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the generation of metabolic energy varies depending on the microorganism and the
environmental conditions. There are three principle reactions of pyruvaie. ,

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, certain ethanologenic organisms can carry
out alcoholic fermentation by the decarboxylation of pyruvate into acetaldehyde,
catalysed by pyruvate decarboxylase (PDC) and the subsequent reduction of
acetaldehyde into ethanol by NADH, catalysed by alcohol 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
ethanol using either micro-organisms that undergo anaerobic fermentation naturally 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 micro-
organism has a low level of ethanol tolerance.




success in producing ethanol by using these mcro-organisns, fernmentation
Is often conprom sed by the increased concentration of the ethanol,
especially where the mcro- organismhas a |ow | evel of ethanol tolerance.
2 Thernophilic bacteria have been proposed for ethanol production, and
their use has the advantage that fernmentation can be carried out at
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methyltransferase from Haemophilus aegyptivs into strains LLD-R, LN and TN.
However, strains LLD-R, LN and TN are unstable mutants and spontangously revert to
lactate-producing wild-type strains, particularly at low pH and in high sugar
concentrations. This results in fermentation product changes from ethanol to factate,
making the strains unsuitable for ethanol! production.

WO02/29030 discloses that strain LLD-R and its derivatives include a naturally-
occurring 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 unsiable,
resulting in reversion. The proposed solution to this was to integrate plasmid DNA into
the IE sequence.

Therefore, in the art, the production of microorganisms for ethano! production
relies on modifying taboratory-produced chemically mutated Bacillus microorganisms,
treating these with in vivo methylation procedures and further modifying the
microorganisms to integrate plasmid DNA into the IE sequence. The procedure is
complex, uncertain and there are also regulatory Issues on how the strains can be used.

There is thereforé a need for improved microorganisms for ethanol production. '




Therefore, in the art, the production of mcroorganisns for ethanol
production relies on nodifying |aboratory-produced chem cally mnutated
Bacillus m croorganisns, treating these with in vivo nethylation
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mut ant under Thef preserttinvention is described with reference to the accompanying figures,
wherein:
Figure 1 is a graph showing ethanol production of a microorganism of the
invention (ldh 35) with different substrates;
Figure 2 is a graph showing ethanol production of a microorganism of the
invention (Idh 58) with different substrates;
Figure 3 is a graph showing ethanol production by an LDH knockout mutant of
11955;
Figures 4 and 5 are schematic representations of the pUB plasmids utilised in
the invention; Fig 4 is the ldh mutant according to the invention; and
Figure 6 is a graph showing stability of the LDH knockout mutant under different
culture conditions.
Description of the Invention

The present invention is based on the modification of a 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
breakdown of pyruvate into ethanol using pyruvate decarboxylase and alcohoi
dehydrogenase. it is preferred if the lactate dehydrogenase gene is disrupted by a
deletion within or of the gene.




‘cul ture conditions. Description of the Invention The present invention is
based on the nodification of a wild-type thernmophilic mcroorganismto
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microorganism is transformable at a high frequency. Furthermore, the microorganism
should have a growth rate in continuous culture to support ditution rates of 0.3 ™ and
above (typically 0.3 ODyg0).
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
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 ability of the
microorganism to sporulate, although in certain circumstances it may be preferable to
have a sporulator, when it is desirable io 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 {o settle out during fermentation, and therefore can
be isolated without the need for centrifugation. Accordingly, the microorganisms can be
used in an animal feed-stock without the need for complicated or expensive separation
procedures,
The nucleic acid sequence for lactate dehydrogenase is now known. Using this
sequence, it is possible for the skilled person to target the lactate dehydrogenase gene
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mlcroorganusms are known, for example sn Ingram et al, Biotech & BioEng, 1998; 58
(2+3): 204-214 and US 5916787, the content of each being incorporated herein by
reference. The genes may be introduced In a plasmid or integrated into the
chromosome, as will be appreciated by the skilled person.

The microorganisms of the invention may be cultured under conventional culture
conditions, depending on the thermophilic microorganism chosen. The choice of
substrates, temperature, pH and other growth conditions can be selected based on
known culture requirements, for example see WO01/49865 and WO01/85968, the
content of each being incorporated herein by reference,

The present invention will now be described, by way of example only, with
reference to the accompanying drawings, in the following examples.

Inactivation of the LDH gene
Exampie 1 - Single crossover mutation
Development of the LDH knockout vector

A partial /dh gene fragment of approx 800 bp was subcloned into the

temperature sensitive delivery vector pUB180 (SEQ ID NO. 1) using Hindilf and Xbal

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




'm croorgani sns are known, for exanple in Ingramet al, Biotech & Bi oEng,
1998; 58 (2+3): 204-214 and US 5916787, the content of each being

i ncorporated herein by reference. The genes may be introduced in a plasmd
or integrated into the chronosone, as will be appreciated by the skilled
person. The m croorgani sns of the invgﬂtion may be cul tured under
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reconbi nalL QBeQed for by their resistance to kanamycin. Integration was directed towards the
Idh gene since an homologous sequence resides on the plasmid. Targeted integration
into the /dh gene occurred by a process known as single cross-over recombination. The
plasmid becomes incorporated into the /dh gene resulting in an inactive /dh gene.
Tandem repeats may occur if several copies of the plasmid integrate.
Methodology and Results

Two different methods were attempted for integration:

Method 1: 4 x 50ml TGP (kan) cultures were grown at 54°C for 12-18 hours, The
cells were pelleted by centrifugation and resuspended in 1ml of TGP. The resuspension
was plated (5 x 200mif) on TGP (kan) plates and incubated overnight at 68°C.
integrants were picked and plated onto a 50-square grid on fresh TGP (kan) plates and
incubated o/n at 68°C,

Method 2: 1 x 50mi TGP (km) cultures was grown at 54°C for 12-18 hours. 1 ml
of the culture was used to inoculate 50ml of fresh TGP (kan) cultures which was grown
at 68°C for 12-18 hours. This was sub-culiured the following day into 50ml of fresh TGP
(kan) cultures and grown at 68°C for ancther 12-18 hours, The culture was plated out
on TGP (km) plates and incubated at 68°C overnight. Confluent growth was obtained on
the plates, Single colonies were plated onto a 60-square grid on fresh TGP (kan) plates
and incubated overnight at 68°C.




i ntegration occurs between the plasm d and chronosone. Chronosonal
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negative integrants were further characterised by PCR and evaluated in a fermenter for

stability.
Electroporation 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, OD.y), adding an
equal volume of 20% glycerol and dividing into 1ml aliqouts and storing in cryotubes at
—80°C. 1m! of this stock was used to inoculate 50ml of TGP in a 250ml conical flask,
incubated at 55°C, 250rpm, until the culture reaches OD0,y, 1.4.

The flask was cooled on ice for 10 minutes, then the culture centrifuged for 20
minutes at 4000rpm at 4°C. The pellet was resuspended in 50m] ice-cold
electroporation medium and centrifuged at 4,000rpm for 20 minutes. Three further
washes were carried out, 1 x 25ml and 2 x 10ml, and then the pellet resuspended in
1.5ml ice-cold electroporation medium and divided into 6Qu aliquots.

For the electroporation, 1-2ul of DNA was added to 60l of electrocompetent
cells in an eppendorf tube kept on ice, and gently mixed. This suspension was
transferred to a pre-cooled electroporation cuvette (1mm gap) and electroporated at
2500V, 10uF capacitance and 600 resistance.

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




Thi s assay determ nes whether the integrants produce |actate when grown
overnight in SAM (kan) at 68C. The culture supernatant was tested for the
concentration of lactate with the Sigma | actate reagent for |actae

determ nation, Lactate negative integrants were further characterised by
PCR and evaluated in a fernenter for %abi lity. Electroporation protocol
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resistance. Imediately after the pulse, I TGP was added, m xed, and the
suspension transferred to a screw top tube and incubated at 52C for 1 hour
in a shaking waterbath. After incubation the suspension was either plated
di r ect | yngailyation f thadPMbgesentri fuged 8 at 4, 000rpm for 20 i nutes,

resuspeylafhié @r@%%ﬁr&rﬁggtiow’ and plated on TGP agar containing the
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gene by two approaches.

In strategy 1, two existing unique restriction sites near the middle of the LDH
coding sequence were exploited to generate a deletion. A single large per product was
generated from genomic DNA covering most of the available LDH sequence, 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 religated after Klenow digestion, to
generate an internal deletion in the LDH gene between Bs{Ell and BsrGl.

In strategy 2 (see Example 2) the LDH gene was cloned as 2 PCR products,
introducing Notl sites on the oligo primers to allow the 2 PCR products to be ligated
together in pUC19, with the generation of a deletion in the middle of the LDH sequence.
The two LDH genes with the internal deletions were subcloned into three potential
delivery systems for Geobacillus.

Plasmid Details :
pCU1 4.94kb, shuttle vector based on pC194, carries cat & bla
pBTZ2 8.97kb, shutile vector derived from a temperature sensitive

mutant of pE184, carries cat and bla,
pTVOmes | 4.392kb, derived from pE194is, carries cat (no Gram
negative replicon).

The delivery vectors were transformed into 119558 by electroporation.




‘Sodi um pyruvate 4g/1 dycerol 4ml/L Inactivation of the LDH gene. Double
cross-over nutation Priners were designed based on the avail able 11955 LDH
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Generation of an LDH mutant by gene replacement

A further sirategy was designed to generate a stable mutation of the L.DH gene
in Geobacillus thermoglucosidasius NCIMB 11955 by gene replacement. This strategy
involved the generation of a 42bp deletion close to the middle of the coding sequence,
and the insertion at this position of 7bp introducing a novel Notfi restriction site. This
inserted sequence was intended to cause a frame-shift mutation downstream.

The strategy invoived generating the deletion using 2 PCR fragments using ofigo
primers introducing the novel Notl site. Primers were designed based on the partiat
sequence of the LDH coding region from 11955, The sequence of the primers used is
shown below,

Fragment 1:

Primer 1 (forward); GGAATJTCCCTTATGAACCAAGGAATAGCA (SEQ ID NO.
3; shaded sequence indicates bases introduced to generate a novel EcoRl site)

Primer 2 (reverse); GCGGCCGCACCCGCTCTTTCGGTAACCCGCT (SEQ ID
NO. 4, shaded sequence indicates bases introduced to generate a novelNot! site).
Fragment 2:

Primer 3 (forward); GCGGCEGCTTGCTAAGTGAATATTTTCAAGT (SEQ 1D
NO. 5; shaded sequence indicates bases introduced to generate a novelNot site).

Primer 4 (reverse); GTGCAGCGTCAATTCCATCACTTCACGA (SEQ iD NO. 6;
shaded sequence indicates bases introduced to generate a novel Psii site),




efficiency. The el ectroporation nethod devel oped for Geobacillus 11955
generates 3x104 transformants per pg of DNA with pNWB3N. The G am positive
replicon is derived frompBCl in the BGSC catal ogue, and from pTHT15 in

t he sequence database. The cat gene on pNVB3N is used for selection in
both E. coli and Geobaciil us. Terrperﬁ]ure-sensi tive mutants of pNVB3N were
generated by passaging the plasmd rough the Statagene XL1 red nutat or
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B conory PRS2 SRR B ufed 3t RovBelle oblen ' CURRRY BB tadl €
Cel I's réaction acadidnsowerenag fllows! Cycle 1ptieddi0fefiograd\@5°C foMbineahneslieg  52c
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min, annealing at 47°C for 1 min, extension at 72°C for 2 min, and a further incubation at
72°C for 5 min. The enzymes used were an equal mixture of Pfu polymerase (Promega)
and Tag polymerase ( New England Biolabs, NEB ). The buffer and dNTPs composition
and concentration used was that recommended for Pfu by the suppliers. The PCR
products obtained using genomic DNA from NCIMB 11955 as template were purified by
agarose gel electrophoresis and efuted from the agarose gel by using the QlAquick Gel
Extraction Kit (Qiagen). The purified PCR products were ligated to pUC19 (New
England Biolabs) previously digested with Smal and the ligation mixture was used to
transform Escherichia coli DH10B (Invitrogen). Ampicillin-resistant colonies were
selected and the cont ained plasmids were isolated and characterised by restriction
analysis, and the orientation of the inserts was established.

A plasmid (pTMO002) with fragment 2 inseried into pUC19 (with the novel Pstl site
introduced on Primer 4 closest to the Psil site in the multiple cloning site {mcs) of
pUC19) was digested with Nofl and Pstl. The resulting fragment (approximately 0.4kb)
was ligated into a pUC19 plasmid (pTMO0O01) bearing fragment 1 {with the novel FcoRl!
site introduced on Primer 1 closest to the EcoRl site in the mces of pUC19) digested with
Notl and Pstl o linearise the plasmid. The ligation mixture was used to transform E.coli
DH10B. Ampicillin resistant colonies were selected and the contained plasmids were
isolated and characterised by restriction analysis. A plasmid (pTMOQO03) with the
expected restriction pattern for the desired construct (the LDH coding region carrying
the deletion and introduced Notl site) was identified and verified by sequencing using




buffer 0.3M sucrose, 25nM Tris HCI and 25mM EDTA, adjusted to pH 8.0
containing 2.5ng of |ysozyne and 50pl of 1ng/m ribonucl ease A This was

i ncubated for 1 hour at 30C, then 5ng of proteinase K was added and 50pl
of 10% SDS fol |l owed by incubation at 37C for 1 hour. The lysed culture was
then extracted sequentially with equ?J!i vol unes of phenol /chl orof orm

fol l oned by chloroformbefore precipitation with isopropanol. After

washi ng ce WMth ice-cold 0% et hanol, the DNA pellet was redissolved in
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Pstl. Tixeneestidn iand ¢hargotenizatiappofox igeneakpla@edidnt LINdsnhtayettt®d dooble-a
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sequencms@gu:'snlﬁ@.“:a in 50ml tubes (Falcon) at 250rpm, 1% transfer at each stage Aﬁer these

5 passages, the resulting culture was serially diluted in TGP and 100uf samples plated
on TGP agar plates for incubation at 54°C. Replica-plating of the resultant colonies onto
TGP agar containing 12ug/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.

Genomic DNA was prepared from TM15 (primary integrant} and TM89
(presumptive double recombinant LDH), and used as template for PCR using Primers 1
and 4, using the conditions described above. Genomic DNA from 11955 was used as
control, The PCR products (approx. 0.8 kb bands were obtained from all 3 templates)
were purified by agarose gel electrophoresis and eluted from the agarose gel using the
QlAguick Gel Extraction Kit. Samples were digested with Notiand run on a 0.7%
agarose gel to visualize products. The PCR product of 11955 showed no evidence of
Notl 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. Nofi




ML3npl8 reverse and forward priners. The nutated LDH gene was excised from
pTMOOB by digestion with Hndlll and EcoR and purified by agarose gel

el ectrophoresis followed by elution fromthe agarose gel using the

Q Aqui ck Gel Extraction Kit (as an approximately 0.8kb fragment). This
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100 mM

1% Riotin
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12 M

20% Glucose®

50mi

1%

Tahle 2
Sulphate Trace Elements Stock Solution

Chemical gi! {ml) | Medium Conc.
Conc. H,SO, 5 mi
Zn SO,.7H.0 1.44 25 uM
Fe 80,.7H,0O 5.56 100 UM
Mn SO,.H,O 1.69 50 uM
Cu SO,.5H,0 0.25 5 pM
Co S0O,.7H,0 0.562 10 uM
Ni SO,.6H,0 0.886 16.85 uMt
H.BO, 0.08
Deionised H,O (final '
voLf 1000 ml




CaCl 22H20 0.02 mM Sul phate TE Solution 5 mM See bel ow Na2zMoX42H20 1. 65 pM
Yeast Extract 10g Antifoam 0.5nml Post-auto addns : 4M Urea 25 m 100 niM
1% Biotin 300 pl 12 pM 20% G ucose2 50m. 1% Table 2 Sul phate Trace

El ements Stock Solution Chemcal 1' (m) Medium Conc. Conc. HSO4 5 m Zn
SO.7HO 1.44 25 pM Fe SO .7H O 5.56 100 pM M1 SO .H O 1.69 50 pM Cu SO
.5H00.25 5 pm Co SO.7H 00.562 10T N SO .6H O 0.886 16.85 pM HBO
0.08 Deionised HO (final 1000 M Vol.) 14 Table 3 Fernenter Conditions

| nocul unf@W8@v/v Vol ume 1000 M Tenperature 60C PH 7.0 controlled with
NaOH Aeraineatar Qordiiod N, flow 0. 051 m Agitation 400 rpm Media Urea

Sul phates for Fernenters

Inocuium 10% viv

Volume 1000 mi

Temperature 860°C

PH 7.0 controlled with NaQH

Aeration 0.4 vvm

N, flow 0.05 Ipm

Agitation 400 rpm

Media Urea Sulphates for Fermenters

Sugar feed 100 ml 50% glucose
Table 4

Summary of improvements in growth of wild-type Bacillus in Batch Culture
Media Total ODe0 | mM
:gg:; mM 0 pyr lact form acet ethano
i

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 ,

In order to achieve the target 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 I/dh gene. There were two
approaches taken to inactivate the /dh gene: a single crossover recombination of marker
DNA into the /dh region of the chromosome, preventing its transcription, or a double
recombination of homologous regions of DNA into the /dh gene to create a mutation
within the gene region, rendering it non-functional.

The single cross-over approach rapidly generated LDH-negative mutants which
showed an increase in ethanol production when compared to the wild-type strain
{(NCIMB 11955).

Improvements in ethanol production by the LDH mutants

The LDH-negative mutants were grown in fed-batch cultures, in the established
minimal media to measure the increase in ethanol production resulting from the knock-
out of LDH activity. The change in the metabolite profiles of the LDH mutants are
shown in Table §, compared to the optimum ethanol production from the wild-type
strain. Metabolite production profiles of two of the LDM mutants are shown in Figures 1




Sugar feed 100 m 50% gl ucose Tabl e 4 Summary of inprovenents in growh of
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into the Idh region of the chronosone, preventing its transcription, or a
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profilegldi3sw of fghe LDB3gUt gnd.8 ar ¢ gghowh 22n Fijougges 131 15{ zamd 2
Tabl e 6 {3d088 t hej i rturcasg3sel dtfmianol | myodudty on qaged bpsthe|knock-put of
LDH activity. Table 5

Table 6

Increased ethanol production by LDH mutants in fed-batch culture

Organism Carbon | OD60 | Glucos | Residua | Lactat | Lactat | Lactat | Ethano | Ethanol | Ethano

Source g ein Iglug eq e glg e glg la glalcell | lglg
feed g cells glu s glu

wild type glug | 3.7 60.48 | 1.62 37.89 | 48.88 | 0.64 4.05 5,22 0.07
idh 35 _glue | 4.7 60.48 | 17.80 1.98 1.36 0.05 10.12 | 6.95 0.24
idh 58 gluc | 5.2 60.48 | 2828 |0.27 0.17 0.01 9.89 6.14 0.31

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 culture conditions and media constituents for the
LDH mutant strains will result in increased ethanol yields.

Ethanol production by the LDH mutants in continucus culture

The most stable of the single crossover lactate mutants was grown in continuous
culture to assess its long term stability as an ethanol producer. The strain was cultured
in minimal media with glucose as a carbon source. Steady state culture was observed
for approximately 290 hours before reversion to lactate production occurred.

Example b

The double crossover mutant TM89 (Example 2) was assayed for ethanol
production as set out in Example 4. The results are shown in Table 8 and show that the
mutant achieved significant levels of ethanol production (greater than 200mM). The
mutant was also assayed for ethanol production utilising giucose or xylose as the
carbon source. The results are shown in Table 7.
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e stability of the lactate dehydrogenase-negative mutant was also tested
under a variety of conditions in continuous culture over a period of 1500 hours. The
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results are shown in Figure 8, and demonstrate that the lactate dehydrogenase-
negative phenotype remains stable, despite significant challenges to the culture, and
does not rely on antibiotic selection o remain. During this continuous run the dilution
rate was varied between 0.1hr ! and 0.5hr "' and the culture was switched between oxic
(air on) and anoxic (N2 on) conditions with no change in the lactate concentration. More
significantly the pH of the culture was varied and dropped to pH 4.4, which is ocutside the
normal pH range for growth of the wild type organism. However, the culture quickly
recovered with no change in phenotype, namely the lactate concentration did not
change.

The microorganism defined herein as TM88 and the plasmid pUB 190-idh have
been deposited under NCIMB Accession Nos. 41275 and 41276, respectively. The
depository is: NCIMB Ltd, Ferguson Building, Craibstone Estate, Bucksburn, Aberdeen,
AB21 8YA, United Kingdom.




Tabl e 7 Organi sm Carbon Total Sugar ODOM Concentration/ nmM source sugar/
resi due/ mM mm et hanol |actate pyruvate acetate formate W d ucose 794 130
5.3 46 279 7 69 9 W Xylose 953 122 8.5 22 187 9 75 5 TMB9 G ucose 8 2 1
53 6.5 214 5 109 10 88 TMB9 Xyl ose 1045 142 4.9 130 14 24 36 39 G ucose
was shown to be the best carbon sour$f, but the results clearly show that
the organisns are able to fernent xyf ose without further nodification. The
stability of the |actate dehydrogenase-negative nutant was al so tested
under a variety of conditions in continuous culture over a period of 1500

hours. The resuttsTaneThow in Figure 6, and denonstrate that the |actate
dehydr ogenase- neg%t kM@ pg]enotype remai ns stable, despite significant
chal | enges to ftde |clktidr|es| and does not rely on antibiotic selection to
remai n. Duringighi§’ccntinuous run the dilution rate was varied between
0.1 hr -' and 0. 5hk v |«angl the culture was switched between oxic (air on)
and anoxic (N2 on)&der|difdjons with no change in the |lactate concentration.
More significanttyjthepH of the culture was varied and dropped to pH 4.4,
whi ch is outsi tﬁkgagp@gal pH range for growh of the wild type organi sm
However, the c tL@hoﬂHJ@kly recovered with no change in phenotype, nanely
the | actate comgent®latli on did not change. The microorgani sm defined herein
as TMB9 and th\pha.s@d,rzw 190-1 dh have been deposited under NCI MB
Accessi on Nos. Ql%E@rId@lZ?G, respectively. The depository is: NCI MB
Ltd, Ferguson Builidiing, i bstone Estate, Bucksburn, Aberdeen, AB21 9YA,
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CLAIMS

1. A thermophilic microorganism, modified to permit the increased production of
ethanol, wherein the modification is the inactivation of the lactate dehydrogenase
gene of a wild-type thermophilic microorganism, wherein the native lactate
dehydrogenase gene, or a portion thereof, has been deleted.

2. A microorganism according to claim 1, wherein the microorganism does not

include a restriction system.

3. A microorganism according to claim 1 or claim 2, wherein the microorganism

is Geobacillus species.

4. A microorganism according to any preceding claim, wherein the
microorganism is Geobacillus thermoglucosidasius.

5. A microorganism according o any preceding claim, wherein the

microorganism is a spore-former.

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

7. A microorganism according to any preceding claim, wherein the

microorganism grows at a temperature from 40°C - 85°C.

8. A microorganism according to claim 7, wherein the microorganism grows at a

temperature from 50°C - 70°C.

9, A microorganism according to any preceding claim, wherein the

microorganism comprises a heterologous pdc gene.

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

microorganism comprises a heterologous adh gene.




ceooi) y0)O0 a m~0 O'0O.CFO'33J 1% CLAIMS 1. A
thernmophilic mcroorganism nodified to permt the increased production of
ethanol, wherein the nodification is the [gactivation of the |actate
dehydrogenase gene of a wild-type thernophilic mcroorgani sm wherein the
native |l actate dehydrogenase gene, or a portion thereof, has been del eted.
2. A mi croorganis mraigesyrganigmt oacdordling 1, towhamei prédeding c claomgamihenainlodbe not

include a restriction stem 3. A mcroorgani.smaccqording to, clai

claim 2, WHBPEIRNET eamrive BonBEBBAGIPTRG! bt adategenyBidiehast

m cr oor gani according to any preceding claim wherein the mcroorgani sm
i s Geobacillus thernoglucosidasius. 5. A mcroorgani smaccording to any
preceding claim wherein the mcroorganismis a spore-forner. 6. A

m Cr oor ganiqgm a%ﬁﬁ%Bﬂgén@srﬁg)épséi%eéﬁ RE 1Bk dBes WA, M 12frs, i Cr oor gani sm

can netaboli se cel | obiose and/or starch, or oligomer thereof. 7.
m cr oorgani sm according to any preceding claim wherein the m croorganism

grows at a .t.enp - i d i ol
O aim 7, wi3rer i Hehd Boroe Heutctinor AnafolBohAiar ERMACK HictcBodrirn
9. A ni cr o@cganirgrteaany pieceling claing yndec sditakje cloadtipnadirethe praseace of a Cs,

m cr oor gani.sm C ri ses % rcl)etert Ir%%ﬁus pdc gene. 10. A m croorgani sm
according t Q@.{n@ﬁ%e%ﬁ lf G ﬁ? erein the mcroorgani smconprises a
het er ol ogous adh gene. 19 11. A m croorgani smaccording to any preceding

Cha Mot s Sdonyu reeBhdosscing 1o oo 19" whSIET 'R Alnol°R' thils bA"ENS ' "
temperature of between 40°C - 70°C.

16. A method according to claim 14, wherein the temperature is from 52°C - 65°C.

16. A method according to any of claims 13 to 15, wherein the microorganism is

maintained in a culture at a pH of between 4.0 and 7.5.

17.  An animal feed, comprising microorganism according to any of claims 1 to 12.




12. A mcroorgani smdeposited as NCI MB Accession No. 41275. 13. A nethod
for the production of ethanol conprising culturing a m croorgani sm
according to any precedi ng claimunder suitable conditions in the presence
of a C3, C5 or C6 sugar, or oligoner thereof. 14. A method according to
claim 13, wherein the nmethod is carried out at a tenperature of between
40C - 70C. 15. A net hod sswenck ngstmiecl ai m 14, wherein the tenperature is
fromb52C - 65C. 16. A nethod according to any of clains 13 to 15, wherein
t helpdxr WP geivicsen hignitadi ntained in a culture at a pH of between 4.0 and

7.5. 17. An aninmal feed, conprising mcroorgani smaccording to any of
cl &A% 1 Thermpehi SEGUBREERQH9STH NE €99 GEhamd %F?ff%-‘-EPm ted <120>

The gﬁphggéhﬁsﬁkﬁroorganisns for Ethanol Production <130> JWO01150W0 <150>
GBO 603. < > 2005-06-07 <150> GB0509068.3 <151> 2005-05-04 <160> 6
<17QzqPatgpilioves sion 3.3 <210> 1 <211> 6744 <212> DNA <213> Ceobacill us
t hengogl ugosigdastus <400> 1 gaattcgtaa tcatggtcat agctgtttcc tgtgtgaaat
tgttatccgc tcacaattcc 60 acacaacata cgggccggaa gcataaagtg taaagcctgg
ggtgéet ageoygedagycta 120 actcacatta attgcgttgc gctcactgec cgctttccag

t cqgfbnaceydibcgfgcca 180 gctgcattaa tgaatcggcc aacgcgcggg gagaggeggt
ttgcgtattg ggcgectcttc 240 cgcettcecctcg ctcactgact cgcetgegetc ggtcgttcgg
ct@%g tgdg cggtatcagc 300 tcactcaaag ¢ taatac a aatca g gg ggttatccac g
ggglg@;aggggggng@g%g%gcgg3360 gt gagcaaaa ggccagcaaa aggccaggaa ccgtaaaaag
gccgegttge tggegttttt 420 ccataggctc cgccccecctg acgagcat ca caaaaat cga
cgckeanghc agaggtggcg 480

<211> 6744

<212> DNA

<213> Geobacillus thermoglucosidasius

<480> 1

gaattcgtaa tcatggteat agetgtttee tgtgtgaszat tgttatcecge tcacaattee 60
acacaacata cgagcecggaa gcatasagtg tazaageccectygg ggtgectaat gagtgageta 120
actcacatta attgcgttge getcactgece cgetttecag tegggaaace tgtegtgeca 180
gctgcattaa tgaatceggec sacgegcggyg gagaggeggt ttgegtattg ggegetetic 240
cgcttecteg ctcactgact cgectgegete ggtegttegg ctgcyggegag cggtatcage 300
tcactcaaag gecggtaatac ggttatccac sgaatcaggg gataacgcag gaaagaacat 360
gtgagcaaaa ggccagcaaa aggccaggaa ccgtasaaag gecgegtitge tggegttttt 420
ccataggetec cgeceocccecty acgagcatca caaaaatega cgcetcaagte agaggtgacg 480
azacccgaca ggactataaa gataccagge gtttcccccect ggaagectcec tegtgegetc 540
tcctgttceg acectgecege ttaccggata cetgteegee tttetcecectt cgggaagegt 600
ggcgetttet catagetcac getgtaggta tectcagtteg gtgtaggtcg ttegetceceaa 660
gctgggctgt gtgcacgaac ccccecgttca gocccgaccge tgegecttat cecggtaacta 720
tegtettgag tccaaccegg taagacacga cttatcgecca ctggecageag ccactggtaa 780
caggattage agagegaggt atgtaggegg tgetacagag ttcecttgaagt ggtggectaa 840
ctacgygctac actagaagga cagtatttgg tatctgeget ctgctgaage cagttacett 900
cggaaaaaga gttyggtaget cttgatccgg caaacaaacc accgetggta geggtggtit 960
ttttgittoc aagcagecaga ttacgcgeag azaaaasgga tctcaagaag atcctttgat 1020
cttttctacg gggtctgacg ctcagtggaa cgaasaactca cgttaaggga ttttggteat 1080
gagattatca asaaggatct tcacctagat cctittaaat tazaaaatgaa gttttzaatce 1140

1/10




540
600
660
720
780
840
900
960
1020

aaacccgaca
tcctgttccg
ggcgctttct

gct gggct gt

ggact at aaa
accct gccgce
cat agct cac

gat accaggc
ttaccggat a
gct gt aggt a
gt gcacgaac cccccgttca

gtttccccect ggaagctccc tcgtgegcetc
cctgtccgee tttctecectt cgggaagegt
tctcagttcg gtgtaggtcg ttcgctccaa
gcccgaccge tgcgecttat ccggtaacta
tcgtcttgag tccaacccgg taagacacga cttatcgcca ctggcagcag ccactggtaa
caggattagc agagcgaggt atgtaggcgg tgctacagag ttcttgaagt ggtggcctaa
Ct asggCt megt ataagagegpa ae agt @it t ggatadabgcaeitget 9od gaageoagt t acoht
cggaaaaaga gttggtagct cttgatccgg caaacaaacc accgctggta gcggtggttt
t t tIGEEEYE2 PEaFEHFa Lt Hiegpt§e o caatrdfaRfagr et Taagaheptattect tiizgat

cttttctacg gggtctgacg ctcagtggaa cgaaaactca cgttaaagga ttttggtcat 1080
GaHEAT R (AR GHM L L R Cr AR ATIEET 1t (HIECP L REGRICHOEL { 2ddbC 1140
1/1 aagl C g C caatgcttaa t t gaggc
acc?cé:tg g%%tgggcgaf g‘%‘-’?%tg g?%ttc% tgt%\ttgg%:cgcg a%%t%géé%aggc??%%gacggﬁtcﬁﬁ g a 1260
gat eackaegt adAGHg9AA] teEtiACea kMR CE CAGh 9L OC AREGF L3 CIGYaga 1320
cccacgctca ccggctccag atttatcagc aataaaccag ccagccggaa gggccgagcg 1380
cagemagtygut cadtgcaswid ttatoayttigcadgtagiciocastanictgtdg@acgggaage 1440
t agagt aagt agttcgccag ttaatagttt gcgcaacgtt gttgccattg ctacaggcat 1500
cot GHEEtEE2 cCHRT et HEEgHTasy gt ceHEmPE CERFEIE Eety erEgR S@aggatlédhg 1560

1t 1 tgrtat 1 1 it 1 1 t 1620
Lo A, e oD e i of e Shoatrats gisdan 1680
tt%&&%@&%%ﬁ@@%@ ceggggacagetachéééattstggétgtggéaqggtcg cAGLcaagggaa 1740
tcattct aaata t "to tgcggcgacc g g g g g gagfigctct t

1806 ct arxta€ CHEg t GERGAagemgaacitb t bt agigehegd & akt ggaraac ahkett cggg
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gcgaaaactc tcaaggatct taccgctgtt gagatccagt tcgatgtaac ccactcgtgc 1920
accEzattgas t ot eakaia torgaadacet it batat cytdecy gt gegearasaaaadéaggy 1980
aaggcaaaat gc%?caaaaa ag aataagtggcgaca%%% aaatgttgaa tactcatact 2040
St UG ETET CRAPAL IS TGRaTeArt (2 DEgy5 1209 110 OO Ge8araeht 2100
at 1 gaal otk Al 304230 - ALARACRAL. 8004GE L £odl  COEACALLLE F5E0a33501 2160
gccacctgac gtctaagaaa ccattattat "catgacatt'a acctataaaa “ataggcgtat 2220
CacgRgestGatddiegigdatg cegedick €08 bonlBacOaLsgegaACEEslaBagacabgsa 2280
gctcccggag acggtcacag cttgtctgta agcggatgcc gggagcagac aagcccgtca 2340
gggTgegiavat goyg gt adag agegRRyE gl Yy cgggcg gt ghbgdaat gcggrteat cagageca 2400
cttcetittt caatattatt gaagcattta tcagggttat tgtcteatga geggatacat 2100
atttgaatgt atttagaaaa ataazacaaat aggggttccg cgcacattte cccgasaagt 2160
gcecacchgac gtcectaagaaa ccattattat catgacatta acctataaaa ataggegiat 2220
cacgaggcce titcgtctcyg cgegtttcgg tgatgacggt gazaacctet gacacatgea 2280
getcecggag acggtcacag cttgtetgta ageggatgeoe gggagceagac aageccgtcea 2340
ggacgegtica gecgggtgttg gogaggtgteg gggetggett aactatgcgyg catcagagea 2400
gattgtactg agagtgcacc atatgcggtg tgazataccyg cacagatgeg taaggagaas 2460
ataccgcatc aggcgeccatt cgecattcag getgegeaac tgttgggaag ggeogateoggt 2520
gegggectot tegeotattac gecagetgge gaaaggggga tgtgctgcaa ggegattaag 2580
ttgggtaacg ccagggtttt cccagtcacg acgttgtaaa acgacggeca gtgccaaget 2640
tgcatgectg caggtcgact ctagsaaatc aatctetttt tccaaaghitt gttttttaaa 2700
titagectgte tcaatatgtt tacggtcaga gccacgttea ccacgettca actcaaaacce 2760
ctgttttttec atatgctegg ggaatttate ttgtagecat aacagtictt gacgattaaa 2820
cacatttttt cecttgecagtt ttccatcacg cataggcaca acacctasat gcatgtgagg 2880
ggtttgctca tcattatgaa ctgttgcata agcaatattt tgecttgecat atcegttcgea 2940

1200

cccggegt caat acggga

1860




2460
2520
2580
2640
2700
2760
2820

gattgtactg
ataccgcatc

gcgggect ct

agagt gcacc
aggcgccatt
tcgctattac

t gaaat accg cacagat gcg taaggagaaa
gct gcgcaac tgttgggaag ggcgat cggt
gaaaggggga tgtgctgcaa ggcgattaag
ttgggt aacg ccagggtttt cccagtcacg acgttgtaaa acgacggcca gtgccaagct
tgcatgcctg caggtcgact ctagaaaatc aatctctttt tccaaagttt gttttttaaa
tttagehgtcat Cartat ¢t cbasPpHicad 0B t§eeaCa! bORgE AP Gt e AGLCaaRBEC
ctgttttttc atatgctcgg ggaatttatc ttgtagccat aacagttctt gacgattaaa
cacﬁatattt:mggcmatgg&‘,a‘gttat ct e germict acar tt ats:YPC acm catack ttaabtgigeat gtigagg 2880
gtttgctca tcattatgaa ctgttgcata agcaatattt tgcttgccat atcgttcgga 2940
5/ 1P tASBAoRAL FHoH HE B PEECAS GARAHAAE B P! FIT'GELEIC dot Grptaita GIPBCt cana 3000

aaaatctc tta c caactc tttaca cat tt, tcectc 3060
tctatgttagécggtgftt(‘% ? ¥ aa% aaF’ltcgawc FETT Py g%‘gtcaa cg lgg? agtgcagstgt’ 3120
tttatGat et &5&@@&@@4 gaeﬁegtagacgcgrcgla@ﬂ%%M%&%@tggét&%tccatgtzqat 3180
tctacttttt cgctctcttt gattatgaaa ttgcatgcct tttagtcCag ctgatttcac

3240
tt titrgeaddrtctraaaciq caat fache ait g gdiagateghtet 64 bt acg@ggeaaeaa 3300
at gt gaggca ttttcgctct ttccggcaac cacttccaag taaagtataa cacactatac 3360
tt t#vATEeIsat HHAGUOE YT t§erTrgegarp gt tepaggRaRIyr iR gacest atfaaccat3gha 3420
acctttaa%% cctttetttt ttttacgaga aaaaagaaac aaaaaaacct gccct ctg c

at at gcggt g
cgccattcag
gccagct ggc

Al S AT LRIt SEBEIEPRg e Oe Coi: AL AR o e ToAcacihy 3540
{atidll 63,0, 838001 026 CAAARRU AL ERAROLLIAR.ALFGLL £0A Al tygltt 3600

tgtccgtttt gtctagctta ccgadagcca gactcagcaa gaat adaat tattgtct 3660 ttc
tt tdGtbOgdaatl ARAGgEEERARBE RS RABFA1RGAEE A Battkalbz4y GoHcHRARAZAaCHIpY g g ggt ct
3720 ctcgtatctt ttattcagca atcgcgcccg attgctgaac agattaataa tagattttag
378rttettight etdobt gidigZaasmmtgtt aaicctiamat bgtdtgbcgy agat gttt ac Isgecaaagt ct
3840 cgttcatccc accactgatc ttttaatgat gtattggggt gcaaaat cc caaaggctta
390%ptCatHityt Y FALIat Harreatarcaat 1t £EeT22a8t1 @aat v tg@%ﬁ%ﬁ gc 3%§Paccagca
396 acgact ccgcacct gt acaaaccgqgt gaatca tac tac cg gccttca
402 cq?c%gttga% tetaragaty aat gté:gaggagcc“atc ac%ccaa Fgg%ggcctggc 3§g§tccat ct

4080 ¢ EQ@tQ%%@cQ&%%@EQ@&c@SCétacﬂt:wt:éaaact £96a3L2AR t3gecliakact Heptttaata
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4140 tccccgactg gcaatgccgg gatagactgt aacattctca cgcataaaat cccctttcat

420 ttttattt gttgaazaaa gctaatcaaa ttgttgtcgg gatcaattac tgcaaagtct 3840
cgttcatcec accactgate ttttaatgat gtattggggt gcaaaatgoc caaaggetta 3900
atatgttgat ataattcatc aattccctet actitcaatge ggcaactégc agtaccagca 3860
ataaacgact ccgecacctght acaaaccggt gaatcattac tacgagageg ccagecttcea 4020-
tcacttgcet cccatagatg aatccgaacc tcattacaca ttagaactge gaatccatct 4080
tcatggtgaa ccaaagtgaa acctagtita tcgcaatzaa aacctatact ctttttaata 4140
tceecgactyg geaatgecgg gatagactgt aacattctca cgcataaaat cecectttceat 4200
tttectaatgt asatctatta ccocttattatt aattcaatte gotcataatt aatecctittt 4260
cttattacge asaatggccee gatttaageca cacccetttat tccagttaatg cgccatgaca 4320
gccatgataz ttactaatac taggagaagt taatsaatac gtaaccaaca tgattaacaa 4380
ttattagagg tcatcgtteca aaatggtatg cgttttgaca catccactat atatcegtgt 4440
cgtictgtec actcecectgaat ccecattccag aaatteteta gegattceccag aagtttotea 4500
gagtcggaaa gttgaccaga cattacgaac tggcacagat ggtcataacc tgaaggaaga 45860
tctgattget taactgettce agttaagacc gaagegeteg tcgtataaca gatgeogatga 4620
tgcagaccaa tcaacatgge acctgccatt getacctgta cagtczagga tggtagaaat 4680
gttgtcggtec cttgcacacg aatattacge catttgectg catattcaaa cagctcttct 4740
acgataaggg cacaaatcge atcgtggaac gittgggett ctaccgattt agcagtttgs 4800




tttctaatgt aaatctatta
cttattacgc aaaatggccc
gccat gat aa ttactaatac
ttattagagg tcatcgttca

gatttaagca caccctttat tccgttaatg cgccatgaca
t aggagaagt taat aaatac gtaaccaaca tgattaacaa
aaatggtatg cgttttgaca catccactat atatccgtgt
cgttctgtcc actcctgaat cccattccag aaattctcta gcgattccag aagtttctca
gagt cg?aaa gttgaccaga cattacgaac tggcacagat ggtcataacc tgaaggaaga
tct Brictt a%l%?t‘!&éf% 256t 928G Ct2a§aagRyC BTt Ade grati@at hI ARy C gHRaga
a tcaac CCt catt ctacctgta cagtcaa tagaaat
gtttagtgggég Cgc??%acaaca g aﬁfa g%atgzﬁf‘ﬁa&cg%gtéﬁg% tcc’fgg ‘i‘g@ct ct 326t
acgak:3a80%::CACARILEHC &EEQ&&QG%&EE&&QQ‘&E% gckggé?%%%

3/10 tacactttct ctaagtatcc acctgaatca taaat o
t gtigtrgagegagegaatat ga dat 6eaGEE Jtrcgak OLARl gatctbagh agaatqLdat t chelya
tcaaaattca cttccacctt ccactcaccg gttgtccatt catggctgaa ctctgcttcc
t cta@ﬁﬂg%ﬁ@tt gIacaea agatticaat catccgmat aggagecceatteagtgtticgac gaamoa

1:gctagccat aaacaccaat agccttaaca tcatccccat atttatccaa tattcgttcc
tta

PetgadREaarct Y @ *Eﬁtttff cictckpetcRgt bat tet 99 SCERE: tactat t Th6t
att Cc a Ctt {c . taaataagga tatttg a
gcaagtégﬁ%:tft “ gﬁ%&g% at%' g(g:l'?c %taf eLTE %aaatéégﬁ“"b ?gﬁg%ﬁgéctt%@ga
t aagadtiBicragaatabaat t@sstre@%@aa@cc%&ecg;.cacacgéétcfcguag%%e&@t&%%t ttagha
aaataatttt tccgttccca attccacatt gcaataatag aaaatccatc ttcatcggct
t t tee gt TEtat cagttgt adty caataaat g ggetdqaitt €41 ghgtat-eaag Giett aaizybt
ttatgtattt cttttaacaa accaccatag gagattaacc ttttacggtg taaaccttcc
t c@&é&?%%ta*&%t’é’éégﬂat agherRcedt tacaptidteat emategetc ataaacwmct cgtanoc

Lt at attit cgt caat t att ta tatccgattt atatttattt
tthg? %aaatt%a %%&%gmﬁg ‘%&t fteattang Gresdattgect 1P

cagaat Qﬁ%tt@ﬁ%ttkg&éal t qt aagttggt
tccaca%ata ccaatacatga%%%g%g%?g%g%?%%%%ggggm%gééf%%%%%: Cftat g?c
actticeegitioggCasgeat aaa casonat aagdatt bitdaat tad chtidd ttatd delgcatsgapt
cggcgaaatc cttgagccat atctgacaaa ctcttattta attcttcgcc atcataaaca
tt ttttica'aaﬂg@tt qfa’féﬁg@mtg thegicgatt amwcogtategtdtreget ittt byttittaaat aactsuca
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gcag cct ttt gactg aatgccatgt ttcattgctc tcctccagtt %cacattgga

caaa§iet s attta %%%Fat%%ﬁféﬁffcggé’af:%té&&t ttaettteigletettreacFdrPt

t gtdbb Al agh. Claak aidC BgRACARAL Pt AGLCL L £RAGCLLELL, Aaat t Gaaga
tccacacata ccaatacatg catgtgectga ttataagaat tatetttatt atttattgte 5820
actteceygttyg cacgcataaa accaacaaga tttttattaa tttttttata ttgeatcatt 5880
cggcgaaatc cttgagccat atctgacaaa ctcttattta attcttcgec atcataaaca 5940
tttttaactg ttaatgtgag asacaaccaa cgaactgttg gebtttgttt aataacttca 6000
gcaacaacct titgtgactyg aatgcecatgt tteattgete tectccaghtt gecacattgga 6060
caaagectgg atttacaaaa ccacactcga tacaacttte tttegectgt ttcacgattt 6120
tgtttatact ctaatatttc agcacaatct tttactcttt cagecttttt aaattcaaga 6180
atatgcagaa gttcaaagta atcaacatta gecgattttct tttctcteea tggteteact 6240
tttccacttt ttgtcttgte cactaaaacc cttgattttt catctgaata aatgctacta 6300
ttaggacaca taatattaaa agaaacccec atctatttag ttatttgttt agtcacttat 6360
aactttaaca gatggggttt ttctgtgcaa ccaattttaa gggttticaa tactttaaaa 6420
cacatacata ccaacacttc aacgcacctt tcagcaacta aaztazzaat gacgttattt 6480
ctatatgtat caagataaga aagaacaagt tcaaaaccat caaaaaaaga cacettttca 6540
ggtgcttttt ttattttata sactcattec ctgatctega cttégttctt tttttacctc 6600

4320
4380
4440
4500
4560
4620
4680
4740

cagt a 4800
dat a %tg%aa a%sa;sé%t gacca

4920
4980
5040
5100
5160
5220
5280
5340
5400
5460
5520
5580
5640
5700
5760
5820
5880
5940
6000
6060
6120
6160

ccttattatt aattcaattc gctcataatt aatccttttt 4260 i

4860




6240
6300
6360
6420

‘at at gcagaa gttcaaagta atcaacatta
tttccacttt ttgtcttgtc cactaaaacc
ttaggacaca taatattaaa agaaaccccc atctatttag ttatttgttt agtcacttat
aactttaaca gatggggttt ttctgtgcaa ccaattttaa gggttttcaa tactttaaaa
cacat acata ccaacacttc aacgcacctt tcagcaacta aaataaaaat gacgttattt 6480

ct aC a c d caccttiteca 6540
G0rGaT Lt {C AL L ot & Salcal oo SOUatat ComGrtoat ol T dh et Aeto 6600

4/ 1 gt ettt at ga cgt t glbeage Abt Colabetdctht LagALL et aaabgaeglt tdsbgt t ggaa 6660
ttgtgctgtt ttatccttta ccttgtctac aaacccctta aaaacgtttt taaaggcttt 6720

t adgeegtactgytasgtteet teaag 6744 <210> 2 <211> 7673 <212> DNA4«213>
Geobaci |  us thernogl ucosi dasi us <400> 2 gaattcgtaa tcatggtcat agctgtttcc
tgtgtgaaaf tgttatccgc tcacaattce 60 acacaacata cgagccggaa gcat aaagtg
taagaggt 2ggtgcctaat gagtgagcta 120 actcacatta attgcgttge gctcactgcec
cgceltibccagat cgggaaacc tgtcgtgeca 180 gcetgeattaa tgaatcggec aacgcgcggg
gagaq8s9dHaobt H0GhLA1 {10 406011 EL5:440 cgcttcctcg ctcactgact cgetgegetce
ggtcgttcgg ctgcggcgag cggtatcagc 300 tcactcaaag gcggtaatac ggttatccac a
aat@tat &ac ca g 999 g g g gaaagaacat 360 gtgagcaaaa ggccagcaaa aggccaggaa
Ccratbes@ageudagt tgc shggrgitet ttgt4l@haatcpdgyctye agecenretg acgagcat ca
caaaaat cga cgctcaagtc agaggtggcg 480 aaacccgaca ggact at aaa aat accaggc

gt tABERTCH 2 gUHRGEL LT L ERFOGE t C2BAEFLITCcBICrERY SGERIRRTEGC t tidBcgygat a

gcgattttct tttctctcca tggtctcact
cttgattttt catctgaata aatgctacta

colALERaNs. HLEEELL OSMRRgal SO JOpREILL L. Sokagelcdc gyt adot 2

9CCLg8650Gat OLAGELIA 269815 g4 80gdk COt LIk U8E, 1GEFAGREHET 240

t aagacacga. cttatcgcca ctggcagcag ccactggtaa 780 " caggattagc agagcgaggt

at gloagyogget golaact agag chttidgaagiotggt ggectamrqgdfag ehatggeigac agbagaagga

cagtatttgg tatctgcgct ctgctgaagc cagttacctt 900 cggaaaaaga gttggtagct

ct t'FAFEETFIcIE aaBRT IGELYCCYPtWAgERAIYYEIN2208CRY Yaragaacat 360
gtgagcaaaa ggccagcaaa aggccaggaa cogtamaaag geegegtitge tggeghbttit 420
cecataggetc cgccceectyg acgageatca caaaaatcga cgetcaagte agaggtggeyg 480
aaacccgaca ggactataaa gataccagge gtttccccet ggaagctece tcgtgegetc 540
tecectgtteeg accetgcege ttaccggata cctgtcegee tttetecett cgggaagegt 600
ggcgctttet catagctcac getgtaggta tctcagtteg gtgfaggtcg ttecgetecaa 660
gectgggetgt gtgcacgaac cccccegttca geocgacege tgegecttat ccggtaacta 720
tocgtottgayg tccaaccogg taagacacga. cttategeca ctggecageag ccactggtaa 780
caggattage agagcgaggt atgtaggegg tgctacagag ttcttgaagt ggtggectaa 840
ctacggctac actagaagga cagtatttgg tatctgeget ctgctgaage cagttaccett 500
cggaaaaaga gttggtaget cttgatccgg caaacaaacc accgctggta geggtggttt 960
ttttgtttge aagcagcaga ttacgcgcag zaaaaszagga tctcaagaag atectttgat 1020
cttttctacg gggtctgacy ctecagtggaa cgaaaactca cgttaaggga ttttggtcat 1080
gagattatca aasaggatct tcacctagat cettttaaat tasazaatgaa gttttaaatc 1140
aatctaaagt atatatgagt =zaacttggtc tgacagttac caatgcttaa tcagtgagge 1200
acctatctca gegatetgte tatttegtte atccatagtt gectgactec cegtegtgta 1260
gataactacg atacgggagyg gcttaccatc tggecccagt getgcaatga taccegegaga 1320
cccacgetca ccggctecag atttatcage aataaaccag ccagecggaa ggaccgageg 1380
cagaagtyggt cctgcaactt tatcecgectc catccagtcet attaattgtt gecegggaage 1440
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‘ttttgtttgc aagcagcaga ttacgcgcag aaaaaaagga tctcaagaag atcctttgat 1020

cttttctacg tct ac ctcagtggaa ggg g g cgaaaactca cgttaaggga ttttggtcat 1080
gagatt at ca aaaaggatct tcacctagat ccttttaaat taaaaatgaa gttttaaatc
aat ct aaagt atatatgagt aaacttggtc tgacagttac caatgcttaa tcagtgaggc
acctatctca gcgatctgtc tatttcgttc atccatagtt gcctgactcc ccgtcgtgta
gattaaetegt AHEgYTY LTt tegt thtorot gyt t cagiocget g aas gaygeat cgagaga
cccacgctca ccggctccag atttatcagc aataaaccag ccagccggaa gggccgagcg

cadFaBVFHr? cCHYGCRERA™ v @l gec e ce bt eagi T Iht tarregatgee ggdadsc

533‘%&% t ggg

ttcg ctac
cgct cgtcgt

BB htdge Pyt ce rregbre

QCg_aggw@%at@&@ﬁg@%acwéatg@tgg&aﬁcél@@égg
cgttgtcaga agtaagttgg ccgcagtgtt atcac

t t attet t@ett gdcat gooat cegigizaatnicgt et dtoh 6t Ht@goed fOBBEHac@EL Caagema
gtcattctga gaatagtgta tgcggcgacc gagttgctct tgcccggecgt caatacggga
t adttaetiftge crait artajca tgerasue ta@a shitp et cldascagtajgsadizsagts ct 16gYQg

gcgaapact ¢

acccaatiyga’

cttccttttt

t caaggat ct taccgctgtt gagatccagt tcgatgtaac ccactcgtgc
gg tg ciftgcﬁg?ﬁag’ggiiﬁ%’g}c@a%\aaég

oG PaRR eAIGa0ee. SRRRGL £, POSRECAN. ELOLL SR

tetf

caat

Hta 98R

8t e eEceag

t t
S it Lo aLgctcope

catg ¢

ccattg ctacaggcat

°gatgatiéadg

aa

99

Bhoacacon

at tlegaaicgha aidtt 3gpanacot ARCAARhLAIAQIL 1 LRY o GOGRC ab I L RE5 0233391
gccacctgac gtctaa aaa ccattattat cat acatta acct at aaaa ataggcgtat

cacgagireest tadcggt oiaeg 2 egypgt bic gyctPatcgacugit gyapmaceticdiatgacacabgea

Sl
g atattQE a%%l: gt

ataccgta

LS AL S

gattgtactyg
ataccgeate
gcgggectet
ttgggtaacy
tggtaccgag
cccttatgaa
cagagggcyga
tttggtttgg
ctaaccaaaa
aaacgattgt
acccagtgga
taatcggetce
ttcaagtggc
tgectgtttyg

acgataacta

acggt cacag cttgtctgta

gcca@g@*f@tttgg@?qft@&@ f"@at t
a cacc_atatgc aa
a%ggé%%aft% t *cycc g?%’%é’gg %é: o3|

agat t at caa

gggtgttyg
agagtgecacce
aggcgccatt
tegetattac
ccagggttit
ctcactagtc
ccaaggaata
tgtgatggat
agattatcaa
gccgggagaa
cgattctgtyg
tattttaacyg
aggaacgatt
tccgaccaat
gagcecatgeg

tagaaaagaqg

+ 9645
atatgeggtyg
cgcecatteag
gccagctgge
cccagtcacy
acggeccgeea
gcagatgagt
ttaaatcacy
gatigecaag
acaagactygg
atgaaatceg
tatgctactt
cttgatacag
gtacatgcgt
gaaattggaa

gatttagaca

cCaa
tcg g

o SGhcEd
tgazataccg
getgegeaac
gaaaggggga
acgttgtaaa
gtgtgetgga
tagtattgat
gaaaagtatt
acgcecegattt
atcttgttga
gatttgatgg
ggaaatttag
caagattccg
atattattgg
gcattecagt

atatctttgt
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attt

aacta%%gé%gg

cacagatgeg
tgttgggaag
tgtgctgcaz
acgacggcecea
attegeeett
tgatgtaaat
cgcgecgaag
ggtggtgatt
caaaaatatt
cgttttitctt
cgggttaceg
cttctigeta
cgagcatggg
tgagcaaata

taatgticgt

agcggat gcc gggagcagac aagcccgtca
@‘yﬁgﬁ‘@g’tﬁttct aacreareedpacat cagaba

Pty

at gcg taaggagaaa
b gk gacc bt
gCQQesEd Gl tRUEE A 4AC 80GRCL0U5 GAARYYANNR L Y OCL 06AR H9C Jabh 3R]
ttgggt aacg ccagggtttt cccagtcacg acgttgtaaa acgacggcca gt gccaagct
t ggbacogage cttcagt AglaC cgegYCePr Caatighact ggaaatitggecddarggat cebéd 9
cccttat gaa ccaaggaata gcagatgagt tagtattgat tgatgtaaat aagaat aagg
cag&§Hogas trgatFat ctieaantacgcerrdaagt IR IeTRATC ey It eyat gadt a

att tgt
tcagagéa

taéggagaaa
ggegateggt
ggcgattaag
gtgecaaget
ggatcctttg
aagaataagg
ccgatgaata
tgtgcagggy
aatatcttea
gtggcaacga
aaagagegag
agtgaatatt
gatacagagce
ttgatgcaaa

gatgecggeat

9¢59569

2480
2520
2580
2640
2700
2#60
2820
2880
2540
3000
3060
3129
3180
3240

3300

1140
1200
1260
1320
1380
1440
1500
1560
1620
1680
1740
1800
1860
1920
1980
2040
2100
2160
4 9 2220
2280
2340
2400
2460
2520
2580
2640
2700
2760
2820
2880




‘ct aaccaaaa gccgggagaa
aaacgattgt cgattctgtg
acccagtgga tattttaacg

t aat cggct ¢ aggaacgatt
tt caagt ggc tccgaccaat

tgcctgtttg gagccatgceg

6/ 10 at caaat cat tt ag
t catttgreeT Attt 88 e
gccaat.at 9g. C tt cgt gcct
ttcg?ggaaagt%ggg ggaattg -acge a%gt gC%a?g% aﬁg
Ccat 6aea8dgtygoaReaged a%agg@sttgcaa&%as%cg%caggw
atctcttftt ccaaagtttg ttttttaaat ttagctgtc
CcacHtrgemr-tcagynictgaia hgaanRacecdigtitdd hak doatgeticgaga gaat t t ajpet
tgtagccata acagttcttg acgattaaac acattttttc cttgcagttt tccatcacgc

at afJtaE e teaerahnt Y tEAL Bt apag gt apct vyt caat atat tatagagtedgigt gcatsaa
aa aataatttat aactttcctc aaaaaatcgt
atIE ARt R bRtk 560 geehttatagcaatiza

a ttcaataatt

B3t t cHEGt

gcaat at

t
ttt %atclg%': Ccacc‘fagcg"%t%g%%ag TR

ttt

act

tt gct

ata tc

acaagactgg atcttgttga
at gaaat ccg gatttgatgg
tatgctactt ggaaatttag
cttgatacag caagattccg
gtacatgcgt atattattgg

caaaaatatt aatatcttca 2940
cgtttttctt gtggcaacga 3000
cgggttaccg aaagagcggg 3060
cttcttgcta agtgaatatt 3120
cgagcat ggg gat acagagc 3180

gaaattggaa gcattccagt tgagcaaata ttgatgcaaa 3240
acgatzdet et AgRArRagay Vvt agpicatiaabcdt tgtadtaatgtitegt copgcogmat 3300

SYETRES

gaal gutlaly

ttc g

30a8R 1CAULALCI L] GeLeALE I GLLE

{ t
ct g?tggggi% C?
aaaaqagacad,aagraaceld Geg thtttgg

tcgtttaaaa atcagcaagg gacagg
cacittt @adcCaalhgepan at i ddakt td gL oGt t{ 1.8 L £1@0 %E£@€ca%%@aag%gg‘g
act cagcaag aataaaattt ttattgtctt tcggttttct agtgtaacgg a

t catdarcaat apngat toda ajegaggt ctatategtat Chddct b et L agEaRy4:69C0QaEHA
ttgctgaaca gattaataat agattttagc tttttatttg ttgaaaaaag ctaatcaaat
t gtGEEYFG T At C45EFaRS tHeHHAgrEtE tEveatarcamaectnt ghsattdatt aatigat g

tgtaaatcge tcetttttag gtggcacaaa tgtgaggeat

acttccaagt
ctgtecggeag
aaaagaaaca
tcgtttaaza
cacctttaaa
actcagesaag
tcaaaataaa
ttgctgaaca
tgttgteggy
tattggggtyg
cticaatgeg
satcattact
cattacacat

cgcaatagaa

aaagtataac
tgeccgaccaa
aaaaaacctg
atcagcaagg
cccttgecaa
aataaaattt
aaagatacaa
gattaataat
atcaattact
caaaatgcce
gcaactagca
acgagagcge
tagaactgeg

acctatactc

scactatact
aaccatazaa
cccictgeea
gacaggtagk
tttttatttt
ttattgtett
gagagghtcte
agattttage
gcaaagtctc
azaggcttaa
gtaccagcaa
cagccttcat
aatccatett

tEtttaatat

ttatatteat
cctttaagac
cctcagcaaa
attttttgag
gtcecgttttg
teggttttcet
tegtatettt
tttttatttyg
gttcatceea
tatgttgata
taaacgacte
cacttgecic
catggtgaac

cccoegactag

7110

accig ttitttat
tctfgftgacac gttcgttgta atcaatattt tta?ctcté: f%’%ctagé%tattgﬁg
ot tegetcataaggicRabais At 68dduegt durehacddt LG 061 &L Gk G- Al at 9aaat
tgcatgcctt ttagtccagc tgatttcact ttttgcattc tacaaactgc ataactcata
t gt ERat TGSt ettort2ty tgtyyr@eaaze thgt gaggeatt th tttgkaebiat®€ggcRacc
aagt ataac acactatact ttatattcat aaagtgtgtg ctctgcgagg

GAETaE TaACteReaa aApAt et tadhagRRE taE FaT rET 22 qtCRac GRGAA
tttt gctct

5E8t3%4haa

R R

tttegectett
aaagtgtgtg
ctttettttt
gggggottet
aagatcactc
tctagettac
agtgtaacgg
tattcagcaa
ttgazaaaag
ccactgatct
taattcatcea
cgecacctgta
ccatagatga
caaagtgaaa

caatgccggg

caatatg

teccggeaace
ctctgegagy
tttacgagaa
gctctecgtge
aaaaaatctc
cgaaagccag
acaaaaccac
tcgegecega
ctaatcaaat
tttaatgatg
attcecteta
caaaccggtyg
atccgaacct
cctagtttat

atagactgta

aaacggt a
gctjcaggﬁ At
g:atgj%%gétaagaaajastqga

acggt cagag

el

aaaaccac

4260
4320
4380
4440
4300
4560
4620
4680
4740
4809
4860
4920
4980
5040

5100

aaaaaa ggggcaacgt attacggcat tgcaatggga ttagtccgta
§eTCAt AT 9k 'CGEEE CagEt gnEd t 9ROy

C. cattatcaac c

Ha§ac grarecH

3420
3480
3540
3600
3660
3720
3780
3840
3900
3960
4020
4080
4140
4200
4260
4320
4380
4440
4500
4560
4620
4680
474D
4800

3360




tattggggt g caaaatgccc aaaggcttaa tatgttgata taattcatca attccctcta 4860
cttcaatgcg gcaactagca gtaccagcaa taaacgactc cgcacctgta caaaccggtg 4920
aaccattact acgagagcgc cagccttcat cacttgcctc ccatagatga atccgaacct 4980
cattacacat tagaactgcg aatccatctt catggtgaac caaagtgaaa cctagtttat 5040
cgcaat aaaa acctatactc tttttaatat ccccgactgg caatgccggg atagactgta 5100
7/ dGatacaticigcazagett araat ccaxectidzatitd betaattgba aaketatiz=ac gidoattatta 5160
attcaattcg ctcataatta atcctttttc ttattacgca aaatggcccg atttaagcac 5220
aceEteratey cterradt yatgethtigachpidearraraatIdacace axttagreygagadft t 5280

aataaatacg taaccaacat gattaacaat tattagaggt catc ttcaa aatggtat c 5340
ot PETUAEAT SPRUARERE & LAt P T b e Pt el LEC PR AP et { 480y 5400

aa c C t ac ct 5460
B e B e Rt A Attt 5520

aagegaiegic GotARACAT ALYSORIIE L HGIEEL Gt LABE A BYeac LS UCsafdt g 5580
ctacctgtac agtcaaggat ggtagaaatg ttgtcggtcc ttgcacacga atattacgcc 5640

at ebgottyey abaticcasac@Egetotasc et myatangygecacaaadvgegadogt ghemcg 5700
tttgggcttc taccgattta gcagtttgat acactttctc taagtatcca cctgaatcat 5760

aaélﬁ%‘?fg“@a%ﬁ éﬁ?aaiij’éﬁa‘éagaéﬁﬁf%cﬁ'fgad:ttgt:‘é‘ég"éﬁbg‘%?ééétQ?ttgéﬂa‘f%ac%’i?d’ag 5820
gcat a%tc taggtaa%aatc tcttc?cg[%t at caaa ttcac ttccaccq:ttc cactc cgg 5880

ttg?%cc?é:t SEHUETGaAS T c 8T L ﬁ?? SCATY GIEACHTHE Mkt cadt’at 5940

ccgpalagost coealaat daefacca AL Rl ARGACHARES ttaggat 6000
catccccgta tt%t ata%gaatcggt;t tac ttcc?g%ggtttca%g aagaat cttccrgfttcctttctt 6060

Cct atagiceatc habtabbggtagetatt @actgatisbgbgatacasatelgtb toagataaaf t t tagat 6120
ttgcttttct aaataagaat atttggagag caccgttctt attcagctat taataactcg 6180

: tcﬂ‘—t:wg&é‘QZ carertttar ettt tIxtaacadasate ttaratafcas cadageet tatcaatfac 6240
tggcccgttt aactac tctttaataa aataattttt ccgttcccaa ttccacattg 6300

cadPaHaGH gﬁ& COAPT A EAPCHIC B LI PPEY CAPC P gt HPga" H aadi¥gc 6360
CtEE% A QE%@J&Q@Q&&%&@@M bladRLOLALLLC, 24 L AAGARA-CHACCHATY 6420

agatiaacct tttacggtgt aaaCcttcct ccaaatcaga caaacgtttc adattctttt 6480

ct tegiccat €& ggtgaizaaaa dtgegt et githacaggatacddat t goaghatL0t caatot g 6540
ccgattgtat atccgattta tatttatttt tcggtcgaat catttgaact tttacatttg 6600
gatecadadgbag tcaattidzgat tt gootttdat gesmmaatd gaatcpeae tgdttaat¢qgfat t €&Pgt 6660

agttttctgt attcttaaaa taagttggtt ccacacatac caatacatgc atgtgct at 6720
catccecita tttatccaat attcgftcodt taatttcatg aacaatcttcec attctttett

ctctagteat tattattggt ccattcacta ttctcattece cttttcagat aattttagat 612G
ttgettttct aamataagaat atttggagag cacecgttctt attcagetat taataactceg 6180
tcttcetaag catccttcaa tcettttaat aacaattata gcatctaatc ttczacaaac 624G
tggeecgttt gttgaactac tctttsataa aataattttt cogttcccaa tteocacattg 6300
caataataga aaatccatct tcatcggett tttegtcate atctgtatga atcaaatege 6360
cttcttctygt gtcatcaagg titaattttt tatgtatttc ttttaacaaa ccaccatagg 6420
agattaacct tttacggtgt azaccttcct ccaaastcaga cazacgtttce aaattetttt 6480
ctteatcate ggtecatasaa tccgtatect ttacaggata ttttgcagtt tegteaattg 6540
ccgattgtat atcecgattta tatttatttt tcggtegaat cattigaact tttacatttg 6600
gatcatagtec taatttcatt geoctttttcce aamaattgaat ccattgtttt tgattcacgt 6660
agttttctgt attcttaama taagttggtt ccacacatac caatacatgc atgtgctgat 6720
tataagaatt atctttatta tttattgtca cttcegtitge acgcataazaa ccaacaagat 6780
ttttattaat tttittatat tgcatcattc ggcgaaatce ttgagecata tctgacaaac 6840
tcttatttaa ttcttegecca tcatasaacat ttttaactgt taatgtgaga aacaaccaac 69800

gaactgttgg cttitgtita ataacttcag caacaacctt tigtgactga atgccatgtt 6960
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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
8/ 10 tcattgctct cctccagttg cacattggac aaagcctgga tttacaaaac cacactcgat
acaactttct ttcgcctgtt tcacgatttt gtttatactc taatatttca gcacaatctt 7080
t t adretigctcugettdddita eadattaagaaatmajoayadyatiacaragicatbgamcatbay 7140
cgattttctt ttctctccat ggtctcactt ttccactttt tgtcttgtcc actaaaaccc 7200
t t gAFERTHEC Rt ErERETAS %Tﬁ@ﬁé%’f%tgtf%ﬁgga*&%éaﬁta&gtt&ﬁt sgRmragabicc@eth 7260

7020

tctattt.a tattt ttta tcacttata actttaacaqg at tttt tctgtgcaac 7320
caatt R HaPr I T atins  APAth I Caaeac T e bt ace T 7380

cagegactascAataaaarky agibatid ¢ talat ot actgec@@%kamaggfggcaa%& 7440

caaaaccat c aaaaaaagac accttttcag gtgctttttt tattttataa actcattccc 7500
t gatetogactd tegtdaitbh stddraceiChaf@ahtal gagatiaght §anacbtegt t 65¢d 7560
ttaggttcta aatcgtgttt ttcttggaat tgtgctgttt tatcctttac cttgtctaca 7620
aaccéeerttiastadatiyiattte adgiceta rchidgectd ctgatEdytt tetdtgaagr 76730 <210>

3

<211> 29 <212> DNA <213> Artificial <220> <223> Qigonucleotide Priner
<4063%'F SRR LT ht Y Ead Y Gadtasgher seacacttes acaereestisl 73891 2> DNA

<21§e>1gérat:jc§ai %iaw.aéaa%.%%&>acg%%g§€thtgga({r&lég\l.c:e%taigagi:eaag%gnaeéaacégg’é)t> 47440
caaaaccate aaaaaaagac accttttcag gtgetttittt tattttataa actcattcee 7500
tgatctegac ttegttottt ttttacchct cggttatgag ttagttcaaa ttegttcttt 7560
ttaggttcta aatecgtgttt ttettggaat tgtgetgttt tatcetttac cttgtctaca 7620

aaccccttaa a2aacgtittt aaaggctttt aagcegtetg tacgttectt aag 7673

<210> 3

<2il> 28

<212> DNA

<213> Artificial

<220>
<223> Oligonucleotide Primer

<400> 3
ggaatteccet tatgaaccaa ggaatagea 29

<210> 4

<211> 31

<212> DNA

£213> Artificial

<220>
<223> Oligonucleotide Primer

<400> 4
goggecgeac cegetettte ggtaacecge t 31

<210> 5

<211l> 31

<212> DNA

<213> Artificial

<220>
<223» Oligonucleotide Primer

<400> 5.
geggeegett getaagtgaa tattttcaag t 31
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‘gcggccgcac ccgcectctttc ggtaacccge t 31 <210> 5 <211> 31 <212> DNA <213>
Artificial <220> <223> digonucleotide Prinmer <400> 5 gcogccgctt
gctaagtgaa tattttcaag t 31 9/10 <210> 6 <211> 28 <212> DNA <213>
Artificial <220> <223> digonucleotide Primer <400> 6 ctgcagcgtc
aattccatca cttcacga 28 10/10

<210> 6

<211i> 28

<212> DNA

<213> Artificial

<220>

<223> 0Oligonucleotide Primer

<400> &

ctgcagcgtc aattccatca cttcacga 28

10/10




