorganisms to integrate plasmid DNA into the IE sequence. The procedure is

complex, uncertain and there are also regulatory issues on how the strains can be used.
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According to a first aspect of the present invention,
a thernmophilic mcroorganismis nodified to permt
wo b@siossoneased producti on of ethanol, wherei n BCT/GB2G07/003699
5 nodification is the inactiyation of the |actate
dehydr ogenase gene and a sedond nodi fi cation
upre Iat S the ruvate deh dro%enas

o RSP G heesioerd or B kel MGG e BB Sl isfion

sUﬁﬁ@ﬂp@ftth@mveampar ed to WI I d-type. According to a
sec 8 gt of t nventi o

r -
Ricfi d S@? aﬁ’ | h‘teon?fPF s n&\{ﬂmfal?l %ermophlllc
mldﬂ@&éé}ﬂﬁrﬁaﬁ Inﬁdﬁlfﬁ.@(lﬁ rp@l'rﬁlg tHeOnérbaséi:Eﬁnoﬂuétlo@rbf gitiznol, drﬂtéreln a first

ove upder sui able c resence of
mogSaten’ iy the, Tariion 6Lt IaR dhvirbBeBRR ARE8 Srbd second
moﬂif@ﬁ&iﬁtupréyﬁétbs tHe pwu@%@éhybm@emaédtgém‘ er ence to the

" THER e aSTaem Rl i | VeTion siaws | feBstd lpang! production
corﬂd)a/ré@tglwucr»typeFl gure 2 |Ilustrat es the genes of the PDH

ure 3 i i c_representation_of
o ORBTAHNBCh 2c SRR SREL PLaRe (PSo A eipay & methdd for the
prodétRpubiagthanclcdontiitisks kulgiing 2 microarganismmatdotding to the definition

oro Bl BT g el BIsRES T B RER Rt Sor s g 5

Des&iptiors ohipetrawingepr esent at i on of a knock- out construct

intended to enerate _a st PFLn t
and B gt enorob skt BB A (e PEn R ine s bhPRbuipe foures.
whetelmanol producti on produced with the nut ant
00r I_PLA . the
v EREToh RS acleifer Rt rifbnode paliRay sPbbpdbeE:
(rjmdFigumﬂ illoetratbs thet Jemesopimel AOH cmnplem;or ganismto
IS & ] e | act S
genEebte oS «“SAPEARE SbriienietBn &l Bomofér REpEEdRBR ot for
tar%eitedatpeegiéétmrcrﬁg’@drhse gene hel ps to prevent the
re C f
or oG EE 8 eSS WAL ertatiR o B0 BhertRHlab LR Bheruct for
domﬁle-pgpsavmrelprmgwa@dtml‘bmutmmg pyruvat e decar boxyl ase
and d [ r ' :
acr S (ot ar SHERE0g 08 ontaton; Br B ckkisB! cbhefhlof ntended to
gewralelawstebled?FLt Magmmutanpraegm ating the PDH gene
pro
Wég#ﬂg RN RorPlr RYElEla aégggr@é fei¥fion pFaduced with
thecmnf@nt nisneQrgamsps ofiihe énveotiaral dehyde and eventually
e o M I8 06 038010 POy CBB007) 003609 4
upr 8hal Rreseyt Fpkentiont ffatbased ueat ghe gvedificatigni h aathermophilic
fipgt
m'&%“g%t'gﬁt L B8 RSl i HRE® Beiffiogenage gens, and to
UP&QG@L&: ed?PH BRee.ni cr oor gani sm may be any thernophilic

M CHAREGAMNGSIAE 184 te deh)FodrRb8'geRE Helps to prevent the breakdown of

pyruvate into lactate, and therefore promotes (under appropriate conditions) the

breakdown of pyruvate into ethanol using pyruvate decarboxylase and alcohol
dehydrogenase. It is preferred if the lactate dehydrogenase gene is disrupted by a
deletion within or of the gene. '
Upregulating the PDH gene promotes the conversion of pyruvate into acetyl
CoA, which can then be used, under appropriate conditions, to produce acetaldehyde
and eventually ethanol using acetaldehyde dehydrogenase. A further advantage of
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the mcroorganismis of the Bacillus spp. In
particular, it is preferred if the 5 mcroorganismis

W@ 20081088019 pe ni croor gani sm of the CGeobacil | us BEECBe®;/003699
in particular Geobacillus thernoglucosidasius. In a
preferred enbodi nent, the m"(:roorganl sns sel ected for

pigdalig POk ﬁiairny?u?f%%déé’@%em%h?ag?ey%hnbﬁow eheon glucose
upt@k@ BAP HFaslSisTarg vt uRed. THib Alrtt@r bronmtem uiheaalrmm udtion.
Les expected to ontaln 10 é atedf dif
rrﬁ ?W‘émﬁfg@n“!?&} 5@% &R0y i§rMopalie “1‘?{§°'é98f’|sm ?“FB IS preterred t
theprnﬁxdusfgaﬁtshangl of né , Bauwrmds,ﬁp ed/n | partiedlar, i i ibi bl@lfgrretdo if the
he, maj or f.ernentati on Fh at es
m'%{P%fgaE,'élTle %d""ﬁr) fyPe ﬁ@FrP%?B 'PPW 5 éFBQ\?Cd’ﬁ’Sh%‘%?&eé i particular
Ge@ﬁdélﬂlfs tpém’idg&ﬁ:osugams and oligoners thereof, at
t he C te er.at u

kﬁ Lsé |t is Irsefer bltet at Qt[ﬁiﬁ ation are
nc ’b8r@f§ r ?‘i’f@”ef‘ S IMERCIRY SIS £Y eﬁeg K]
saliﬂSt@hbé at‘wmﬂyséi ckewthah ger nbt Iabmatnry—pm]mgaml smtdnts.  The

migROERRSTPCTEY o7 JEIRIGE B FEOEPTBET8h SEBIoEn SRR 1Y contain

thamopldlesg I$dieted Mddyﬁwmlcrwrgammsrmllmdvatthe mbilityrto produce ethanol

bu‘a Jlslide h?gq/blg? ﬁ%lgl ik ﬁ&f?? %n ﬁﬁ?@&gg‘ﬁ{gat Q&}aﬁlo?uéto TR isolates are

alsotdelacta 108 thelSalailitg t@@rcwgarhsxésa artdien pentose gugees,syndagligomers

rate,..incl cel |l obi ose and starch. It is
theﬁ?ojf%%é\%r@phf"c t%mH%BPu% %roorganismis transformabl e at
a hiltgs prefegakdedipat iﬁermhemngnresmtdi_dhmmvemlpgdmssmrtam desirable
& ave . inu u
chgRBHHEACR oA IR Eorb SR dIGLEY ik [hfentdlon process.
Thétryipicoeddnisnd sBo@DGoeferablyheavei o estrigtion systain, theyebyavoiding the

neggg&%’ grg 'nﬂ?epgﬁ%gt.aw ' I}w gﬁ@ﬁ@ tRe m&oaggngw%ﬁ 684881 8fat least

rab m cr oor gani sm w
3%niettenol taind siecvqiderrmvarﬂaermg\e to 28ilis® C47 0Lz and %@ugar@n(or their
SLr 0 n T
ohé %gné %@Eﬁa%%cld%%%b%ﬁ{eﬁggg ﬁ%%ﬁ] ‘g’ft ksNpreferable if the
mlpﬂargenpmsstranmmableraioa Highi franusagy. bEudherpere- the mgroorganism
sh8uld 'FBVe 3 o% oﬁﬁpféfé g’t Sontlgt]&.lssé{ﬁtﬁ?esi% sifipo Hhﬁlufl@ﬁ pRed ot b@rh1 and
es not de necessarily on e ability of
abPVﬂa(tynﬁaﬂv@&@Qﬁbb)sm to sporulate, although in certain
Ci I GERhRRRSHidm Wﬂyb@g rr‘ﬁgﬁﬁl%bérﬁj Wi g?’QWri‘ﬁ‘ﬂfe f@mperature range
sporul at or, en it is desirable to use
of #PYG 0 &BYaniRyaterahly. dhe aneraeuaniseawill grow wmn thectempgragire range
505(?90:@ F % HadlioRNit RS ‘E‘I%?%Ie 3k $hd ﬁ‘n&H@rgtaﬁlsFrhSroW%' ihl donditions of

sporuaorsto provi eagoo I mmune stimulation

pHilkeor helew in padisulahPH@L-IH4ed- st ock. Spore-form ng
M CHORNARMPIEhish 9y 5 § s PBI% -BRhér dr¥mbyp n§te§§drﬁiaféUtThe success

during fernmentation,” and therefore can be isol ated
of yihe hismeptatiom cwracessr deestnat f RPRNF oRecsssaidy dPhghy, a*?ll% of the

mnHﬂoBFg‘éﬁfsgrﬁfH §§@rufé?é" dRBodh MS@taimc@ﬂlm%‘Féd&E if @@¢-bet Beterable to
hHout the need for conplicated or expensive

hag@@asgﬁrpla‘fpr wh%gdardgglratwjozmyr@g@ gi@prganisms as an animal feed-
std:’c@_gt G208 6P PR eatidheprbsksseiThisis i dliexs QIH@ EBlﬁtyfo@ &porulators to

| act at e dehydrogenase i s now known. Usi ng
pravidr a gead immung Shpulalien whempsed\as akAnima) ??é’r%%?{( t gpore-forming

mibRbhishials @ AhA ﬁeda%hwjtb%&%m dOfMPrerineniabitn, & therefore can
i nactivation of the gene_through different nechani sns

beyigolated yyitppet thepepd f‘?'}f’@ntr!ﬂ&ﬁt'ﬁ'ﬁ' e AaeJinpl g s dBisrapegaRisms can be
usb@fﬂﬁbh el 16dd-S8Ek Qithduiend RS&Y for @BmPlicaled bRBRIPSRE separation

procedures
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5 preferably, by the deletion of the gene sequence or
a portion of the gene sequence. Deletionis

w@e@Bessoed, as this avoids the difficulty of PCT/GB2007/003699
reacti vation of the gene sequence which is often
experlenced mhen t ransposon nactlvatlon Is used. In a

pre erre odi nent, _the | act dro gnase geng. .
TR bioia B0 VBT Toh (e CPRYTRisTRSe < Hon knowA” Wiing tris
secfu@ﬁw Ak possiblertst thie\skilpd @%ﬂgod t6 mérgsmmé Izt Aehlydilogarisase gene

scl os PCT/ GB06/ hi e
to aRNDIeAHSRITLBoltS GBI RAEIGre RSP | b Prefered if the
Iaclkétﬁ weijdrddenade gene s lrﬂﬁﬂvdtéweiﬂ‘le:rrbyomgansa'hd)m of a transposon, or,

oS5 SR BB R B 5, B A Lo

Del%ﬂ@’ﬂ is freforredx agThie avisiais ahy diffiguity Bif eeadtlmt@@r aitthe rgenetsequence

whishoa PP BRI, BASBRD T1CiBgial fotisea: (B pretered

emBBdilm)ent; rthe dactaier delgcesgzinase igene ewemﬂctlvdatEdlby e lntegratlon of a

T L i

whichletch@ves nhgl duimolognust rheorhisinatenatrintegsaioni batween the plasmid

ancﬁh‘[e l‘EI&FﬂO Iaﬂ‘nsg{)}?‘?:ﬂ\ga c?sghlgag o%%%ﬁ%érg%%ﬁt\%ﬁ%%%ﬁ%r?@s%&éd for on
thet hesisebbtheirlresistahas 46 faneahtihactarizgjcayent (fat Eyampldj kareainycin). The

e, R o i Bonf I B Sl B v

recoabiyatiom 2yest orohplaedoubléz(oorcmntaauqncpssgoweh reeoralpination- ex@int. It is
pr%{e%vtﬁ%ﬁ% g?@tﬁé %g%éloggre?\éesnpgivgﬁe% Jut tgqgmg%%&% Jg)ene (or part
thededfy amdbthiepioitiai ldEngthylGr tb\getﬁlaseratum—gensjtmepples(rmdeqmthlegvay the
mLﬁa%‘n\f% ajoo@%h%%‘%}gﬁ nﬁ’t‘gc?tnﬂ%lé r?a%/ lﬁg %ﬁl W_ﬁg@%ﬂ éxmﬁef%fore be
clagsﬁmisas:adenét@ally medmgdprgaxusas(QM@) @cou:hng tg tge GMO regulations.

D R e T e Qh%%t'%?e STOT] P

coginngdthEs rne;tﬁpeEtH me'uye)te denerbmlm tE fl. aom f‘@hﬁpr‘b 1.1), E2:
r

orlFbIyile ey EEC Sfaloinite SHISREE e

cormnle@m@qtpte@seave!@l eofagiosh whieh lwlwﬁ? NABoFADagpenzyme A lipoic acid

|
i %&%@%@o%@@*aﬁ@fﬁe@ by POl 8

a heterodiper afija anh§ sybeRit aieceftaprdgsciibechas PABA. pdhC and

hgX : t n
oo LS b S egRibin) RETEBOnk s e TP in e
samgowvayithal BPBECOS8d:1 reciiras T%’IP and caglyresa similar decarboxylation
rerMﬂSﬁ OQJt‘?tl\ g%%%ggnc% éﬁﬁﬁgg}gﬁ@%cy?ndggﬂ% a@!@ caﬁ'l&zby bthapknzyme

nis pﬁﬁ@@#%ﬁﬁc&ﬁ/ﬂ A rathepihan r?@PS?'debH? a'd?ww%ryPDSfacw of the

E11 tﬁaslb@eﬁy n*é%s@@ﬁ%ﬂ%dlt P¥s hBﬁ‘bé‘é?f é’&ﬁbléiécpmtﬁfoﬂ%?'ﬁn&ﬁ’ in PDH
at acet al over and above acet

(Lezsard Srftasere Throuel o1 Biglopisabibamisey: i oo dER 4t 4278-10383
TR &t hﬁpl@ﬁr Wé@ol@&} teh8 6k chrbIG Q‘OO@DBE %Jaﬂnglank et al;

to be produced with | €ss acetate and formate as

Sqianeaudies. 398 900ey. oﬁigoq@ PeRpleBeTe) @ﬁi%g@cccsd'mawf hPQ activity

of@@ﬂ 2:1533 rﬁ’ﬂ"bg%ﬁﬁn@&ﬂby‘ﬁ W QMﬁgulﬁﬁbrﬁeﬂpgﬂpgo\ﬂ@éi acetaldehyde is
i sol ated usin

standard enone wal ki ng" tec
Progises oV AR eRg 9g@ve8wtsdf0qﬁmgmwcpg SR é&g"'tyéédi}'@n@‘éw sought to
reﬁ\BOe fr@tb%fduda@e BOMERAAR th 2o Pdre \ekiHGoDRRS pRINYEY vt less acetate
gure nd Table 1. Table 1 5 Gene Position (bp)
anprf@rﬁt%%ﬁsﬁ'Gﬁ@(?déﬁtsFr ane (aa's at 5 Size (aa)
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and 3')
| ER) 184
W0 2008¥380209 protein pdhA(a) 1875-2984 a - subpeii/GBG07/003699

pyruvate +3 (MAA - hydr ogenase pdhA(f 3)

orf2 86

pdf 2 746- 192 Pepti de defornyl ase -3

8-1497 Unknown -

ESK) 369

3003-3965 13 - subunit of pyfuvate

deh
(VA

(M
Hypot heti cal

+3 (MQ -

drogenase dhB 4058- 5368 hydr ol i
o FREAE a5g TPl Qeneh itk S op I S5 5uae
stahtiprdatgedemdelizikingy athsiguel (Apprexinstely 48kb cfrDNA was isolated,

T -
+1 (MR

| NF) 320

|sola2ted using

seqjieppat AR B Foronian e Hldfibn SBaes ndi fisiod Qas topie 1

TaBleel hypot het i cal

') /arr

pr onot er

tho ot art PN
CTITe ot Art U

regions are shown in F| gure

ndh A

(e
&Bre pos
previ o

JVVQ/ UIIC

5 sPdsition §wk o
s exanpl e

10 tinmct ranm £ v ~an
LJ UPOL I CTANT T TUIT

nd Properst &nclidnead
of a secondary pr

Gfamed4e(s at A

Dot ahd 3N t he

'JUIII_\
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In a preferred embodiment, a third modification is introduced to enhance the
PDC activity. This can be carried out by inactivating E2 (EC2.3.1.12). Inactivation can
be carried out in a manner similar to the inactivation of LDH, but with the E2 gene as the
target for disruption.

In a further embodiment, a microorganism of the invention comprises a further
modification, inactivating the pyruvate formate lyase gene, thereby preventing/reducing
the conversion of pyruvate to acetyl CoA and formate. Pyruvate formate lyase (PFL) is
the “anaerobic counterpart’ to pyruvate dehydrogenase (PDH) and converts pyruvate to
acetyl CoA and formate (see Fig 1). While acetyl CoA can be converted to ethanol via
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The present invention will now be described, by way of example only, with

us

reference to the accompanying drawings, in the following examples.
Inactivation of the LDH gene
Example 1: Generation of a stable LDH mutant

A strategy was designed to generate a stable mutation of the LDH gene in Geobacillus
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(forward) | =~
Primer4 | .~
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Shaded sequence indicates bases added to complete the restriction site.
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msftnuptndnm te geverete( blkntueds forigationt IEIOyBUBFQQr whigh had been digested
w@d@%l raﬁaoé'l%;e tr8%ted WithPkieRdw ?éﬁﬂepas‘é!at e N@a‘iloﬁ%%{é fYas used to

ctroconpet ent s in an eppendorf
traklefptmoﬁ i c@l %@@1ﬁbdﬁtr?t%ﬁﬁé)d using sstanda S‘Seﬁf@t%‘-ﬁ's\/\asAS before

alﬁr#naiﬂﬁﬁ'% gts% &g rﬁ?QW%é eeka%%%%w&e&&ahw é‘sH‘h’@é WRrd Jsolated

ectroporated at

andaghatacterized hyrreswoiBRanalyist ArdasrirAEHOte §S%# prthe pUB190
batsﬂgmeﬁ%tﬁ%e Lyt ré%'frﬁ:‘tl\ﬁﬁrp'&ﬁéirn-rf@f“:> tﬁéﬁ&sﬁgg%nstmd%s identified

e suspension transferred to a screw top tube
angnigpepete tranﬁmm NEIMB 15965 thyrelactippgration usingniir mgtocol described
ew erbath. After incubation the suspension vvas ei t her
at ed dlrectly eg 2 x 0.5nmL) or centrifuged

Eleatrepwiatian PZGtOﬁP @@pbaﬁuzlyeé mretiucesidagips NCaMB) 11965
TGP, p el RiGRIo0M EGFWaS Madel By GRoWiRg Qinngvérﬁﬁ ht cucl:ture in TGP

propri ate anthIOtIC and gr own overni
e

bl atAR0STR A 551G aEoV keI dEDE SEREThAREK, ODuo ~ 2),
aciig®an 2huBPYEIEMeEbE 869 09I06cRb1 QVidIRS!it8 1> dWBdbtdNand storing in

cryotubes at -80°C. 1mL of this stock was used to inoculate 50mL of pre-warmed TGP
in a 250ml conical flask which was incubated (55°C, 250rpm) until an ODg,, of 1.4 was

achieved.
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0.5M sorbitol Tryptone 17g/L 0.5M mannitol Soy

peptone 3g/L 10% gl ycerol K2HPO4 2.5g/L NaC 5g/L pH
W 0003/038080di ti ons post-autocl avi ng; Sodi um pyPCI/&B2007/003699

4g/1 dycerol 4mM/L (fromfliter-sterilized

concentrate) Selection of si! gl e crossover LDH
P

L
neota BFe hen gPYera PhRD QBB E st Whied for 20
MifURSER4B00NpEn SB4TS ihiavBOmLT Rslc@UBDE O tenpelibt luas césuspended in 50mL

e ShA R ot e R0 ot A BB g
wakiszanyrel cargdd 068G thisewdogtt x REsLtand Root@mol)abefardithe pellet was

resomaig 1 ol I8 DI R sete TRaper; tBE it BBhu aiquots, and
stotdtiin OTAM U spskamiotitubdyGlt MD°¢ 1 36turd dde (o MRimmediately).

Contal A gHaSIRRtIoRaamwei DR 40 (JAEE (g% aieof cou. of

elevisednipetgenasiiat i@ pn i eppepd&b tube dgplaohsicen ahd 9gEmtipymixed. This

f or ci ng._hopol nbinatiqn with t i
susgPhgpR et PO SRARS 4o BURHOTR BclibRiabilf LAtk Bhe) ane
elebBorordtER atrea0OM) 10yET crpghitanica and FHOM rediStar0o8ihoBaNately after the

PCT/ GB2007/ 00369 onj cal S
PUSETL PR FOl M B drgn Se dokpsborrritsRifed to o
screwstop febeliand whs ircebatediat SR2°@ifo Grhawndn spehkakingwatarbath. After
TGP agar pl ates. il ng p (of r ;
R
(4,pUIBAA0 20 erinutes), repisperades in208pL-800Win 3 FLI @ngd|spegdddon THE agar,

| or i ! ' .Qht aj i j . er e nci

coffBig Y R YIS, A S ol iR it
tramsfoimants weresalberyadatigc 24 boursf et hanol , indicating the

generation of LDH nutants by integration at the LDH

| ocus. ation.of a gene repl nt ,LDH nut ant by
doubl e- QRaraon meadm \ o p%ﬂﬂ% r gnt
(TML5) OFOMTRRFPAOhas i dentified f e ggg;gove

t r ansf 008 BRnaial used to obt ai PYRBPENEeSEfthi nant s.
This wad03eiglysas@! t hrough five eblbdsive 2.59/L
sub-cultures of TML5 in TGP medi NaGs ni inS8l-
falcon tube, 250rpm 1% transfephbta Veken

sub-cul tures) w thout kananycin, Aaldigomsaposigautoetanvdregy
8 hours at 54C and 16 hours at S5&odidint gyruvhrseldli ve
passages the resulting culture wgeseyi ally di4myed
and 100 pL sanples were spread onfdfripdRstsilized 9r own

15 overni ght. Replica-plating of t ant
col onies onto TGP agar containi né’%gﬁhﬁé ) kanamyci n

was used to identify kananmycin-sensitive colonies.
sélbt6dn ot SiNgld EYDsb6ver LITH RegitileprimaryORtciavitst 0 purify,

these kananycin sensitive derivatives were tested for
Theaplpgpids (eg” pPTMO14) used for integration into the organism's genome were

temperature sensitive. The pUB190-based knockout vectors are able to replicate within
the host at 54°C but not above 65°C. Thus to grow in the presence of kanamycin at
68°C the host has to incorporate the plasmid within the genome.

A kanamycin-resistant colony, from the transformation of G. thermoglucodasius
NCIMB 11955 with pTMO14, was purified by streaking to single colonies on TGP agar
containing 12ug/mL kanamycin. This transformant was used to generate primary
integrants in 11955 by forcing homologous recombination with the genomic LDH allele.
This was achieved by growing the strain in 50mL TGP medium overnight in a 250mL



10

15

20

25

30

35

production, and as expected, proved a m xture of LDH+

and LDH. One LDH derivative, TM9, was further
w@eb@sastoer i zed by PCR and Sout hern bl ots. 20 PpODGBRG07/003699

LDH gene repl acenent Genom c,_ DNA was prepared from

TMLS (pri rrary I ntegrant) and!3TvB9 (presunptive doubl e

reconbi d te f P
copFnGRs B SAG Aoy PO HerBuin Bmsoisen GEReEm. o mins)

redeRpertitg BRA cBIP 15T %%n@%aﬁ%@@ﬁﬁ@’ agaThﬂatQ%ontammg

roducts nds ed fro
1o lekarByED, B siBlabt FEuRRoN 2t - s SRl Pt gorations, pUB190
caRh@\replicstey a8 R aﬁam&rﬁ@us/\ﬁégnﬁu gastreslont tdi ddniesbertained in this

el Sy Py e 0G0 S 6 R R, B, il e

préHu@66t ioPBthafsl, tdieting dhe \WeA&xEson 'oh € DPCRuis Wgtin@bration at the
ﬁave 2 bands of around O.4kb, indicati ng the
LdtgP enment of the wild-type gene with the nutated

Geélldratich of Agéne facdment LH iigam®@y ddwlsieerossoveLS,

the primary. i ntegrant 30 t.
b do PEBDRAGYS o Iapent sTTECE BTN Hap pntfied from the
abble Hahgfolmastibn dhd isearto hﬂ)talﬁﬂduﬁlen@dombmbhﬁ; re'ﬁldsl fvas achieved

IBRGE TVSHEAREEYBrEG eSS, TVHUE 5" KRR MRl o i 0y g feloon

tuivé, t P50xoin, , 1% s trensfed Pédween asud-dditaek) |withodt Nmnlamyand alternating

oo n o SIS SRR A Soobend i PRI e s

cultirectes) seriatly Hijlted dha ddO\mLtslanmles%erprspmadgm &Gt gdtebyand grown

ovBR KB BB Te B 348 B REB abgPhing 120
kaRampan wasaseditogderdifyrkandnactroseansitise \WoloRA@S8 AGSBEttdaking to single

coﬁg}%@ élt 839 the%e kéll? n%ﬂf%én%gﬁ% de-P[haqva Welrgiezsl(%?igfor lactate

sual I Zed usi
per?mhhe)and'Bsee@eoteuepmvéﬂ amighevefd Dt arehiceHo fOrs LDH derivative,

Tl\ﬂ%{:ma | ges Cﬁgra‘bl‘%ﬁgec%\x F’ﬁﬁpe{n(aﬁd;ﬁesﬁ élrcr)r?ﬁ |5$|beldnbfaggs of

PrappobiDigesokeyepladeanedt 0. 4kb in the Hindl Il 1 Notl and

Pst | : d' S i ndi i=n t LLON
mul té%ﬁ%&#'?a g‘mtvgaoplpés% d %jﬂw ggra dﬁg%&tghtz f%{—l TM89
(pte@umstlvmdauhlesreCpmbmnyLDHt)egIChWted asytemplelte farfRGR using primers 1

al{gefﬁ.lglhgttﬁé)&‘or%t %gtu%ed ng\% &ﬂwﬁghﬁl\m %HF 1 ﬁS \ﬂas used as control.

res I ction attern oW ng an ex
TheyBER diredusts (wpd:XC Orfolsly b@dsozvqr@g&@m%fﬁ@msa"ethtee t@mplates) were

puUPfeF a5 %Pga'ﬁagg%lo@f@gm @a@ple ) 'e%d% HaNEfI BBfofe being run

up-regul ate on|n uenci ng
ont 6. 7fldagarpss electrenhanesis gel. The CR produc of 11955 showed no evidence

ofgq tﬁé’ﬁg%ﬁr %%%%@P%R e rge gP@gQgé\B bKBands of

arm@nd B4Kb, ingicetingtbsi rgplagerner e t@]W%E}’@@rﬁ,@@ehdeoih@gvu 2ted alele.
N&l?éﬂﬁ'@&ﬂ)nk&qv\@ PEe! plrédiﬁ @f‘?‘M@SO{EI@CdrHéH? |r|?£§'r|ants %QV@ BERRminantly

were used to a agnment

thgehbands BREN Withnd M8 ,1wﬁ%/r?efrﬁﬁﬁg|0ﬁéf@sua@b§| @sSkmé@sdaghla can be
e Eﬂ@da&the TJ&%It%@BIN@ﬁM §6dtﬁéjrn%5ttuﬁsof(iﬁ§‘?M1@%‘énom:c DNA.

reviously wt pur | roducts Ii ed into

puc1©eqanB)DNArﬁte1 195@aﬂvaﬁ ang T8H wamﬁgea@édw ofl, Pstl and Nof,
arld' mmrdeNoﬂolahdJMaogn (2t E%E@&ﬁﬁ?ésuéi%'gaﬁasét eadarrh@ DNA was

protocols anCI| I n-resistant col oni €s
transfesied eenta i Pesitveboehaigsrk aylpn m*&rgn%\éﬁecheéoar&t Bypridized with a

probe generated by PCR from the 11955 LDH gene using primers 1 and 4 (Table 3)
which was DIG-labeled (DIG-labeling kit, Roche, according to manufacturer's
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characterized by restriction analysis and sequenced.
This first fragment was then used 20 as a probe to
wa@ersmessothe following |ibraries. Genom c DNA fPOMGB2007/003699
t her nogl ucosi dasi us 11955 was digested with 10
different restriction enzy 4 usi ng standard
_ ELotocols The restriction enzy
INs

Bgl | |
ofions). Theahyirigizinge hdndss ErDNA ?'Izﬁﬂd%'ﬂgs”@f TEEEUL kit supplied
(Réchgy. SKBrHen suutfden WHIbE Nshotkide evldenesl éfo af aﬁmnrsmalifekj band of

apgpgfr%éye .96 Tod6f Vel dpshho A LRh -Gt amplfied bands of
apbrﬁﬁlHa‘lzléN' 7 @ 0.4KEmehE IHMa/Nes ane TF%tIﬁ\lb’tleﬂgEB‘ﬂs of Tlm15h|adlcatlng

| abel ed. DNA probe (DI G| abel j [ di
integsaiamat Bbltalecindemn RapiaR p BFQ‘M 'Hﬁafag?cg % GOHog i this
pnﬁ\@laﬂﬂteﬁﬁarﬂ Natth BY Biréél I'é?@ﬁbt‘éh 'atgebi%emeg baowed ewdsmie%f@jd ifferent

sequenced. One cl one |ed t hat
resiicHoB iRAER, RN G BRI RIEBHRY SHRRIGte, RASSD: dRpsistent
witA$Bné PPisdemnevi ously identified and ext end| ng

downstream 30fromtr]s re CE ﬁ er - 1. 8kb.
Exapwle 2 @rasratien obastah ﬁl"'é’eregﬂf?fﬁ %‘B begl nni ng at
a) f:he G‘t_lonlhggingrke‘qubhchb&hptpﬂhldi(i’stdef or nyl ase 2 (pdf2).

osi tione & eadi

{1 2R T CE G LT ABRTBRTCGATITEATER BRifd SEa 1o No

31hcaamel SUYGAARGTEEC TEOCANTIAGGT TN-&i (re\xekea!\ SBRUIASNO) 32), were

fromB. subtilis streamt ext
copiaRe Rt aeed Bhea Hormsfpay bebas G S5yl g hgainus PoH
se?@&‘@d@ a Weee Dyéwuﬁbmpdﬂfa/drakgdrmmnt\uamglganwmld: DNA from G.

e EINIT TR e vl

pré\BOL&lygwltth itha dmfrlfled \NCR Qﬂﬁdw UigSteBGMIoGBRICOY/ @lE&BQQ The Higation
gene bel i ey nco :
e
A@ﬁcnwﬂmﬁstamécMmss nerd Iselelkhedvamdpthla wetaine plegsmids were isolated,
tifi S ci QALY
cngiriiiget BT it AgYo BUREikBa; 18 1R dEnaR ien uees

aslanprobelm“scréertthelfslt;d\anehb‘rametsher DNA sequence. Using

for@dogff'ﬂﬁgr Roin, 2% p%@@ﬁg@%ﬁW&%@%ﬁﬁdd&é@ with 10

dlﬁl'eTa"uﬁA@@ﬁtTdﬁr Aﬁi%mﬁmr@arq SE@QOB Nbe @strictian epzyges Bglll,
%% I an@lng%n ?&%%Dﬁgg@é H\Eﬂetwe@n RS ﬂpslze which
was

efore. Ara
werresdlcmedttodnrneﬁzmbllbrsrmfcﬁolwlﬁazfPL\hEWéSE%oMﬁWt%Q@ﬂd Biolabs),

aclagl% ng ¥ %%@c%@?n% 0 (ﬁ -thsr CHhARes WRIrE $5&5hedOwith the

enom
Ialbehej B¢l mobs([li@slab@mg Ritagoehe; gcmahng,tgjnﬁmgﬁptp{fgﬁp instructions).

di
(p | Eﬁﬁl\;{‘@%g%hgs 'hé%gfggﬁ% e%qg?tgb@ﬂ&g%%gl}tﬁﬂéjbr%be were isolated and
semaamrfeaict Grerclend mesridentifiershat ntaiged @e%ﬁ%@ EgoRY geromic DNA

fragpr}ls g%arﬂ'ﬁﬁﬂjﬁ]e 138@@?1[)'%%\%9% J%ﬁll@éht@f@mﬁé{lg)ggtrﬁng%%%stream
fribe GRS reg@gn@ma fustber crérﬁkbf Ted. ffagﬁt?"l?“%‘iﬁ?eﬂt‘@% @MRl¢ia genes

b%ﬁ%necf]ﬂqh% loﬁr\ﬁmagogg rgé &@nrnﬂfh%e@(bﬁm Updkitioned downstream

I"engt h. Séquence
ofapaRy g ana9p¢re\reedlem fraae etmp@neoawt ygothsticed 9ange (Weigh shows

hc&ﬁcﬂ?%l HSHR henRtSd Bﬂzt&ﬁ P (@@Uﬂ%m) gnessf | apkrg  while

put at ive genes eilt he organi sati on
daﬁnstrlaemgtbﬂ sxepRaERacing: Fame i1 *@@ﬁtln g%l%esa%'ém"?vﬁd to encode

thE' %Hﬂ\?atg ddhydrogBaAge W @S SON.Ghit RPbhAYES)aMntnedidtéIp Oddj@ent to the
pdhA(a) gene and extending beyond the 3' end of the EcoRV fragment is a portion of a



10

15

20

25

30

35

20 The strategy used to generate up-regul ated nmutants

of PDH in LDH mutants of G thernogl ucosi dasi us
wQa1@8/380mvol ved the use of the previously i dene¢T/iGBe007/003699

pdhA sequence to design ang generate a cassette with

t he pdhA codi ng sequence pr eded by a restriction

site_all ow ng eas inserti of h
aerph bl 39 Rvats Mo 1 o iedPRiR THeciiRpcarEngement o
theSptal hdi M b&PEdrdsmeae s kndle ptR @ehe efustdrs Waetifiet inaclosely
strong .25 constitutive pronoter such as the
relatefispeeiddt er from Gt her nogl ucosi dasi us or G,

St eThe AphridEhMmpitied tbhiderdipthisEBoRY fialghisst watseelpéaned in order -

Fi gure Th ired nutants wer ener.at ed .
to 13RSt LT E1FTor LIV | RERQPAEFon GRBIEr (o HEGS, parimer 5
AdWCﬁAAAGAA@mAamAmA@sf SERAMNMNOL NS)r @sd Stewstse primer 5'-

SRRt AT 5 BI85, BB Fo eoinrne

EchV&@al’giﬁénO% ﬁéﬂ@ﬁﬁobeSGTSﬂGEaBaé gerre?meus:yb?cm as) before A range of

| t of f P
rosfiion TEVAERRPYS SNl dRer O P b 4 sS4 S SToIe 2
rediéf) igrél as&dltol digest bémm“c DNAU tselate‘d fivhe|G. ﬂmﬁmgﬂﬁ:«mdasms

si t.e.

h | |
Tabf e ams e Mo WeshsfeBlor s afmpd Bl veore
(PWTMS2ZEB W EHylahd Bifdéds) 3R0ea@iifeCTd GBaIFCt0RBS Jstrudfions). On

A5l o LR R S0 g

of Kalkig eEDNAS pasitigneB 1@avristreamt efd then FooRY ofifhgmeitt wasfidentified. The

s TR ot o S BERAES cort

of i8B84 imllenglho SeyErgce drediysis bas Waetledshatothist candigdwbuses the pdh

ool Sl RS8R RS TP e

Thelcmgmrdsatnh@f tHe gedes encatiedorithvettie soetig issbbyn imbiguissdd

%&&%W E@A‘%SAQFPE“’(%EQ I D NO.

i ncd'meostmtegngse)s[kialgéhH'@te wp-tagsllatesbmutents ehBDHdR m-rmmutants of
Ah@’ ’?B%’Lg%n O?J %Hé& iv%ﬁ e{ﬂ%eﬂseé he tﬂéeﬁﬁéwahél\j eudeﬁt‘r’f@d pdhA

start codon
seqsm@rtecdelsyg naandgmte &f cassﬁtée withy iteap i eeding aequence preceded

byeaxr%@rﬂﬁ@* R4 omﬂ{}ﬁeé’s.%l%e%o% df @éralgg&ﬁsaﬁ%ﬁwotérg a-mi' subsequently

ctron wtht ereverse pri mer
unss@mwmwmmmm@s ThsEenYiIBMEDt vaas for a strong

co('\ktﬂ Weoﬁtgo?ﬁdtﬁgs@cmi% rigé | b lomotd OGP ] fﬁér&B&luEés‘?JEs:us or G.

ene, usin preV|ous Yy
st@ms@themh//mﬁhsrawmh@Illwtna@d iprigwrR 8. of approx 1 kb

The 'F?één%ﬁﬁfr@dj mulHid \fvér%dg&’épatéd Bﬂrgﬁsfbr‘i‘ﬁé?lon %U@?@ln(éﬂgﬂon vector

atton mxture was used to transformE.
intpMIr@O hosk ﬁﬁg@ggn@)sei@tlugﬁqg kgﬂgmugﬁﬂegjﬁtmtomg;ants Such single

créﬂogrjé\fgr lr?léLantE &3é Shatable GRS NRE bf affiGit &0thaNAebRfion event is

easily reversible.

-
-

i) Development of vectors for up-regulation work

For the above strategy to work new delivery vectors had to be constructed to
allow the use of Ndel restriction sites within the multiple cloning site. The following

Table 3 describes and compares the vectors developed with pUB190:
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pl asm ds were isolated, characterized by restriction

anal ysis before the pdhA fragnent was digested with
wOk@B/0380d9 Hi ndl |1 and subcl oned into pTM331 usPEYGB2007/003699

standard protocols. The final construct in pTMXB81 was

verified by sequencing, and1%ssigned as pTMA6. 20

iii) Pronoter fragnents and generation of fina

delivery constructs The pr er—fr agrents—were—then

cl o eize(b) tMB"'Wﬁ/rwﬁﬁnnlydiu}eQ__g Nor oot Ao thepahA
PUBJE0d - GZ KjAmman [ Nogenss. | BYRIOJaaed i oliCIa, o

pTMOAGI |0 354Werec§thk)éi19r fres |the iniin 450 %’l‘t% eans %eG\AB°E°°R'

2008/ 038019 |PCT] GR2007/ 003699 | Site Gbpl

- ,_,{n [@—-00» 1))
o
=S

pTwms sec®Tor ncATD | 4n/es dssd o PUGISin Neels

an
Tn@qx;m@:_?“(:%ﬁﬁﬁgﬂcv AGEA NEGAEHSTHET REB 1 § fragient inserted into
P (302bp) NCINB 11955 Iawgtate RvspS i Q§ B‘

GGCATATGTGTCTGTCATCCTTTCCAAA (SEQ I D NO. 10)
dehydr ogenase pronmoter P_Idh(11955short) G

TablB ! VBStbHCTHsHasEY Sor pthe SUTEHSRAER GATGTAATTGGATGT GATGAT
(SEQ ID NO. 11) (172bp) NCIMB 11955 | actate Rvs
GGCATATGTGTCTGTC‘ATCCTTTCC‘AAA (SEQ ID NO. 12)

i) dGeg elmats 2 i P_I dh(NCA1503)
ear ot ner nopni
G ey B B rereorisn | BRNBCR, gt gned into

puBRd, NGLhBad | pedvidshyRvsvas used to design the forward primer S'-

MTAT%%EWﬁﬁ@@ﬁ;&O)(&&D &®. 7) incorporating

Xb S RtSadites Nes trapliid 1esmimadATG of the Ndel site represented the presumptive
AT, s_ta @WW&%&@%W& Qs&@wedlgs) alignment of other
pdW&Tﬁﬂiﬁﬁmmafmérﬁﬁﬁﬁa@adiﬁﬁ(ﬂanr[esNo 16)

IGagt Sﬁ,eo?vﬁ drtbs%%nase \?ﬁrﬂ)%ﬂl?\tcﬁsn wﬁlqy the reverse primer 5'-
CCAXST ACOCK CTTGS' ((SEQ | ID NGD. 18)) (incorporating a

Hi ﬁ@%%%@%@#&a ?%wNBSing g} reviously described

PQR pratbeuls. A PER AroBust efaanprdretidhowhs begeratad, purified and ligated into

Wﬁﬁ? ISW&%S#QH\Q C(;IP)M109 (Stratagene)

usIBGGAIRIBGAATCERRNCCADROIMAGTISBAT colgres wWoreiselectgyl and the contained
pl{s%l%%%l%(el %to aéé)cfmc%gfa( gk Ey %ﬁﬁ&@h%ﬁﬁs@@br‘euﬁe A fragment

wmmwrmmmmmmw@mww@v@mﬂsmg standard

f err %‘Wﬁ%@%ﬁ%?@ v(eéiééQd lB%%ﬁ%uencmg, and assng(ned as

pTEM(Dﬁ euUsATCC14579 Fwd CCGGTACCAGITAACACT ATATATATAGT A
III)( SE%rlJRowpfra%ments and generation of final delivery constructs

The promoter fragments were then cloned into the pTMOA48 construct -

preceding the pdhA gene - as Kpnl/Ndel fragments. The following promoter regions

were chosen for the initial constructs:




(168bp) pyruvate formate | yase Rvs
GGCATATGAATCTCCTCCATTTTTGATTAG (SEQ | D NO. 24)

WEe@sossen9 Tabl e 6. Prom)ters used in PDH up-r eptil/aB2@n/003699
and their sources Priners e designed to generate
t hese pronoter regions from enom ¢ DNA (i sol ated
from G thernoglucosidasius 11955, G

PromoterSt €af GoligggTophi | us BsedFor p&r St ear ot her nophi | us

P_idn(11955DSMIL 3 24 rexaiticoBiaseT Pt GRECIALLBFARSCORFT 6T GAMEECAAG (SEQID NO. 9)
(302bp)

previ q%ilab L os £8%Kpn M&&&%@ﬁ?&ﬁ?@”%ﬁ%ﬁz“ PSR EP-Jo

wer e fed using| previously described conponents

P_idh(11955gd) rGUfaeowzgluszda'Fhe

(172bp)

0. 11)

o | ARMEAES B 10| HPCRAIM RS M & 08 ey R 2

t he ||p@&5tbr0?'1asm Xt ur =s used to transformE. coli JMLO9

P ldh(NCA1§(8]j ré tQ?eqq@ rmgp;l;qlug ?Aﬁﬁ @?f@ GGAGCTGAGTGCTC (SEQID NO. 13)
(171bp) AI’TpI ¢i gf ﬂ;?z ﬁ;‘égﬁ St am R\E&Gg_ﬁ]A A'l\_,(g? I CCTC %Téﬁ\eJG (SE {D NO. 14)

cont cllpl‘b&dtelp asni ds were isolated, char acter| zed by

P_ldn(DSM18248)t 1| iGestaargiierapral ~Fw%ﬁ%ﬁ G Wgﬁe EQID NO. 15)
(18500)  er e @*’ﬁk&f’% ﬁ%ﬁ <5‘ﬁ°’l el an clgﬁgﬁﬁ%f P NO-19)

p TMXA @robistem st andard protocols. The final constructs

i GT. G C 0.17)
PRI | R I R R
P_ferA  PCI/ (:B‘z@s@%lh%%% 1 8w\ GECCTHACCIPATGE AT, TRCLAPACRE| (BEQ DY 19)
(58b0)  pTNDREI MBS 340 1 PP CAREAMIERM GTRIEYATMOAS (B4 29

=~ | Terredoxin pro !

P_fers 100D 'G’@Hérothérﬁ‘:ﬂpm/dé”wm pTVOAG P_Idi(short anp, Kan
(183bp) 11955 )Strpﬂ' M3V 192I407I'MMG%ﬂAEﬂWTQS'@BCWﬁ%TAAaWGAWTATGTGTAAAAAT

pTMS rggomm{m%% P 'ﬁﬁe&%@ AR cak@ccdthiNEHRT 1t ip No. 22)
PpiXx P T MOAG Brel SATEE 4878 , | kad CCCEMITA G TRNACATTWIKIA TATAGT A (SEQD NO. 23)
(168bp)

: TCQISRAT s 24)
k?Ep . g?;&ﬂnr:??'vzasq I\/ﬁ)&@ GFG_MN_HHF CRT&FI TTRAETAR. (SER I

10

£
Er-05SOVet—construets—for—PbHup- |cgw atton—iv)

Integration of final constructs into the G

t her nogl ucosi dasi us backbone TMB9 was transforned with
Tabled. &yometens used PRI Lpdeautriion asd thebraustsson pr ot ocol

5 described previously. Presunptive integrants were

sel ected as described previously and tested for
Prigteiawele dasipnedda gienerats thess prametar segions EEVEeHPIiORYA (isolated

frofE AU Mk SRR MY sihsiAS_ 14BLS, a8, P%a?&%byméﬁhllughq\lCMSOB G.

results areshown I n Table 8. Table 8
stegeotbermopaiyoRBMIER4D RN Bnggrays ATeCAHH79 sﬁéiewrlb@dgqr?\a?%'w as

t 0
Kpﬁfl@%l fégr%}nl\t/% Zgh&lpclﬂglﬁ %gg%@%%i @f%é’@'ﬂsi’ gl%'vﬁbusly described

comgenents. apds petomle e Pyiifler PCRyRradysisy were diggied o TMO23
pGCPQ With Ghd Rrel site %el%@éd?%n@-tﬁ@ﬁgatlon mixtures used to transform E. coli

JM109 (Stratagene) using standard protocols. Ampicillin-resistant colonies were
selected and the contained plasmids were isolated, characterized by restriction analysis
before the promoter fragments were digested with Kpnl and Ndel and subcloned into
pTMO46 using standard protocols. The final constructs in pTMO46 was verified by

sequencing, and assigned as the plasmids in Table 7.
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TVR28 P pflX 6.64 2.9 29.8 3.2 9.8 118.5 2.65 10. 42
0.254 TM229 P pflX 5.02 4.8 24.4 0.7 12.2 119.6 0. 95
WO 208/0880149 TM230 P f1Y 5.02 5.7 24.3 0.3 13. BCIBB2®7/003699
1.2 8.3 0.145 TM231 P flY 3 74 2.6 21.5 1.1 12.0
125.6 1.85 10.18 0.182 P I dR(1503 T™R16 dirmer) 4.99
1.8 12.7 0.6 15.6 141.6 1.5 8.25 0.182 P_| dh(1503

Vedlif L8 e BT 3 1 T T rbgtdrs ¢ LY Seftion

OTNIOSE o s14 MO’ >, 7 07 R dBU1955), o7 hampy kang
pTMQO59 3.39 0. QPTMA& 8 PDH qualdﬁ(ﬁ()@) hnllr %mm?@@

pTMO838¢ pr oot @ TMR4Syr ant s | n RAJeB(shawt (0. 5% | ampykan
gl ucose The rjew pronoters appett93% gi ve relatively

pTNDE3,6&8VeTs QD4 TT Vi Ty, | podR( 1503 Bintel) UARTp, ikaan

pTIY, 68 (IS Eﬂﬁ{ﬂg}fﬁr”‘ (TOVEVET I J824GY" PT Of 8hth, kan

pTMQUG3,104 <~ I RTMO .lfi’?nL"‘p“ IR oL, Ser oA, Ran

A>3

pTMQ%@QOt he thIMR48r ant s of P.aéfthxnr onmot er _n ﬁﬁib, kan

pTM@NE, 182ns dipTAOC®S/ 038019 PIB2007/ 003608MpPL dkan

the relative strength of these pronoters difficult.
The sane strains tested for PDH | evel s were al so
fo h IR creased gl ucose
Taf’%%S?”z%'wed&Pg%A%'rgpg&e"rsgjt(’?%ﬁgNﬂ* Up%él{?%tm attenpt to
establish whether any of these new pronoters offered

a n y 1Y AR R aPYSH strh Etg iftb ki @ atlheﬁﬁ&ﬂlﬁgogfdaslﬁ b&B&one

SUrtS dare SInmowl apl € 9 Del OW
TM&SnweattranSfomde rmm/cmmrﬁ;ow olasmids Gpingotbe ¢legtrapqration protocol

de%&:%%ﬁ)k% g!.% J{suﬁ@%@‘ﬁg&%ﬁ% t%\gr%/ggs&lég %s %gglﬂéérbrewously and
tesgecbfar thHVEIZ@ld\UQéW&t?@‘mOW%@n)U ABYE gluppsg moediuny, (gnaerobic) as
3133.1 0.6 0.0 21.9
wel g DD B AR 416 Bl e 0= 5 0 21 2 Than
Tapteg®rate 02 p pfly No growth TM216 Moderate 02 P |dh
1503 dinmer 52.9 134.2 0.4 0.0 23.9 TM18 Mderate 02

P-TTdh 1503 diner) No growh TML/7 Moderatg 02 P I dh U/mg
1503 58.2 130.8 [0. 6 0. OCénteratibhBIMMOder at|eJ/62 cogbwlol| protein
88]9 85.4 12.2 0.0 19.8 TM26 Low 02 P_Idh 13240 68. § Specific
straipp s Promgten 13 @D 115 pyr  (Talpesse | Jarmy) aget)| FIOH o5 PBH 4 g Profein | Activity
T™MRE | @ Io@I3g01 9 474 6 1.7TIVR247-8 dw (02 | P48 1362 |7 2111 7| 3849 4 | 0236
T™™MZRH .| & 1dH51340) 6.31 0.7 26.2 1.0 | 126 | 130.7 3.5 10.32 0.339
TM228 | P_pflX 6.64 2.9 29.8 321 98| 1185} 265 10.42 0.254
TM229 | P_pfiX 5.02 4.8 24.4 071]122| 1196 | 095 7.99 0.119
TM230 | P_pflY 5.02 5.7 24.3 03] 133 1211 1.2 8.3 0.145
TM231 | P_pflY 5.74 2.6 21.5 111 12.0 | 12561 1.85 10.18 0.182
P_Idh(1503
TM216 | dimer) 4.99 1.8 12.7 06 | 156 | 1418 1.5 8.25 0.182
P_Idh(1503
TM218 | dimen) 5.57 3.3 14.7 16| 131 1354 1.6 9.42 0.170
TM177 | P Idh(1503) 5.45 2.9 15.2 29| 126 | 136.9 2 9.34 0.214
TM89 | (control) *2.2 15.2 224 30| 100 1110 0.09 3.39 0.027

Table 8 PDH assays on 8 hour cultures of new promoter integrants in ASYE
(0.5%) + 2% glucose

The new promoters appear to give relatively high levels of PDH activity,
considerably higher than TM89 at this time point (however, the low protein level
recorded for TM89 indicates that TM89 may have passed its peak production point).

Poor agreement between the two integrants of each promoter makes comparisons of
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of the inserts - and by sequencing, and assigned as
pT [ 0
2 el S AU Ul B i ERARAESh ok b ner o
comdntnquodﬂ‘@?@emhrmtajlonhe eI ectroporat| on protocol 15
descitr t:ggaqnep r% Vo 1t ch grraSt%Hg@ﬁ‘l{INearidnécﬁ%a?é‘ttﬁeé/@br%moters it was
escrlbe previ ous ested for
10 neet—:-hsawl tandgenesatei cdowdile pcg@mbmaatﬁ i resasie ginstabdidy of the
pr@gfep-‘]%rﬁ W?%n?é)gﬁe iR to‘ﬂ‘?t!olns@{%newlrgﬁe' éH(oK/é! assd sg A;stable PDH

ner a ubl e cross-over
upTisBglation mutation was also required in the final organism.

c) Double Crossover PDH mutants

i) Generation of final delivery constructs

15 Stable, double cross-over integrants were generated using a further series of
vectors, based on the pTMO58 series in Table 7, in which sequence upstream of the
pdhA gene was placed ahead of the promoter fragment, as outlined in Figure 4. This

allowed the excision of the vector sequences in a recombination event and the stable
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for ethanol production in ASYquo 50/%%2% o%
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Th@é@{agq%rsggétd}lqo%&qrhl p§/ Ig%s&]réc:tlgﬁ @F? ggs g tﬁ%hﬁw(;ﬁ% gpientation of the

Contmmg Rﬁé&- rmfstdrma wnnl pmmmheusmge tiod qaiea:trupbsatrborprotocol

oIS, B B T St UML) B sty o

testdll &0 .ethdpoinand erdaii dddpnotiuationdt MYYEgl(ld'Mhﬁmadldm (anaerobic) as
Cl single cross-over integrants from which
W#I@@ééﬂ M and TML77) were isolated and used as

iii)t enmateiesﬂoanﬂhBublelcfth -olenof® TAM(RTALE03)S namycin
AR ABHE 2P BATARR bR 0168 ot o

sevialt sul- hﬂtuoaairdshal«enananddnemumonptbaabssn@esfckawcm as described

prg\ﬁétglygrﬁfgr?sﬁqc}%ltgrgg aé%n‘cl'plgsf ngréegﬁﬁgc? %hﬁ‘%‘éte&‘%ﬁ 'Igély%aar Plates

e results s
withr sitabtey aumbersaofeoleniés gieve r@phmmcbmﬂﬁmanmycm plates and

B3RS RrETE HRRR U8 B e, B oo o

ethanatre psoduction TmBQA&YE(DMBB)GZ%ThQIQwsedu &4t dke t piateen hgresumptive
dou%[éanggasl Pﬁts ﬁg{edprﬂgégﬂn&?@ ﬁ'm§§)ngg\9@ltﬁe desired Iphenotype (the

nan region primers
othemweeargelmrmcajd@ ﬂ'lesmmntt'l‘h@%wa@ resdlts preegiven in Table 10.
five genomc DNAs. The LCl12.1 and TM 80 genoni c DNAs

g ggat P ofUCReaRMIAX 0. 2Ktifdroll er | t Meyrdviteot her Acetate
strains, $i n@ubageP I dh( NCA1503) fepl acenent ijnsert

S fii e ge, o YPEy FEue T AT 5258
kM8t “vdetor GAs codstru 5%D"W%x"”ag‘ (00 he dame 21.7
mekMaB1as {he 0.0 152.8 020 24.3
TM182 0.0 149.5 0.0 23.0
TM183 0.0 146.1 0.0 24.9
TM89 17.4 99.0 10.7 25.3

Table 10. Metabolite Formation in Presumptive Double Cross-Over Mutants.

d) Checking presence of the Kan® gene from vector in double recombinants
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20 LDH knockout in strategy 2 and is outlined in
Figure 5. a) PFL knockout vector construction

wWOe@s/8s80ae € priners PCT/GB2007/003699
5' - CGTGAAAACGOWGECGTYCTTGATATGGATACA- 3 (forward SEQ
ID NO. 25), and 5'- TTCGCACCTGGNGCAAAYGGTTCTCG 3!
(reverse SEQ ID NO 26), designed based on sequence .
honiol rggr teechssls rhhatrtb@vha@aﬁﬁﬂel fpm e vestorsdifgd e dieir ¢pasisuction

wa%fl‘n%‘rjrl]ogaela Sbf‘ltyl Atk diibbid TETRIM anks isBgingdenasd %n@'\ﬁMBO PCR

errm ucosi dasi us 11955 as a tenplate. The
rea@ﬁ;mame@arrmdeqﬂt veing psimeessdesigned fopihesapl gryeahewn iheigure 3.

Coﬁt%l Iiéﬁq'eg&%nerlﬂgkﬂéos el 9@& 8f pliffefs F&’th E[( E@éne IH& 8reced|ng

tron mxture was used to transform coli
reg(cgt, mettichy wieeld lgg.epsge@@cﬁ,tm&pdargp@[t dre gingle-copy in TM89 and TM180.

Geﬁg?ﬂlc%lll,&'éﬂanf i m t(TWIB%HQ.%1Wr ﬁ'lessﬁhﬁ@tcﬂﬁs&ﬂ/@r Fn&%rants from
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@Eor{éﬁtéa @cngéé EEF |§r With the detalls of the ex eriment are given in Figure 5.
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JMLO9_ ( St gepe)_ us :
oo RBL BB e s AR P ARRIE e TG o (reverse
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St R AR S Bt LB MR oNA o
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orpYip e 1l B PERH RGRT pebfiERSae TE BUCR HEg2! 58 lgaton
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restriction analysis, to establish the orientation of the inserts. The resulting plasmid was
assigned pTMO111.
b) Single crossover PFL. negative mutants

Plasmid pTMO111 was introduced by electroporation into TM89 and TM180 as
described previously. Transformants of both strains were grown in liquid culture
(2TY+kan12ug/mL) and plated at very high cell densities on TGP+ kan12ug/mL agar at
68°C to select for integration as described previously.

Colonies were purified by streaking on TGP+ kan12ug/mL agar at 68°C and
used to inoculate 2TY+kan12ug/mL seed cultures for production tests, using 10mL of
ASYE (0.5%) + 2% glucose in 15mL Falcon tubes (ie. under low oxygen conditions),
conditions which had been shown previously to give measurable levels of formate

production by TM89 and TM180. Formate production is not normally seen with higher
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TMBRD (apph®dmatelysZ0omvand (gl aimilag lepelzpofiother gpeiab@htes and similar
levels of residual glucose. However, the TM89 presumptive integrants may not be

genuine integrants at the pfiB locus. Alternatively, it could be that the mutants of TM89
are not stable in these conditions and that the results observed reflect selection of
revertants (loop-out of the plasmid), possibly reflecting higher instability of integrants at
lower aeration.

The TM180 presumptive integrants look very different. All showed no production
of formate, low acetate and very low residual glucose, when compared with the TM180
control. These are presumably genuine integrants at the pfiB locus and therefore
defective in PFL production.

c) Stable gene-replacement PFL negative mutants
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presunptive PFC nutants descri bed above Were genui ne
gene-repl acenents, a PCR experinent was set up.
Genomic DNA was prepared for TM236, TM241, TM242 and
TM243. The primers used were SEQ ID NO. 25 and SEQ ID
NO 12ble VB Rietimpikeasiatle gbhe raplagimemt PPELnegeRepmotintst in TM89
]01955 15 which provided the PFL sequence for the
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metabolic profile appeared to be more similar to TM89. This phenotype would fit with a
PFL knock-out, where PDH expression is too low under low-aeration/anaerobic
conditions to effectively replace the PFL role and would explain the phenotype shown by
the primary integrants in Table 12, where the presumptive primary integrants of
pTMO111 in TM89 appeared similar to TM89. This would explain the poor growth of the
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product of approximately 1.7kb from 11955 (theoretical 1694bp). As expected, no

product was obtained with pTMO111. The PCR products from the five strains were
gel-purified, digested with Notl and run on an agarose electrophoresis gel. The PCR
product from all four PFL negative mutants digested completely to give two products of
approximately 0.6-0.7kb (theoretical: 650bp and 691bp), while the 11955 product was
not cut by Notl. This test should be definitive, therefore it can be concluded that these
four strains are genuine PFL mutants in which the native pfl gene has been replaced (by
homologous recombination) with a pfl gene containing a 0.4kb deletion and a new Notl
site.

Xylan fermentation:

Quick and simple tube culture experiments were run with TM242 in commercially
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94 Arabinofuranosidase

95 Arabinofuranosidase

96 Endo-xylanase

97 Xylobiase (beta-xyloxidase)

The mutants 11955 and TM242 were also tested for anaerobic fermentation

using different carbohydrates as the carbon source. The results are shown in Table 13.
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WD 2008/ 038019 PCT/ GB2007/ 003699 28 CLAIMS 1. A
thernmophilic mcroorganismnodified to permt the
Wo paseawed production of ethanol, wherein a fPEEGB2007/003699
nodi fication is the |nact|\éat| on of the lactate
dehydr ogenase 5 gene and g second nodi fication

CLAI ngegul ates the pyruvate dehydrogenase gene. 2. A
croorgani smaccording to claim1, wherein the second
m)dification is the insertion of a gene pronoter

1 TR Bl WSaPp SR, R SRRESR S50 56l o

ethanm avHeesig an fissnnamiitratiom s the mlaefivation af thé daatate, dehydrogenase

e A e e
2. Amrs@gmémsmoamnm th dgmt d, ahgrein deeskaogd ohedifigation IS the
mprisin

ication to,ipactiv h
inssrig v BN GroRTiE” PSisn BEIT BEne S8 Reness Baky Fperer
the pr@ﬁfb@érdﬂp@@até@u@d@j apé@ﬁbldlcngdméma m wherei n the

m cr oorgani.sm does ot Co restr

% 5 ARIOREI SO AGHTEL B LB B 2a By i a i B Rton
to inadhefethe dlﬁWrmpeémWegmmsamtylase gmmt(&ﬂ 2.8 dsl%pem es. 7.

A m croorgani smaccordi.ng to an rec din
4 WHeBRTP SRR CRGGHI 18 HANY TR A ComBsb a furtner

modlﬁc'é%rﬁr&gllnbl@t%téiﬁé pyigvat® -forfndté %@@(mamgsﬁe accor d| ng t o
ar}% preceding claim where

pur-eoRaR e Sccarcny fA SOBPEAITS FPIECBr AP e &g g anism
does%?@&ﬁbﬂ% Licdiri@ionigtedh.n t he m croorgani sm | s stable
in a culture nmediu i sin 0 30%
6. orh AHGPOISRD SRS B BREang cla g el & microorganism
is gedBRABY ispeciéd.ai m wherein the m croor gam sm can
met ahol | se ceIIobl Iob nd/o

. oih qurepeRBrLareeras oSN Seate Bl U BkbPdafor@ism

is ge@lﬁbullﬂ&@l@dﬂo@@c@éumws wherein the mcroorganism is
transformabl e a requenc

8. ac%m'erpﬂ@af‘ﬁnhﬁ‘gﬁ%?a %F%praCS%!P@ c\%ﬁer eF‘ér%[ PRE AR anism
is a sRbfI-foehgani sm grows at a tenperature from 4OC - 85C,

ferabl 7 ni_GcroQ n cear
0. el TERGRY areRrie hane Peeibs o u e 68 dfrddhiom
is stabRAra @ftereemadiomneimprieing dip tg&8A%. (wiv) ethanel.cr oor gani sm
according to an r.ecedi | aj.: her ej . .
10. & RoGieg e BT Sy (e eapsRufl O’ el miproorganism
can mitabolzegatiblsose cglobidse antior ataychp pear digegnat ltkearagf.
wherein the. nativ n
o, dgtni'nsr O{Qr?g}sgb]accqfdlhagée gﬁf g eeI%gFMg i%g ?@&eﬂfﬂ% 'mi¢fodfiganism
is traﬁ*sformablganhlghmaqwrodl ng to any preceding claim
r ei n / 0
h m
2. 25T B BRSO L RO A0 ey o
growelaeamerhperatwa&onnau"@t-ésuéiwefet@éyr@s@ -géne.
13. A microorganism according to any preceding claim, wherein the microorganism
comprises a non-native pdc gene.
14. A microorganism according to any preceding claim, wherein the microorganism
comprises a non-native adh gene.
15. A microorganism according to any preceding claim, wherein the native lactate
dehydrogenase gene, or a portion thereof, has been deleted.

16. A microorganism according to any preceding claim, wherein the microorganism
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17. A nmethod for the production of ethanol conprising

cul turing a mcroorgani sm according to any preceding
w@eb@smssomder suitable conditions in the presenk€r/cB2@7/003699

C3, G5 or C6 sugar, or oligomer thereof. 5 18. A

nmet hod according to claim 17, wherein the nethod is

i ed out at )
dos 10t 90THRATA BUSBER G MYt Grclas bt acs g4RC:
17.t e"ReR&hbE Gori thef produdidf of dibddol catprisingeduitodhgacmictiionganism
by S i G e 55 0 BBAOAEL 7R .5
or (Zle @gaé:,_cbr%?opﬁ@rtaeief@al I feed, conprising mcroorganisnms
ccording to any o 1 16. . , ,
18,17 oh oD A STHANIRS dP roE G T{oHBEA e “PRie) papayeg,out ot @
tenﬁaé?%ﬁh‘é&ﬁ%gmieﬁ 40§du076tc. | evel conpared to wild-type,
an ein e ,
19,0 | ATRRE Seisiied B s MRsET bR el g R 52088 .

20. A method according to any of claims 17 to 19, wherein the microorganism is

maintained in a culture at a pH of between 4 and 7.5.

21. An animal feed, comprising microorganisms according to any of claims 1 to 16.
22. A microorganism wherein the LDH gene is inactivated or expressed at a reduced
level compared to wild-type, and wherein the PDH gene is expressed at a level above
wild-type, comprising an inactivated PFL gene.



