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temoperaaihpeesenosrl]uve delivery vector pUB190 (SEQ ID NO. 1) using Hindlll and Xbal

resulting in a 7.7 kb plasmid pUB190-ldh (Figure 4 and SEQ ID NO. 2). Plasmid




the plates. Single colonies were plated onto a
50-square grid on fresh TGP (kan) plates and i ncubated
woe®snighsé at 680C. Screeni ng The putative i nt eBCHGB2006/001586
were screened for/cf/7 gene knockout using the
following: 1) A plate screemgReplica plating of
several hundred integrants onto SAM2 plates (wth kan)
pUBH 96 B8eEhebadtpbsitedeg MG IMB achlisatetadve Tes purtive £apsli JM109

RO S T RS YR G b8 Pt e i A ni gures vsed
to ﬁnﬂdop@’ pﬂ%@Rﬂd\Hﬁ\lNS&dtrérﬁsfdﬁiﬁbmpﬂlﬂadbgét h};:geéthih ol pOBI8L-Idh with
. | rar e Into t ene cnoosi n rir ners
HifiRend KB BkRses e abattet B wae oosel bl e o
Trai&lfemmltm MﬁbeBﬁCI"d@ tlgﬁ’ﬁﬁ)glllfﬁ(%@}:lﬁilhs)m QEijﬁhQiUBm 1dh

PCR. f f ts).
T ETE oA WrelS5aBED ik S i A Sl Hsted hiter 24-48 frs at
54iMntvitly kanaray¢in edlgcton. athatah MMOrgTam\imwekeapmlf@@tfrdm Geobacillus

TP R Rl PR 201 (oaCPd ey TR ey i HiAdi and
Xbhklact ate reagent for |actae determi nation. Lactate

tiye integrants were further characterised by PCR
LDE%%%%PB%@%@% n a fernenter for stability.

El eGenepapeitdub waprpetfooodd by intdgeatizmodfld tesnperature-sensitive plasmid

inti&g@%@éﬁﬁ&d@&\ﬁé&g%w 11955 A frozen stock of

‘growi ng an overni ght culture
i n PERmie plUBTO02@0 repicates S56€C 5OG 1 \a8i5Ume riat ad 623NmSelection

L £l f, 20%
wagonqé R%lr]ed \ﬁ(ﬁjlll((y\aw d?\g P1 (F%rﬁg(q?g&mﬁri z %%O\gﬁ*n dye pe??tHbe V\?ﬁs then
mcmra;sed th &S °@t(th68m@mdlnd naf !driges replicekve)lasNateal tesombination or

TR WL IR TR —

we@Bsected for byHbeif Freskanvesto keodmycinnniegeatioorwasOdirdctagt towards the

08 05 B AR RS EAB8 100, 301 B 5o R A st

intetheddh opoe actwrechipidd pracaseikeaavit 29 siogle ¢ress-aled Goprhifation. The

pla%&lﬁ'@.) mI?%j%?atf g;&%%é’%ﬂg&e\’\fe{ﬁ tﬁgg@bgg elﬁ elge ]1dl\§ gene.
Tand%mrerra:aés G@V@CQWG&W’V@@ICQPIE@QfWédllﬂﬂmléﬂme@ﬂam ded into

Me@ﬁ%olﬁg&g%tl@esﬁ r the electroporation, 1-2nm of DNA
was ad to 60 of el ectroconpetent cells in an

eppém@ctiferentyacthegs were pitemptaddordetagtajioni xed. This
SUS REASOPD @80k @@@f&éﬁ)ec@n&r%s@ve%g ogﬂp+t6311°0 for 12-18 hours. The
el ectroporati on cuvette n

ectro orate
celgwers tesﬂmyweﬁﬁﬁmt@a@aé r%m&ap@rmﬂ/ln dgil of aﬁs@e The resuspension

waE"HBEBdaww kY ohheckul i) &%STQ% Wﬁ&b%@*&?ﬁve gﬁﬁdag 68°C.

he suspensi on transferfed to a screwto upe an
Integféuﬁaw%e rikeg 2@ migied pnisoa FOisAuarestigkemiesiat Pben), plates and

inchbi@l ol/mgtué;@bl on the suspension was either plated
directly X 0.5m ) or centrifugedat 4, 000rpm for

e
20" A, T K GOUS SR cH 28 eS SUOMD S C tond opicchass. 1 mi

of B CURBrAPAL uSOMt AL ngtd étﬁmaaweeﬁ WG?F‘ ﬁﬁaﬁ%gmef Which was grown
El ectroporati on nedi um TGP dium O sor

at §8ppebme 18 hguLs. OT*BMM@ﬁﬁHPtCQﬁUFS@%%@B@WWQ dzy/imto £l of fresh TGP
(ke) YaRirel alkdHPOWR -2P8kYC for another 12-18 hours. The culture was plated out

on TGP (km) plates and incubated at 68°C overnight. Confluent growth was obtained on
the plates. Single colonies were plated onto a 50-square grid on fresh TGP (kan) plates
and incubated overnight at 68°C.



NaCl 5g/L pHto 7.3 Additions post-autoclaving; Sodium

pyruvate 49/l dycerol 4m /L Inactivation of the LDH
w@eme/11Beaubl e cross-over nutation Priners wer ePEEBY0eM01586

based on the avail able 11955 LDH sequence. The

knock-out strategy was based on the generation of

internal deletions within the LDH gene by two
Sceppingaches. I n strat egy 1 two exi sting unique

o el Rle bRy BF RepeDeo Bl G b BF o e Howing:

1) si nglptaté acrgenper product was generated from genom c

ol oREH B B HAE" Sl g el T AT ity (i g

68°Ct LptiekEMmeghliee pdiSlGodlaniessvasidtdmeinmaely besd @rowth advantage over
S entla and religated after
the}ﬁ@l{ geg)é{e\ﬁ\%hve ngﬁle\ﬁg} é‘fé%eﬁ internal deletion in

2) theAlEmHR geneenbet vveensz ElIl and SskKBI. In strategy 2
(se en cI oned as, 2 .
pr oddcet nW?%H 5»1/58? neé/\{h[e FOF PRETH hagsocg«qrﬁﬁij dnto the

ldht gera. | d?vy t:hemihgi’@Fh‘rm@dhmt ﬁaﬁkotlieenriteggaﬁcﬁd sitegét Wwas possible to

n.o L n_the ddle ..
det@%ﬁ% bléfr' enc@?eg?%téo% %J %ﬂrrg&ﬁag%% ﬂagwgn{n was amplified
forlmeés)nal deI etl ons were subcloned into three potenti al

deI ens for Ceobacillus. The delivery vectors

vverléé(%érﬁs%gi med into 11955 by el ectroporation. Genetic

st r dbie ggssknf dateratinegm wHathee| tbp nistegravits gedducer ackis tvems grown

e jopatian. To qge out

ovd b AR BRI TERL L0 IR BB BAHLSERE Wi o e
congenteationtas lactade withdee Signyalaictate eredestdbelattaeatetermination. Lactate
nedregigg %ﬁ{éﬁt{% g\'hé?%w %trwét? ﬁggr{%g{rg%g?é’ bl&? ?&9 gﬁaluated in Ia fermenter for
stapifiynci pl e, this could be _achl eved by int ro_du_c:| ng the
Ele‘?hlgg?gbg@n h Erlo%?%c?l fﬁPéLQBaé’mL? %rm%ﬁ@&ﬁ&é’s%& NEE 11055

mar R\effozemm"t@;kr@fdﬁcﬂ\é@ 149h% gtest nadrs by ranewingren overnight culture in
TG@frTﬂ%&hr% Fgﬁrpm @écéémmﬁ%gﬂﬂ%?ﬁéﬁ%rﬁ%%%% addmg an

aci | enerat es transt or nant

eyt voINmewit29 % e s anrﬁéil\@mn%ém pliaoutepnd §t§>mmgsn cryotubes at
—B@Qmﬁﬁ@f fH\QgioQﬁ’%s' tﬁ‘setoh Sffi‘astg%o%l‘%ﬂul%P g S5 conical flask,

In th sequence he cat gene on

WM@RF $%Cu3@1’9'ﬁ1®ﬂ“@éh%§¥'%ﬁ reashpe O E1dol i and
Ceobre biivas -568'88 A e Qoﬁ%‘ﬁhrﬁdté’@ tha ?rﬂet Sulfre Q@Mﬁlmed for 20

wer e ener at ed y assa_gm p asmd thr oug
minstes AjeABONPTY ad4rkit at bhe sreer”ﬁ nwagx@ﬁwr@r@ed;em%ﬁmlome -cold

ele@ﬁro@?atto@"?n’é’dhﬁﬁ%n@%&%@gécﬁBi aqRITRIHh 16r RUr ffiRfes. Three further

strategy was designed 3enerate a stable nutation of

waghRs WEIR qreried ot éezs@émnan £ KHEMo#Iditesi ihasalist repapended in
1SH%%Melg%Jr&mn%ggﬁﬁﬁandT@ha glhabayquuel ved L he

generation of a 42 tion c ose m ddl e of
t heF@roﬂwenglesté@nmﬁm lafd efHeNAnsas atded & 60l sf electrocompetent

cel%iofnie%h%p%%dg#qubgtﬁe%g%%i fb%, aangoélc%tlyI\Pﬁx\edr eslthrié %hgg%%sion was
transferred to a pre-cooled electroporation cuvette (1mm gap) and electroporated at
2500V, 10uF capacitance and 600Q resistance.

Immediately after the pulse, 1ml TGP was added, mixed, and the suspension
transferred to a screw top tube and incubated at 52°C for 1 hour in a shaking waterbath.
After incubation the suspension was either plated directly (eg 2 x 0.5ml) or centrifuged



i nserted sequence was intended to cause a frane-shift
mut ati on downstream The strategy involved generating
wo bmedelsed i on using 2 PCR fragments usi ng ol i geCpGBa@6H01586
i ntroduci ng the novel Not\ site. Priners were designed
based on the partial sequencg of the LDH coding region
from 11955. The sequence of the priners used is shown
at peborym for 20eRLted; reBusgERbled i ﬁ@%lﬂ@bd;ll TGP, and plated on TGP agar
r?AA TCCCTTATGAACCAA TAGCA (SEQ I D NO. 3; shaded
colaningribe aPR@PEaecdtiBqies i ntroduced to generate a
novel EcoRlI site) Prinmer 2 (reverse);
GCGGCCGOACCCGCTCTTTCGGTAACCCGCT SEQID NO. 4; shaded
sequenc lec intro nerate a
novel L/ 5PM sqrbils!  Fragment 2: PFivRioNes (T7(9“vvard)
GCGGCCEEP | (‘;AATATTTTCAAGTSS§Dlz%p’t1>llzs3 N@/LS shaded
sequencedP i€ es bases i ntrodd€d4 o g te a
novel L/s site). Primer 4 (rever&aét
CTGCAGOGTCAAT TCCATCACTTCACGA (sﬂgg?bi’)l\lo 6 shaded
sequence i ndi cates bases i ntrodfeditonsg slostaying:
novel Psfl site).Preparation ofS H‘E‘)‘rﬁyéu‘ﬂiﬁ"’g@enom c
DNA was prepared from 11955 to SBFe®! as tenptalle for
PCR Cells froma 20m overnight culture of 11955
grown in TGP nmediumat 52c were collected by
i fugation .at 4,000 rpmfor 20m ns. The cell
'“ﬁfg'l"ﬁ'{é “\R;gg“%@ljﬁfé&‘?ded in 5m of STE buffer 0.3M
Do&bwms &émaﬁanenl—o and 25mM EDTA, adjusted to pH
cont ai ni n lLysozynme a 5 1
7 bERTEr B ubke hesinpd thseci Gt Hnpudl bl 11050 (D e atsee. The
knddkesut stptayly WaObasathse the Waseadoe df aftdrrzd aik!ctibnsl OUhivDBe LDH
ihcubation at 370C for 1 hour. The |ysed

dDb
ge%%la)( B/F\Aoga%§ ?q?én extracted sequentially with equal

vol inmesatefy phet\mIe/x(shhg)IunfqoeWeémb’dldw\@t?bsbwea}hﬂhérrﬁfdareﬁbf the LDH
i tati

o 55 R LT A R 958 Al A et v

genardiesistbmedenami®. BNA ddvehing fraost detrer atvaibleo L DEDsequence, and

cofgh 3 0. SHRF LB ESTOIES UL D AR g e s

thenatigh stedsequeetialyasitt BStEDwed ByGl andlrelidatpdtafteaKiepowatigestion, to

or ' . .eIi t 47 Cfo ensi on

e85y Ehiep s bie BN ER e 05 B lar EPoB A TRACC | o

1 nimstratepel (sag BEMPIOC) ther LDHgene @xs edsicdnasal FRR Groducts,

. d u upat | on, at 0 N, .

iRl R s o i PSR bERAR N 1o ECFppRuct B Be tigated
togetitey irepd €49, (Wihoitme e e catidn ©a g dplatipmar tzhsenn@dlﬁeamlﬁlgﬂmméquence
Th%’o‘tﬁllgglh H )wrth gﬁ nptg{r{??rdefégg%s%ﬁ glgnggg | t|r|1t(c)>n’(h qeh gotentlal
dels@npssys(iaems fOTt@dbeRllm oduct s obt ai ned using genom c DNA

fromNCI MB 11955 as tenplate were purified by agarose

gel el ectrophoresis_and eluted fromthe agarose gel by

usi| ftpsinkie Qi Adpidissk Gel Extraction Kit (Q agen). The

pul ipCildd PCR 494idh shgtievesatol hagat @d 0 oglUEBeé bevi bla

Englpdid Bi ol|ahgjkopskutiousttyr déryedtfiech aitdrhpSamlire abaksitifee

l'i gation mi XtroutenvefpR1Sddcdroed caralidtan Escheri chi a

coll ipTRELOE (||9392kbpdemied FATPPE B4ts Ncaresd &dtand Gramoni es

were sel ect gchegbtivd eplicm)t ai ned pl asmi ds were

isolated and characterised by restriction analysis,

d t f the i t tablished. A
ol adhE GoCFRBO3y W R U GHERR 10 1AL pER eppeo BTk

(wth the novel Pst\ site




i ntroduced on Primer 4 closest to the Pst\ site in the
multiple cloning site (nts) of pUCL9) was di gested
wowak/1Nesq and Pst\. The resulting fragnent PCT/GB2006/001586
(approxi mately 0.4kb) was ligated into a pUCL9 plasnmd
(pTMDO1) bearing fragnment 1 g¢with the novel EcoRl site
i ntroduced on Prinmer 1 closest to the EcCoRl site in
Genlbtic iteatedy MIGAAXtich:008i6pithh oNaklivé sy tés!®r homologous
se the plasmd. The ligation mxture was used
re’i%“%'f‘ﬁhg'?'orm E.coli DH10B. Ampicillin resistant
col trnlg%s)em Rnsekbeet a6l efiadnt ORI RIGOPEY B d8LHS rﬁ%@é’c@d gene

ted and chara terlsed by restriction anal ysis.
it 5, 61 RO, 195 4oh doTe RYRAEFURR I the @B eplat hemwlogous

redortbirtation dei thédal‘“g@ﬂﬁﬁlfd'-t%e (dene. H%rﬁl@%lenghxﬁ%hﬁinbe achleved by
i g e{ '?}9 % Ietlén and i ntroduced Not] site)

OGGYs i @R 8 5 FRUCVSHPTOBAA A R5eISToRVe IR but which

carriey e S@r@m@oélﬂw\w&écwﬂl@ﬁﬁ&keﬁ h eTHiFth fiqefled QY ragm etré(\’%‘?ormatlon

ffex0| sedWf TMDO3 b h H ndlI.] and
CTEEGR- o BIFFPPUEEsy iediio S6 aoch o0 o PelfRis] §55 oenerates
3xf03|tlrmnﬁyut§bat iugnoff DRI WhE WB@NG gak @ﬁdnﬁ‘%oélh\@e replicon is

oo RN 5, G SHAER, S S0P P, 0o R

daﬂabéayener ase ( NEB accor di ng t o rmnuf acturers

i nstructions rate n s and introduced

| e g et o o RBRRSY % Sard ikselekion & Bethol c6f and Gasacoilus.
Te#npgr&itwrersemmhe p‘ld&rﬁ@ of bNBB3NS adredyertirgRat hyopasialihgXhdlplasmid

h Kl enow foll owed by gel -purification
thr&gbqb %?atageme ? %t%s)t(rtam,e was used to transform

Exa@nptd 2 SCS1 10 (St rat agene). Ampicillin-resistant
el d dth t ai ned pl id
ooh@lsRanesy AFLOLREHGR BY 2B rseﬁféﬁﬁp?'c?.eonpaﬁZF”ysfs“EL\e

| t h.th t t
' o?ﬁﬁ#ﬂhéeﬁ%ﬁ) b B0 (LETRlER o ARG HiaRE BeGOH cene
in Eealvatilbisnih RCh AL OERES uls N GIME: 1 T 2G5obya b e reﬁad@‘ném E€This strategy

: c escrihed in Ex le 1.
LB MLBNALIRNGRL 2208 BB FERE 5t PR gl v BB sBeigpeouence.
and i insedion dythdopdsitenr ais By etrodicipy esooqe iN fstrivtioy site. This
b 06 Q8 A TABAR O ALEE S o I ph AR PR S BN
The eeéﬁaéam’nﬁpredTgﬂr@rMQ thehfleletich lgingeRi BCRs fragmehtsunging oligo
prn@%&cﬂggggn%ﬁigﬁg%u tYV'shg'oﬁ lmg?sn\?lgy dQ? 91’%3’% se% on the partial
sequsnae @n tge hidtlr epding @4}@0 famd 1]135510-UT$SQHU&52@©1‘ thes prigers used is
R bdiGR. in 50 tubes (Fal con) at 250rpm 1% transfer
sh Sﬁ
at each stage. After these 5 passages, the resulting
Fraginentile was serially diluted in TGP and 100m sanpl es

| a ar

Repl T i GVl cBpATRE CTATARE AR SHADASALsEQ 10 No.
3; %@dﬁd é@ﬁlﬁ%nqqzu In%ce_ﬂgﬁrgassﬁs iRtecipedite gRasratesa dovel Ecdiingiie) y

kan@ﬁ?ﬁé‘rfﬁg 20Sisk; V@C@@Cﬁfﬂ;@ﬁCCQfd@fC‘Eff@é‘Esmd&GCT (SEQ ID

si ngl e col oni es Gri-agar to ese Kana
NGs énghquese@éen%mw@t@sw@S@s m@gd@@dftorgehamt@amovewoﬂ site).
FrdghRwetion, and as expected, proved a m xture of LDH+

and LDH . One LDH' derlvatlve TMB9, was further

chaPgBesrd z(&dwagd)Pe@%aC%ETmmeﬁﬁé\ATeaﬁamm (SEQ ID
NO’\@SSMO%%@'e%geMé} g}dl-g%é beR n%é WEMuée%ﬁ%Qj'eﬂEQte th%vglm% site).

(presunptive reco
t errBr'ateévaqD@ Qm%WGH@MTIC% CACTRGAGGANESEQ ID NO. 6;
was

o RS e S R SRS

bands were obtained fromall 3 tenplates) were

purified by agarose gel el ectrophoresis and el uted

fromthe agarose gel using the Q Aguick CGel Extraction

Kit. Sanples were digested with Not | and ru n on a

0. 7% agarose gel to visualize products. The PCR

product of 11955 showed no evi dence of



Not\ digestion, as expected, whereas the PCR product

of TMB9 gave 2 bands of around 0.4kb, indicating the
wo epbacssent of the wild-type gene with the nup@r/6#2006/001586

allele. Not\digestion of the PCR product of TML5, the

primary integrant, gave predgmnantly the 2 bands seen

with TMB9, with a trace of the uncut (0.8kb) band.
Pr@ha’amtloamf@enenﬂbmmd by the result obtai ned vvlth

Sout ern_bl of th Tl\/llg nom c DNA.

S Tl WaS o (R 41 e ete v O (RBPEE BSROR. Cell
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BB 3L 0% IR, TEae, P AG ndS MES ety i
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] 90 P e R ) i gt v

rediss diveel nHlOrﬁn\ﬂ\TlE\bmfferand Pst\ I Not\ digests of TML5,

[.ndi ' n ration nmul ti pl e tandem copi es of
Gépr{%%ti% #ﬂ?Dhréaetq%ép%fo?%téuﬁ_tDH locus in this primry
i nt dffRantas \Mtrl&dabtht Bsing st Rlobdﬁdymer dbrgdiens QGT@Batsdjww@nd the

re§c\flog%8ﬁ<?bc%s \%epe Lé Eozlalg\&g:c%%zélﬁ 8urfgat L ?bgé_ﬁgq?g '@ﬁl’ annealing

at Wirtth fcge‘ne*um e@{temmeat 72°TVBO 2hiain, ma&rezdmmi:anb&datain at 95°C for 1
. . r indi.cate el.o

m‘@%’%ﬁﬂ“’g&é’{ﬁﬁﬁ%ﬂp % Iséﬁ%g%ﬁféﬂ %gwﬁ,_ %Q(ggk?urther incubation at

72¢Gréarpoplni e Repymdmuﬁd \eer@rammduahmtxpneoﬂ Wi pbtymw&seo(ﬂ?romega)
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anéoﬁﬂmm—’ﬂtfﬂi@nulm wastthet f@ommrwaddnr o dystheTalypdiers. The PCR
t I
e 130 LRGSR PN BB gy o
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Extraofant ke Edﬁgé h!*l'le gu{( 'P%I'\a(b'rgc%ﬁﬁs‘)%{a I?Jété(@%o pUC19 (New
th of L-Lactat®

m ni m sed nock- out

En@@woﬁ'@@éﬁ)a@r@(owwd'mth/wtgx $iyali anakthievligation mixturbavas used to
tralrw%rrﬁe@@chérrf?sﬁfae é@ﬁrél-ﬁ‘ﬁ@ RS ?SA&x@i%@\fgwértregistant colonies were

i nactivate th ene: Sln Cr oss
selegtedrmdnte; Wt@nw RYPIAONKEIE is@atedeand] ghaeagtasised fbyt tastriction

an&REQNRROME, or'@ﬁ’t‘é‘t’n@ﬂto'f |h§e?tst\ﬁé¥7<§5‘f£6|@ﬁ%@ or a double

r éconbi nat i on honol ogous regions of DNA into the

| dh Ag@’ﬁ@ﬂtddp&w@@?bwrah ﬁagraentcﬂqmwtem intor Mécg% fwith thgi newel Pstl site

intFRINESd 'oﬂgPhﬁwePanIEé’ék@ttb QH@'PstITQﬁe §1 ﬂ@ Mt é%ToWr%sﬁ% (mes) of
pUQ?}pr oach rapidly generated LDH tive mitants

Sh@s glioesird éféib éV@tham Fath oThepfeédltmg ifgMene faroepaletsty 0.4kb)
waTSQIgtafle%l M&d QW@ él%érﬂld“(}eﬁ'h@%ﬁ_’?béé‘r%@}agrrﬁgﬂr%{f YFP{ﬁ'éSnd\fél EcoRlI

et hanol roducti on mut ant s negative

sitpriptrdee Br'g\%mw%@sr todhe FrceR! $id indhescsiaf Pl 9) digested with
No@lsér@bibétﬁf&%e%&é R lQ@rgﬂdaTFlé’h ﬁ‘fﬁ%&tl}r e‘vvdsﬂ%e%ﬁé‘?r nEthm E.coli

et hanol pro ucti on resu t|n Oﬁ]t e nock out
DHOB; \fi”f‘@}c”“‘T‘HéS'éF?é‘ﬁgélomfﬁst\ﬁ@'enﬁéﬂi%%@ﬂ epd the cﬁqnt%@eobplasmeﬂs were

skt MHARharRidtised by restriction analysis. A plasmid (pTMOO03) with the
expected restriction pattern for the desired construct (the LDH coding region carrying

the deletion and introduced Notl site) was identified and verified by sequencing using



shown in Table 5, conpared to the optimum et hanol

production fromthe wild-type strain. Metabolite
w@e@dactsson profiles of two of the LDH nutant SPEr/6B2006/001586

shown in Figures land 2. Table 6 shows the increase of

et hanol production caused by14t he knock-out of LDH

activity. Table 5 Table 6 The LDH nutants produced
M‘lSh@anrda\ﬂaaﬁEHaryd forngdrerpriyriees.ds of et hanol than the

Fer oY PG LEREOwS 4RSI Lo RO e R gt Hincl and

EcRIr drivepurisipt! ibyi spatdseryed blectbphior €si< v d QV%ILaiﬁad frepaltie agarose

oel R biee Vit G SReqcicn Rk e =g bttals iy &5 Eanend. s

fragriehtmutaantréated \mthldfnmu&‘poQ/uiéraHee NBB, resbrafigald en@fufacturers

ol R B G R U e A BB PR P T Rty T wes

actasveahbyeblhatn@id lltgaodml&\ah pU]Beg(Slnﬁ@ri@ew&? cﬁgdsitltlh @fdthi Xbal and then
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T“’ﬁ%gg e %ngﬁfg? c‘g'bofa%fa%% tht@?t gag1o 88
ths@caaoqra@g aagatapga icid at clggga ctggcagrag ccagd 9ot pg
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ABYhg¥fcaitad Kingdergt aac ccactcgt gc 1920 acccaact ga
tcttcagcat cttttacttt caccagcgtt tctgggtgag caaaaacagg
1980 aaggcaaaat gccgcaaaaa agggaat aag ggcgacacgg
aaatgttgaa tactcatact 2040 cttccttttt caatattatt
gaagcattta tcagggttat tgtctcatga gcggatacat 2100
atttgaatgt atttagaaaa ataaacaaat aggggttccg cgcacatttc
cccgaaaagt 2160 gccacctgac gtctaagaaa ccattatt at
catgacatta acctat aaaa ataggcgtat 2220 cacgaggccc
tttcgtctcg cgcgtttcgg tgatgacggt gaaaacctct gacacatgca
2280 gctcccggag acggtcacag cttgtctgta agcggat gcc
gggagcagac aagcccgtca 2340 gggcgcgtca gcgggtgttg
gcgggt gt cg gggctggectt aactatgcgg cat cagagca 2400
gattgtactg agagtgcacc atatgcggtg tgaaataccg cacagatgcg
t aaggagaaa 2460 at accgcatc aggcgccatt cgccattcag
gctgcgcaac tgttgggaag ggcgatcggt 2520




gcgggcctct tcgctattac gccagctggc gaaaggggga tgtgctgcaa
ggcgattaag 2580 ttgggtaacg ccagggtttt cccagtcacg

wae@btigisa@a acgacggcca gtgccaagct 2640 t ggt accREmGB2006/001586

ctcactagtc acggccgcca gtgtgctgga attcgccctt ggatcctttg
2700 cccttatgaa ccaaggaat a qgcagat gagt tagtatt gat
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ggaacc 4260 acttccaagt aaagtat aac

tcat aaagtgtgtg ctctgcgagg 4320

géccaa aaccat aaaa cctttaagac ctttecttttt

aaagaaaca aaaaaacctg ccctctgcca

caag
cacd

gcaaa

BuPR 2 3@ O 122007 R72E 1S T8

gﬁtttt gctctcgt gc 4440 tcgtttaaaa

tagt attttttgag aagatcactc aaaaaatctc

Hccttgecaa tttttatttt gtcegttttg
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ccag 4560 actcagcaag aataaaattt
ttct agtgtaacgg acaaaaccac 4620
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acaa gagaggtctc tcgtatcttt tattcagcaa
t gct gaaca gattaataat agattttagc

@nadaaag ctaatcaaat 4740 tgttgtcggg

gaahtctc gttcatccca ccactgatct tttaatgatg

{3y Claaaat gccc aaaggcttaa tatgttgata
tclcctcta 4860 cttcaatgcg gcaactagca
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BRC (

tYag

t dadcgact ¢ cgcacctgta caaaccggtg 4920 aa
Ggc cagccttcat cacttgectc ccatagatga
80 &£lat t acacat tagaactgcg aatccatctt
gllgaaa cctagtttat 5040




cgcaat aaaa acctatactc tttttaatat ccccgactgg caat gccggg
at agactgta 5100acattctcac gcataaaatc ccctttcatt

WO e@whassgt a aatctattac cttattatta 5160 attcaat P€ChGB2006/001586

ctcataatta atcctttttc ttattacgca aaatggcccg atttaagcac
5220 accctttatt ccgttaatgc gggat gacag ccat gat aat
tact aat act aggagaagtt 5280 aat aaat acg taaccaacat
ghAtM&caat tattagaggt catcgttcaa aatggtatgc 5340

tttt ac atccactata tatccgtgtc gttctgtcca ctcctgaatc,,
Joat 1 BAGSTBREE T Bofantiy "t Bt 36 Prefrasga Brodurion of
ei?bn?ga@agaim tmmbaig‘aeti@’{ ﬁsa?t@amt@::ti\}é‘ﬁﬁr? c@??aqagﬁegdehydrogenase
cat.aac aaggaagat. ctgattgctt aactgcttca gttaagaccg
g%rfooéaa‘@@%yg g 3%6’1@83 E‘i'%gﬁgﬁorgg@'é’@at gat gcagaccaat
Zaacapggicfookgdrgne aké@dingde draimCQt\gm@@mat%Crﬁ@&gﬁ%amsm does not
g t agaaat tt_(g%c tcc ttgcacacga atattacgcc 564
; ;Er%@(ﬁ@ tf%{;}}gﬂﬁi{ﬁc agt(;t C:;at cta ::c?;t aaggg;:ljeflcazatcgca
cat gganieto A9gRL & clf A0S ddim JCR rORE mi i
acac tt,%c taagt atcca c%tgaatcat 5760 aaat cggcaa microorganism
569@853 &PRSfPgaccat gt gtaagcgg ccaatctgat tccacctgag
5820 At geRtPGsidrAIIRIGRIY Lol L&ACT Blece@RFAILKAC wherein the
ttccaccttc cactcaccgg 5880 ttgtccattc atggctgaac
Nreeeen iz gephaglivatnejmeabsesdasiug ct caat at 5940
§CJaahaddRrdof&HisA I e cb@ffgd HoC aghyda iAga c
gccttaacat r_GO%%“£1 (:at(:(:(tgcat{:?q(a%J tttat c}gag't%gggl? gtc'?%fg? Wl the
PICARERAPY 'hacRatECfEerat tctttctt 6060 ctctagt cat
gatt apt 9icrdes@tGAC AL IHC At Con Lt gat t -
6120 ttgct{_ttgg% aaat aggltgg]{g ‘;‘l:ott%n agg%tcgglgggtch%H Wit the
Btarecigeniam is stablgde ecy!teregnedivmtacotuiayp oot toci0% &a'v) ethanol.
fccttht aat: at ct aat t c 6240 ;
tggcccgt‘ttrgtégaar@t;gcfg@ﬁ?t o a%“laa?%gtgg‘??t Cg‘?gg ¢ JeEn the
MiEeaan sy BB 0MEtakelisa sebefioseandty starch t watiggmet thereof.
ttcghc t cg 3 tettgt.or .
%‘t_ catf:\agﬁ%“ﬁ%@%“ﬁt e C?@@? 2t t%nyt(st ?’%é:%{j:@ga cg%:'g‘cCé"fhaeéed” the
Bur2oorggsmaatransfomaideg gt jgh flequestcycct ccaaat caga
aaacgt t crtt citcateca at a .
oot e RRahan ot cle B Chiestabbg QRRD wheren e
igearognism gao\we gba teraparature Biomt40° € e §5t Cgaafteralsly 50WRaco°C.
2o A GAORAR SEOR B IETbroBiRb! LA whoren e
aidredryadaa coapyittyghonsricacdi gghecaat acat gc at gt gct gat
g?ZO ataago;%att .atctttatta tttatt)?tca CtICCgtt,g{: .
bgcaf adBS OB RgACCRTEY t 1ot t 2 aRICCEENOt tpiRt  Wherein  the

ngeedrgaiisd coapriseat ¢oninafvdsdpdend ct gacaaac 6840
ttatttaa ttcttcgcca t cacaaacat’ ttttaactgt taatgtgaga

caalc CAFOORFIF Y A5V HNEJ 2BY Piac§Eing £laiaWheteimie native lactate

seracpreabie §égd, gaat@aicH et Bt He8RAkRAd. gCt Ct
tcc gt t cacat trggac aaagcct gga tttacaaaac cacact cgat

20 AcdABIAT AT C FEPRITD 1 1oacaR t PECGINGar daih  whtrein the

haad@paticn gRaeaalott lcorPide t bactiglehiioAd&ddrhbht dn the lactate
@g&tcaagaa t at gcagaag ttcaaagtaa tcaacattag 7140

PIR9ePeTe €€ ct ccat ggtctcactt ttccactttt tgtcttgtce
Wt aaaaticiooZREN Hegeddittl be NTGIMBIAGe8ioA tNIL 4a oy &t
{igga acqé ?t jbt aaa@ gaaa{:c%cc 7260 tctatttagt | .
Lt Bt braod ardbe PRdkclieh ot SAaRe SRSt S4tuEs gugistassoanism
d2thionad bty pegedaltddivadidenclitdAaa306diB6R! MCAE&Fesence of a C,,
éa%c cttca acgcacct t 7380 cagcaactaa aataaaaatg
Tyt

at19Pt X S PP at € SRagat aagaa agaacaagtt 7440
thaaas cabihoaasRaaigR o atdint 145 cabe@iroaid Wdihod & thkrRbagut at a

actcattccg 7500 t ct c ttcgttcttt ttttacctct
EguerEAY's bﬁ?vg?g%‘gﬁka- iy gttcttt 7560 ttaggttcta

aatcgtgttt ttcttggaat tgtgctgttt tatcctttac cttgtctaca
7620



aaccccttaa aaacgttttt aaaggctttt aagccgtctg tacgttcctt
aag 7673 <210> 3 <211> 29 <212> DNA <213> Artifici al

WG 262178223 > A i gonucl eoti de Priner <400> 3 ggoREl/GBR@®H/001586
t at gaaccaa ggaatagca 29 <210> 4 <211> 31 <212> DNA
<213> Artificial <220> <223>1@ i gonucl eoti de Pri nmer
<400> 4 gcggccgcac ccgctctttc ggtaacccge t 31 <210> 5
¥211>A3teth2d ZecOiihg<@1 82infArif], wherah @ 28npeiafde is from 52°C -
%J onucl eotide Prinmer <400> 5 gcggccgctt gctaagtgaa

attttcaag t 31<211> 28 <212> DNA <213> Artifici al
1R20>A¥2&Bed etiqgeingcd ey ioflelaltid NBto +400Rer@incthe CAIBEBFganism is
r%aalltn a(fr(fea i%% ccuﬁthrcea(i 3148 %O/ &9
ata pH of between 4 and 7.5.

19.  The plasmid defined herein as pUB 190-Idh.
20. A thermophilic microorganism comprising the plasmid of claim 19.

21.  Ananimal feed, comprising microorganism according to any of claims 1 to 14.



