1 THERMOPHI LI C M CROORGANI SM5 FOR ETHANCOL PRODUCTI ON Fi el d of the Invention
This invention relates to the production of ethanol as a product of
bacterial 5fernentation. In particular, the invention relates to ethanol
production by thernmophilic bacteria. Background to the Invention
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Figure 3 is a schematic representation of a promoter replacement construct
for targetted upregulation of PDH, Figure 4 is a schematic representation
of a pronoter replacenent construct for 20doubl e-crossover up-regul ated PDH
mutants; Figure 5 is a schematic represgntation of a knock-out construct
intended to generate a stable PFL-negative nmutant; and Figure 6 is a
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Gene Position (bp) Proposed function Frane (aa's at 5 and 3') Size (2a)
pdf 2 746- 192 Peptide defornylase -3 (MT - IER) 184 orf2 868-1497 Unknown -
Hypot hetical protein +1 (MQR - |1WK) 209 pdhA(a) 1875-2984 a - subunit of
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transacet yl as@nre s WerefordBAeed & impdvedmicrbaiganibing damatiend ehydlictigenase +3
(MNV- 1SK) 470 orl7 7432-6833 Unknown - Hypothetical protein -1 (MK - CTE)
199 or f 8 Spamaargghthelp¥@rii®Bsase +2 (MDL - SPP) 227 The hypot heti cal

pronot er regi QRS SOV fifdt Fé?gce & (thsr @vesent PREntldm, upsttheatphiiom t he
start of pdhA and possi bl e secon r onot er

. C ahead, of pdhC. revi ous
exanpl o oRcraoiaHHEeIIsHE Bt e HEasere eraction phetanpbRPRG 8 e
Baci k| us bhiérs i€ GRE iRbctivktidPWiNak ladtaBadtkydredaigse §O02 andi8d: ddond
2780-2788), but nost described PDH gﬁ‘ne clusters have just one pronoter

upst r eamMsdificationcyRregWAtasNRS BY HYR]e dPhYArO9eBa8e PP ca Acta; 1998 1385,
367-372. The 4REeHbBbidaRishAbfDBeC aivehitsh GhbwdSintgeadtieetringugsoductom in
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under anaer Obi’—'i%ure72 illustrates the genes of the PDH complex;
Figure 3 is a schematic representation of a promoter replacement construct for
targetted upregulation of PDH;
Figure 4 is a schematic representation of a promoter replacement construct for
20 double-crossover up-regulated PDH mutants;
Figure 5 is a schematic representation of a knock-out construct intended to

generate a stable PFL-negative mutant; and
Figure 6 is a graphic illustration of the elevated ethanol production produced with
the mutant microorganisms of the invention.

25 - Description of the Invention |
The present invention is based on the modification of a thermophilic

microorganism to disrupt the expression of the lactate dehydrogenase gene and to

upregulate the PDH gene.
Inactivating the lactate dehydrogenase gene helps to prevent the breakdown of

30 pyruvate into lactate, and therefore promotes (under appropriate conditions) the
breakdown of pyruvate into ethanol using pyruvate decarboxylase and alcohot
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

35 CoA, which can then be used, under appropriate conditions, to produce acetaldehyde

and eventually ethanol using acetaldehyde dehydrogenase. A further advantage of




conditions - exanples being the LDH pronoters (P Idh fromG
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said to be ‘wild-type”, ie. they are not laboratory-produced mutants. The
microorganisms may be isolated from environmental samples expected to contain

10 thermophiles. Isolated wild-type microorganisms will have the ability to produce ethanol
but, unmodified, lactate is fikely to be the major fermentation product. The isolates are
aiso selected for their ability to grow on hexose and/or pentose sugars, and oligomers
thereof, at thermophilic temperatures.

It is preferable that the microorganism of the invention has certain desirable

15 characteristics which permit the microorganism to be used in a fermentation process.
The mibroorganism should preferably have no restriction system, thereby avoiding the
need for in vivo methylation. In addition, the microorganism should be stable to at least
39 ethanol and should have the ability to utiise C; C; and C, sugars (or their
oligomers) as a substrate, including cellobiose and starch. It is preferable if the

20 microorganism is transformable at a high frequency. Furthermore, the microorganism
should have a growth rate in continuous culture to support dilution rates of 0.3 h'' and
above (typically 0.3 ODgg).

The microorganism will be a thermophile and will grow in the temperature range
of 40°C - 85°C. Preferably, the microorganism will grow within the temperature range

25 50°C-70°C. In addition, it is desirable that the microorganism grows in conditions of
pH7.2 or below, in particular pHB.9-pH4.5.

The microorganism may be a spore-former or may not sporulate. The success
of the fermentation process does not depend necessarily on the abilty of the
microorganism to sporulate, although in certain circumstances it may be preferable to

30 have a sporulator, when it s desirable to use the microorganisms as an animal feed-
stock at the end of the fermentation process. This is due to the ability of sporulators to
provide a good immune stimulation when used as an animal feed-stock. Spore-forming
microorganisms also have the ability to settle out during fermentation, and therefore can
be isolated without the need for centrifugation. Accordingly, the microorganisms can be

35 used in an animal feed-stock without the need for complicated or expensive separation

procedures.
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In a preferred enbodinent, a third nodification is introduced to enhance
the 25PDC activity. This can be carried out by inactivating E2
(EC2.3.1.12). Inactivation can be carried out in a manner simlar to the
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appr eci ated ti’ujgrmmleeoysdmﬁolselmatpéﬂslah Four genes qqr#@ fai theowmnylex §$rﬁ“ed¥1 'e"Hb'S
: Bﬂvfﬂé' f% é}"ﬁ%rga’?r'e?%ftd"ér?@ LH"u@EErts%H%Er@Hf%R%esEhﬁéd%@p@ﬁﬂdeIHB)th%ﬁend' ng

I C mcro rgani sm chosen he choi ce of substrates
t enper at pukD (BHxaRHB.OEA@NddEbirspeetyabi).t iThAd L umt BE PR srquigs JEE =i be

soknoun el LU EABDECERN 3.1, f RloufRTPPCrieRIfiyY 4 ififer 2adaiB4BRI66,

t he cont eac ng 1 ncor po ated herein by reference.
present reaction, ik inihel prasancseof esazimeety angyirgia Ackt - £34i8M Ry ‘aihrfyenzwf‘?h

reference {0 t‘w?%{ﬁcﬁﬁﬁﬁ?@@&l 86a FhAY tﬂgﬁ acatBidbmRiel PldviRieR P ABIALE 5f the

| nactivation o ene 35Exanple 1: Ceneration of a staple mut ant

A strat ey umsrwelseegtnr@éawe@mﬂat leasanalihesn compieed oMt pthenanitson idile in
Geobaci | || WSsard & Perham; The Journal of Biological Chemistry; 1994, 269:14, 10378-10383;

Tomar ef al: Applied Microbiology and Biotechnology; 2003, 62, 76-82; Frank ef al;
Science; 2004, 306: Oct 29, 872-876, supplementary data). Accordingly, PDC activity
of EC 1.2.4.1 may be enhanced by the upregulation of PDH so that acetaldehyde is
produced over and above acetyl CoA. Enhanced PDH activity is also being sought to
35 remove the pyruvate bottleneck to aliow more ethanol to be produced with less acetate

and formate as side products.




t hennogl ucodasi us NCI MB 11955 by gene replacenent and foll owed two
two existing unique restriction sites

appr oaches.
near the m ddle of the LDH codi ng sequence were exploited to generate a
A single large PCR product was generated from genom ¢ DNA
and 5 cloned into the Smal

del eti on.

I n approach 1,

covering nost of the avail able LDH sequence,

site in the myd i engl e RO ideRedlana Wk unh i

cl one was then digested sequentially

wi th Bst

El'l a

after K eteart {genomsn waiking) daeiHg e san APRIcsImeY R PEh

Eafllonnd WBaolisdhsdd uklhg pUCL9

B 20 e i

ted
ene

bet ween %é&lﬁ%rlceg%ﬂd%&ﬁbto doltAPPEIRINITy %édée shBWnGePRLYES aat qae’ @s two PCR
products, 'ntroduci ng tl 10sites with the oligo priners below, to allow
the two H@Rletoducts to be ligated together in pUC190, with the generation
of a_del et+on—nyttre mddiefof the LCPH equence. Tpe, Iag—i genegs tesul tli ng
fronfeach aBfeoa¢hPosiRRi®R) | he FTHPETHHTUOLI efi SHES “A&Fe” subcl FREF i nt|o
three pofential delivery systens: pUB190, pNWB3N ##Hd)TMD19. 15Table 3 shows
the PCR pripgers ysed,d.or del eLighy Rach 2/ 5 gpfueRce |Under{gsned
restrict pﬂ‘# site ggéj?ﬂé:.azf 1 crr'}v“iar \%TTWITAT@VQ\MCWV‘AATAMMA SEQ | D NO
1 EcoRl | o2 Pri mg@eR1497 ever $&pknowrGEEBHIGHGECAPCOMSFOMAEET AACCCEEY SEQ|I D NO
.2 Not | Primger 3(forwaf@ptein ....x.", GEL, Lt eGCTTGCCTAAGIGAATATTI| TCAAGT
SEQ | D No—3—Not Primer 4 (reverse) CI TCQATCACTL CACGA SEQ
| D NO. 4| pidfe) | 188798k d seﬁﬂﬂ‘hﬁ'@“’?‘??’&‘i"%%t es m&;@’&d to conpl etelthe
restrictjon site| 10 Tabl el Hydiageitese t he properties of the deljvery vectors.
pUBLI0 p %'}5 - it of t +3 (MIQ - INF) 320
pAdhA{E) 3003-3965 B - subunit of pyruvate {
dehydrogenase
10 pdhB 4058-5368 Dihydrolipoamide +2 (VAF - MEA) 436
transacetylase
Ind 5373-6785 Lipoamide dehydrogenase | +3 (MVV - ISK) 470
o7 7432-6833 Unknown - Hypothetical -1 (MNK - CTE) 199
protein
orf8 7964-8647 Transposase +2 {(MDL - SPP) 227
The hypothetical promoter regions are shown in Figure 2 (arrows) - one
15 upstream from the start of pdhA and possible second promoter ahead of pdhC. A
previous example of a secondary promoter in the PDH cluster was reporied for Bacilfus
subtilis (Gao et al, Journal of Bacteriology, 2002, 184:10, 2780-2788), but most
described PDH gene clusters have just one promoter upstream of the cluster (Neveling
et al; Biochimica Acta; 1998 1385, 367-372. The upregulation can be carried out using
20 techniques known in the art. In particular, upregulation can be carried out by
introducing a suitable promoter or enhancer sequence upstream of the PDH complex.

The enzyme compiex is known to work under both aerobic and anaerobic
conditions (Carisson ef al; Infection and Immunity; 1985, 49:3, 674-678) but it is
generally considered to be an aerobic enzyme (Ch 15 Principles of Biochemistry,

25  Lehninger, Nelson & Cox; 2™ Ed, Worth Publishers, New York, 1993, p447) with

30

pyruvate formate lyase (PFL) its anaerobic counterpart.

Both enzymes convert

pyruvate, formed in glycolysis, to acetyl CoA to feed into the TCA cycle but the cycle
only works completely under aerobic conditions. However, as it is desirable to use
anaerobic conditions, promoters that operate in anaerobic conditions are preferred for

use in the invention. Thus promoters for enzymes believed to work under anaerobic
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transformE. colt SCS110 (Stratagene) using standard protocols.As before
25ampicillin-resistant col onies were selected and the contained plasm ds
were isolated and characterized by restriction analysis. A plasmd (pTM14,
based on the pUB190 backbone) with thesgexpected restriction pattern for the
desired construct was identified and used to transform NCl MB 11955 by
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sor ew t oBSTRIERIAD) (2RY v Lash: B droras B obMR SRIREat Bl BStE i) 1
Aftes i ngykati on the suspension was either plated directly (eg 2 x 0.5nl)

or centrifuge 4.0 20 0 and
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yectors are aRldd PHd GRbEatb Bhd rRiRRdASl: b GRS iRt mBRIorgHhiRR: 65C.

Thus to grow in't kanamnmycin host has
i ncor por ateskridven, mrmnublwmlhmm tﬁ‘eafg%ﬁié%& BloEng, 19&%5%?#&%9"1’%@1 afidant

col ony, 0 t'h
STnons WESBYlarRr; LSRG plintierty ?F%S“?%F%%ﬁ"é? Joreie ﬁ%gﬁr?ﬁ‘a. i ng
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i
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derivatives were tested for |lactate production, and as expected, proved a
m xture of LDH+ and LDH . One LDH derivative, TMB9, was further

charact erl zed by PCR and Sout hern bl ots. 20Proof of LDH gene repl acenent
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35probe generated by PCR fromthe 11955 LDH gene using prinmers 1 and 4
(Table 3) which was DI G| abeled (DI G| abeling kit, Roche, according to
manuf acturer's 14 instructions). The hybridizi ng bands were

vi sual i zed using the detection kit supgied (Roche). The Sout hern bl ot
showed evidence of a nuch-anplified band of approxinmately 7.5kb in the Notl

di gest ofy, %Moéf bk HusNoBrgss };bﬁé%ﬂ)lé@:@ﬁﬁ&t@idﬁaﬂmwmiaMryaﬁeQ and
| N

0.4kb in t 1111Not| and_ Pst [/ Not | ests of T i.ndi catin
i nt egration ofinramptaashel . A RYRIEY pinEkIe SFs tqsd?e@éwgf'é? é’Hd‘ﬂF ﬁ*&? E‘Pﬂ | ocus

in this R{Pn@r%@ P?ﬁ%@r@exp\@‘ﬁeﬂ t@bénératreeedé@ﬁdnr iActingia |atyg PEIRsproddB washoved
evi dence o erent restriction pattern, show n@aéﬁ%d_t%_t‘ra h br| di él ng

band congenetted frompsENoRis BNA SRYeNnd: Mgkt theAva

Ceneat i fﬁ%& am !éDE?bh ggtsaetof 0@)16! @ringnglant Bmlusnm ng
Che Sdh Q'{Bur%fd tﬁtoﬁh@@;ﬁai%l i TTAAAb { TéT TG 5 Bgf P
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2. 54Bkb i b%i?%owlhéhvowpmnedmd féralefetiomagproacal. | i brari es of col oni es
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i nst r ucgtonsy useé, %'héééa” S Wer'& SCreened w tH the I"abel eQ)idéMipeers -
(DI G| abeling kit %5 according to manufacturfer's i nstrm(i, ﬂ?t}on
DNA fragments in any col oni es that hybridi sed witlh the probe e 1sol at ed
and sequenced. (ne clone was identified that confiained a 3 GE¥CFcaRV

gﬁgo(ran'xfe h&éég?rrent ~spanni ng'{ thﬁ 25 &%&E}r egi c%@%ﬁ"ﬂ@ﬁ' deggﬁnt I'I'Lleéd

)
f r agnent--erce eg—three—conptete—genmesbeygrmmng at the 5~ Tegi on Wi th {he

pept i de| HEMET | erEECCeEARLCCRISTITORCTAACODSCT ¢ BEMID NOf2 | Nags an open
r eadi ng| {reuers n(':"'_c')'él ng a hypothetical gene (which shows homplogy to-the

t heor et ykaA q.gnéJr% | ide streamthe
next opie& ks Gl ﬁ@%@fg@%@% gﬁgal S §5§@\)§@'#ol\’gﬁmde 35t he
pyruvatie ae Wef-ogerase—A—a—sub-umt—(pdhA(a) )~ —mrediat eI’y adj acent tofthe
“pdhA( a)| BERET&nd gt o ASMOTATORSTBCAGBA  of | 1 IRECEEDWY, 4 nt is &

porti on| @everse)l’ gene believed tqo _encode the pdhA Il sub-unit (pdhA(L1)).
The tandem arrangenent of the pdhA a and 11 genes conforns to the knomm pdh
gene clusters identified in closely rel ated species. The approach enpl oyed
to ident Bhydemsaquéooﬂmdfqatﬁ}mﬁsﬂégedﬂ@ﬁéﬁtpéﬁﬂe he repEtionssitey | sol ate furt her
DNA sequence. Using forward prinmer 5 - ACAAGCAAAAGAAGATATTAAAGAG 3' (SEQ ID
NO. 5) and reverse priner 5 - TTTAAGIGCTCTAGGAAAATAACAG 3' (SEQ ID NO 6)
that bind at the 3' region of the EcoRV fragnent, a new probe, GI-D &, was
generated by PCR, as before. A range of restriction enzynes, sone of which
were shown to cut just upstreamof the GIDIG 2 10region, were used to

di gest genom c DNA isolated from G thernogl ucosi dasi us. Fragnent s
derived from Ncol digestion were isolated and cloned as before (pLI TMJS28,
New Engl and Bi ol abs, according to manufacturer's instructions). On
screening with the GI-DI G probe, a clone containing an Ncol DNA fragnent
consisting of - 6kb DNA positioned downstream of the EcoRV fragnent was
identified. The 15 sequences of the Ncol and EcoRV fragnments fornmed one
conti nuous sequence (contig) of 8884bp in I ength. Sequence anal ysis has
reveal ed that this contig houses the pdh gene cluster consisting of four

adj acent genes flanked by two putative genes either side. The organisation
of the genes encoded within the contig is shown in Figure 2. b)Single
crossover PDH nutants - proof of concept 20The strategy used to generate
up-regul ated nutants of PDH in LDH nutants of G thernogl ucosidasius 11955
i nvol ved the use of the previously identified pdhA sequence to design and
generate a cassette with the pdhA codi ng sequence preceded by a restriction
S|te allomnng ~easy |nsert|on of heterologous pronDters and subsequently

R o g et e g e T T o T =] T R




3 pUB110 ligated with pUCL9 pTMD19 5.4 cat, kan Yes 0 Kant' gene from
pUB190 inserted into EcoRl site of pNWB3N pTMX23 2.7 anp Yes 0 pUCLl9 with
Ndel site renoved pTMD31 5.1 anp, kan Yes 0 EcoRI/ SnaBl pUB110 fragnent
inserted into pUCLI9 Table 5. Vectors gpnstructed for up-regul ation work

I i) pdhA backbone fragnent The pdhA sequence obtained fromthe original
1.8kb P scri bed previously, was used to
desi gn tcﬁgg ‘ﬁﬁgﬁth% ?m'é%&f%%gﬁjﬁ CAO’}%\TGGGT GCGAAAACATCCAGATT-3 (SEQ ID
NO. 7)y—tncorporati TgyEhed I Ndelsit e pNwBathat t he tef pTM@I9 ATG of the INdel
site 'ePeERBE €0 TheaRE TTve ATGChilorarhpteaidoin of | pBVI@tHwagdanieed The
start| g9 was assh raB¥feist.gnnentacafl tanéferaspdhA giseeriomeidaa &M natji on
of thp possibl e readiivghranesie 10ThiGsowmasndsietlei n coWPd%ﬂﬁ%wﬂnuﬁwthe
revere priner 5 - | GoANITAdCH BIRATATGTTIEMY GOvT 3f o 'SppiAD) ineineg
(incofporating a H pgdt Site) to amptedg cf 62°Cr ont p6QQRb?496’fPPtJW§3 dhA( a)
gene, | usi ng previ oligl, rgﬁﬁg{g@gd PCRNargedvith at 85°CA PCFQ0 6 h@yg ?“dafﬁprox 1kb
was ggnerated, pur gé il gat ed | iQeheralpt e14tiveMEB) | ! |on m xjt ur e
was used to transf Jggb&.on date]lftﬂsQ9 (Satdatilaguine) 15

protocol s. Anmpicil yépam,@iglhs@tamme;ol )p'ro@lgnv\s@itresag@it@%t ,fi a"e j-\;ﬁ"ar
pl asnj ds wer e i sol abeadio sebar act eri ze&8utpnrle¥t ri cti on gre the
pdhA fragment was (sgesdnedusn t h Ndel gafeiatianedl | | and neg |nto pTMI31
usi ng| standard pr ot cs@tace.The fi nal | EIEINEAYE in pTI\ s verlfled by

SequenCI ng, and. .aS J (‘lnF‘d as nTI\/ﬂAR ﬁ?sianﬁ%rn t.aor “UI Aer at | on
of fi hEtangarmabilify &9 fapetcy 1,000 in é?° 3G l08Pf raﬂ%% H?Een
Naf

ed

cloned into the pTMO2GSHPSHEEMCct - i m@h t he pdh pnf | Ndel
fragnents. The foI owi ng pronoter r<@p6ns wer e chose gg,rs,i &tﬁéu,gctoal

CCCGGonStI Ayl SRRy % HFH@E cionn eéodﬁ‘"ﬁnultlple clonm
A \ E4
%501 . EE S P Qs:fegd Vel dri( b 9am, (3- 02bp

G t her 1Y 1055 | actat e dehydrogenase prom)ter RJs
GGCATA ruu\quGTCIl'\\Tg:ul 1 A \DEQ DNC. .LU) Fwd
CCGGTACCTGATGTAATTGGATGTGATGAT (SEQ I D NO. 11) P 1dh(11955short) (1- 772bp)

G therno &@%,ppqs amb%fbgaa&.émte dehydr ogenase pronoter Rvs
CAT

TAT Genomic D-II\_IX was pre are rom 1N%551ro serve as a template for PCR. Cells

from a 20 mlL ovemight culture of 11955 (TGP media, 52°C) were collected by
5 centrifugation (4000 rpm, 20 mins). The cell pellet was resuspended in 5 mL STE buffer
(0.3 M sucrose, 25 mM Tris-HCI, 25 mM EDTA, pH 8) containing 2.5mg lysozyme and
50 uL of ribonuclease A (1mg/ mL). This was incubated for 1 hour at 30°C before the
addition of 5mg proteinase K and 50 yL 10% SDS followed by a further 1 hour
incubation at 37°C. The lysed culture was then extracted sequentially with equal
10 volumes of phenol: chloroform (1:1), followed by chloroform before precipitation with
After washing twice with 70% ice-cold ethanol, the DNA pellet was

isopropanol.
redissolved in 0.5 mL TE buffer.
Approach 2: Generation of LDH deletion constructs
PCR was carried out using a Robocycler Gradient 96 (Stratagens) and reaction
156 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 mins, Cycles 2-30 - denaturation at 95°C for 1 min,
annealing at 47°C for 1 min, extension at 72°C for 2 mins, and a final incubation at 72°C
for 5 mins. The enzymes used were an equal mixture of Pfu polymerase (Promega) and
Taq polymerase (New England Biolabs, NEB). Buffers and dNTPs used were according
20 to manufacturer's instructions (Pfu, Promega). The DNA template used was the 11935
genomic DNA prepared above and the resulting PCR products were purified via




Fwd CCGGTACCGCCGEGACGEEGAGCTGAGTGCTC (SEQ ID NO- 13) P 1dh(NCA1503) (1771bp)
G st ear ot her nophi | us NCA1503 | act at e dehydr ogenase pronoter Rye
GCCATATGATTCATCCTCCCTCAATATAATG (SEQ I D NO. 14)

Fwd CCGGTACCGCGEGACCEEGAGCTAGECECC (SEQI1 D NO. 15) P I dh(DSML3240) (1- 65bp)
G stear ot hernophilus Strain 10 (DSML3240) | actate dehydrogenase pronoter

Rye GCCA EEE@TWQH_&E]@%E\EE lﬁ)SEQtIdJerrhﬁ thﬂe6;)e! usheda gel extraction kit
CCGGTA TCAT Cg (3= 5(?b8&

G stear ot(ﬁ&%ﬁ%?xﬂﬁs&’fﬁoﬁt y naggco&llg%? anufa%rees Astructions.  The

AACATAT I PERCHLEAGE (Aa T (eaEthl ;DLJ(I}I@ (NSB), prévisusly digested with Smal,

CCGGTACCTATGIGTAAAAATACAAGAGAG ( SE ef ( 6}1

G. st ear otilrthe Jlgpfiens Mot HSE’POtO( 95514 70’165?%’@(138)’( i M@rsoe%rt gafgp e} §5/ng
CCCAEAT GRS G EESH-AARIBIANIN-feSk@rit D:dNﬂalesQQ\)ere seRdtet rddd( el bmtpin&d
st ear ot her nophi l'us Stral n 10 &%5#\/]1324& grredom n_.pronoter Fwd
CCGGTACCPRBOARREIRARRY TSEQ ID NO. 21) Rye
GGCATATGAATCCAAG(E ltl{ R Niser2) intofpic19 (with the novel Pstl

ATCC. ?S&gg@,ﬁg@g@gﬁ f(gé-ln’;ﬁ\;é\d pi,gé Eagnltﬁ%ﬁggq N%ﬁ)sﬁe-a? fthex5 (el %Bblpgdué‘goo LQH&

primers 3 and 4) was digested with Nofl and Pstl. The resulting fragment
10 (approximately 0.4kb) was ligated into a pUC19 plasmid (pTMOO01) bearing fragment 1
(produced with primer pair 1 and 2) which had also been digested with Nofl and Pstl.
The ligation mixture was used to transform £. coli JM108 (Stratagene) using standard
protocols. As before ampicillin-resistant colonies were selected and the contained
plasmids were isolated and characterized by restriction analysis, to establish the

15 orientation of the inserts.
A plasmid (pTMOO03) with the expected restriction pattern for the desired
construct was identified and verified by sequencing using M13mp18 reverse and

forward primers.
The mutated LDH gene fragment was excised from pTMOO3 by digestion with

20 Hindlli and EcoRl and purified through agarose gel electrophoresis as before. The
fragment was treated with Klenow polymerase (NEB, according to manufacturer's
instructions) to generate blunt ends for ligation into pUB190 which had been digested
with Xbal and also treated with Klenow polymerase. The ligation mixture was used to
transform E. coli SCS110 (Stratagene) using standard protocols. As before
ampicillin-resistant colonies were selected and the contained plasmids were isolated
and characterized by restriction analysis. A plasmid (pTMO14, based on the pUB180
backbone) with the expected restriction pattern for the desired construct was identified
and used to transform NCIMB 11955 by electroporation using the protocol described

25

below.
30 Electroporation protocol for Geobacillus thermoglucosidasius NCIMB 11955

A frozen stock of 11955 was made by growing an overnight culture in TGP

medium (shaken at 250rpm at 55°C, 50mL volume in 250ml conical flask, ODgy ~ 2),
adding an equal volume of 20% glycerol, dividing into tmL aliguots and storing in
cryotubes at -80°C. 1mL of this stock was used to inoculate 50mL of pre-warmed TGP

35 in a 250mi conical flask which was incubated (55°C, 250rpm) until an ODygy, of 1.4 was

achieved.




Rye GGCATATGAATCTCCTCCATTTTTGATTAG (SEQ I D NO. 24) Table 6. Pronoters
used in PDH up-regul ation and their sources Priners were designed to
generate these pronoter regions fromgenom c DNA (isolated fromG

t her nogl ucosi dasi us 11955, G stearot hgg mophi |l us NCA1503, G 5

st ear ot her nophi | us DSML3240 and B. cereus ATCCl14579 as descri bed

previously), e'?%@h 'w'\éé%odiécfiem for 1806inieR ﬂaéﬁdh@bﬁatmsrc@nmmg@dwedzum ng
previ ously descri conponent s protocols. The purified PCR[r%@rnHCt s

vere | i gatiedes at 4009TvOzS 4(@%&@%5?'%@%&“8&6&'@* ‘M%f'r gseenersRd
l'igation, rgécﬁyreg%ﬁgaﬁqu&,? HH Ay RIS BRE BeRrifugel (4 B, (2@ :hﬂ{uwnﬂ)rebﬂurﬂ@r

st andard’ resi stant col oni es sel ected and the
cont ai nedvasheswedscmleé qus i Hiwway dhae 2hle ANY X HQ%S‘?""{f?r@t’ihSrPeé[ﬁ%lW?%l s

bef ore t g%;,%g;gﬂ% { EAQTENESG R, ﬁo&hr@ﬁtﬁ{ ﬁl@dw @ldﬁlléﬂ infgodglquard and

subcPone 46 U st an ar rotocol s. final constructs in
pTVMD46 watoredkini G.5red eppes@q%@heaﬁ Aly80% rfa@éfwﬁ%@fa@eﬁ iemetigigids in Table 7.
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wel | as activit The results are sh EWB E?:b oP T%
(4,000rpm, 20 mmutes) resuspended in 200uL-5 OpL T and spread on TGP agar,
15 containing the appropriate antibiotic, and grown overnight at 52°C. Antibiotic-resistant

transformants were observed after 24 hours.

Electroporation medium TGP medium

0.5M sorbitol Tryptone  17g/L

0.5M mannitol Soy peptone 3g/L

10% glycerol K:HPO4 2.5¢/L
NaCl 5g/L
pHto 7.3

Additions post-autoclaving;
Sodium pyruvate 4g/l

Glycerol 4mi/L
(from fliter-sterilized
concentrate)

Selection of single crossover LDH negative primary integrants
The plasmids (eg pTMO14) used for integration into the organism's genome were
temperature sensitive. The pUB190-based knockout vectors are able to replicate within
20 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 12pg/mL kanamycin. This fransformant was used to generate primary
25 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




Concentration/ mMUmM ng/m UWng protein Specific Activity strain Pronoter
QD pyr glucose formacet EtOH PDH Protein 1M226 P 1dh(13240) 6.74 1.7 17.3
iBg %4.3851%. :2))22.0132989 0.236 TM227 P 1dh(13240) 6.31 0.7 26.2 1.0 12.6
: : : : TMR28 P pfIX 6.6#82.9 29.8 3.2 9.8 118.5 2.
0.254 TM229 P pfl X 5. 02 oo 10-42
conical flask at 52°C and 250rpm, centrifuging the cuiture (4,000rpm, 20 mins)

resuspending the cells in 1mlL. TGP and spreading on TGP agar plates containing
12ug/mL kanamycin for overnight incubation at 88°C. Under these conditions, pUB190
cannot replicate as an autonomous plasmid. The majority of colonies obtained in this
5 manner, when tested for lactate production, gave an L DH- phenotype, with increased
production of ethanol, indicating the generation of LDH mutants by integration at the
LDH locus.
Generation of a gene replacement LDH mutant by double-crossover
A presumptive primary integrant (TM15) of pTMO14 was identified from the
10 above transformation and used to obtain double recombinants. This was achieved
through five successive sub-cultures of TM15 in TGP medium (5 mL in 50 mL faicon
tube, 250rpm, 1% transfer between sub-cultures) without kanamycin, alternating
between 8 hours at 54°C and 16 hours at 52°C. After these five passages the resulting
culture was serially diluted and 100 pL samples were spread on TGP plates and grown
15 overnight. Replica-plating of the resultant colonies onto TGP agar containing 12pg/mL
kanamycin was used to identify kanamycin-sensitive colonies. After streaking to single
colonies on agar to purify, these kanamycin sensitive derivatives were tested for lactate
production, and as expected, proved a mixture of LDH+ and LDH-, One LDH- derivative,
TM89, was further characterized by PCR and Southern blots.

20 Proof of LDH gene replacement
Genomic DNA was prepared from TM15 (primary integrant) and TM8S

(presumptive double recombinant LDH-), and used as template for PCR using primers 1

and 4, using the conditions used above, Genomic DNA from 11955 was used as control.

The PCR products (approx. 0.8 kb bands were obtained from all three templates) were

25 purified as described previously and samples were digested with Notl before being run

on a 0.7% agarose electrophoresis gel. The PCR product of 11955 showed no evidence

of Nofl digestion, as expected, whereas the PCR product of TM89 gave 2 bands of

around 0.4kb, indicating the replacement of the wild-type gene with the mutated allele.

Noti digestion of the PCR product of TM15, the primary integrant, gave predominantly

30 the 2 bands seen with TM89, with a trace of the uncut (0.8kb) band. This can be
explained by the resuit obtained with Southern blotting of the TM15 genomic DNA.

Genomic DNA of 11955, TM15 and TM82 was digested with Notl, Pstl and Nofl,

and Hindlll and Nofi, and run on an electrophoresis agarose gel. The DNA was

transferred onto a positively-charged nylon membrane (Roche) and hybridized with a

35 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




4.8 24.4 0.7 12.2 119.6 0.95 7.99 0.119 TM230 P pf
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I .02 5.7 24.3 0.3
1

Y 5
1.1
6 1

TML77 P 1dh(1503) 5.45 2.9

10

15

20

25

30

35

instructions). The hybridizing bands were visualized using the detection kit supplied
(Roche). The Southern blot showed evidence of a much-amplified band of
approximately 7.5kb in the Nofl digest of TM15, with similarly-amplified bands of
approximately 7.0 and 0.4kb in the Hindlll/Not! and Pstl/Notl digests of TM15, indicating
integration of multiple tandem copies of pTMO14 integrated at the LDH locus in this
primary integrant. With all three restriction digests, TM89 showed evidence of a different
restriction pattern showing an extra hybridiz?ng band compared to 11955, consistent
with gene replacement.

Example 2: Generation of a stable up-regulated PDH mutant

a) Cloning and sequencing the pdh cluster

Primers 5-AYGCCCGTTTAAATGRTCGATTTCATG-3' (forward; SEQ 1D NO.
31) and §-CGAAGTGGCTGGCAATTTGGCTT-3' (reverse; SEQ ID NO. 32), were
designed based on sequence homology be’meén known Bacillus and Geobacillus PDH
sequences, and were used to amplify a 1.8kb fragment using genomic DNA from G.
thermoglucosidasius 11955 as a template. The PCR was carried out as described
previously with the purified PCR products ligated into pUC19 (NEB). The ligation
mixture was 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 and sequenced. This first fragment was then used
as a probe to screen the following libraries.

Genomic DNA from G. thermoglucosidasius 11955 was digested with 10
different restriction enzymes using standard protocols. The restriction enzymes Bgill,
EcoRV, Hindlll and Mfel generated DNA fragments of between 2.5-5kb in size, which
were cloned to form several libraries of colonies (pLITMUSZ28, New England Biolabs),
according fo manufacturer's instructions). These libraries were screened with the
labeled DNA probe (DIG-labeling kit, Roche, according to manufacturer's instructions).

DNA fragments in any colonies that hybridised with the probe were isolated and
sequenced. One clone was identified that contained a 3.6kb EcoRV genomic DNA
fragment spanning the 1.8kb pdh region previously identified and extending downstream
from this region by a further ~1.8kb. The fragment encoded three complete genes
beginning at the 5' region with the peptide deformylase 2 (pdf2). Positioned downstream
of pdf2 lies an open reading frame encoding a hypothetical gene {which shows
homology to the theoretical protein ykaA (BSU14570) from B. subtilis), while
downstream the next open reading frame is 11 10bp in size and is believed to encode
the pyruvate dehydrogenase A o sub-unit (pdhA(c)). Immediately adjacent to the
pdhA(a) gene and extending beyond the 3' end of the £coRV fragment is a portion of a

2.0 125.6 1.85
5.6 141.6 1.5 8.25




15.2 2.9 12.6 136.9 2 9.34 0.214 TMB9 (control) *2.2 15.2

111.0 0.09 3.39 0.027 Table 8 PDH assgys on 8)hour culturgg'nghgm}O'o
pronoter integrants in ASYE 10(0.5% + 2% gl ucose The new pronoters appear
to give relatively high |l evels of PDH1&ctivity, considerably higher than
TMB9 at this tinme point (however, the | ow protein | evel recorded for TM9

i ndi cat egeld18bicTME Yo BR¥olR YR parFs Bdsubhsip@akA(R)bdiet tleodepoarrngemEabef
agreeman? rE)etween the two integrant P -')Q. '
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tested f |Eg§’@§bé(§él§| s were also tested for ethanol production with
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| dh( 13249} 7 ARGIEMATAGBRARATARGAGS ¢SBQ ID NO. ) that bind Lt the 3 ragion of the
EcoRV fragment, a new probe, GT-DIG2, was generated by PCR, as before. A range of
restriction enzymes, some of which were shown to cut just upstream of the GTDIG-2
10 region, were used to digest genomic DNA isolated from G. thermoglucosidasius.
Fragments derived from Ncol digestion were isolated and cloned as before
(pLITMUS28, New England Biolabs, according to manufacturer's instructions). On
screening with the GT-DIG2 probe, a clone containing an Ncol DNA fragment consisting
of ~ 6kb DNA positioned downstream- of the EcoRV fragment was identified. The
15 sequences of the Ncol and EcoRV fragments formed one continuous sequence (contig)
of 8884bp in length. Sequence analysis has revealed that this contig houses the pdh
gene cluster consisting of four adjacent genes flanked by two putative genes either side.
The organisation of the genes encoded within the contig is shown in Figure 2.
b) Single crossover PDH mutants - proof of concept
The strategy used to generate up-regulated mutants of PDH in LDH- mutants of

20
G. thermoglucosidasius 11955 involved the use of the previously identified pdhA
sequence to design and generate a cassette with the pdhA coding sequence preceded
by a restriction site allowing easy insertion of heterologous promoters, and subsequently
inserting them into a suitable integration vector. The requirement was for a strong
25 constitutive promoter such as the LDH-promoter from G. thermogiucosidasius or G.

steareothermophilus. The approach is illustrated in Figure 3.
The required mutants were generated by transformation of the integration vector

into the host strain and selecting for kanamycin-resistant integrants. Such single
cross-over mutants are unstable in the absence of antibiotic as the integration event is
30 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 restiiction sites within the multiple cloning site. The following

Table 3 describes and compares the vectors developed with puUB190:

35




p pflX 46.2 154.2 0.3 0.0 19.4 TM229 Mderate 02 lg< 55.9 133.1

21: 9 TM230 Moderate 02 p pfiy 56.3 133.4 0.7 0.0 21?29n&231 I\/bderatg. (6)20b0
pfiy No growmh TM16 WMderate 02 p 1dh(1503 dinmer) 52.9 134.2 0.4 .* 0.0
23.9 TMR18 Mbderate 02 P | dh(1503 dif8r) No growth Twin Moderate 02 p
Ilczih(zlgog) 58.2 130.8 0.6 0.0 24.2 TNI 139 Mderate 02 control 88.9 85.4

Size(Kb) | Markers | mes | Ndel | Origin

pUB190 6.7 amp, kan | No 3 pUB110 ligated with pUC18
Kan™ gene from pUB190 inserted into EcoRI

pTMO18 54 cat, kan | Yes 0 site of pNVW33N
pTMO23 27 amp Yes 0 pUC19 with Ndel site removed
pTMO31 51 amp, kan | Yes 0 Eﬁ%ﬁg SnaBl pUB110 fragment inserted into

Table 5. Vectors constructed for up-regulation work

i) ndhA backbone fragment
The pdhA sequence obtained from the original 1.8kb PCR product cloned into

5 pUC19, described previously, was used to design the forward primer 5'-
AATCTAGACATATGGGTGCGAAAACATCCAGATT-S‘ (SEQ ID NO. 7) incorporating
Xball/Ndel sites, so that the terminal ATG of the Ndel site represented the presumptive
ATG start codon of the pdhA gene. The start codon was assigned by alignment of other
pdhA genes and examination of the possible reading frames.

10 This was used in conjunction with the reverse primer 5'-
CCAAGCTTTCTTTAATATCTTCTTTTGCTTG-3' (SEQ 1D NO. 8) (incorporating a
Hindlll sits) to amplify the front portion of the pdhA(a) gene, using previously described
PCR protocols. A PCR product of approx 1kb was generated, purified and ligated into
pUC19 (NEB). The ligation mixture was used to transform E. cofi JM109 (Stratagene)

15 using standard protocols. Ampicillin-resistant colonies were selected and the contained
plasmids were isolated, characterized by restriction analysis before the pdhA fragment
was digested with Ndel and Hindlll and subcloned into pTMO31 using standard
protocols. The final construct in pTMO31 was verified by sequencing, and assigned as

pTMOA46.
20 iif) Promoter fragments and generation of final delivery constructs

The promoter fragments were then cloned into the pTMO46 construct -
preceding the pdhA gene - as Kpnl/Nde! fragments. The following promoter regions

were chosen for the initial constructs:

25




19.8 TM226 Low 02 P 1dh(13240) 68.8 126.5 0.9 13.8 15.3 TM227
| dh(13240) 104.3 54.9 23.8 19.1 4.6 TM228 Low 2 P pflX 73.7 179" 156
15.1 TM229 Low 02 P pflX 94.0 80.8 13.1 19.0 9.2 TM230 Low 02 P pflY
106.6 52.0 26.0 19.6 9.2 TM231 Low O37P pflY 106.5 53.8 24.0 20.0 4.9
TM216 Low 02 P Idh(1503 dimer) 76.4 115.4 0.9 14.9 -

Promoter Source Qligos used for pcr
P_idh{11955} G.thermoglucosidasius Fwd CCGGTACCAAAGAGGGCAATCTGAAAGGAAG (SEQID NO. 9)
(302bp) NCIMB 11955 lactate Rvs GGCATATGTGTCTGTCATCCTTITCCAAA (SEQ 1D NO. 10)
dehydrogenase
promoter
P_idn{11955shart) 1 G.thermoglucosidasius Fwd CCGGTACCTGATGTAATTGGATGTGATGAT (SEQ IDNO. 11)
(172bp) NCIMB 11955 lactate Rvs GGCATATGTGTCTGTCATCCTITCCAAA (SEQ ID NO. 12)
dehydrogenase
promoter
P_idh{NCA1503) G.stearothermophilus Fwd COGGTACCGCGGGACGGGGAGCTGAGTGCTE (SEQID NO. 13)
{(171bp) NCA1503 lactate Rvs GGCATATGATTCATCCTCCCTCAATATAATG (SEQ ID NO. 14)
dehydrogenase
promoter
P_ldh(DSM13240) G.stearothermaphilus Fwd CCGGTACCGCGGGACGGGGAGCTAGGLGCE (SEQID NO. 15)
(165bp) Strain 10 (DSM13240) Rvs GGCATATGTATTCACCTCTTCTTCCTTTIT (SEQID NO. 16)
lactate dehydrogenase
promoiaer
P_amy G.stearothermophilis Fwd CCOBGIACGGATCATCCCCCGCTCCCTTCTCC (SEQ D NO. 17)
(356bp) NCA1503 g-amylase Rvs AACATATGGCCCTTCCCCCTTAATCAAATG (SEQID NO. 18)
promoter
P_ferrA G.stearothermophilis Fwd CCGGTACCTATGTGTAAAAATACAAGAGAG (SEQ ID NO. 19)
(156bp) Strain 10 (DSM13240) Rvs GGCATATGAATCGAACCTCCCCAAGTTTAT (SEQ 1D NO. 20)
ferradaxin promoter
P_ferrB G, stearothermophilus Fwd .
© | (183bp) Strain 10 (DSM13240) CCGGTACCTATGATAACAAAACTAAATAAGATGGATATGTGTAAAAAT
) ferredoxin promoter (SEQ ID NO. 21)
Rvs GGCATATGAATCGAACCTCCCCAAGTTTAT (SEQ ID NO. 22)
P_pflX B.cereus ATCC14579 Fwd CCOGTACCAGTTAACACTATATATATAGTA (SEQ ID NO. 23)
(168bp) pytuvate formate lyase Rvs GGCATATGAATCTCCTCCATTTTTGATTAG (SEQ ID NO. 24)
promoter

Table 6. Promoters used in PDH up-regulation and their sources

Primers were designed to generate these promoter regions from genomic DNA (isolated
from G. thermoglucosidasius 11955, G. stearothermophilus NCA1503, G.
5 stearothermophitus DSM13240 and B. cereus ATCC14579 as described previously), as
Kpnl/Ndel fragments, and PCR products were obtained using previously described
components and protocols. The purified PCR products were ligated into pTMO23

(pUC18 with the Ndel site deleted) and the ligation mixtures used to transfarm E. coli

JM109 (Stratagene) using standard protocols.  Ampicillin-resistant colonies were

10 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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Table 8 PDH assays on 8 hour cultures of new promoter integrants in ASYE

10 (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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acetate pTMD111/ TMB9/ 1.1 .95, g pTMO111/TMB9/ 1.2 69.5
44.6 23. 'seYSgARALY m@ﬂ%ﬁ}@%ﬁ"%g&‘égﬁ%ﬁﬁ@bw 0 7.5 Ne
Y asius pagkbase 2 48.5 26. 1

PTMD111/ FVBY/ 2ntdgrafidn Of fi2al orfruotsarito Bene e 7
19.3 Neg pTND%QTNv@s?s{ Zrahst@ihied with pTMO70 using the electroporatlon protocol

15 described previously. Presumptive integrants were selected as described previously and
tested for ethanol and organic acid production in ASYE glucose medium (anaerobic) as
well as PDH activity.

iii) Generation of double cross-over of P_ldh{NCA1503) in TM89
Two primary integrants from the transformation with pTMO70 were selected for
20 serial sub-culture in shaken liquid medium in the absence of kanamycin as described

previously. After 3 subcultures, samp[es were diluted and plated on TGP agar. Plates
with suitable numbers of colonies were replica-plated to TGP+kanamycin plates and
kanamycin sensitive colonies were picked and purified. These strains were tested for
ethanol production in ASYE(0.5%)+2% glucose. Of the sixteen presumptive

25 double-recombinants tested, five (TM179 -TM183) gave the desired phenotype (the
others appeared identical to the parent TM89). The results are given in Table 10.

Strain Residual Ethanol Pyruvate Acetate
Glucose
TM179 0.0 150.5 0.0 25.8
TM180 0.0 152.0 0.0 21.7
TM181 0.0 152.8 0.0 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-QOver Mutanis.

d} Checking presence of the Kan® gene from vector in double recombinants




45.9 28.1 22.2 Neg TMB9 64.7 48.2 26 4 24.7 Ne

: : . . g TMB9 63.1 51.2 27.8 26.
Net _ 0.5 pTwMp111/TML80/1.1 13.9 177.8 0.0 0.0 pTMI111/TML8O/1.2 8 2
174.3 0.0 0.0 6.1 pTMD111/TMLI80/1.3 0.0 188.6 0.0 0.0 5.8 . .
pTMD111/TML80/1.4 0.0 191.7 0.0 0.0 211 pTMD111/TMLI80/2.1 5.5 184.3 0.0

0.0 4.8 pTMD111fTML80/2.2 0.0 194.4 0.0
In order to check that the kan® gene from the vectors used in their construction

was no longer present in the double recombinants strains TM89 and TM180, PCR
reactions were carried out using primers designed for the kan® gene, shown in Figure 3.
Control PCR reactions included the use of primers for the pdh gene and preceding
5 region, which would be expected to be present in single-copy in TM88 and TM180.
Genomic DNA from five strains (TM15 and LC12.1, the single cross-over integrants from
which TM89 and TM180, and TM177) were isolated and used as templates. TM15,
LC12.1 and TM177 all show kanamycin resistance and would be expected to bear the
vector DNA including the kan® gene. PCR reactions were run with the conditions and
10 components described earlier with the details of the experiment are given in Figure 5.
The results show that the single cross-over strains all give a PCR product of the
expected size (approx 0.6kb) with the kan primers, as expected, but there is no PCR
product with the kan primers from TM89 or TM180. This indicates that the kan® gene is
not present in these double recombinants, as predicted. The pdh region primers
15 however gave products of the expected size with all five genomic DNAs. The LC12.1
and TM180 genomic DNAs give a product approx 0.2kb smaller than the other 3 strains,
since the P_ldh(NCA1503) replacement insert is smaller than the wild-type sequence.
Example 3: Generation of a stable PFL negétive mutant
The PFL knockout vector was constructed in exactly the same manner as the
20 LDH knockout in strategy 2 and is outlined in Figure 5.

a) PFL knockout vector construction
Degenerate primers 5.CGTGAAAACGGWGGCGTYCTTGATATGGATACA-S'

(forward SEQ 1D NO. 25), and 5-TTCGCACCTGGWGCAAAYGGTTCTCC-3' (reverse

SEQ ID NO. 26), designed based on sequence homology between known Bacilfus PFL

25 sequences, were used 1o amplify a 1.7kb fragment using genomic DNA from G.

thermoglucosidasius 11955 as a template. The PCR was carried out as described

previously with the purified PCR products ligated into pUC18 (NEB). The ligation

mixture was used to transform E. coli JM109 (Stratagene) using standard protocols.

Ampicillin-resistant colonies were selected and the contained plasmids were isolated,

30 characterized by restriction analysis and sequenced. The resuling plasmid was
assigned pTMOBZ5.

A second series of PCR were run with primers to introduce the Notl sites at the

3 end of fragment 3 and the & end of fragment 4. In PCR1 primers 5'-

CCGGAATTTCACTTCCCACGGACCAGGTTA-S' (forward SEQ ID NO. 27) and 3

35 AAGCGGCCGCTATCCAAGAAGGTGGAAACGC—3' (reverse SEQ ID NO. 28) were

combined with pTMO85 with conditions and components described previously and the
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170.6 0.0 0.0 3.8 TMLI80 48.7 94.6 1.2 15.0 11.0 1M180 50.2 92.6 1.2 16.1
10.7 Tabl e 11 pTM)111l presunptive integrants (68C) in TMB9 and TML80. 5
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coli JM109 (Stratagene) using standard protocols. As before ampicillin-resistant
colonies were selected and the contained plasmids were isolated and characterized by
restriction analysis, to establish the orientation of the inserts. A plasmid (pTMO110}
with the expected restriction pattern for the desired construct was identified and verified
20 by sequencing using M13mp18 reverse and forward primers.
The mutated PFL gene fragment was excised from pTMO110 by digestion with
EcoRl and Hindill and the purified fragment was ligated with pTMO31 that had
previously been digested with EcoRl and Hindlll. The ligation mixture was used to
transform E. cofi JM109 (Stratagene) using standard protocols. Ampicillin-resistant
25 colonies were selected and the contained plasmids were isolated and characterized by
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
30 described previously. Transformants of both strains were grown in liquid culture
(2TY+kan12pg/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+ kan12pg/mL agar at 68°C and
used to inoculate 2TY+kan12ug/mL seed cuitures for production tests, using 10mL of
35 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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oxygen levels (see Table 9). The results of testing presumptive integrants of pTMO111

in TM89 and TM180 are shown in Table 11 below.

Table 11
Concentration/ mM
glucose EtOH | pyruvate | formate | acetate

pTMO111/TM89/1.1 95.4 13.0 11.6 5.3 Neg
pTMO111/TM89/1.2 69.5 44,6 23.9 19.9 Neg
pTMO111/TM89/1.3 89.1 17.9 15.0 7.5 Neg
pTMO111/TM89/2.1 63.0 52.8 26.0 21.3 Neg
pTMO111/TM89/2.2 66.2 48.5 26.1 19.3 Neg
pTMO111/TM89/2.3 64.4 45.9 28.1 22.2 Neg
TM89 64.7 48.2 26.4 24.7 Neg
TM89 63.1 51.2 27.8 26.0 Neg
pTMO111/TM180/1.1 13.9 177.8. 0.0 0.0 0.5
pTMO111/TM180/1.2 8.2 174.3 0.0 0.0 6.1

pTMO111/TM180/1.3 0.0 188.6 0.0 0.0 5.8
pTMO111/TM180/1.4 0.0 191.7 0.0 0.0 5.1

pTMO111/TM180/2.1 { ~ 5.5 184.3 0.0 0.0 4.8
pTMO111/TM180/2.2 0.0 194.4 0.0 0.0 3.9
pTMO111/TM180/2.3 8.9 186.6 0.0 0.0 4.1

pTMO111/TM180/2.4 11.9 170.6 0.0 0.0 3.8
TM180 48.7 94.6 1.2 15.0 11.0
TM180 50.2 92.6 1.2 16.1 10.7

Table 11 pTMO11 1 presumptive integrants (68°C) in TM89 and TM180.
The metabolic profile of the TM89 presumptive integrants (Table 11) all tooked

very similar to TM89 in this fest. With the exception of pTMO111/TM89/1.1 and

pTMO111/TM89/1.3, which did not grow weli, they produced formate at similar levels to
TM89 (approximately 20mM) and had similar levels of other metabolites and similar

ual glucose. However, the TM89 presumptive integrants may not be
M89

levels of resid
10 genuine integrants at the pfiB locus. Alternatively, it could be that the mutants of T

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

jower 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
s and therefore

15
control. These are presumably genuine integrants at the pfiB locu

defective in PFL production.

c) Stable gene-replacement PFL negative mutants
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integrants of each strain were serially sub-cultured in shaken liguid media in the

absence of kanamycin, then the cultures were serially-diluted, plated on TGP, and
5 replica-plated to TGP with kan (12pg/mL) to identify Kan® colonies, as described

previously.
When these Kan® colonies were screened for reduction in formate production

four colonies for each host demonstrated a loss of formate production. The metabolic

profiles of these isolates are given in Table 12.

Concentration/ mM
Strain Parent glucose EtOH pyruvate | formate acetate
Moderate
TM236 TM89 0, 42.9 75.9 19.1 0.0 8.3
TM237 | TM89 M°%e;a*e 40.7 75.9 15.4 0.0 116
TMBO | 11955 M°‘§:ate 73.4 437 | 2241 225 1.8
TM236 TMB9 Low O, 99.3 5.5 . 12.8 0.0 0.0
TM237 TM89 Low Q2 100.0 5.1 12.1 0.0 0.0
TM244 TM89 Low O, 89.8 4.1 10.6 0.0 0.0
TM245 TM89 Low Oy 101.4 3.9 10.1 0.0 0.0
TM8S 11955 Low O, 73.4° 43.7 22.1 22.5 1.8
TM240 TM180 Low Oy 59 173.0 0.2 0.0 58
TM241 TM180 Low O, 2.7 174.1 0.0 0.0 5.4
TM242 TM180 Low Oy 0.0 175.2 0.0 0.0 8.0
TM243 TM180 Low Q5 0.7 175.4 0.0 0.0 5.8
TM180 TM89 Low O, 48.3 85.9 1.0 18.0 12.1
10 _ Table 12: Presumptive stable gene replacement PFL negative mutants in TM89
and TM180

The TMB89-based PFL mutants TM236 and TM237, were tested in both moderate

and low oxygen conditions. With low oxygen levels these two sirains grew very poorly.

They utilized only a small amount of glucose and produce only a trace (approximately

15 5mM) of ethanol. The only significant product seen was pyruvate (approximately
12mM), with no measurable formate or acetate. However, with increased oxygen their
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

20 the primary integrants in Table 12, where the presumptive primary integrants of
pTMO111 in TM89 appeared similar to TMB9. This would explain the poor growth of the
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17.5 18.83 7.6%3 + + 45.63 49.04 7.5%4 + - + + 31.18 32.28 3.5%5
. 10.07 10.43 3.6%6 - + + 16.71 33.65 101.4% 7 . + . - 13.4 19.09 42.5%

8 - - +- 15.6 34.18 119.1%9 - + . +
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available xylan (Sigma) that had been autoclaved and treated with a variety of
hemicellulases. We observed the disappearance of saccharide peaks in HPLC analysis

and in further experiments we observed ethanol production - suggesting that the

organism not only has the potential to be able to ferment enzyme ireated hemicellulose

5 (the ultimate target of commercial lignocellulosic ethanol production) but that this
organism is able to utilize the dimers - cellobiose and xylobiose - that require the largest

quantity of enzyme and time to degrade to glucose and xylose. This is a significant
improvement and advantage over current technology. The results of ethanol production

using hemiceliulase are shown in Table 13.

10
Table 13 - Ethanol production results:
: % increase
Hemicellulase 24h 48h 24-48h
a4 95 96 a7 Ethanol {(mM)

15 1 ¥ m - 3 12.84 14,82 15.4%
2 + + - + 17.5 18.83 7.6%
3 - + + + 45.63 49.04 7.5%
4 + - + + 31.18 32.28 3.5%
5 - ~ - + 10.07 10.43 3.6%
6 - + + - 16.71 33.65 101.4%
7 - + - - 13.4 19.09 42.5%
8 - - + - 15.6 34.18 119.1%
9 - + . + 25.98 31.12 19.8%

20 10 + + + - 14.63 24.29 66.0%
11 + - - - 11.14 11.82 6.1%
12 - - - - 4,14 4,18 1.0%
13 + - + - 13.78 22.25 61.5%
14 - - + + 42.01 46.68 11.1%
15 + - - + 13.26 15.03 13.3%
16 + + + + 38.27 37.19 -2.8%

25 94 Arabinofuranosidase

95 Arabinofurancsidase
96 Endo-xylanase
97 Xylobiase (beta-xyloxidase)

The mutants 11955 and TM242 were also tested for anaerobic fermentation

30 using different carbohydrates as the carbon source. The results are shown in Table 13.
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Table 14
Anacrobic Fermentation of 11956 & TM242 on Various Carbohydrates
Acld Production
Garbohydrate 11965 TM242 [Comments
0 | Control (-ve) - -
i | Glycerol & t
2 | Erythntal - - Erythritol (butane-1,2,3,4-tetracl) is a natural sugar alcohel
3 | D-Arabinose - -
4 | L-Arabinose + + C5 - found in hemlcellulose
5 | Ribose * + Aldopentose found in RNA
6 | D-xylose + + C5 - found in hemicellulbse
7 | Looylose - -
3 | Adonitc - - Rinltal or adonitol is 2 crystaliine pentose alcohol {CEH1205) formed by the reduction of
ribosa
9 | b-methyl-D-xyloside - - Blomass derived - an inducer of xylanase production
10| Galactose - - C6 - found In hemlceliviose
11| Glucose + + Can repross xylanases (along with everything else)
12| Fructose + +
13| Mannose + + C8 - found in hemicellufose
Sorbase |s a kelose belonging to the group of stigars known as manosaccharldes, The

14| Sorboss - -
| commarcial production of vitamin C (ascorbic acid) often begins with sorbose
Tt can be classiied either as a methyl-pentose ar a 6-decxy-hexose, Rhamnose cecurs In

15 Rhamnose - L.
nature In its L-form as L-thamnose (6-deoxy-L-mannoss).

16 | Dulcitol « - A membaer of the mannitol-sorblis!-dulclio] sugar group; isomer of CEHB(OHE of sorhitct

17 | Inositol - - Inositef, ar cis-1,2,3,5-trans-4,6-cyclohaxanehexal, I3 a cyclic polyalcohol that plays an
important role as a second messengerin a celi, In the form of inositol phosphates. itis
found In many foods, parficulary In cereals with high bran content

18| Mannitol + + Chemitzlly, mannitol s an alcohol and a sugar, or @ polyol; It is an {somer of sorbitol

19| Sorbitel * + A member of the mannitol-sorbitol-duleite] supar group; [somer of CEHB(OH)E ¢f dulcital

20| a-Methyl-D-Mannoslde - -

21| a-Methyl-D-Glucoside + +

22| N-Acetyl Glucosamine + + glucosaming + acatic acid, part of bacterial cell wall peptidoglycan

23| Amygdalin + + glycoside isclated from bitter aimonds - rumoured to be a sancer cure

24 | Arbutin + + glycosylated benzoguinone extracted from the bearberry plant genus Arctostaphylos

25| Esculin + + glycoslde cemposed of glicose and dihydroxycoumarip - found in bark exiracts

26| Salicin + + 2-(Hydroxymethylphenyl-beta-D-glucopyranosids - ¢losely related to asplrin

27 | Cellobiose + + A disaccharide subunit of celluloge composed of two glucose molecules jinked in a {174}
bond

28 | Maltose + + a disaccharide formed from two units of giucose jolned with an a(174) linkage -
braakdown of starch/dexdrins

29| Factose - - a disacchands that consists of p-D-gafactose and B-D-glucose molecules bonded through
a B1-4 glycosidic linkage - found n milk . ;

30 | Melibiose - - biamass)

31| Sucrose + +

a2 | Trehalose + + an aipha-linked (disaccharide) sugar found extensively but nat abundantly in nature -2
glucoses Joined by a 1-1 aipha bond

33| Inulin - - Inuliins are palymers mainly comprsed of fructose units and typically have a terminal
glucosae - plant storage material

34| Melezliose - - A nonreducing trisaccharide sugar that can be gxtractad from the juices of varlous frees

a5 | Raffinose - - Raffinose Is a complex carbohydrate, a trisaccharide composed of galactose, fructose,
and glucose. It can be found in beans, cabbage, brussels sprouts, broceoll, asparagus,
other vegetables, and whole gralns

38| Starch * +

37 | Glycogen - -

38| Xyfital - - Xylital, alse called wood sugar or birch sugar, Is a five-carbon sugar alcohol that is used as
a sugar substituie

38| Gentibiose + +

The microorganism defined herein as TM89 and the plasmid pUB 190-ldh have
been deposited under NCIMB Accession Nos. 41275 and 41276, respectively. The
5 depository is: NCIMB Ltd, Ferguson Building, Craibstone Estate, Bucksburn, Aberdeen,

AB21 9YA, United Kingdom.
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car bohydrates as the carbon source. The results are shown in Table 13.
Tabl e 14 Anaerobic Fernentation of 119 & 1M242 on Various Carbohydrates
Aci d Production Car bohydrate 11966 TMZ42 Comments O Control (-ye)

G ycerol t 2 Erythritol - Erythritel (butane-1 2 3 4-tetraol) is a
3 D-Arabinose - - 4 L-Arabinose + + 05 - found In

nat ural sugagive cohol
hem cel l ul ose 5 Ri bose + + Al dopentase found in RNA 6 D xyl ose + +

1. A thermophilic microorganism of Geobacillus species, wherein the
microorganism is modified to permit the increased production of ethanol, wherein
a first modification is the inactivation of the lactate dehydrogenase gene and a
second modification upregulates the pyruvate dehydrogenase gene, wherein the
lactate dehydrogenase gene, or a portion thereof, has been deleted.

2. A microorganism according to claim 1, wherein the second modification is the
insertion of a gene promoter upstream of the pyruvate dehydrogenase gene,
wherein the promoter operates under anaerobic conditions.

3. A microorganism according to claim 1 or claim 2, comprising a third modification,
to inactivate the dihydrolipoamide transacetylase gene (EC 2.3.1.12).

4, A microorganism according to any preceding claim, comprising a further
Imedification fo inactivate the pyruvate formate lyase (PFL) gene. .

A microorganism according to any preceding claim, wherein the microorganism

5.
does not comprise a restriction system.

6. A microorganism according to any preceding claim, wherein the microorganism is
Geobaciilus thermoglucosidasius.

7. A microorganism according o any preceding claim, wherein the microorganism is
a spore-former.

8. A microorganism according to any preceding claim, wherein the microorganism is
stable in a culture medium comprising up to 30% (w/v) ethanol.

. A microorganism according to any preceding claim, wherein the microorganism
can metabolise cellobiose, xylobiose, and/or starch, or an oligomer thereof.

10. A microorganism according to any preceding claim, wherein the microcrganism is

transformable at high frequency.

". A microorganism according to any precedirig claim, wherein the microorganism
grows at a temperature from 40°C - 85°C.

A microorganism according to claim 11 wherein the microorganism grows at a

12.
temperature from 50°C - 70°C.

A microorganism according to any preceding claim, wherein the microorganism

13.
comprises a non-native pdc gene.

~14. A microorganism according to any preceding claim, wherein the microorganism
comprises a non-native adh gene.
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+ 13 Mannose + + CC - found In hem celTul ose 14 Sorbose . . Sorbose Is a

ket ose bel onging to the group of sugars known as nonosaccharides The

T el &a?ﬁ'ﬁ%wﬁté’gz%fmﬁf& o«

6- deoxy- hexose. annos occurs n nature inits nnose

(6- deoxy- LygMNROBEthod #6 thdbobili@on of efhalBIER

manni t ol - sor bl g@aring % bAY probietR aéﬁvmjérg %ﬁ({ﬁiﬁ éf%rb'tol
17 Moshe' . eAsCh rcs%rulgﬁﬂ or dligémar Bierédins- 4, 6 CyC ohexanEhexo

cyclic polyal cohol that pfays an i nportant roI e as a second rressenger In a

cell. In #he fArmethbd be@rdib@to MW%Q@n ik nhéihéd)i'ér&drﬁe'a dieaya f 0ods,
particularly | fnfRirftateSof\te abcbryarmc cont ent

18. A method according to claim 17, wherein the temperature is from 52°C - 65°C.

19. A method according to any of claims 16 to 18, wherein the microorganism is
maintained in a culture at a pH of between 4 and 7.5.

20.  An animal feed, comprising microorganisms according to any of claims 1 to 15.




18 Marmte' + + Chemcally, mannitol Is an al cohol and a sugar, or a

polyol; It Is an Isonmer of sorbitol 19 Sorbitol + + A nenber of the

mannl t ol - sorbi tol -dul citol sugar group; |somer of C6H8(OH)6 cf duicitol 20
a- Met hyl - D- Mannosi de . 280ENVBt WP ITE G ucosl de + 22 N-Acetyl

G| I COSEML1118 + | ucosam ne + acetic acid, part of bacterial cell wall

pept FHIG! ye¥hRew ARy IAHHESY gl ycosi de i sol ated from bl uer al nonds -

r uno d tg be a.cancer cure rhut + i .yl at ed benzogul none

extra %éd eSﬁ%%ﬁglﬁgg?r@???”%?%ﬁfggéﬁggn%&é?géﬁg%%blos 25 Esculln + +

gl ycoside soapossd of glucose and dl hydroxycoumarin - found In bark
extracts 26 Sado + 2-(Hydroxynethyl)phenyl -bet a- Dol ucopyranosi de - closely
rel atemd-t szaspirin 27 Cell abl ose + A disaccharide subunit of cellul ose
conposed of two glucose nolecules |inked in a pony bond 28 Mltose a

di sacichar i éeromEdrficomPt o units of glucose joined with an a(174) |inkage

- breakdown of starch/dodiins 29
<210> 1
<211> 29
<212> DNA
<213> Artificial

<220>
<223> Primer sequence

<400> 1
ggaattccct tatgaaccaa ggaatagca 29

<210> 2

<211> 31

<212> DNA

<213> Artificial

<220>
<223> Primer sequence

<400> 2 ' '
gecggecgeac cegotcettte ggtaaccege t 31

<210> 3

<211> 31

<21i2> DNA

<213> Artificial

<220>
<223> Primer sequence

<400> 3
gcggecgett geotaagtgaa tattttcaag t 31

<210> 4

<211> 28

<212> DNA

<213> Artificial

<220>
<223> Primer segquence

<4Q0> 4
ctgcagegtc aattccatca cttcacga 28

<210> 5
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Lactose - _ a disaccharide that consists of (3-D-gal actose and p-D- gl ucose
nol ecul es bonded through a 01-4 glycosidlc linkage - found In mlk 30
Mel i bi.osg -o5 bi omass) 31 Sucrose + + 32 Trehal ose + + an al pha-1inked

(di saegharigg) sugar found extensively but not abundantly in nature - 2

gl ucosess>j oanedidnsia 1-1 al pha bond 33 Inulln - . Inulins are polyners
mai nly conprised of fructose units and typically have a term nal |ncase -
pl ant <%10or age material 34 Melezitase - A nonreduci ng bi saccharl de sugar

t hat €& befdrer #cegrdyomthe juices of various trees 35 Raffinose .
Raffi nose Is a conpl ex carbohydrate, a tnsaccharide conposed of gal actose,
fruct 0¥> ahd glucpse. It can be found in beans, cabbage, brussels sprouts,
br occBT PP HEBaP HJI5* 6t REF°Veget abl es and whol e grains 36 Starch?® + 37

G ycogen - - 38 Xylitol - - Xylitol, also called wod sugar or birch
sugars21bs & five-carbon sugar al cohol that is used as a sugar substitute 39
Gentiddigse 25 + The m croorgani sm defined herein as TMB9 and the

pl asmzd2pUBNA90- | dh have been deposited under NCI MB Accession Nos. 41275
and 4&E2786, Aresfied¢tlvel y. The 5depository is: NCIMB Ltd, Ferguson Buil ding,
Cr ai b<52t28>ne Est at e, Bucksburn, Aberdeen,

<223> Primer seguence

<400> 6

tttaagtgct ctaggaaaat aacag 25

T 210> 7

<211> 34

<212> DNA

<213> Artificial

<220>
<223> Primer sequence

<400> 7

aatctagaca tatgggtgeyg aaaacatecca gatt 34

<Z10> 8

<211> 31

<212> DHA

<213> Artificial

<220>
<223> Primer sequence

<400> 8

ccaagcttte tttaatatct tcttttgett g 31

<210> 9

<211l> 31

<212> DNA

<213> G.thermoglucosidasius

<400> 9

ccggtaccaa agagggeaat ctgaaaggaza g 31

<210> 10

<211> 28

<212> DNA

<213> G.thermoglucosidasius
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AB21 9YA, United Kingdom 28 CLAIMS 1. A therrnophilic m croorgani sm of
Ceobaci | l us species, wherein the mcroorganismis nodified to permt the
i ncreased production of ethanol, wherein a first nodification is the
i nactf{Pat | of the | actate dehydrogenase gene and a second rmdi2f8i cation
upr edITAPES % REFPYRGTaL S "GEMAr ogenase gene, wherein the | actaté
dehydrogenase gene, or a portion thereof, has been deleted. 2. A
m cr gof@ani;sm according to claim1, wherein the second nodification is the
i nsee4i1@n ff a gene pronoter upstream of the pyruvate dehydrogenase gene,
wher etz>t heapr onot er oper at es under anaerobic conditions. 3. A
m cr oxnRgans .sheaceludengasdéuel aim 1 or claim2, conprising a third
nodi fication, to inactivate the di hydrolipoam de transacetyl ase gene (EC
2.3.9402) .14, A microorgani smaccording to any preceding claim _conprising
a f urtI9ErcTredrtICatFonISoPIEt SR vat e  the pgunet el er mat el yeeeal géfie. 5. A
m cr oor gani sm accordi ng to any preceding claim wherein the m croorgani sm
does QL cgnprise a restriction system 6. A mcroorgani smaccording to any
pr eqeﬁilgg sl aim wherein the mcroorganismis CGeobacillus
t herqmg}l ugmsi dasius. 7. A m croorgani smaccording to any preceding claim
whergiin>t lte thecogdugeasiidgmius a spore-fornmer. 8. A m croorgani smaccording
to any preceding claim wherein the mcroorganismis stable in a culture
medi<4ffeonpri sing up to 30% gw/ v) ethanol. 9. A nicroorgani smaggcording to
any PFRERErAg- TPAFMCWhEF €%t he mi cr oor gani sm can net abol i se c&f | obi ose,
xyl obi ose, and/or starch, or an oligoner thereof. 10. A m croorgani sm
accqrzq;j)pg ;50 any preceding claim wherein the mcroorganismis _
transfiormabl e at high frequency. 11. A mcroorgani smaccording to any
precedeingoshai m wherein the microorganismgrows at a tenperature from 40C
- 85C13A26. Agurctivomgahilsm according to claim 1l wherein the m croorgani sm
grows at a tenperature from50C - 70C. 13. A m croorgani smaccording to any
precéB®ngiel aim wherein the nicroorgani smconprises a non-natiye pdc gene.
14. CRIFHACFEOIGARTEHREcEOT et 6 any preceding claim wherein the
m cr oor gani sm conpri ses a non-native adh gene. 29 15. A m croorgani sm
accgording,50 any preceding claim wherein the m croorgani smdoes not
conpeise an integration elenment in the | actate dehydrogenase gene. 16. A
met ketk:f opvA he production of ethanol conprising culturing a m croorgani sm
acceeti>ngctocanytiprrecelilvg cl ai m under suitable conditions in the presence
of a C3, C5 or C6 sugar, or oligomer thereof. 17. A nethod according to
cl airhd%6 14/\41? el n.t he et hog s carried out at a tenperature of;;between 40C
- 768S3tE89aN ﬁ%%%coﬁcﬁcccc?ra ing tO claim 17, wherein the tenperatlre is from
52C - 65C. 19. A nethod according to any of clains 16 to 18, wherein the
m ceon~gapg smis maintained in a culture at a pH of between 4 and 7.5. 20.
An aruixal 3d eed, conprising mcroorgani sns according to any of clains 1 to
15. <219BQUBNCE LI STI NG <110> TMO Renewabl es Limted <120> Thernophilic
M crolergahissRBrIiorerBERS8F Producti on <130> JWO01296W) <160> 32 <170>
Pat%&;tolan ]\r/Fgrsi on 3.3 <210> 1 <211> 29 <212> DNA <213> Artificial <220>
<22 rimer sequence <400> ggaattccct tatgaaccaa ggaatagca 10> 2 <211>
31 EFELCTNATESY gg%?ﬁcf?g?cgl ©<220> <223> Primer sequence <400§82
gcggccgcac ccgetctttc ggtaacccge t <210> 3 <211> 31 <212> DNA <213>
Artkfdosi ale

<211> 30

<212> DNA
<213> G.stearothermophilus

<400> 16
ggcatatgta ttcacctctt ctteceottitt 30

<21i0> 17
<211> 31
<212> DNA
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<220> <223> Primer sequence <400> 3 gcggccgctt gctaagtgaa tattttcaag t31
<210> 4 <211> 28 <212> DNA <213> Artificial <220> <223> Prinmer sequence

<213

<400>_,4_ctgcagcgt e, aattccatca cttcacga26 <210> 5
Arti FPeval Sggeo s deriitils

aagaggey<219> 6 <211> 25 <212> DNA <213> Artifici al

<211> 25 <212> DNA <213>

r'nmer sequence <400> 5 acaagcaaaa gaagatatta
<220> <223> Pri ner

SequeRL&: ;thPDx arbidRaobPedct edtrggaaaat aacag2s <210> 7 <211> 34 212> DNA
<213> Artificial <220> <223> Priner sequence <400> 7 aatctagaca tatgggtgcg

aaaacatcca gatt34 <210> 8 <211> 31 <212> DNA <213> Artifici al

<220> <223>

Prinmeei®equénce <400> 8 ccaagctttc tttaatatct tcttttgett g3l <210> 9 <211>
31 <23p> DMA <213> G thernogl ucosi dasi us <400> 9 ccggt accaa agagggcaat

ct ga&atifaal¥y81 <210> 10 <211> 28 <212> DNA <213> Gt her nogl ucosi dasi us
<4005?5F gfcHEAT Oty TPt ¢at cc tttccaaa28 <210> 11 <211> 30 <212> DNA <213>

G.thgg&ggly&osidasius

aacatatggc ccttcececct taatcaaatg

<210> 18

<211> 30

<212> DNA

<213> G.stearothermophilus

<400> 18
ccggtaccta tgtgtaaaaa tacaagagag

<210> 20

«211> 30

<212> DNA

<213> G.stearothermophilus

<400> 20
ggcatatgaa tcgaacctcc ccaagtttat

<210> 21

<211> 48

<212> DNA

<213> G.stearothermophilus

<400> 21
ccggtaccta tgataacaaa actaaataag atggatatgt gtaaasaat

<210> 22
<211> 30

<212> DNA
<213> G.stearothermophilus

<400> 22
ggcatatgaa tcgaacctcec ccaagtttat

<210> 23

<211> 30

<212> DNA
<213> B.cereus

<400> 23
ccggtaccayg ttaacactat atatatagta

<210> 24

+/6

30

30

30

48

30

30




<400> 11 ccggtacctg atgtaattgg atgtgatgat30 <210> 12 <211> 28 <212> DNA
<213> G t hernogl ucosi dasi us <400> 12 ggcatatgtg tctgtcatcc tttccaaa28 <210>
13 <211> 31 <212> DNA <213> G st earot hernophi l us <400> 13 ccggtaccgc

gggac ?a:* tgagtgct c31 <210> 14 <211> 31 <212> DNA <213>

G stegrdth %RQ%\%&H& S4003:34 ggcatatgat tcatcctccc tcaatataat g31 <210> 15
<211> < 1'5> <313> G st ear ot her mophi | us <400> 15 ccggt accgc
gggacgggga gct aggcgec30 <210> 16 <211> 30 <212> DNA <213>

G st egy.at hejr0phidcsca4@BrrdbGtggcat at gt a ttcacctctt cttcecttttt303%210> 17
<211> 31 <212> DNA <213> G stearothernophilus <400> 17 ccggtaccga
tcatcccccg ctcecttcte ¢31 <210> 18 <211> 30 <212> DNA <213>

G st e16t heénophi | us <400> 18 aacatatggc ccttccccct taatcaaatg30 <210> 19
<211x230><ZB2> DNA <213> G st ear ot her nophi 1us <400> 19 ccggtaccta

t gt gt@¥ddaa P4caagagag30 <210> 20 <211> 30 <212> DNA <213>

G st €56t hér T8phil us <400> 20 ggcat at gaa tcgaacctcc ccaagtttat30 <210> 21
<211> 48, <212> DNA <213> G stearot hernophi |l us <400> 21 ccggtaccta

t gat aa¢gask 2t gapl-gegeatggalapgt ghaaaaat 48 <210> 22 <211> 30 <232> DNA
<213> 'G'st ear ot her nophi | us <400> 22 ggcat at gaa tcgaacctcc ccaagtttat 30
<210> 23 <211> 30 <212> DNA <213> B. cereus <400> 23 ccggtaccag ttaacact at
at at at2agta3® <210> 24 <211> 30 <212> DNA <213> G t hernpgl uccsi dasi us <400>
24 ggeatat %éa tctcctccat ttttgattag <210> 25 <211> 33 <212> DNA <213>

B. ceredg> DbhA

<213> Artificial

<220>
<223> Primer seguence

<400> 26

rtegeacctg gwgcaaaygg ttetcc 26

<210> 27

<211> 30

<212> DNA

<213> Artificial

<220>
<223> Primer sequernce

<400> 27

ccggaatttc acttccecacg gaccaggtta 30

<210> 28

<211> 31

<212> DNA

<213> BArtificial

<220>
<223> Primer sequence

<400> 28 .
aageggcecge tatccaagaa ggtggaaacg ¢

<230> 29

<21ii> 32

<212> DNA

«213> Artificial

<Z220>
<223> Primer seguence
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<400> 25 cgtgaaaacg gwggcgtyct tgatatggat aca <210> 26 <211> 26 <212> DNA
<213> Artificial <220> <223> Prinmer sequence <400> 26 ttcgcacctg gwgcaaaygg
ttctcc <210> 27 <211> 30 <212> DNA <213> Artificial <220> <223> Pri ner
sequetft¥@><4A50> 27 ccggaat %ttc acttcccacg gaccaggtta <210> 28 <2113,31 <212>
DNA <PFS399%G9 FFT°4f ‘232?6 W3S Bri mer sequence <400> 28 aagcggctge

t at ccaagaa ggtggaaacg ¢ <210> 29 <211> 32 <212> DNA <213> Artificial <220>
<223>.Rpiney, sequence . <400> 29 aagcggccgc tgcgcgtcga atttggcgat ga32 <210>
30 <2LE».3(0<212> DNA <213> Artificial <220> <223> Priner sequence <400> 30
ccaagetibec yhat acaacg ttagacgt aa30 <210> 31 <211> 27 <212> DNA <213>
Artif4xBal =220xi€223> Prinmer sequence <400> 31 aygcccgttt aaatgrtcga
tttcatg27 <210> 32 <211> 23 <212> DNA <213> Artificial <220> <223> Pri ner
sequeftél> <400> 32 cgaagt ggct ggcaatttgg ctt23 6/6

<223> Primer seguence

<400> 30
ccaagcttee gtatacaacqg ttagacgtaa 30

<210> 31

<211> 27

<212> DNA

<213> Artificial

<220>
<223> Primer seguence

<400> 31
aygcccgttt aaatgrtcga tttcatg ) 27

<2310> 32

<211>» 23

<212> DNA

<213> Artificial

<220>
<223> Primer seguence

<400> 32
cgaagtggect ggcaattigg ctt 23
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