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of the Invention This invention relates to the identification of

m croor gani sms which may be adapted for the production of ethanol as a
product of bacterial fermentation. In 5 particular, the invention rel ates
to et hanol production by thernophilic bacteria. Background to the

I nvention Bacterial netabolismcan occur through various different
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conditions. Hetrotrophic bactpEHYDROGENASEIGEREal| pat hogens, obtain
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t he use of reconbl na Cro-organi sns which incorporate yruvate
decar boxy| as&VefRErsaniEmRY teApdFBRERE wrgliRes. Thare ﬁEﬁf‘ﬁ‘F?etﬂ’f@F’Q Sif§2CBBR N sone
success in pioppyavatg. et hanol by using these mcro-organisns, fernmentation
RS 20 First, under aerobic conditions, many micro-organisms will generate energy
using the citric acid cycle and the conversion of pyruvate into acetyl coenzyme A,
catalysed by pyruvate dehydrogenase (PDH).
Second, under anaerobic conditions, certalin ethanologenic organisms can
carry out alcoholic fermentation by the decarboxylation of pyruvate into acetaldehyde,
25 catalysed by pyruvate decarboxylase (PDC) and the subsequent reduction of
acetaldehyde into ethanol by NADH, catalysed by alcoho! dehydrogenase (ADH).
A third process is the conversion of pyruvate into lactate which occurs through
catalysis by lactate dehydrogenase (LDH).
 There has been much interest in using micro-organisms for the production of
30 ethanol using either micro-organisms that undergo anaerobic fermentation naturaily
or through the use of recombinant micro-organisms which incorporate the pyruvate
decarboxylase and alcohol dehydrogenase genes. Although there has been some
success in producing ethanol by using these micro-organisms, fermentation is often
compromised by the increased concentration of the ethanol, especially where the

35  micro-organism has a jow level of ethanol folerance.




conprom sed by the increased concentration of the ethanol, especially where
the 35 mcro-organismhas a | ow | evel of ethanol tolerance. 2

Ther nophi li ¢ bacteria have been proposed for ethanol production, and their
use has the advantage that fernmentation can be carried out at el evated
tenperatures which allows the ethanol produced to be renpved as vapour at
tenperatures above 50C, this also permts fernentation to be carried out
usi ng high sugar 5 concentrations. Howevei, finding suitable thernophilic
bacteria which can produce ethanol efficientl probl ematic. WO01/ 49865
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TN. However, strains LLD- R, LN and TN are unstable mutants and spontaneously
revert {0 Jactate-producing wild-type strains, particularly at low pH and in high sugar
concentrations. This results in fermentation product changes from ethano! to lactate,
making the strains unsuitable for ethanol production.

235 WO02/29030 discloses that strain LLD-R and its derivatives include a
naturally-ocourting insertion element (IE) in the coding region of the Idh gene. |
Transposition of this into (and out of) the Idh gene and subsequent gene inactivation
is unstable, resulting in reversion. The proposed solution to this was to integrate
plasmid DNA into the IE sequence.

30 Therefore, in the art, the production of microorganisms for ethanoi production
relies on modifying laboratory-produced chemically mutated Bagillus microorganisms,
treating these with in vivo methylation procedures and further modifying the
microorganisms to integrate plasmid DNA into the IE sequence. The procedure s
complex, uncertain and there are also regulatory issues on how the strains can be

35  used.




treating these with in vivo nethylation procedures and further nodifying
the mcroorganisns to integrate plasmd DNA into the | E sequence. The
procedure is conplex, uncertain and there are also regulatory issues on
how t he strains can be 35 used. 3 There is therefore a need for inproved
m croorgani sns for ethanol production. Sunmary of the Invention According
to a first aspect of the present invention, a thernophilic 5 mcroorgani sm
desi gnated herein under any of NCI MB nunbgrs 41277, 41278, 41279, 41280
and 41281 is nodified to permt the increased production of ethanol, the
modi fi cation bei riyetehds i thactforeasi orsdffot Hmptoxed aricrerrpgnisrog civnsehapehe of a
w |l d- type tﬂg&mgﬁi lic mcroorganism According to a second aspect of the
present inventron, 'a method for the 10 production of ethanol conprises

cul turing a Summamnofieilavanie@ording to the definition provided above under
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third aspect of the présent invention, a net t [ on of a
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t her mophi | i c41d70r S1PsQamidsan28efis nedifiad tapyrmifthdBicksad eesdiiction ojothants 41277,
41278, 41279, . 412 d : ) . del et ; gene
fromthe m c’l'b @%ﬁggﬁ& é@%ﬁep@ ?%]r‘{gtgdfn ﬁ‘é@B&%\% Eg@k%g%ngr%;gﬁ??a ﬁ]k\a/igjﬁt lon is
descri bed wi yhe inefreophilicenicroordasisticconpanyi ng  drawi ng, wherein; 20 Figure 1
is a graphic illugdehb@liddO® 9fsechR® aBpets Bt thdBREcHOMVEMIBROQ WelopdkliBe- | dh.
Description of the Invention The prﬁsent I pvention i s b%lsep tﬁndttl}ﬁion

i dent i fi &t i Bieetionof ethanm SOMRIRGSFYIYHIG; ArRSTaR I3 SFL 8PFoAYPG 10 the det
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ustng pyE%J Vaa‘ieZTGI?E‘?ZrTbB?XAP{IE%S,%%% gndC2%1 and deleting the lactate dehydrogenase
gene from the microoganism.
Descri tion of the Drawings

The present invention is described with reference to the accompanying

drawing, wherein,
20 Figure 1 Is a graphic illustration of the plasmid maps for puB1980 and puB190-
ldh.
Description of the Invention
The present invention is based on the identification of wild-iype

microorganisms with desirable ethanol-producing properties and the modification of
25 the wild-type thermophilic microorganism to disrupt the expression of the lactate
dehydrogenase gene.

Inactivating the lactate dehydrogenase gene helps to prevent the breakdown
of pyruvate into lactate, and therefore promotes (under appropriate conditions) the
breskdown of pyruvate into ethanol using pyruvate decarboxylase and alcohol

30 dehydrogenase, or equivalent enzymatic routes.

The wild-type microorganism of the invention may be any of the thermophilic
microorganisms deposited under NCIMB number 41277, 41278, 41279, 41280 and
41281. ',

The microorganism selected for modification is said to be "wild-type”, i.e. it is

35 not a laboratory-produced mutant. The microorganism was isolated from
environmental samples which contained thermophiles. The isolated wild-type




30 dehydrogenase, or equivalent enzymatic routes. The wild-type

m croorgani smof the invention may be any of the thernophilic

m croor gani sns deposited under NCI MB nunber 41277, 41278, 41279, 41280 and
41281. The mcroorgani smselected for nodification is said to be

"W ld-type", i.e. it is 35 not a | aboratory-produced nutant. The

m croorgani smwas isolated from environnental sanples which contained
thernophiles. The isolated wild-type 4 nftcr oor gani'sm was chosen due to its
surprising ability to produce ethanol. However unnpdi fied, |lactate is
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i nactivati on of thed,gene rou ifferent nechani, rred if

the lactate G&RyuSs naDs'@febe@er%Jhes MIHREFRISP SIOWS l“ﬁtBW by tFWBeraﬁg%f?WQSn of a
20 trans posoBO°OOTO°Cpmeéedw&rl Vhe rairdolenidel @bivein ainditioes gtpte 6 Sagbeloweinor a

portion é g"}"&}g% $ﬁHﬁgce. Deletion is preferred, as this avoids the

d|ff|cul t he gene sequence mhlch s often experienced
when transposon |'ﬁm‘:ﬂm}%ﬂ3 iagid. geguenredor laptatedehyerogeRasg is MOWdINRERt Uside
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PRk s SRRy
Accessi on NoSenpieAs|iev Etl'i’aﬁ%'h fé(}%ge e ﬁS%‘ 5‘58 e HBIPFI §1%h or
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20 transposon, or, preferably, by the deletion of the gene sequence or a portion of the
gene sequence. Deletion is preferred, as this avoids the difficuity of reactivation of
the gene sequence which is often experienced when transposon inactivation is used.
In a preferred embodiment, the lactate dehydrogenase gene is inactivated by the
integration of a temperature-sensitive plasmid (plasmid pUB190-ldh; deposited as

25 NCIMB Accession No. 41278), which achieves natural homologous recombination or
integration between the plasmid and the microorganism's chromosome.
Chromosomal integrants can be selected for on the basis of their resistance fo an-
antibacterial agent (kanamycin). The integration into the lactate dehydrogenase gene
may occur by a single cross-over recombination event or by a double (or more)

30  cross-over recombination event. A double cross-over event is preferred. The
resufting mutant is stable without antibiotic selection.

Micro-organisms to be used in the invention have been deposited as NCIMB
41277, 41278, 41279, 41280 and 41281, NCIMB Ltd, Ferguson Building, Craibstone
Estate, Bucksburn, Aberdeen, AB21 9YA, Scotland.

35 The microorganisms of the invention may be cultured under conventional

cuiture conditions, depending on the thermophilic microorganism chosen. The choice




Chronmosonal integrants can be selected for on the basis of their resistance
to an antibacterial agent (kananycin). The integration into the |actate
dehydr ogenase gene mmy occur by a single cross-over reconbination event or
by a double (or nore) 30 cross-over reconbination event. A double
cross-over event is preferred. The resulting nutant is stable w thout
antibiotic selection. Mcro-organisns to be used in the invention have been
deposited as NCIMB 41277, 41278, 41279, #1280 and 41281, NCI MB Ltd,
Ferguson Building, Craibstone Estate, Bucksburn, Aberdeen, AB21 9YA,

Scot | and. 35ofEubstretes; tevnrsastisngH and piher gravdrrondionfesanke selfctastkagedpler
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m croor gani sm chosen. The choij.ce 5 of substrates, tenperatur pH and
ot her growth condlft§ B"ﬁEe"Ed?l"eﬁme‘éff"e’Pﬂ“bBe Hﬁ%"é‘ge‘grpy YAGRA eﬁ?ﬂqﬁﬁ PQ}V‘ it
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i nventi on. wi now be de i A r Lerence to
t he acco{ﬁ)ang;'fcﬁogogapiﬁw %&é% id%ﬁ? %sé&eoﬁﬁﬁnwﬂ]fggg@%ﬁ%%m%egw "%%%D%%@éani sm
used to denphtBbasithoupl the disthodadisslesed bereineare divitgfde don usecibarm pithe 11955,

al t hough t he g ntd G108 RekeMCEESRbWATIS ERMhpialBl € for use with any of the
m croorgani sns defined hereln, as shown in Exanple 5. Inactivation of the

LDH gene Exalgrvation ofithe | PHGe98sover nutation 10 Devel opnent of the LDH
knockout vectmimpledarsihgle dréésayenmutatmgrent of approx 800 bp was subol oned

into the, tepperature-sensitjyve I very vector pUB190 using Hndlll and
Xbal reshﬁ’u%Vﬂ'%%e”??ff?eis’”m"gg‘%ﬂa"% 190-1dh (Figure 1 and SEQ ID NO 1).
Ten putative E. chiparied genpUBtBtent oif) appranéPorbmmas sicongerintoi 88 by
restriction @paeysire-saRctije \Belivbty VacRP pliR14® ubiRg Hidd RBdUEE reduitingind a DNA f or

o B aon SR b s r By o b b b oGB!
t her mogl ucos jplmEs bosdh} tRbSfonhants midBd Yerifedhby Teshitsiboramalysis aner groobilaissed Wit h
The | dn I antror e Chare st Pl e a T eishraihpunitep i bl SRR OB el Pl
(G) 11955 awih iéadikdnsoXin) releases thetaxpectedhighfiegmenisi ng Hindl 11 and
' Transformation of Geobacillus thermoglucosidasius 11955 with pUB190-1dh
Transformants were obtained with ail three plasmids tested after 24-48 hrs at
54°C with kanamycin selection. The Idh transformants were purified from Geobacillus

20 thermoglucosidasius (G) 11955 and verified by restriction analysis using Hindill and

Xbal.
LDH Gene Knockout

Gene knoékout was performed by integration of a temperaiure-sensitive
plasmid into the Idh gene on the chromosome.

25 " Plasmid pUB190-Idh replicates at 54°C in Gt11955 but not at 65°C. Selection
was maintained with kanamycin (kan) (12pg/ml). The growth temperature was then
increased to 65°C (the plasmid is no longer replicative). Natural recombination or
integration occurs between the plasmid and chromosome, Chromosomal integrants
were selected for by their resistance to kanamycin. Integration was directed towards

30 the idh gene since an“homo[ogous sequence resides on the plasmid. Targeted
integration into the /dh gene occurred by a process known as single cross-over
recombination. The piasmid becomes incorporated into the /dfh gene resulting in an
inactive /dh gene. Tandem repeats may occur if several copies of the plasmid
integrate.

35 Methodology and Results

Two different methods were attempted for integration:




Xbal . LDH Gene Knockout CGene knockout was perfornmed by integration of a
tenperature-sensitive plasmd into the | dh gene on the chronosone. 25 ,
Plasm d pUB190-1dh replicates at 54C in Gl 1955 but not at 65C. Sel ection
was nmai ntai ned with kananycin (kan) (12pglm ). The growh tenperature was
then increased to 65C (the plasmd is no longer replicative). Natural
reconbi nation or integration occurs between the plasm d and chronosone.
Chronmosormal integrants were selected for @y their resistance to kananycin.
Integration was directed towards 30 the I dh gene since an honol ogous
sequence resides dsthddel: gl aEmidTGH éagkewdiyresi ware gFann atrf4°Gtfor 1248 haiks. gene
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i ntegrate. 358Nt h@@baémgweaaﬂﬁcmsaﬂdt;ﬂata’d\@nﬁla‘ f®sqrdre gRt badeshace @if)enpt ed
for integrati X 50mL TGP (kan) cultures were grown at

54C for 5 18 ?%%su?r? mcl"‘%g{eg@?rfét%?e pell eted by centrifugation and
resuspended i n 1lnMedfod 2R x Fing TOR &S pehseonamarowp| A B4 {6 1%-1200we) ton TGP

(kan) plates rﬂ%@ltﬂen&.k’tgfét \%‘Qs Qé{e%rte'u%&hiaﬁtsorﬁ%@freérﬂfréﬁr ?Qﬁ)scd&ﬁ{e@ whichkpd and

plated onto a 50-square fresh at'es and i1 ncubated o/n

Bt 68C. Nbt hamwn aig 8><C§erﬂ2-1ﬁdw%n3ﬁ=wa% ﬁ%gulwé&d f@?é%wwaig daydnip §Pmigl. 18
hours. 1 m febhtriee guwh dﬂi@ré&%cﬂ@r&dn 2D 68900k lapbB b Ot 8 afoufsl emte ditire( kan)

| t 68C. f 12- T, .Sub- { dth
Fol | ow ngtdayergeg i B FoprBEh rites ordieoBtied i 2 S i iR obl For -
anot her 12- 1&rdvéahveas dittaineclibit theepld@swaltingld aclenie® wera plate@Porita @) S0sdgquares and
i ncubated at ﬁﬁgncméawegh& an) SR 4R HcubB60 Bhdnighta@pbal ned on the plates.

Singl e coloniles were plate quare grid on fresh TGP (kan)
pl ates and i ALY overn| ght at 68C. Screenl ng The putative integrants

were screened fTHe guldtivedmegrikne dlepdiécréiet Gorlidiegdnel dnovkaug usind fhe I9lloving] at e
screen Relgl | G& pl itdlzﬂg sgrfeegever al hundred integrants onto SAM2 plates (with
kan) at '
Replica plating of several hundred integrants onto SAM2 plates (with kan) at

68°C. Lactate negative cells produce less acld and may have a growth advantage
over the wild type on fermentative media without buffers.
2)  APCR Screen

20 Colony PCR was used to determine whether the plasmid hag integrated into
the Idh gene. By choosing primers that flank the integration site, it was possible to
determine whether /dh gene integration had occurred (no PCR fragment was
amplified for inseris).
3) Lactate Assay

25 This assay determines whether the integrants produce lactate when grown
overnight in SAM2 (kan) at 68°C. The culture supernatant was tested for the
concentration of lactate with the Sigma lactate reagent for lactae determination.
Lactate negative integrants were further characterised by PCR and evaluated in a
fermenter for stability.

30 Electroperation protocol for Geobacillus thermoglucosidasius NCIMB 11955

A frozen stock of NCIMB 11955 was made by growing an overnight culture in
TGP medium (250rpm at 55°C, 50m! volume in a 250ml conical flask, ODsggg), adding
an equal volume of 20% glycerol and dividing into 1ml aliqouts and storing in
cryotubes at —80°C. 1ml of this stock was used {o inoculate 50ml of TGP in a 250ml
35 conical flask, incubated at 55°C, 250rpm, until the culture reaches ODgy 1.4.




68C. Lactate negative cells produce |less acid and nmay have a growh
advantage over the wild type on fernentative nedia w thout buffers. 2) A
PCR Screen 20 Col ony PCR was used to determ ne whether the plasm d has
integrated into the Idh gene. By choosing primers that flank the
integration site, it was possible to determ ne whether 1dh gene integration
had occurred (no PCR fragnment was 11{ anplified for inserts). 3) Lactate
Assay 25 This assay determ nes whether thg integrants produce | actate when
grown overnight in SAM (kan) at 68C. The cul ture supernatant was tested
for the concentr @he faskafas|caokedon meihh‘l(tttu’eu’@sgﬁhant@c&tﬂthe geehifgpt fdr@d | act ae
e  inu PG RO ¥4, | RO HE T RelhES if "EACKELbEed bY

PCR and eval ua in a rrenter for ectroporation

protocol for e@@tﬁmaﬂonu@ecﬁmrﬁﬁémen@&@%a&ﬂ@@ﬁmm o 2819ipgten, fTrhﬂ-‘@efHﬂ%Qfock of
NCI MB 11955 vashdttiee R¥rr@E A, Ak %m‘caﬁarzru ki, B fHehShd aeneT@%ugﬁelum( 250r pm
at 55C, 50ml vol ume in a 250m. coni cal le 8 % ding an equal

vol ume of 220931 {reeq0H] e’%ﬂ@pﬂfaw’alﬂﬁa'”mrﬁ"g df" eddmtp §84 %’%\Wﬁ storing in
cryotubes at -80Crqd thk e@ctrbmrgu&ut 9.2k ¥IAINAISRE atifed fOSOL 3t BieBiEbmPétertGP i N a

250mL 35 al fl k t.55C, 250 t th ]t
reaches 03888{?‘ Sgin an %%Pﬁé’ a\%ﬁ& ‘%bf?ﬁeah%ﬁe?tép ml"i#n EA‘%ng?eg'gmn%n t he

culture cent ltr!aﬁsfgmﬂ fooa p&@ocmanimlmmoabraﬁd}()ﬂwpm &mmi@apY bed pekirgioraabsat
Sobepened, obffle AR rBBh AR Rk on od M an centrifuged
and 2 x 10m , andlmmeahaietyeaflpetﬁeelulaeesmb'ﬂéﬁ’id\@d added,Bnited rinditivesuspéngion
el ectroporat iygpg QF&H ‘tH“aa&ﬁ'e\Q'th qesk 35‘& @nc@@é{é& a@'éﬂé%? 4 & e shaking

el ectroporation, 1- DNA was ad el ectroconpetent cells in

an eppendor f Wlaf‘%'éa ke‘kﬁef 61‘?”'?%‘@" ‘%ﬁ-‘sﬁ@?ﬁ'q'})"’?ﬁ 9!’@8’ Pletec direotlydea xS

transferred Tc@ntﬁfu@é@a@@d)(ﬁﬂn%re.m MRPRE abhiPefdidah LOOLIBTOLIRER, Al Blated
el ectropor at 10F canam Ia%gc% ; apd 60052 resistance. 10
Rt AnigigH

| mredi at el y é’f‘t@ ?gr"f‘écﬁ'ﬁﬁ’“g PP d, mixed, and the suspension

transferriéd to a screw top tube and i ncubated at 52C for 1 hour in a

shaki ng wat er bat h. Eéfch%gol'aﬁ oItloy: d@rﬂ&_ t he syépe,ﬂéa,gn‘ was either plated

directly (eg 2 x O. T at —Z,0oorpm for 20 m nut es,
resuspended in 2001 95bbsoriitgh,  and pl at ed SHPREP agd@cont ai ni ng t he

appropriate anti bi obises mannitol Soy peptone 3g/L
10% glycerol ¥oHPO, 2.50/.
NaCl sg/L
pHt0 7.3

Additions post-autociaving;
Sodium pyruvate 4g/l
Giycerol amifL

Inactivation of the LDH gene.
Double cross-over mutation
Primers were designed based on the available 11955 LDH sequence. The
20 knock-out sirategy was based on the generation of internal deletions within the LDH
gene by two approaches,

In strategy 1, two existing unigue restriction sites near the middie of the LDH
coding sequence were exploited fo generate a deletion. A single large per product
was generated from genomic DNA covering most of the available LDH seguence,

25  and cloned into the Smal site in the multiple cloning site of pUC19. The pUC19 clone
was then digested sequentially with BstEll and BsrGl and refigated after Klenow




15 El ectroporation medi um TGP nmedi um 0.5M sorbitol Tryptone 17g/L 0.5M
manni t ol Soy peptone 3g/L 10% gl ycerol K2HPO4 2.5¢g/L Nadl 5g/L pHto 7.3
Addi ti ons post-autoclaving; [ Sodium pyruvate 4g/1 dycerol 4m /L {

I nactivation of the LDH gene. Doubl e cross-over nutation Prinmers were

desi gned based on the avail able 11955 LDH sequence. The 20 knock- out
strategy was based on the generation of internal deletions within the LDH
gene by two approaches. In strategy 1, tw8 existing unique restriction
sites near the mddle of the LDH coding sequence were exploited to
generate a ddigestionn to gewdratgl @0 indergel galetioprindbe tLPHAEEN) dsbyeRnBRER @Rd genoni ¢
DNA coveringgarsit of the available LDH sequence, 25 and cloned into the
Smal site int emJItlpIe cloning site of pUCL9. T 18 one . was then
di gested sequenti mtsﬁtw%(%?@r%paﬁa“@skﬁg%w%w Y| gf%tpb'?mfﬂt‘%enow B
di gest i on, tﬂutn@ﬂﬂl@:ﬁg’:\l\@ﬂ aifes ¢1 Wik wiigorileletideoptingts tdellcwDiteg RERhbdeaIto Bst El |
an Bsr n.strate S 2 PCR
products h?r‘%‘ﬁg‘%%*}%&’f ‘gﬁ V%gﬁtlhg gher %?%o!r’lf%:fjgg{]&de Fi ﬁgéraggtfg‘gall
the 2 PCR pr bDHciesiueree. 5 be | i gated together in pUCL9, W|th t he gener atlon
of a deletiok é%hﬂmm%%gé@ with ﬁ\QQntel‘tQHd%@ﬁé’r%n%re I8 ihid gRngEaW t h

t he internal eletlons re subcloned into 3 potential delivery systens
for Geobaci | Mglivenpsustamsdorieeaiiariusscul 4. 94kb, shuttle vector based on
pCl94, carries cat & bla pBT2 6.97kb, shuttle vector derived froma is

mut ant of pEl%ﬁ&—#k@W—aﬂd—bLa.—p%ﬁ—%%,—de&ved—H om
pE194ts, carrids @89 (ng Th , '
pCU1 4.94kb, shuttle vector based on pC194, carries cat & bla
pBT2 6.97kb, shuttle vector derived from a ts mutant of pE194,
" | carries cat and bla.

pTVOmcs | 4.392kb, derived from pE194is, carries cat (no Gram
negative replicon).

10
The delivery vectors were iransformed into 11955 by electroporation.
Genetic strategy Information: Development of delivery systems for
homologous recombination.
To generate knockouts, an efficient system is required to deliver a mutated
15 gene into the target organism and select for integration into the genome by
homologous recombination with the target *wild-type” gene. In principle, this could be
achieved by introducing the DNA on an E.cofi vector without a Gram positive repiicon
but which carfies a Gram negative selectable marker, This requires a high
transformation efficiency. The electroporation method developed for Geobacilius
20 11955 generates 3x10° transformants per pg of DNA with pNW33N. The Gram
positive replicon is derived from pBC1 in the BGSC catalogue, and from pTHT15 in
the sequence database.
The cat gene on pNW33N is used for selection in both E.coli and Geobacillus.
Temperature-sensitive mutants of pNW33N were generated by passaging the
25  plasmid through the Statagene XL1r ed mutator strain.
Example 2
Generation of an LDH mutant by gene replacement
A further strategy was designed to generaie a stable muiation of the LDH
gene in Geobacillus thermoglucosidasius NCIMB 11855 by gene replacement. This




negative replicon). 10 The delivery vectors were transfornmed into 11955 by
el ectroporation. Genetic strategy Information: Devel opnent of delivery
systens for honol ogous reconbi nation. To generate knockouts, an efficient
systemis required to deliver a nutated 15 gene into the target organism
and select for integration into the genome by honol ogous reconbi nation
with the target "wild-type" gene. In principle, this could be achieved by
i ntroducing the DNA on an E.coli vector wthout a Gram positive replicon {
but which carries a G amnegative selectable marker. This requires a high
t r ansf or mat | Yreteayiniveddiye ofneeation Of & PR Aglelianirionsttade midra eighe codng
GeMC/J\gg&f f lTES sedfledckd afd a;@nﬁs’eﬁtoa%t mrslﬂqbittog @ﬂ;ﬁp)igtffaaucmgmhqlmmeﬂ {]@Nﬁtidﬂct h

p . e Gam,..pasitive replicaon is. deriv rom i n.the

cat al ogue, a?%’ PJPB ’ Sﬁ'—#%s? en?%ewasseém%ﬂf{?g g’atcgﬂﬁ%eé.)e{%{%&%?i{t agﬁg"srbn
PNVB3N i s usdairistearsel ection in both E.coli and Geobacil | us.

Tenper at ug e- RSN : ! agi the 25
pl asm d 'ﬁw oﬁﬁl% 't!aéﬂf;{ngy g@d‘ehgn%[@%%}f@ gﬁiggﬁ gﬁﬁﬁﬁeﬂfgl&ggéﬂ%er ation
of an LDH muRréngrs fiyirogkeies oefebmthﬁﬂex\Pflﬁ\éf@n\é@fﬁsq%@pewav@rgow@i@ﬁ@a to
generate a siabfeaBitia LW c@dindsﬁé@ioh Bidm U988, T eqoel df kéSprimers used is

t her nogl ucosi dasi.us NCI MB 11955 by gene replacenent. This 9 strategy

i nvol ved t he>RR&EMM on of a 42bp deletion close to the niddle of the

codi ng sequemgmentaind the insertion at this position of 7bp introducing a

novel Nojd Testrighhgn ik, B OhReehiad SAMaNENREAGAA MRS cause

a frame-shift nutation _ e strategy_1nvo enerating the
del eti on usi $RPUeNGECREeHEg ReaTS tigdisry to Derpsate gravelErofheieh KNEhd novel
No‘([]I | site. Pri ;rerﬁr;n{?g g gdeir]@g@g);bamﬂ;(g@c@ﬁﬁcg@g A TTTOSRROCOECT hg :_DH
coding regio rom . T equence of the priners use .S el ow.
Fragment 1 CoUTaRAEo o 0e PR bR PRU e R AR A TSP G SE0
(underli ned iDsQuence i ndi cates bases introduced to generate a novel Ecot:|
sites; SEQ lﬂa&ﬁen@ Primer 2 (reverse); GCGECCGCACCCGCTCTTTCGGTIAACCCGCT
Primer 3 (forward); CCGGCCECTTGCTAAGTGAATATTTTCAAGT
(underlined sequence indicates bases introduced to generate a novel Noil site; SEQ
ID NO. 5). . ,
Primer 4 (reverse); CTGCAGCGTCAATTCCATCACTTCACGA (underlined
20 sequence indicates bases introduced to generate a novel Pstil site; SEQ ID NO. 6).
Preparation of genomic DNA.

Genomic DNA was prepared from 11955 to serve as template for PCR. Cells
from a 20ml overnight culture of 11955 grown in TGP medium at 52°C were collected
by centrifugation at 4,000 rpm for 20mins. The cell pellet was resuspended in 5ml of

25 STE buffer 0.3M sucrose, 25mM Tris HCl and 25mM EDTA, adjusted to pH 8.0
containing 2.5mg of lysozyme and 50p! of 1mg/ml ribonuclease A. This was
incubated for 1 hour at 30°C, then Smg of proteinase K was added and 50y of 10%
SDS followed by incubation at 37°C for 1 hour. The lysed culture was then extracted
sequentially with equal volumes of phenol/chloroform followed by chioroform before

30 precipitation with isopropanol. After washing twice with ice-cold 70% ethanol, the
DNA pellet was redissolved in 0.5ml TE buffer.

Generation of LDH deletion construct.

PCR was carried out using a Robocycler Gradient 96 (Stratagene) and the
reaction conditions were as follows: Cycle 1; denaturation at 95°C for 5 min,

35 annealing at 47°C for 1 min, extension at 72°C for 2 min, Cycle2-30; denaturation at
95°C for 1 min, annealing at 47°C for 1 min, extension at 72°C for 2 min, and a further




(underlined sequence indicates bases introduced to generate a novel Notl
site; SEQ ID NO 4). 15 Fragnent 2: Primer 3 (forward);
GCGGCCCCTTGCTAAGTGAATATTTTCAAGT  (underl i ned sequence indi cates bases

i ntroduced to generate a novel Not[ site; SEQ ID NO 5). Primer 4
(reverse); CTGCAGCGTCAATTCCATCACTTCACCGA (underlined 20 sequence indicates
bases introduced to generate a novel Pstl site; SEQID NO. 6). Preparation
of genomic DNA. Genonic DNA was prepared ldom 11955 to serve as tenplate
for PCR Cells froma 20nl overnight culture of 11955 grown in TGP medi um
at 52C were ipowhation e 728y forehtming Gopenamest vsedowerer pin sase! PotHraSf Plie cel |

ellet was r f I's HCl
gnd LS & ,}{gd Sgt grgkr{éoéﬁan@fra@%o%rd@u (fﬁéwoa@}érﬁusmas NEBMrAg i

ont ai nin 50 f
1mg/ mi ri bonB‘éffeééé‘g IWTPpnG RR&QOH ?%‘iﬁ%@ﬁatpgrusfg%mﬂ '@}/“ ﬂ%%Srrgplof °
pr ot ei nase Kpiasy tedegpifend ThORCRbrotiGés oBiBBet alsingverchomic DNaUlnad NeiviBt 37C
for 1 hou S t I
vol unes o$ pa}é%gl% 1%%89%% %’gﬂ’r% vegg&bggécéﬁ?%reg %‘?]-?ﬁ %gggédeg%g f%cﬂ ?'? ;? i on
Wit h i sopropagesbse gélt iy using men@mtqmc&@awtxtram@@ I&ib (Q@iageny dbeardled DNA
pel let was rgdhs&olwsad hngteQ t8Huchl mw Eﬁ a@wmg QReRbushDhlg8abe WA N

construct. PCR was carried out. using ¥c er e}a di ent 98 (Strat agene)
and the readfebdolhgi igayer mikve éi‘?sf‘dﬁeF’oWs rapsfeiny Gscherighis: el PHdRBar osC
for 5 mn, @Ahvitdyeenl Amgcitih réstﬁ‘aﬁtccbloinemwae,re exleetasiapd thié caﬂ&né@p{aammsn

oxt ensi oh at 10gcPRISDF bnaraiersRh oy, EhBeo AOBRRAL I ug St pkes i

The enzynes inseits wes establiskefual ni xture of Pfu pol ynerase (Pronega) and Taq
pol ynerase ( New E%@Asﬁw(ﬁmb@b@uh flenant zm%neamté U@@mee%ogélmﬂs't'on

and concentration used wa recomrend g p? |iers. The
PCR productss‘@dpﬁ?%&dﬁ’&pﬁﬁ‘eb‘éﬁ@ﬁ?%tmﬁﬁs She N’GPR/E“E“ %9'8@”%%“3[ dte were
purified by pgar®seageligsstetichittopotr &l Ssiinthe Ireduttthgf ragmdritdapragdmately gel by

wor -1 i o37 oab RV e Bork R b pleshly B5fMor) HRSuMY Fapmel Ly Beod T
and the i gaﬂ@\thm&ita}ﬁentwdsca@scmohgg 1tq!Q§ﬁgtft@rthrﬁ E@@"Fiéftﬁ@hiha mesIof PEFADB
(I'nvi trogen) gigAaed WithI N dn8PsA UG Heafigd Ml FfsnVIB! TheSIRR6M Riknad dat Rgec@Nt ai ned
piasm ds transform E.coli DH10B. Ampicillin-resistant colonies were selected and the
contained plasmids were isolated and characterised by restriction analysis. A plasmid
20 (pTMO0O03) 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 seguencing using M13mp18 reverse and forward primers.
The mutated LDH gene was excised from pTM003 by digestion with Hindill
and EcoRl and purified by agarose gel electrophoresis followed by elution from the
25 agarose gel using the QIAquick Gel Exiraction Kit (as an approximately 0.8kb
fragment). This fragment was treated with Klenow polymerase (NEB, according fo
manufaciurers instructions) to generate blunt ends and introduced into the pUB190
vector. This was achieved by blunt-end ligation with pUB190 linearised by digestion
with Xbal and then Klenow-ireated followed by gel-purification as before. The ligation
30 mixture was used to transform E.coff SCS110 (Stratagene). Ampicillin resistant
colonies were selected and the contained plasmids were isolated and characterised
by restriction analysis. A plasmid (pTMO014) with the expected restriction pattern for
the desired construct was identified and used to transform NCIMB 11955 by
electroporation using the electroporation protocal as described in Example 1.
35 Generation and characterization of a gene-replacement LDH mutant by double-
crossover,




10 were isolated and characterised by restriction analysis, and the
orientation of the inserts was established. A plasmd (pTMX2) with
fragnment 2 inserted into pUCL9 (with the novel Pstl site introduced on
primer 4 closest to the Pstl site in the nmultiple cloning site (nts) of
pUC19) was digested with Not] and Pstl. The resulting fragnent

(approxi mately 15 0.4kb) was ligated into a pUC19 plasm d (pTM)O01l) bearing
fragment | (with the novel EcoR site intiloduced on oligo | closest to the
EcoRl site in the ntcs of pUCI 9) digested with Notl and Pstl to linearise
the plasmd. The Aimesummtivenpsimaneintegsnt sbaTMe14 phigine dn thie feshicn EFaIOB.

Anpi ci LT n-1 efi8] Qpk Gliopy e&amea&b‘fi@#&%ﬁnﬁﬁhaﬁ@d(gbh@ reﬁ@BérﬁérﬁFdl‘rﬁ)aJ agi ds

were isolated and characterised by restriction c@.fm ySI S. pl asm d 20
(pTMOD3) wi t Rhigieddppaerabgupguelyre c,oe' iTOH 5Pt Y&F mng tVH@OH*eEW@“HG\Bo R¥&r uct
(the LDH codidtgsdirgéiftiRes atityrédgelefetleditiratmy BetdrebnBriaducatdb4NDahd 36t ) was

ori mer s. - The U A B BRPEERL T ahg euaruls PRt AR demy % el Pt Th
Hindl Il and s@amﬂ@nmq&ﬁ pédsages yhearpavitgeculiete whe seliallp tdvted |msT68Iand\_Ned by
el ution fromy sg%@l(e@%?ét@é%n é%]%téshf%r (Ao lisution ket Gabc. B lé’élblbﬁi-% it (as

an appr oxi I'TB.t eI fragnment was treated wth Kl enow

pol yner ase (MESTESHIE%'@)FHiOH'@St%“O ﬁbﬁgfétcﬂ'ﬁté'lng‘gl HHOfOlckansRY PN Wesy ke tat e
bl unt ends aE&nnfptwaaQru sérititve ldARNRYBARK stearih@to siHaies cbiSesabmiagated by

bl unt f E@dBIQO d_ by dj t i £ h  Xhal dth
e B o el SR b s B BBl 0 e
m xture was @asedpdated, panet er mixkire of LDISTS1ALDDKSCnat L& rvigyivatidepTidss, [was

resistant cqloa eeirethddlle Ipfeblg@nt ained plasm ds were isolated
and char act eﬂ@eE%BMérﬁea%Pctlon anal ysi s. Iasm d % TNDl4) wi_th the

expected restrict ﬁﬁﬂorﬂ'&t PBAnwes rPrepgigd del%‘? rTé@ﬂ Sprnany cirtegeat) 8rthi™M3®ed and
used to t ranwremmﬁmz l\@:ulbib95éi:ob1}5maﬁll eDHNOopAd aisieinadl 3ermplatehfor ePER tustgor at i on

rotocol ,as descri i,n Exa t I on of a
gene repl gce%‘ﬁ? SL t RS Eﬁ)e cﬂ%\oné dgecggé%%lé&g %ﬂeq'o%'hcabﬁﬁuﬁopn# ﬁ@éedsp rimary
i ntegrant of mimqmmmmohé‘ue |F1¢Ft progudtsaehpion. .8 kp @ﬁmﬂm@)ﬂbmdd%’tﬁ"t 0

obtai n doubl g f )ﬂﬁ&%@p&rﬁ@@%f Qé’ir@@@@@InEﬂectrJﬂHo%s‘(@%d amhb® R e seri al

sub-cul ture of T um w t hout . kananycin. Five_, successive
shaken cul tuﬁ@%’%ﬁ%‘ yringdhe Qb eivaBeiuBeiandth %‘gefatd'gf&@daﬂ Mo 5
hours at 52Cantisimngn =10, 7% CEyarosS gelliot widiakize( fratioas) Trat PEBOprpdyct Yol 1938nst er
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TM89 gave 2 bands of around 0.4kb, indicating the replacement of the wild-type gene
with the mutated allele. Notl digestion of the PCR product of TM15, the primary
integrant, gave predominantly the 2 bands seen with TM89, with a trace of the uncut
(0.8kb) band. This can be explained by the result obtained with Southern blotting of

25  the TM15 genomic DNA.
Genomic DNA of 11955, TM15 and TM89 was digested with Notl, Psil and
Nott, and Hindlll and Nofl, and subjected to agarose gel electrophoresis. The DNA
was transferred onto a positively-charged nylon membrane (Roche) and hybridized
with a DIG-labelled probe generated by PCR of the 11955 LDH gene using primers 1
30 and 4 with DIG-labeled dNTps, following the suppliers instructions (Roche Molecular
Biochemicals DIG appiication manual). The hybridizing bands were visualized using
the detection kit supplied (Roche). The Southemn blot showed svidence of a much-
amplified band of approx. 7.5kb in the Notl digest of TM15, with similarly-amplified
bands of approximately 7 and 0.4kb in the Hindlil/Notfl and Psfi/Nott digests of TM15,
35 indicating integration of multiple tandem copies of pTMO14 integrated at the LDH
locus in this primary integrant. With all 3 restriction digests, TM89 showed evidence




100pi samples plated on TGP agar plates for incubation at 54C.
Replica-plating of the resultant colonies onto TGP agar containing 12pg/ n
kanamycin was used to identify kanamycin-sensitive colonies. After
streaking to single colonies on agar to 10 purify, these kananycin
sensitive derivatives were tested for |actate production, and as expected,
proved a m xture of LDH and LDH . One LDH derivative, TMB9, was further
characterized by PCR and Sout hern bl ots. @nom c DNA was prepared from TML5
(primary integrant) and TMB9 (presunptive double reconbinant LDH), and
used as tenpbhtedifieentP@Ririgidimyatiers showingran exteindybridiaing kgnd Rempaedite i ons
descri bed abgq Eﬂ@e was ‘used as control. The PCR
products (apg%%%igﬁﬂﬁﬂﬂbw and@gﬁkre o%?alned fromall 3 tenplates) were
purified by yampleed gel el ectrophoresis and eluted fromthe agarose gel

using the Q fgntinek @iuc&ﬁﬁbﬁ@ﬁd@ﬂd-@ﬁethé&mﬁms were digested with Notl and

run on a 7% agarose to v iz oducts. T r 1955
20 showedgno evi d ﬁEFQd'g??blT\I@ﬁWt aé'g CEW?PFO RSN gghig%éeﬁefgglﬂg%hgbﬁ?
product of EhBBuga eulirdsa i sthe fwilbdrtypen theOnakile. i Felilesatli iFganchd shepl Beenent
of the wld- . @l lele. Not] digestion of the PCR
product of T%@'c}?ﬁgged Wtﬁé‘fe?rﬂ;@n%ﬁbtn?}éﬁé ‘gave predoninantly the 2 bands
seen with TMAgbledith a trace of the uncut (0.8kb) band. This can be

expl ai ned by {fifge i Wi THInat@enger|n bl otting of 25 the TMLS
genom ¢ DNA. (enom c DNA _of 11955 TMI5...and—lMB9 was di gested with Not),
Pstl and Not ) NaiePsEH®M 11 and Not]25 aMd suljj ected to agarose gel

el ect rophor esi xzs(jpe DNA  was transfirm®d ontlo a positivel y-charged nyl on
menbr ane ( Roche)l—and Jﬂpl'“r: di#ed—wHth—a—bBHG+Habel | ed probe generated by PCR
of the 11955 I OGENE Y& ng Ari mers q and |4 with Dl G| abel ed dNTps,
follow ng the|#MgPli#H:S i nstrjucti onsl.2Robhe Mbl ecul ar Bi ochemicals D G
application MWM T ZT g Is—were visualized using the
detection kit {sup IIHé (Roche). The S%iﬁ%rn bl ot showed evi dence of a
much- anpl i fi e@ulrkiate of apPEdX mi7. Skéed pridie [Not] digest of TML5, with
simlarly-anplliSellan _bands ofl ‘approii and 0.4kb in the HindllI1 Notl
and Pstl1 Not| |MNeg¥ePs2tO Tnvig, 35 i ptiPREMing ntegration of multiple tandem
copi es of pTMDEEasfEReHAt €d at-;oghe DH Tocus|in this primary integrant.
Wth all 3 restr.ction-diges TMBO—shewed—eyi dence 12 of a different

restriction pdﬁ“@ﬁbﬁ"‘show ng aFP%Q‘t ra _hybridi zj ng band conpared to 11955,
consi stent w tth gene repl acenent. Exanple 3 :

Post-auto addns :

4M Urea - 25 ml 100 mM
1% Biotin 300 | 12uM
20% Glucose? 50ml 1%

10 Table2

Sulphate Trace Elements Stock Solution

Chemical gt (ml} | oI (ml) | Medium Conc.
Conec. HaS0, 5mi 50 ml

Fe 80,7H,0 5.56 85,6 100 pM

Mn 80,.H.0 1.69 16.9 50 uM

Cu 80,.5H,0 1 0.25 2.5 5uM

Go 80,.7H,0 0.562 5.62 10 uM

Ni §0,4.6H,0 0.886 8.86 16.85 pM

HsB0; 0.08




Et hanol production by the wild-type thernophile 5 Reproducible growh and
product formation was achieved in fed-batch and continuous cultures for
the wild-type thernophile. Tables 1, 2 and 3 show the conditions used in
the fernmentation process. Table |I Chem cal Vol./L Final Cone. NaH2PO42H20
25 MM K2SO4 10 nm Citric acid. HRO 2 nM My S04. 7TH20 1.25 mM CaCl221-120
0.02 nmM Sul phate TE Solution 5 mM See bel ow Na2MoO42H20 1.65 pM Yeast
Extract 10g Antifoam 0.5m Post-auto addrng 4M Urea 25 nml 100 nM 1% Biotin
300 pl 12 pM 20% d ucose 2 50ml 1% 10 Table 2 Sul phate Trace El ements

" St ock Sol ut i ofiDeherrLal (fight) [ (@40 my1 10 ikgs Vedi um Cone. Cone. H2SO4 5 nl 50
m Zn S04.7H20 1.44 14.4 25 M Fe S04. 7H20 5.56 55.6 100 pM WM S04. H20

1.69 16.9 SOJQM £J S04.5H20 0.25 2.5 5 pM Co 804.71-120 0.562 5.62 10 pM
Ni S04.61-12 6

m 110 |itre&ermenter Conditions

8.86 16.85 pM H3803 0.06 t4E 13 Del -

H20O (fi nal

Inocutum 10% viv

Volume 1000 mi

Temperature 60°C

PH 7.0 controlied with NaOH

Aeration 0.4 vwwm

N, flow 0.05 Ipm

Agitation 400 rpm

Media Urea  Sulphates CDM  for

Fermenters
Sugar feed 100 ml 50% glucose
5
Table 4
Summary of improvements in growth of wild-type Bacillus in Batch Culture
Media Total OoD60G | mM
S:i‘g::i Pyruvate | Lactate | Formate | Acetate | Ethanol
mi .
Xylose 603 8.5 9 187 5 75 22
Glucose 1 | 504 4 2 295 36 28 39
Glucose 2 | 504 3.7 19 322 111 55 123
Example 4 .
Increasing ethanol production by thermophiles
10 In order to achieve the iarget ethanol yields and productivity from the

thermophile, lactic acid production was minimised through the knock-out of L-Lactate
Dehydrogenase (LDH) activity by inactivation of the Jdh gene. There were two
approaches taken to inactivate the /dh gene: a single crossover recombination of
marker DNA into the /ah region of the chromosome, preventing its transcription, or a
15 double recombination of homologous regions of DNA into the /dh gene to create a

mutation within the gene region, rendering it non-functional.




Tabl e 3 Fernenter Conditions |Inoculum 10%v/v Volunme 1000 mM  Tenperature
60C PH 7.0 controlled with NaOH Aeration 0.4 wn N2 flow 0.05 | pm
Agitation 400 rpm Media Urea Sul phates COM for Fernmenters Sugar feed 100
m 60% gl ucose 5 Table 4 Summary of inprovenents in growh of wild-type
Bacillus in Batch Culture Media Total OD600 mM Sugar . added Pyruvate
Lactate Formate Acetate Ethanol nmm Xylose 603 8.5 9 187 5 75 22 (d ucose 1
504 4 2 295 36 28 39 (Gucose 2 504 3.7 194322 111 55 123 Exanple 4

I ncreasi ng et hanol production by thernophiles 10 In order to achieve the
target ethanol yimledsingddcrpsoohestapprdayh frapidly t demerdté rufyphedatiye Inadant aci d
producti on . nim sed .t “aut = : genase
(LDH) acti v%%?%‘ﬁ%@??\} G%%éqgfétﬁ%gkP@ﬁ%@ﬁeﬁ%h@%@gﬁh&%i% %ér)oac hes
taken to inasitgivate the 1dh gene: a single crossover reconbination of

mar ker: DNA m;ﬂ'o{r&ﬁelitgl?n Eﬁ%ingf‘pt%@iutsﬁkﬁ'\ SNRNMIRPARtaiiseVenting its
transcription, or_a 15 doubl

e reconbi nation of hono]ogous regi ons pf DNA
into the $dh genelhe ldHbBegetve MURERE MFSMERYH 'f‘hggg%%‘g"r%’éﬂ" i, '} éﬁ%eri ng
i t non-funct baasikned fhinilhBlemadia b enczeaethe erezap fn ethahol prodditipn gewtingit ed
LDH negat | ve TNt Sl (TPYGH i Hae f hd et rBfiQelichd sy when

conpared to i
mutants are shown in Table 5, compared to the optimum ethanol production from the
wild-type strain. Table 6 shows the increase of ethanol production caused by the

10 knock-out of LDH activity.

Table 5

Summary of increase in ethanol production achieved by lactate mutants

Organism | Carbon | Total | OD&00 | mM
Source | Sugar Pyruvate | Lactate | Formate | Acetate | Ethanol
wi giuc 803 | 3.7 19 302 111 55 123
ldh 35 gluc 3386 4.7 82 22 128 37 220
idh 58 gluc 336 B.2 57 3 40 23 215
Table 6 ‘
Increased ethanol production by LDH mutants In fed-batch culture
Organism | Carbon [ ODG00 [ Glucose | Residual | Lactate | Lactate Lactate | Ethanof | Ethanol | Ethanol
Source in glug g afg glgglu | g gloicells | g/g glu
feedg cells
wi gluc 37 60.48 1.62 37.89 | 48.89 | 0.64 4.05 522 0.07
idh 35 glue 47 60.48 17.80 1.88 1.36 0.05 1012 | 6.95 0.24
idh 58 gluc 5.2 60.48 28.26 0.27 0.17 0.01 9.89 6.14 0.31
15
The LDH mutants produced significantly higher yields of ethanol than the wild-
type thermophile, demonstrating the successful rerouting of the metabolism of these
thermophiles. Further optimisation of culiure conditions and media constituents for
the LDH mutant strains will result in increased ethanol yields.
20

Example

Using the methods outlined in Example 2, the idh modification was made to
isclate NCIMB41277. The same transformation protocol was used, but
transformation efficiency was optimised by incubation at 55°C in recovery (as




strain. Inprovenents in ethanol production by the LDH nutants 5 The

LDH negative mutants were grown in fed-batch cultures, in the established
mninmal media to nmeasure the increase in ethanol production resulting from
t he knock-out of LDH activity. The change in the netabolite profiles of the
LDH nutants are shown in Table 5, conpared to the optinmum et hanol
production fromthe wld-type strain. Table 6 shows the increase of

et hanol production caused by the 10 knocis out of LDH activity. Table 5
Summary of increase in ethanol production achieved by |actate nutants

Or gani sm Car as&otoam"d)ﬁmamme&)ur'ﬁm huiglasu lturvmt@‘ thaqrietaey Figretse

Acet ate Et hanol 7 6 4.7 82
2381§8e37 23@3051 B?ﬁq%% ﬁ ?ﬁgg%e?a? ?g?gézdfgi’ﬂ’%ség tka“ﬁm tgéf%c'?g agf‘géd

et hanol pr ochiendtype.bi SILE[DH% knackeut strain 41867124 was ébﬁfﬁﬁiﬁése@rfgé?ﬂ RetecaRbon
0600 G ucosgnReshd Lfé’rlménfﬂa%ﬁt ahbagbdisark 366 & E&tklél"?o' Tﬁb hanBRb tiieh ol

3.7 60, 49 1. motons 57 ded saeffoattiaraeessd Bvils & St Tredlgffncomibresh "5

17.80 1. 98 Xo3he il@yptOnitibofgaffer. ZHe hdtanﬁ&dgbmgtaﬁlﬁn&?md@ a’&iﬂ caﬁs(now 0. 17
0.01 9.89 6.14 3 S DH mut ants produced significantly higher

yi el ds of et ﬁ&?{gPa%ﬁ%# t%‘@%ﬁ - type thernophile, denonstrating the
successful rEalde¥i ng of the netabolismof these thernophiles. Further

OpLI i sat i Oncafhpiildrhween NellB ¥z ehapiraioanst i tuent s for  the LDH
mut ant sgg ai ns WI result in increased ethanol yields. 20 Exanple 6 Using

t he nmet hods] outTi Wed In Bxanpl € 2, the 1| dh n@bnterdstiowmMas made to
i sol at e NCI MB#ralB77. STdrr dafBect r[aGdfaooldt Lagtater ot kntobtenssAceteig | Hyruvate
t ransf or mat _&h27@f I(-E‘!qu%\l wh& ant i seq hy42| nc t_29C_ i nh refover y
(as { 41277 | Xylose 1.1 0 36 0_ 34 3
KO4 Glucose 2.6 71 0 85 40 4
KO4 Xylose 2.3 50 8] 71 21 2

The ethanol data for all wild-type isolates are shown in Table 8, demonstrating
the ability of the isolates to produce ethanol in the wild-type form. This is unexpected
as most wild-type microorganisms of this type will not produce ethanol.

15
Table 8
Ethanol data for isolates

Glucose Yylose Sucrose
i mivl i
strain | 00600 | ethano! | lactate | acetate | OD 600 | ethanol | lactate | acetate | ODE00 | ethanol | lactate | acetate
14955 1.9 =] 44 2 15 12 % 22 3.2 2 45 21
41277 1.8 1] 42 29 1.1 0 35 4 | 31 ¢ 30 25
41278 20 4 86 13 20 16 48 20 34 0 46 13
41280 1.6 2 <l 32 1.2 5] a7 28 33 7 34 22
41281 25 1 38 8 10 g 45 29 28 B a7 21




15 opposed to 52C in Exanple 2). The serial sub-culturing of the primry
integrants was carried out in 2TY nedia to obtain double cross-overs with
t he i dh-negative phenotype. A stable knockout strain 41277KO4 was
characterised in fed-batch and continuous fernentation. The results are
shown in Table 7. This shows that the 5 nutant 41227KO4 has significantly
increased | evels of ethanol production conmpared to the wild-type

ni croorgani sm The nutant is also stabl’® in culture and does not revert
back to the wild-type. Table 7 Conparison between NCI MB 41277 and 412771(04
10 Concent r 28BS n Strai n Sugar OD600 Et hanol Lactate Formate Acetate
Pyruvate 41277 Qucose 1.8 1 42 0 29 2 41277 Xylose 1.1 0 36 0 34 3 K04

G ucose 2.6 71 0 85 40 4 K04 Xyl n ta for
all wild typl i sofdpEeomREsT, debsied 1haste ﬁ@"‘&; Dhbls gt ‘%%J’ﬁegg%ﬂrau ty of
the isol at es41280parstidtzBetmodified 1o rinactietavithal engqusnoes ﬂﬁctatm@hv@oma@ect ed

as nost | dgdngpe m croorgani snms of this type will not produce et hanol . 15
Tabl e 8 tha%o data for isolates 3 ucose X ose Sucrose strain
OD600 et hano®- | ach Atigroaigarian ascisToed e elaigh i whelehnalhe '%@%tﬁaqeé‘yms%t hanol
| act at e acetggﬁéﬁaﬁbeéﬂaaéma 9 6 44 22 1.5 12 36 22 3.2 9 46 21 41277 1.8 1
42 29 - 36 84 31 0 39 25 4127 28)% 56 1§ 2.0 2 X 8 %p %ﬁﬂig 46 13
41280 1. 6 2 4 3295 o gmigjodiganisn agcosging I clgifh bl giEing 3%5‘ B PIPdyC 29 28

6 37 21 16 élhédlcws 1. A mcroorgani smdeposited under NCl MB nunber 41277,

41278, @79, 41230t ARG odiRAlidn 60 HierbSB&Ti4N 8 ShctdiRe GRS PRADGIA

| act at e dehydr ogenase
of ethanol, comprising obtaining any of the thermophilic microorganisms deposited

under NCIMB Accession Nos. 41277, 41278, 412?’9, 41280 and 41281 and

inactivating the lactate dehydrogenase gene.

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

C6 sugar.




5 gene. 2. A mcroorganismas defined in claiml, wherein the lactate
dehydrogenase gene has been deleted. 3. Use of a m croorgani smaccording
toclaiml or claim2, in the production of ethanol: 10 4. A nethod for
the nodification of a mcroorganismto increase the production of ethanol,
conpri sing obtaining any of the thernbphilic mcroorgani sns deposited

under NClI MB Accession Nos. 41277, 41278, 41279, 41280 and 41281 and

i nactivating the |actate dehydrogenase gene. 5. A nethod for the production
of ethanol, conprising culE NﬁﬁqﬁSWWEroorganisnl 15 according to claim1
or cl ai9:2, pdngleh sulsthable conditions in the presence of a C5 or C6 sugar.
Ek~' 5(k 3 1 SEQUENCE LISTING <110> TMO Biotec Linmited <120>

M cr oGLZfeNi SiRBoorgddmsJW01149W) <150> GB0511602.5 = <151> 2005- 06- 07
<160> 6 <170> Patentln version 3.3 <210> 1 <211> 6744 <212> DNA <213>
GeobaltIPus™RAEYABYI ucosi dasi us  <400> 1 gaattcgtaa tcatggtcat agctgtttcc

tgtgtq@gﬁj &ﬁ%&ﬂ%gpgc tcacaattcc 60 acacaacata cgagccggaa gcataaagtg
t aaageeiing g@kgncbaat gagtgagcta 120 actcacatta attgcecgttgce gctcactgcec
cgctttccag tcgggaaacc tgtcgtgcca 180 gctgcattaa tgaatcggcc aacgcgcggg
gagaggtgygt €tgcgtattg ggcgectcttc 240 cgcttcctcecg ctcactgact cgctgegetc
99t c9L1£99 £49599°989,599/ 3t cage 300
<210> 1 '
<211> 6744
<212> DNA
<Z13> Geocbacillus thermoglucosidasius
<400> 1
gaattcgtaa teatggtceat agetgtttece tgtgtgaaat tgttatccge tcacaattece 60
acacaacata cgagccggaa gcocataaagbtg taaagectgg ggtgoctaat gagtgageta 120
actcacatta attgeogttge geteactgee cgettteoecag tegggaaace tgtegtgeca 180
gctgcattaa tgaateggee aacgegeggg gagaggeggt ttgegtattg ggegetette 240
cgcttecteg ctecactgact cgetgegete ggtegttegg ctgeggegag cggtatcage 300
tcactcaaag geggtaatac ggttatccac agaatcaggg gataacgcag gaaagaacat 360
gtgagcaaaa gygccagcaaa aggoecaggaa ccgtaaaszag gecgegbitge tggegttttt 420
ccataggete cgececccoctg acgagcatca caaaaatcga cgctcecaagtc agaggtggeg 480
aaacccgaca ggactataaa gataccagge gtttcocccct ggaagetccoe togtgegetco 540
. tocetgttecg acectgcocege ttaccggata cctgteegeo tttectecett cgggaagégt 600
ggcactttct catagctcac geotgtaggta tetcagtteg gtgtaggteg ttegetcecas 660
gctgggetgt gtgcacgaac cccccglica gocecgaccege tgegecttat coggtaacta 720
tecgtettgag tecaaccegy taagacacga cttategeoca ctggeageag ccactggtaa 780
caggattagc agagcgaggt atghtaggegg tgctacagag ttettgaagt gogtguacctaa 840
ctacggctac actagaagga cagtatttgg tatctgcget ctgctgazagec cagttacctt 900
cggaaaaaga gttggtagct ctitgatcecgy casacamacc accgectggta geggtggtit 560
ttttgtttge aagcagecagsa ttacgeogcag aaaaaaagga tctcaagaag atcctttgat 1020
cttttctacg gggtetgacg ctcagtggaa cgaaaacteca cgttaaggga ttttggtcat 1080
gagattatca aaaaggatct tcacctagat ccttttaaat tazaaaatgas gtittaaatc 1140
aatctaaagt atatatgagt azacttggtc tgacagttac caatgettaa tcagtgagge 1200




t cact caaag gcggt aat ac
gt gagcaaaa ggccagcaaa
ccat aggctc cgcccccectg
aaacccgaca ggact at aaa
tcctgttccg accctgccge
ggcgctttct catagctcac gctgtaggta gt gt aggt cg
gct gggct gt gt gcacgaac cccccgttca gcccgaccge tgcgecttat ccggtaacta
t cgt GicEtpigtta CogrtCEY T Fa@g&aﬁ@gatwt%ég@(fe%t?aeg@‘gége‘é%%%act%@t aa
caggattagc agagcgaqggt atqgtagacgg tqc t t tg aa
R B S A e G e T Ui b
Cggaaaradrr & LegHARBEdy etiGrEEGDH:12R a0 2AREcAREYCIuBOtPggegaaet t t
ttttgtttgc aagcagcaga ttacgcgcag aaaaaaagga tctcaagaag atcctttgat

cttttebaagfogygredgacy teemgegrageiagasiehcrtardgtt H559% a9t t gditat

gagattatca aaaaggatct {cacctagat cctittaaat 1: ttt,agatc
aat ct HIaY2at §F§Ig°§§§?g %5%1305‘?‘? 8C?°ga§%g§ét ?g%gc%: gg?gg%tg %%g%%agtlggggc

acct £l ot O Fabcda@t tafdilegdd eraltecal-agidhyeet garheecLeyt agtgt a
gat aact acg atacgggagg gcttaccatc tggccccagt gctgcaatga taccgcgaga
cccacgotgact ggatarcatp atttebcameasaragidcagcedayctFaacHddgccdgalcy
cagaagt ggt cctgcaactt tatccgcctc catccagtct attaattgtt gcecg gc
t agag‘fgég‘éttca%taﬁ*&?f@&%g Ffé%ﬁggﬁYtt EEHRE S%té’c@ti%tat%qct ac%aactqf’ﬁa%taac g%g@at
cot 9ot A .COGHEH LAt LhoMtRE 8D Gt diCaldCa8G st &GE0idteascaac galeaay
gcgagttaca tgatccccca tgitgtgcaa aaaagcggtt agctccttcg gtcctccgat
cgt t gitcagartagtaatidtgr cogoryegt waslttoatttc Aeqreglisht eRREAgITHCt ¥l aa
ttctcttact gtcatgccat ccgtaagatg cttttctgig actqggtgagt actc aa
gtcaf?@?ﬁ%g&ééfﬁﬁFﬁﬁﬁ’ﬁ@%ﬂﬁﬁgﬁi gEﬁﬁf?ﬁ%?% g ﬁﬁgcggﬁg%c%ﬁhtg%égga
taat agegca ceacal pded: 4aasidibhaqa0l-asdCatLratdgyaanieqgdd Cliwggg
gcgaaaactc tcaaggatct taccgctgtt gagatccagt tcgatgtaac ccactcgtgc 1920
acccaactgatheitccagoatt crtttactl tcacervcage §etosptIaggatyagceshaatitdgg 1980
aaggcaaaat gccgcaaaaa a aat aa cgacac atgttgaa,tactc ct 2040
ct t cclAoPrIr2e L ACETTPAPEe @gg 9 %g?‘gaé:gaﬁ £ g%g? g?ac %aa ﬁgagcgtgat %&lgt 2100

attt gaat.gie.al 14208338 3hasanaal.-aga8eid ¢6E-tePEAC gbddaacgazmagt 2160
gccacctgac gtctaagaaa ccattattat catgacatta acctataaaa ataggcgtat 2220

cacgaggesotbt tatytateege cysgrdReyRIbgHitger ggtacghtitmeest22ggicact®§ca 2280

ggttat ccac
aggccaggaa
acgagcat ca
gat accaggc
ttaccggat a

agaat caggg
ccgt aaaaag
caaaaat cga
gtttccccct
cct @tccgcece
tctcagttcg

gat aacgcag
gccgegttge
cgct caagt c
ggaagctccc
tttctccctt

gaaagaacat 360
tggegttttt 420
agaggt ggcg 480
tcgtgcgctc 540
cgggaagcgt 600
ttcgctccaa 660
720
780
840
900
960
1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860

gccacctgac gtetaagaaa ccattattat catgacatta acctataaaa ataggegtat 2220
cacgaggcoe tttegtcoteg cgegtttcogg tgatgaeggt gaaaacctat gacacatgeca 2280
gctoccggag acggtcacag cttgtotgta ageggatgec gggagcoagac aagccegtea 2340
gggegegtca gogggtgtto gegggtgtoy gggctggett aactatgegy catcagagea 2400
gattgtactg agagtgcacc atatgcggtg tgaaataccg cacagatgeg taaggagaas 2460
ataccgeatc aggegecatt cgcoceatteag gcotgegeaac tgttgggaag ggcgateggt 2520
goegggoctet tegetattac gecagetgge gaaasggggga tgtgctgeaa ggcgattaag 2580
ttgggtaacg ccagggtttt ccecagtcacg acgtigtaaa acgacggeca gtgccaaget 2640
tgcatgectg caggtcgact ctagaaaatc aatctetttt tccaaagttt gttttttaaa 2700
tttagetgte tecaatatgtt tacggtéaga gcecacgttoca ceacgettca actcaazacc 2760
ctgtttttte atatgetegyg gyaatttate ttgtagecat aacagttett gacgattaaa 2820
cacatttttt ccttgecagtt ttocatcacg cataggcaca acacctaaalt geatgtgagy 2880
ggtttgectca tcattatgaa ctgttgeata ageaatattt tgettgecat atcegttcgga 2940
zaataattta taactttcct caaaaaatcyg ttittgttct cctggatcea gttgetcaaa 3000
aaaatctcgg tcagatgita ctageaacte atttacaaga acagecatett tectegttit 3060




gct cccggag
gggcgegt ca
gattgtactg
at accgcat c
gcgggcect ct
tt gggt aacg ccagggtttt
t gcat gcct g caggt cgact
ttta c tc

ct gt tg ﬁt%{“?:w%t %ﬁ%ﬁ%‘g’
cacattidtbitteCtdgeagiat
ggtttgctca tcattatgaa
aaat agtacthtttagtateteidt

aaaat cft t cagat f.a
A

acggt cacag
gcgggtgttg
agagt gcacc
ad4c4dccatt
tcgctattac

cttgtctgta
gcgggt gt cg
at at gcggt g
cgccattcag
gccagct ggc

2340
2400
2460
2520
2580
2640
2700
2760
2820
2880
2940
3000
3060
3120
3180
3240
3300
3360
3420

gggagcagac
aact at gcgg
cacagat gcg
t gt t gggaag
gaébggggga t gt gctgcaa
cccagt cacg acgttgtaaa acgacggcca gtgccaagct
ctagaaaatc aatctctttt tccaaagttt gttttttaaa
1A690L6A0R HRGAGILLGRGEGAC HSIdaeBatACT CAGAACC
ggaatttatc ttgtagccat aacagttctt gacgattaaa
idee aataeq oyt tatcagy Can@aatdc ctigait cycat JLHagg
ctgttgcata agcaatattt tgcttgc%%t at cgrt cgga
eathaterar dFIPTErty tERTE e Y GRITEE T t gtt'Caaa
Qét%%?c%%ta%g@éataftéf 03 +AcA0gat fdchcdLCt @bt UL
tcttg attcaataat ‘ttctttgaca cgttcgttgt aatcaatatt
ttt atbe@ighbodet CORRGERNE QRichida@aca ot gichegebemuthygt castdbteat cAWcgt
tctacttttt cgctctcttt gattatgaaa ttgcatgcct tttagtccag ctgatttcac
tttt therettas hewahetey @%Hcaa?ﬂaaaﬁctaf‘ijﬁaaéféﬁcgéfeac%F?ﬁaga@agt g4ticaa
atgtgaggca ttttcgcict ti.ccggcaa aaqeacasgiqt ac
tttag§%%%5m¥h3§%%§%%?'%%%8%%@%5%33%%%%§%g%%ﬁ%?ggggg%cagaaacbataaa
acct LLaaggcRChidbbide tidtbaagaga aanaagaatcagmasnaaacaigtgeccietigcc 3480
acctcagcaa aggggggttt tgctctcgtg ctcgtttaaa aatcagcaag acaggt ag 3540
t at t trettiyatapaaepuErteRat erRansiat cEcaceHEER SR HCER 1 §E%‘§tg€tt?? ttt 3600
tgtccgtttt gtc ctt.a ccgaaagcca gacl LitakEgt ct 3660
L cog Ot gt g A a e o B e o gagg ot 3720

Ct cotiat &b edd BLIGRGER. A QEPaaCEBbiHak gRACyAGat t-patagwttagalbliid ag 3780
ctttttattt gttgaaaaaa gctaatcaaa ttgttgtcgg gatcaattac tgcaaagtct 3840
cgt t catTetotc thattgaye ﬁcha'eﬁcga%ttgﬁiaﬁaﬁ@mgtﬁéaaa%ﬁét:"c“éaaaéé ta 3900
atatgttgat ataattcatc aattccctc gt aggapgca 3960
at aa%&&%@?t%cagt eEGt ggtaaﬁg%%agag%tgggé%cggﬁagga%%ggg%tggggg%cagccttca 4020
t cactd oGk &L aaéRE34G AaicagRACEtdteaidodcarazdtivagaaehgectyaat ¢6&t ct 4080
t cat ggt gaa ccaaagtgaa acctagttta tcgcaataaa aacctatact ctttttaata 4140
t cCCogatdtyogt abtTECHF GattegaETigecHaeIc IR Feat 3Rt FecctPPtat 4200

agcggat gcc
gggct gget t
t gaaat accg
4ct 4c4caac

aagcccgtca
cat cagagca
t aaggagaaa
ggcgat cggt
ggcgat t aag

tttctaatgt aaatctatla gelrtatlatl, AdLiGaallGagafgalagkleRAl Calhd tt 4260
tcacttgect ccecatagatg aatacgaacc téaﬁtacaca.ttagaactgc gaatceatet 4080
tcatggtgaa ccaaagtgaa acctagttta tcgcaataaa aacctatact ctttttaata 4140
tccocgacty geaatgeegg gatagactgt aacattctea cgeataaaat ccectttcat 4200
titctaatgt aaatctatta ccttaﬁtatt aattcaattc gctcataatt aatcetittt 4260
cttattacge aazatggecc gatttaagea caccctttat tecogtiaatg cgcecatgaca 4320
gccatgataa ttactaatac taggagaagt taataaatac gtaaccaaca tgattaacaa 4380
ttattagagg tcatcgtica aaatggtatyg cgtttitgaca catccactat atatccgtght 4440
cgttctgtce actcctgaat cceattccag aaattctcta gecgattcecag aagtttctea 4500
gagtcggaaa gttgaccaga cattacgaac tggcacagat ggtcataacc tgaaggaaga 4560
tctgattget taactgettc agttaagacc gaagegeteg tcgtataaca gatgcgatga 4620
tgeagaccaa tcaacatgge acctgecatt getacctgta cagtcaagga tgdgtagaaat 4680
gttgtcggte cttgcacacg aatattacge catttgecty catattcaaa cagctectict 4740
acgataaggg cacaaatcge atcgtggaac gttigggett ctaccgattit agcagtttga 4800
tacactttct ctaagtatcc acctgaatca taaatcggea azatagagaa aaattgacca 4860




cttattacgc
gccat gat aa
ttattagagg
cgttctgtcc actcctgaat
gagt cggaaa gttgaccaga
tctgattgct taactgcttc
t gcagqggggggcrgc?@cgg.@&gg
gttgtcggtc cttgcacacg
acgateagger BacRasiege

aaaat ggccc
ttact aat ac
tcatcgttca

tacactttct ctaagtatcc acctgaatca taaatcggca’ aaat agagaa aaatt

tEBERY PECAR G gBF IEERRRR oG R AP Y CaT AL Tt FHYIRFASE2 ct B

pr
tcaagartca ot [ooagell
tctgttgaca tgacacacat
agagagaaatcAageaesaat
ttaatttcat gaacaatctt
at t cBEERtCatEC Pt beasa
gcacc ttc tatitcagcta
R e
aaat agidabttdtCegHsk66La
ttttcgtcat catctgtatg
t t at gealtaEt it tEITRAEIER
t ccaaat ca caaacqgt t.t
tttaééﬁﬁ’?C%iF%¥%g§bg
t t cggtegaatdicatitkgaat
caaaattgaa tccattgttt
t ccacdacTeacaECc asReAcAt

acttccgttg cac t aa
cggc gtég%ﬁaggactt £ %&38%6 §
tttttaagcgqdd aadi@tgas

gcaacaacct tttgtgactg
cazaattgaa tccattgttt

gatttaagca
t aggagaagt
aaatggtatg
cacattccag

caccctttat tccgttaatg cgccatgaca
t aat aaat ac gt aaccaaca tgattaacaa
cgttttgaca catccactat atatccgtgt
aaajtctcta gcgattccag aagtttctca
cattacgaac tggcacagat ggtcataacc tgaaggaaga
agtt aagacc gaagcgctcg tcgtataaca gatgcgatga
ACEL A6 GA Jar 96l EC L0 A 16RH! cARAYFALDI Apgaat
aatattacgc Catttgcctg catattcaaa cagctcttct
adaegtggaan t gtdeb giggetdgctiac cyaticct t ey c agfitodt ga
acca

SERELEACCR0L 0L GRLL.GBLOUGE BAR L Ot Sl oC

catcfcaata tccgaatagg gcccatcagt ctgacgacca
ageetimmacatbeaices ceattaatyd abecaaatat t 6Lt cC
cattctttct tctctagtca ttattattgg tccattcact
taatEYavagd tOPHGET treptrdantahbEyefat t Ptffaga
Liaalaacts gLelicciaa geal GRLLGA 8l cobidd aa
cYtcancaan of ggcccgtt tgftgaacta ctctttaata
atdce eatal ¢t g6aataalsagyaraatiteatinath cassgyct
aatcaaatcg ccttcttctg tgtcatcaag gtttaatttt
adicasert agraghiriey saeet 1PEe 4Gt Porhaactit cc
caaattcttt tcttcatcat .cagtc cc cc
e e e R G TR
Lédabagaldt fa@gadcat agtadighatdahaadttgectbed t C
ttgattcacg tagttttctg tattcttaaa ataagttggt
emagtgfettgecttrarai et cataee t1cartatact t 2Pt ¢
ccaacaaga ttiftatt t gc tt
gifc %E%% %a%ccc?ta %i Fat ‘fat%gc%attt%% t %t%gg%t;t’téc a? ng(gc a
28RGAA0G Ay L YRR Jidag tgeht t { @it ttaat a&abt ca

aatgccatgt ttcattgctc tcctccagtt gcacattgga
ttgattcacg tagttttctyg tattcttaaa ataagttggt 576

tecacacata
acttecgttyg
cggegasate
tttttaactyg
goaacaacch
caaagectqgy
tgtttatact
atatgcagaa
tttccacttt
ttaggacaca
aactttaaca
cacatacata
ctatatgtat
ggtgetttit
tcggttatga

ttgtgetgtt

ccaatacatg
cacgcataaa
cttgagccat
ttaatgtgag
tttgtgactyg
atttacaaaa
ctaatattte
gttcaaagta
ttgtettgte
taatattaaa
gatggggttt
ccaacactte
caagataaga
ttattttata
gttagtteaa

ttatcettta

catgtgctga
accaacaaga
atectgacaaa
aaacaaccaa
aatgceatgl
ccacactega
agcacaatct
atcaacatta
cactaaaaéc
agaaacceocc
ttetgtgeaa
aacgcacctt
aagaacaagt
aacteattce
attegttett

ccttgtetac

ttataagazt
tttttattaa
ctettattta
cgaactgttg
ttecattgete
tacaactttc
tttactctit
gogattttct
cttgattttt
atctatttag
ccaattttaa
tcagcaacta
tcaaaaccat
ctgatctega
tttaggttet

aaacccctta

tatctttatt
tttitttata
attettegee
gettttgttt
tceoteecagtt
tttegeetgt
cagecttttt
tttctctcca
catctgaata
ttatttgttt
gggttttcaa
aaataaaaat
caaaaaaaga
cttegttett
aaatcegtgtt

agaacgtitt

atttattgte
ttgcatcatt
atcatazaca
aataactteca
gcacattgga
ttcacgattt
aaattcaaga
tggtetecact
aatgctacta
agtcacttat
tactttaaaa
gacgttattt
caccttttca
tttttaccte
tttecttggaa

taaaggettt

5820

5880

5040

6000

6060

6120

6180

6240

6300

6360

6420

6480

6540

6600

66560

6720

4320
4380 {
4440
4500
4560
4620
4680
4740
4800
4860 { 4

cgcta 4920

4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060




tacaactttc
tttgctcttt
gcgattttct
cttgattttt
atctatttag
ccaattttaa
tcagcaacta
t caaaaccat
ctgatctcga
tttaggttct
aaacccctta
"<210> 2 <211> 7673

caaagcctgg atttacaaaa
tgtttatact ctaatatttc
at at gcagaa gttcaaagta
tttccacttt ttgtcttgtc
ttaggacaca taatattaaa
aactttaaca gatggggttt ttctgtgcaa
cacat acata ccaacacttc aacgcacctt
ctata agal.aaga acaagt
ggt gc%igétgt%%g%t%a P TRt 0 ot toc
tcggttatga gttagttcaa attcgttctt
ttgtgedPrt 2tatccttta ccttgtctac
t aagcCHtict Hi’dcgttcct taag 6744

@Obaé §;US e0 c

t gt gt gaaat ?g ?étccgc
t aaagegdoyg yot gcct aat gagtgagcta 120 actcacatta attgcgttge
cgct t tedtagotaagugaaacatt giccgtigee &gt 8tiaage tigtadticase t-gaatacygeC
gagaggcggt ttgcgtattg ggcgctcttc 240 cgcttcctcg ctcactgact
ggt cgf‘?ic@@ciftagﬁﬁéﬂj%ﬁj‘acﬁ’@géﬁa@%&aﬁe@“’tﬂ% Jetesaay geggrsatac

ccacactcga
agcacaat ct
at caacatta
cact aaaacc
agaaaccccc

agaat ¢a09d. gat Q%gg’agcgéﬁ@g@c%ggtcg%g%:ccg% gct%gg&%é‘& 9ge&fAgLaaa agy

ccgt aaaaag gccgcgtfgc tggegttttt gctc cgcccccectg
Caaaasgtagatcecteadgiecagrgedi@es Ya48cganatocfatty ggegitataaa
gtttccccct ‘ggaagctccc tcgtgegetc 540 tcctgttccg accctgecge
cct gt EEYEE Bt BRI T cFFHAHGE o965 00 togy (FEETIAETI CLEHTCREAC
t ct cagli L0, 95209569 ot gg%ggéc%g@%ggggcagtg&tggggélégg;g gLocacgaac

gcccgaccgc tgcgccttat ccggtaacta cgtcttgag tccaacccgg
ctt at ggpeaLhggpageasacoaetgghaaciBihaacaqgatdagec agagagaggt
tgctacagag ttcttgaagt ggtggcctaa 840 ctacggctac actagaagga
tat ct @E%éﬁg%gﬁiﬁé‘é%gcwﬁﬁ%é? tca%@at"é@g:&&’g%f‘é‘@‘éc JERERfTaG

CaaaCaARCE AGCHLIN B2 9E9LAYLE t0eR00eccct ggaagetece

togtgegeto

tttcgeectgt ttcacgattt
cagccttttt aaattcaaga
tttctctcca tggtctcact
catctgaata aatgctacta
ttatttgttt agtcacttat
gggttttcaa tactttaaaa
aaat aaaaat gacgttattt
caaaaaaaga cacctfttca
cttcgttctt tttttacctc
aaatcgtgtt tttcttggaa
aaaacgtttt taaaggcttt
<212> DNA <213>
erﬂRQé%ﬁQ&Edﬁikuﬁms<€90> 2 gaattcgtaa tcatggtcat agctgtttcc
tcacaattcc 60° acacaacata cgagccggaa gcat aaagtg

- ftectgttecg
ggcgctttct
getgggetgt
tegtettgag
caggattagc
ctacggectac
cggaaaasga
tttigtttge
cttttctacy
gagattatea
aatctaaagt
acctatctea
gataactacg
ccecacgeoica
cagaagtggt
tagagtaagt

cgtggtgtca

accotgecge
catagctcac
thcacgaac
tecaacccgyg
agagegaggt
actagaagga
gttggtaget
aagcagcaga
gggtetgacy
aaaaggatct
atatatgagt
gegatetgtco
atacgggagyg
ccggctecag
cctgeoaactt
agttcygccag

cgetegtegt

ttaccgéata
gctgtaggta
ccecegttea
taagacacga
atgtaggcygyg
cagtatttgg
ettgatcegyg
ttacgcgcayg
ctcagtggaa
tcacctagat
zaacttggte
tatttegtte
gettaceate
atttatcage
tatcegeeote
ttaatagttt

ttggtatgge

cetgteecgee
tetcagtteg

gcecgacaego

'cttatcgcca

tgctacagay
tatectgeget
caaacaaace
aaaaaaagyga
cgaaaactca
ccecttttaaat
tgacagttac
atccatagtt
tggececagt
aataaaccag
catcrcagtet
gcgcaacgtt

ttecatteage

tttetceoctt
gtgtaggteg
tgegecettat
ctggeageag
ttettgaagt
ctgctgaage
accgetggta
tctcaagaag
cgttaaggga
taaaaatgaa
caatgcttaa
gcctgactcce
gcetgeaatga
ccagccggaa
attaattgtt
gttgoccattg

teecggtteoce

cgggaagegt
ttcgctccaa
ccggtaacta
ccactggtaa
gatggcctaa
cagttacctt
geggtggttr
atcetitgat
ttttggtecat
gttttaaate
tcagtgagge
ccgtegtgta
taccgegaga
gggecgageg
gccecgggaagce
ctacaggcat

aacgatcaag

6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720 5

gct cact gcc
aaogcgcgygy
cgct gcgetc
t at ccac
ccaggaa
acgagcat ca

gadoaccaggc
ttaccggat a

g%t aggt a
cggecgttca
t aagacacga

atmt aggcgg
cagtatttgg

agt
ct&gat ccgg
540

600

660

720

780

840

900

960
1020
1080
1140
1200
1260
1320
1380
1440

1500

1560




ttttgtttge
cttttctacg
gagattatca
aat ct aaagt
acctatctca

aagcagcaga ttacgcgcag
gggt ct gacg ct cagt ggaa
‘aaaaggat ct tcacctagat
at at at gagt aaacttggtc
gcgatctgtc tatttcgttc
gat aact acg atacgggagg gcttaccatc tggccccagt gctgcaatga taccgcgaga
cccacgctca ccggctccag atttatcagc aataaaccag cgagccggaa gggccgagcg
cagaagiagtt£59eaackta tat CAYECT GaERGHRL Sl Bl @t bagRCIUGRRIC
t agagt aagt agttcgccag ttaatagttt gcgCaacgtt gttgccattg ctacaggcat
cgt gotdFteeragg Gloc gt gty tbgeiaatitig et tditatttac agettsrggtictgcatamc gatéeaag
gcgagttaca tgatccccca tgttgtgcaa aaaagcggtt agctccttcg gtcctccgat

cot t gt CAGE 2 E0tHERTIGYT CEGLgEtE LT AT IETA% YTCRGS@Ect g4l aa
ttct cidaedcrgh GRLOGRAta GGALARTAL JaGid L GL %&c?&égﬂgé&ac%g@g%t Cagkgaa
gtcattctga gaatagtgta tgcggcgacc gagttgctct fgcccggecgt caat acggga

t aat acegegroes acatagges gaactithanagagitgatc atygaidaggaaanccgid ctissggg
gcgaaaactc tcaaggatct taccgctgtt gagatccagt tcgatgtaac ccactcgtgc

aaaaaaagga tct caagaag
cgaaaact ca cgttaaggga
ccttttaaat taaaaatgaa
tgacagttac caatgcttaa
atccatagtt gcctgactcc

atcctttgat
ttttggtcat
gttttaaatc
t cagt gaggc
ccgtcgtgta

acccaHErIRTEtEAYCAPT derteiett wasdceatfc ftr ety ntaragotdaaadcigy
aaggc . . a tg SLact cafact
oo . A P B i T

at t t geaygiacat tdragaaass abgeataadisgaguaaid 664 segRac aidicateac gaaaagt
gccacct gac gt ct aa%aaa ccattattat catgacatta acctataaaa ataggcgtat
cacgatfGEEtEt et Titeht egeeratt ey eyt bric jEtctqaiRageI®t 2 grtcacHgca
gctcc 3 Stgta.a at gcc ggga ¢ _aagccgghca
00000t Ea BE OO0t drr " G005 o o et gyttt aact af peaeaht cagagoa
gat t gjmetggagagtgcaesa akat grggl Gatgaant=necdacacagat geggtAaggagaaa
ataccgcat ¢ ag cgccatt cgccattcag gctgcgcaac tgttgggaag ggcgat cggt
gcggg??é‘f?ﬁgcf“ég(’f AR @@E%ﬁéﬁ%égg‘ﬁéggg@ﬁaﬁﬁiﬁcﬁmt@ﬁcga%%Béag
ttgg c ccaggcet
U RS %Qggééaksg %%thtg:été@&%g g%%% gg;gagﬁgc?aac gas&a0i9ccang

t ggt accgag ctcactagtc acg cca’g attcgccttt "ggatccCtttg

ccct tabgamtes argaRat &y geagnisgagobagyatt gaitatgajgtanataangaataagy
cagagggcga tgtgatggat ttaaatcacg gaaaagtatt cgcgccgaag ccgat gaata

tt t gt G oY ACPEICAT APt ORI FeeHart 1295 By E AR gcifgg
ataccgeate aggegcecatt cgoceatteag gotgegeaac tgttgggaag ggcgatceggat 2520
gecgggeetet tegetattac gocagetgoc gmaaggggga tgtgctgecaa ggcegattaag 2580
ttgggtaacg ccagggtttt cecagicacg acgttgtaaa acgacagceca gtgecaaget 2640
tggtaccgag ctcactagtc acggccgecca gtgtgetgga attegeccett ggatectttg 2700
cecttatgaa ccaaggaata goagatgagt tagtattgat tgatgtaaat aagaataagg 2760
cagagggega tgtgatggat ttaamatcacyg gaamaagtatt cgecgccgaag ccgatgaata 2820
tttggtttgg agattatcaa gattgccaag acgecgattt ggtggtgatt tgtgcagggy 2880
ctaaccaaaa gecgggagaa acaagactgg atcttgttga cazaaatatt aatatcttea 2940
aaacgattgt cgattctgtg atgaaatccecg gatttgatgg cgttittett gtggcaacga 3000
acccagtgga tattttaacg tatgctactt ggaaatttag cgggttaccg aaagageggg 3060
taatcggete aggaacgétt cttgatacag caagattccyg cttcttgeta agtgaatatt 3120
ttcaagtgge tccgaccaat gtacatgegt atattattgg cgagecatggg gatacagage 3180
tgectgtttg gagccatygey gaaattggaa gecattccagt tgagoaaata ttgatgeaaa 3240
acgataacta tagaaaagag gattitagaca atatctttgt taatgttegh gatgeggeat 3300
atcaaatcat tgagaaaaaa ggggcaacgt attacgacat tgcaatggga ttagteocgta 3360

1020
1080
1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880




ct aaccaaaa gccgggagaa
aaacgattgt cgattctgtg
acccagtgga tattttaacg
t aat c94ct c aggaacgatt
tt caagt ggc tccgaccaat

acaagact gg
at gaaat ccg
tat get actt
cttgatacag

atcttgttga
gatttgatgg

aatatcttca 2940
gt ggcaacga 3000
ggaaatttag cgggttaccg aaagagcggg 3060
caaqpttccg cttcttgcta agtgaatatt 3120
gt acat gcgt atat'tattgg cgagcat ggg gat acagagc 3180
tgcctgtttg gagccatgcg gaaattggaa gcattccagt tgagcaaata ttgatgcaaa 3240
acgataacta.taga ttagaca atatcttt tg at 3300
atcaaa’t%g%(fgt?%gcﬁgaa ggc gg% a@ﬁ%@gfcagtcgéaéﬁg%%%t% ggg‘%%gg%ga? ?lagtg g%gta 3360 1(~
PGE TgecamGle@tQeadnrbit Gecak0af ganraatycCentatdaacegagbtd@bgctsmmt t t ggacg
3420 gccaat at gg cgaacgaaat gtttatattg gcgtgcctgc cattatcaac cgaaacggta 3480
t t cgtigaatgeaghtagyagaattyy acoerasian ga%aa@a&gamcavgﬁcwéﬂatﬁ:gcé@ at 3540
ccat cacact cggccgct . cgagcatgca gcat gcct C taga ca-3600
at ct c‘fct""fa’1 ﬁcag'gag%ga?%tgﬁt tcg? a? aaaf T rag cg?‘%%cg%gt af t%l %fgaté:%gg? gg&gag 3660
ccacHdceaateac@ebifang chearaancerdPiddtt toat frgciagggapaat tbad ct 3720
tgtagccata acagttcttg acgattaaac acattttttc cttgcagttt tccatcacgc 3780
at aggeacaitceacurasiiicy: CACTRAgOL It tipet tayckedIastpratatcdt t géat aa 3840

gcaatatttt gcttgcca tcgtt cggaa aa tttat aactt saaaa gt 3900
ttttgttgtté?%cag? gﬁg%tc‘%gg tatcg%*itégacaﬁcag%%&giccagttgcta:gt&éct ‘tgrfc‘%tgg ?gagcgg%: ca 3960
t 1t acaaga@caaaGateddbty Catedhtdd L olk8tACCL G atiddct t@itgaaddaCaaipant t

4020
tctttgacac gttcgttgta atcaatattt ttatcatttt tcaaatcata attttcacgt

4080
gt t cogpeebdttyytarabyeista deatitdoot ratiadbtatt peettgestct eraargtedttt at3§dbat 4140
t gcat

cctt ttq&%ccagc t%atttcact tt%tgcattcttggga c&gccqgaag%%@ta 4200
t gt adtCETFE TR 1487 JTETCat T YT §aby EA Pt Cyct €T “t €eggcaace 4260
act t cgaadiaBaaghalare: acecdrat ackrtdatald eatrragan! gtgl-gasdtct grgagy 4320
ct gt cggcag tgccgaccaa aaccataaaa cctttaagac ctttcttttt tttacgagaa 4380
aaaagadateecaaaraagiiuys Gtctadkyct 4t eortbige Aszraggefggattittcaggit ct4¥§P gc

4440
tcgtttaaaa atcagcaa acaqgtagt atttgtt aagat cact c_aaaaaat ctc 4500
Cacct?tttﬁﬁ‘étcé*&cqggﬁﬁ%tg‘gct tf?‘%gﬁt?t“ﬁf% e g?’% by ?t éﬁaézgaacagcaaa%égag

4560
act cagcasg2ataagaddabe tdoat Qb el e icR9tid ketaaigd aasggcacnaaaooac 4620
t caaaat aaa aaagatacaa gagaggtctc tcdtatcttt tattcadcaa tc4c4cccda

4680
t t gctigirasstogat teaat Bbg ayattachay cotgaopralt tteFactgiiadaceayaetaat B88at 4740

caaaaatatt
cgtttttctt

acttccaag;
ctgtcggeag
aaaagaaaca
tcgﬁttaaaa
cacctittaas
‘ actcagcaag
tcaaaataaa
ttgctgaaca
tgttgtegyy
tattggggtyg
cttcaatgcg
aatcattact
cattacacat
cgcaataaaa
acattctcac

attcaattog

aasagtataac acactatact ttatattecat

fgccgaceaa
asaaaacctg
atcagcaagyg
cecttgeoaa
aataaaatit
aaagatacaa
gattaataat
atcaattact
caaaatgccc
gcaactagca
acgagagcygc
tagaactgeg
acctatacte
gcataaaate

ctcataatta

aaccataaaa
cectctgeeca
gacaggtagt
tttttatttt
ttéttgtctt
gagaggtctc
agatttitage
gcaaagtete
aaaggettaa
gtaccageaa
cagectteat
aatccatctt
tttttaatat
ccettteatt

atecetttttce

cctttaagac
cctecagcaaa
attttttgag
gteoccegtttty
teggttttet
tegtatettt
tttttatttg
gttcatocca
tatgttgata
taaacgactc
cacttgecte
catggtgaac
ccecegactgy
ttctaatgta

ttattacgca

aaagtgtgtg
ctttettttt
ggggggtttt
aagatcacteo
tetagettac
agtgtaacgyg
tattcageasa
ttgaazaaayg
ccactgatet
taattcatca
cgcacctgta
ccatagatga
caaagtgaaa
caatgcecggy
aatctattac

aaatggceccyg

ctotgcygaygy
tttacgagaa
getctegtge
aaaaaatctc
cgaaagocag
acaazaccac
tegegecega
ctaatcaaat
tttaatgatyg
attcccteta
caaaccyggtyg
ateccgaacct
cctagtttat
atagactgta
cttattatta

atttaagcac

4320

4380

4440

4500

4560

4620

4680

4740

4800

4860

4920

4980

5040

5100

5160

5220




tgttgtcggg
tattggggtg
cttcaatgcg
aat cattact
cattacacat

at caatt act gcaaagtctc gttcatccca
caaaat gccc aaaggcttaa tatgttgata
gcaact agca gtaccagcaa taaacgactc
acgagagcgc cagccttcat cacttgcctc
t agaact gcg aatccatctt cat §gt gaac
cgcaat aaaa acctatactc tttttaatat ccccgactgg caatgccggg atagactgta
acattctcac gcataaaatc ccctttcatt ttctaatgta aatctattac cttattatta
attcaatt t cat aat tttrtc tt c tt ac
Scoortrartefeetriarel St St L e A s 2
aat aaakasdtaacsarcait gatialcadatiRbicgaggeycabe glatgaaataat ggsat gc
gttttgacac atccactata tatccgtgtc gttctgtcca ctcctgaatc ccattccaga
aat t ctttteageegattechgs 4attutreagtayrEygadeftIRgacCagEteaqrt aci¥hct
ggcacagat t cat aacct ga agat ctgattactt ta cg
aagcgaca?E'ﬂfgCt O (L GEV % %%%gf £95CH g5 cg%tacga%%gﬁ;%g%a%%t g?gg{ft g
ct acq@haiargleanggat: goiagagal grddtghegoiat gtdgaapaagsaayat tsaegcec
atttgcctgc atattcaaac agctcttcta cgataagggc acaaatcgca tcgtggaacg
t t t gggeticcrt cotpitteray gtarRatogaucHegetatt B2 FHEgt SRTIEREEt gg?g?%at
aaat c caa aat agagaaa aaltgacca { gt aa CC t ca ag
at gca‘%gﬁth?%&gg agf’aﬁt tgg%?%ﬁétf%itt a‘%ﬁg C?gg%afatl%%a%:%q t% %:c&cc%ct %%?:ggg
U1 Ot CLRALL& et QUG RS LebORkEEL kofldhbgRtadaagafacaaAbGamigCt Caat at
ccgaat aggg cccatcagtc tgacgaccaa gagagccata aacaccaata gccttaacat
cat ccotaterttt ttatemaats ategigitvet peedat et hraytaeoaareiorataatt ct1/fet t
ct pt agt cat tattatt ggt ccatt cacé atté ct cat E:CCat(c::t tattt gg.(%%"[:t aaat t tgsggat
t t gct TRFEIICAR AR RaNAT® APt TSy ag EHeeeTd &P et Caget at 1 aat aact cg
tctt colpat.catieetdpas: tectddtadtaadtaadd atctagoicCtaricacédgCasmmanac
tggcccgttt gttgaactac tctttaataa aataattttt ccgttcccaa ttccacattg
caat aafsagataaatterdivetc ttehydgget et ttveglic deeacarTicge itgamtcaadt’gc

cttcttct gtaggt cat caag?c tttaattttt tat ggat tic tittaacaaa, ccaccal,a9g

agat t SEIRETR 9P 15y TREEC dAART R (P e ATt A E AR At T T ¢ anat t CLrtt

cttcal Gal &.09t:Gatalas: Lecdiabectabtacaggabsttdgaagitttbagt cambt g
ccgattgtat atccgattta tatttatttt tcggtcgaat catttgaact tttacatttg

gat cattagterchnatt taabtt gostidactT ¢ taeattgaattteeart getittaeyjat t €fgt

ccactgatct tttaatgatg
taattcatca attccctcta
cgcacctgta caaaccggtg
ccat agat ga at ccgaacct
caaagt gaaa cctagtttat

agtttfctol attcliasas taaglligolt ceacacalac. caalaealaG alt ogtwat
tcttectaag catecttcaa tecttttaat aacaattata geatetaatc ttcaacassc 6240
tggeecegttt gttgaactac tctttaataa aataattittt cegttccecaa ttecacatitg 6300
caataataga aaatccatct tcateggett tttegtcate atetgtatga atcaaatecge 6360
cttottctgt gtcatcaagg tttaattttt tatgtattte ttttaacaaa ccaccatagg 6420
agattaacct tttacggtgt aaaccticct ccamatcaga caaacgtitc aaaftctttt 6480
cttcatcatc ggtcataaza tccgtatoct ttacaggata ttttgeaght tegteaattyg 6540
cegattgtat atccgattta tatttatttt tcggtegaat catttgaact tttacatttg 6600
gatcatagtc taattteatt geetttttce aaaattgaat ccattgtttt tgattcacgt 6660
agttttctgt attcttaaaa taagttggtt ccacacatac caatacatge atgtgctgat 6720
tataagaatt atctttatta tttattgtca cttcegttge acgeataaaa ccaacaagat 6780
ttttattaat ttttttatat tgcatcattc ggegaaatcc ttgagecata totgacalaac 6840
tcttatttaa ttettegeca tcataaacat ttttaactgt taatgbtgaga aacaaccaac 6800
gaactgttgg cttttgttta ataacttcag caacaacctt tigtgactga atgecatgtt 6960
tcattgetet cctccagttg cacattggac aaagectgga tttacaaaac cacactcgat 7020

4800
4860
4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000

pi p

6060

6120
6180
6240
6300
6360
6420
6480
6540
6600
6660
6720




tataagaatt atctttatta tttattgtca cttccgttgc acgcataaaa ccaacaagat 6780 {
ttttattaat ttttttatat tgcatcattc ggcgaaatcc ttgagccata tctgacaaac 6840
tcttatttaa ttcttcgcca tcataaacat ttttaactgt taatgtgaga aacaaccaac 6900
gaactgttgg cttttgttta ataacttcag caacaacctt ttgtgactga atgccatgtt 6960
tcattgctct cctccagttg cacattggac aaaacctgga tttacaaaac cacactcgat 7020 9
._aactttct ttcgcctgtt tcacgatttt gtttatactc taatatttca gcacaatctt 7080
ttactc C a aa 7140
cgattt%gc% ?t%?%}%g{ %t C@tag%%t ?ttﬁt ccag?%??a tttgttggfé{%g%%%cggt aggéaccc 7200
tt gattchédttad GhgadtGin aamhaggaaﬁaﬂgagﬁaﬁaﬁaaa@ahatﬁcaa@a&tg@aaa@mca 7260
tctatttagt tatttgttta gtcacttata actttaacag atggggtttt tctgtgcaac 7320
caat t¥RBdgcHytithctamt getatcagdattareslitat divhaetwiaae actermmcaegede®tt 7380
cagcaact at aa a [ttc tatat c..Aagat aagaa agaa tt 7440
caaagt% aaﬁ%ttg%ﬁga 35%% ag%t % agﬁf“daccta?tefa gty g ? %‘%"cﬁgtcg?%gcc 7500
t gat cleegagadt egidigtida tgtégc@emacsct@gg;ctaata&@gggﬁtagtaﬁge@eaaacgtvbﬁ tt 7560
ttaggttcta aatcgtgttt ttcttggaat tgtgctgttt tatcctttac cttgtctaca 7620
aaccc%?t%t&a%ae*gttttpﬁt aa‘dﬂgﬁgeﬂq @caaagtt@gt@taga%fa@gtatqgemctaag 7898 <210> 3
<211> 29 <212> DNA < ifici <220> 23> A.i nucI i de Priner
SA005° AR FRrRor B e R R iR T8 L STTRED] 55 DA

<213%aR8ddchiL baéaasaae()? accﬁ:%%@n?agog  FPUGL eQlch g +BR T {Mkatx4Q0> 74ogcggccgeac
ccgctctttc ggtaacccge t 31
tgatctegac ttegttettt ttttacctet cggttatgag ttagttcaaa ttegttettt 7560

ttaggttcta aatcgtgttt ttettggaat tgtgetgttt tatcetttac cttghtetaca 7620

aaccceettaa aaacgttttt aaaggetttt aageocgtetg tacghtectt aag ’ 7673

<210> 3

<211> 29

212> DNA

<213> Artificial

<2290>
<223> Oligonucleotide Primer

<400> 3
ggaattceet tatgaaccaa ggaatagea 29

<210> 4

«<211> 31

<212> DNA

<213> BArtificial

<220>
<223> Oligonucleotide Primer

<400> 4
gcggecgeac cogotettte ggtaaccege t 31

<210> 5

<211> 31

<212> DNA

<213> Artificial

<220>
<223> OQligonucleotide Primer

<400> 5
geggecgett gotaagtgaa tatttteaag t 31

<210> 6
<21i> 28




<211> 31 <212> DNA <213> Artificial <220> <223> A igonucleotide Priner
<400> 5 gcggccgctt gctaagtgaa tattttcaag t 31 <210> 6 <211> 28 10 ,-.2>
DNA <213> Artificial <220> <223> digonucleotide Prinmer <400> 6
ctgcagcgtc aattccatca cttcacga 28 S% '

-ws2> DNA
<213> Artificial

<220>
<223> Oligonucleotide Primer

<400> &
ctgcagegtc aattecatca cttcacga 28




