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(57) Abstract: The invention provides fermentative
methods for producing n-propanol. The methods of
the invention involve providing a suitable carbon
source, a microorganism expressing the dicarboxylic
acid pathway, reducing equivalents, and at least one
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version of propionate/propionyl-CoA into  n-
propanol. The methods further involve contacting
the carbon source and reducing equivalents with the
microorganism under conditions favorable for the
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MICROORGANISMS AND PROCESS
FOR PRODUCING n-PROPANOL

FIELD OF THE INVENTION

The present invention relates to a process of bioconverting a biobased
substrate (such as sugarcane juice, hydrolyzed starch, hydrolyzed cellulose or
glycerol) into n-propanol using genetically modified microorganisms combined
with a process for supplying reducing equivalents in the form of NAD(P)H
during fermentation. The biobased n-propanol thus obtained could be
dehydrated to propylene and polymerized to polypropylene to yield a bioplastic.

BACKGROUND OF THE INVENTION

n-Propanol (1-propanol, primary propyl alcohol, propan-1-0l) is a non-
hazardous solvent that is freely miscible with water and other common solvents,
with numerous applicationé in industry, such as printing inks, coatings, cleaners,
adhesives, herbicides, insecticides, pharmaceuticals, de-icing fluids and as a
chemical intermediate for the production of esters, propylamines, halides and
thermoplastic resins. The use of n-propanol in fuel blends has also been
suggested (U.S. Pat. No. 6,129,773), as this alcohol has the same capacity of
ethanol to be used to increase as an antiknock additive and increase the octane
number of gasoline according to Barannik V. P. et al. 2005, Chemistry and
Technology of Fuels and Oils 41(6): 452-455.
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n-Propanol is one of the main constituents of “fusel oils” or “potato oils”,
which are the higher-order alcohols by-products of ethanol fermentation by the
yeast Saccharomyces cerevisiae (Hazelwood et al. 2008. The Ehrlich Péthwayi
for Fusel Alcohol Production: a Century of Research on Saccharomyces
cerevisiae Metabolism. Applied and Environmental Microbiology 74(8): 2259-
2266). In the past, n-Propanol was obtained by fractional distillation of fusel oil,
but nowadays it is manufactured from fossil feedstocks in a two-stage process
known as Oxo Process, comprising ethylene hydroformylation at 80-120°C and
2.0 MPa in the presence of cobalt or rhodium carbonyl followed by
hydrogenation of the resulting propionaldehyde on a copper-chromium, nickel-
chromium or porous cobalt catalyst (U.S. Pat. No. 4,263,449 and U.S. Pat. No
5,866,725).

Worldwide interest in organic compounds produced from renewable
feedstocks has increased considerably in recent years, especially for compounds
that can be used as fuels or as bulk chemicals for the petrochemical industry.
The latter are particularly interesting, since these compounds could be fixed in
highly durable materials that can be recycled, thus effectively mitigating
atmospheric CO, (Rincones et al. 2009. The golden bridge for nature: the new
biology applied to bioplastics. Polymer Reviews 49: 85-106). Thus, the use of
the chemical products obtained from renewable feedstocks is becoming
increasingly accepted and widespread as a viable alternative aiming at
decreasing our society’s dependence on fossil carbon sources. Products obtained

from green sources can be certified as to their renewable carbon content
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according to the methodology described by the technical norm ASTM D 6866-.
06: “Standard Test Methods for Determining the Biobased Content of Natural
Range Materials Using Radiocarbon and Isotope Ratio Mass Spectrometry
Analysis”.

The production of short-chain organic solvents (mainly reduced alcohols)
through microorganism fermentation has been extensively studied. The most
dramatic example is the production of ethanol as a commodity chemical, which
is a major industrial process reaching nearly 90 million m’/year and occurring
by the fermentation of renewable carbon sources (mainly cornstarch and
sugarcane juice) by the yeast Saccharomyces cerevisiae. This process is
extremely efficient and has been refined to the point where ethanol distilled
from the fermentation broth is obtained at 90-95% of the theoretical yield. The
ethanol thus produced is used as an industrial solvent, as the main additive for
gasoline in fuel blends and, in Brazil, is used as the sole fuel for small vehicles.
Another use of a biobased ethanol is the manufacture of bio-ethylene to be used
as a monomer in the polyethylene manufacture, through a dehydration reaction
as described by Morschbacker A. L. 2009, Bio-Ethanol Based Ethylene, Journal
of Macromolecular Science, Part C: Polymer Reviews, 49:79-84.

Other well-known examples of solvent production by fermentation are the
Acetone-Butanol-Ethanol (ABE) and the Isopropanol-Butanol-Ethanol (IBE)
fermentations performed by some bacterial species of the genus Clostridium,

yielding more than 35% by weight of the solvent mixture (U.S. Pat. No.
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5,192,673). In addition, fermentation of 2,3-butanediol from carbohydfates by
enteric bacteria of the genera Klebsiella and Enterobacter yields up to 47% by
weight (Ji et al.,, 2009, Bioresource Technology 100:3410-3414). A recent
success is the fermentative production of 1,3 propanediol from glucose in a
single microorganism with high yield (35% w/w) and titer (129 g/L) (U.S. Pat.
No. 7,169,588 B2; U.S. Pat. No. 7,067,300 B2; U.S. Pat. No. 5,686,276). The

establishment of an industrial process for the production of this low cost

biobased 1,3 propanediol from cornstarch and its subsequent use in the
production of the polyester fiber polypropylene terephthalate constitutes one of

the most significant advances to date in the production of biopolymers.

n-Propanol and isopropanol are interesting biobased intermediates for the
production of propylene by dehydration and its subsequént polymerization into
polypropylene. Up to date, the best yield for isopropanol has been obtained
through a genetically engineered strain of E. coli containing genes coding for the
ethmes of the acetone production pathway of Clostridium acetobutylicum plus
the secondary alcohol dehydrogenase of the isopropanol production pathway of
Clostridium beijerinckii, yielding 14% by weight of isopropanol from glucose
(Int. Publ. No. WO 2008/131286 Al). This yield corresponds to approximately
50% of the theoretical maximum, since the proposed pathway for the production
of isopropanol comprises the following conversions: a) cleavage of glucose into
two molecules of pyruvate through glycolysis; b) oxidative decarboxylation of
the molecules of pyruvate into acetyl-CoA; c) condensation of the two

molecules of acetyl-CoA into acetoacetyl-CoA and CoA; d) conversion of
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acetoacetyl-CoA and acetate into acetoacetate and acetyl-CoA; e)
decarboxylation of acetoacetate into acetone; and f) reduction of acetone into
isopropanol. As can be seen from the conversions above, involving three
decarboxylation steps of intermediate metabolites, the maximum theoretical -
yield of isopropanol through this pathway is 1 mol of isopropanol from each mol
of glucose (0.33 g/g).

In nature, microorganisms produce n-propanol in low amounts and as by-
product of the main fermentation products. In the yeast Saccharomyces
cerevisiae, n-propanol is produced as the degradation product of the amino aéid
2-kefobutyrate through the Ehrlich pathway (Hazelwood et al., 2008, Appl. Env.
Microbiol. 74:2259-2266). This pathway has been optimized in genetically
engineered strains of the model microorganism Escherichia coli for the
production of n-butanol and n-propanol from -glucose, but with extremely low
yields (4% by weight) (Shen & Liao, 2008, Met. Eng. 10:312-320). The
production of iso-propanol or n-propanol via the degradation of the amino acid
2-ketobutyrate, from glucose through this pathway using genetically engineered
microorganisms is also disclosed in a recent document, but similarly indicating
very low yields (Intl. Pub. No. WO 2009/103026 Al). In bacterial species of the
genus Propionibacterium, n-propanol has been observed as the by-product of
propionic acid fermentation from glycerol, which is a more reduced substrate
when compared to glucose or sucrose, but with low yields (4% by weight); no n-
propanol is obtained when glucose, sucrose or lactate are used as substrates in

the fermentation using P. acidipropionici American Type Culture Collection
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(ATCC) No. 25562 (Barbirato et al., 1997, Appl. Microbiol. Biotechnol. 47:
441-446). Thus, the prior art fails to show fermentation processes for the
production of n-propanol with high yields by fermentation of carbohydrates.

Propionic acid fermentation by several bacterial species, such as
Selenomonas ruminantium, Propionigenium spp. and Propionibacterium spp.
has been extensively studied. Propionic acid bacteria of the genus
Propionibacterium havé been the most studied due to their use in the production
of cheese. These bacteria produce propionic acid as the main fermentation
product from glucose and other substrates such as lactose, glycerol, and sucrose
with high yields of propionic acid (65% w/w from glucose and 67% w/w from
glycerol) (Suwannakham & Yang., 2005, Biotech. Bioeng 91:325-337;
Barbirato et al., 1997, Appl. Microbiol. Biotechnol. 47: 441-446). The pathway
for the production of propionic acid in Propionibacterium spp. is known as the
dicarboxylic acid cycle, which begins by the trascarboxylation of pyruvate from
methyl-malonyl-CoA to yield oxaloacetate followed by the subsequent
transformations into malate, fumérate, succinate, succinyl-CoA and methyl-
malonyl-CoA, which will be transcarboxylated to pyruvate to yield propionyl-
CoA and oxaloacetate, thus closing the cycle (Boyaval and Corre, 1995, Lait

.75:453-461). Therefore, no decarboxylation reactions are involved in this

pathway, which would have a maximum theoretical yield of 2 mol of propionic
acid for each mol of glucose (0.82 g/g). Nevertheless, the co-products acetic
acid and succinic acid are usually formed in varying proportions depending on

the substrate and growth conditions.
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Several studies and patent applications are directed to method for
increasing the yield of propionic acid, especially with regards to increase its
yield in relation to co-products, such as acetic acid, and to improve the growth
conditions and separation strategies (“Engineering Propionibacterium
acidipropionici for Enhanced Propionic Acid Tolerance and Fermentation”,
Zhang and Yang, 2009, Biotechnology and bioengineering, in press” and
“Construction and Characterization of ack Knock-Out Mutants of
Propionibacterium acidipropionici for Enhanced Propionic Acid Fermentation”,
Suwannakham et al, 2006, Biotechnology and Bioengineering, Vol. 94, No. 2,
June 5). However, no studies exist aiming at improving the formation of n-

propanol using the propionic acid pathway as a metabolic intermediate.

No natural microorganisms are able to produce iso- or n-propanol with
high yields from glucose and other sugars; in consequence, the correct
combination of enzymes that would allow such bioconversion does not exist in
nature. However, Holt et al. (1984, Appl. Env. Microbiol 48:1166-1170) have
shown that the external supply of propionic acid to a growing culture of
Clostridium acetobutylicum at acidic pH (5.0) yields n-propanol (50% W/W),. |
suggesting that the alcohol/aldehyde dehydrogenase (ADH) enzymes of this
bacterium are able to transform not only the organic acids it produces (butyrate
and acetate) into the corresponding alcohols, but also propionate into n-
propanol. However the experiments of this publication were conducted at a very

low concentration and high levels of undesired by-products such as acetate,
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butyrate, ethanol, butanol and acetone were obtained, thus indicating that there

is still a problem to be solved in order to obtain propanol with high yiélds.

In addition, the metabolic pathways that lead to the production of
industrially important compounds involve oxidation-reduction (redox) reactions.
During fermentation, glucose is oxidized in a series of enzymatic reactions into
smaller molecules with the concomitant release of energy. Since these reactions
do not occur simultaneously, the electrons released are transferred from one
reaction to another through universal electron carriers, such as Nicotinamide
Adenine Dinucleotide (NAD) and Nicotinamide Adenine Dinucleotide
Phosphate (NADP), which act as cofactors for oxidoreductase enzymes. In
microbial catabolism, glucose is oxidized by enzymes using the oxidized form
NAD(P)+ as cofactor and generating reducing equivalents in the form of the
reduced form NAD(P)H. In order for fermentation to continue, the NAD(P)+
must be regenerated by the reduction of metabolic intermediates consuming
NAD(P)H. Thus, it is very important for the microbial cell to maintain a
balanced NAD(P)+/NAD(P)H ratio.

In general, reducing equivalents in the form of NAD(P)H are obtained in
oxidative decarboxylation reactions, while NAD(P)+ is regenerated by the
reduction of intermediates, such as the reduction of acetic acid into ethanol. As a
consequence of the redox balance required for the catabolism of glucose into n-
propanol, which has a lower oxidation state, this compound would be

accompanied by the co-production of 2- and, possibly, 4-carbon compounds.
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This fact suggests that low yields should be observed for the production of n-
propanol, even when genetically engineered microorganisms are to be used due
to the requirement of more reducing equivalents in the form of NAD(P)H than
can be formed from the oxidation of glucose. Thus, this situation for n-propanol
contrasts with the fermentative production of isopropanol from glucose
disclosed in Int. Publ. No. WO 2008/131286 Al, in which the product results by
a series of conversions involving three oxidative decarboxylation reactions from
glucose, which generate enough reducing equivalents for the reduction of

acetone into isopropanol, but at the expense of mass released as CO..

Previous studies have reported the use of electrical stimulation inside
bioreactors in order to drive the redox balance to obtain different end-products.
The application of an electrical current in Clostridium acetobutylicum,
Clostridium thermocellum and Saccharomyces cerevisiae has been reported,
resulting in a significant increase in ethanol production (Pequin et. al. 1994,
Biotechnology letters 16(3): 269-274; Shin et al 2002, Appl. Microbial.
Biotechnol. 58: 476-481). Also, there are works reporting the change in the end-
products of fermentation by Propionibacterium spp. using electrical stimulation
and mediators. Emde and Schink (D.E. Pat. No. 4,024,937-C1) enhanced
propionate ‘formation during glucose fermentation of Propionibacterium
ﬁéudenreichi using a three-electrode system and cobalt sepulchrate as mediator.
Results showed that this process increases propionate molar yield over acetate
from 73 to 97%, respectively. In a similar work, Schuppert et al. (Appl.
Microbiol. Biotechnol, 1992, 37:549-553) used thye three-electrode system and
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cobalt sepulchrate to shift the end-product ratio of P. acidipropionici. In this
case, propionate was produced exclusively, thus increasing final yields and
facilitating the downstream process. Finally, in a recent work, the end-
product product profile of glucose fermentation by P. freudenreichi was
modified by electrical stimulation without adding exogenous artificial
mediators (Wang et. al. 2008, Biotechnol. Bioeng 101: 579-586). In this
work, the authors reported that the molecule 1,4-dihydroxy-2-naphthoic acid
produced and secreted by P. freudenreichi acts as the mediator and no
improvement of the reaction was observed when other mediators were added.
Overall, these results show that the metabolism and end-product profile of
glucose fermentation by Propionibacterium spp. can be manipulated through

the use of bioelectrical reactors.

The biobased n-propanol thus produced could be further used for the
production of a bioplastic through its dehydration to propylene and its

polymerization to polypropylene in a cost-effective manner.

Propylene is a chemical compound that is widely used to synthesize a
wide range of petrochemical products. For instance, this olefin is the raw
material used for the production of polypropylene, their copolymers and other

chemicals such as acrylonitrile, acrylic acid, epichloridrine and acetone.
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Propylene demand is growing faster than ethylene demand, mainly due to the
growth of market demand for polypropylene. Propylene is polymerized to
produce thermoplastics resins for innumerous applications such as rigid or

flexible packaging materials, blow molding and injection molding.

Global interest for renewable material has been growing intensively in
the last years especially in plastics production. Some available biopolymers are
poly-(lactic acid) and poly-hydroxybutyrate which can be obtained from sugar
sources. Another recent alternative is “green” polyethylene which is produced
from sugarcane ethanol. These products generate no fossil carbon when

incinerated.

Propylene is obtained mainly as a by-product of catalytical or thermal
oil cracking, or as a co-product of ethylene production from natural gas.
(Propylene, Jamie G. Lacson, CEH Marketing Research Report-2004, Chemical
Economics Handbook-SRI International). The use of alternative routes for the
production of propylene has been continuously evaluated using a wide range of
renewable raw materials (“Green Propylene”, Nexant, January 2009). These
routes include propylene production by dimerization of ethylene to yield
butylene followed by metathesis with additional ethylene to produce propylene.
Another route is biobutanol production by sugar fermentation followed by
dehydration and methatesis with ethylene. Some thermal routes are also being

evaluated such as gasification of biomass to produce a syngas followed by
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synthesis of methanol, which will then produce green propylene via methanol-

to-olefin technology.

Propylene production by iso-propanol dehydration has been well-
described in document EP00498573B1, wherein all examples show propylene
selectivity higher than 90% with high conversions. Dehydration of n-propanol
has also been studied in the following articles: “Mechanism and Kinetics of the
Acid—Cafalyzed Dehydration of 1- and iso-propanol in Hot Compressed Liquid
Water” (Antal, M et al, Ind. Eng. Chem. Res. 1998, 37, 3820-3829) and
“Fischer-Tropsch Aqueous Phase Refining by Catalytic Alcohol Dehydration”
(Nel, R. et al., Ind. Eng. Chem. Res. 2007, 46, 3558-3565). The reported yield is
higher than 90%.

BRIEF SUMMARY OF THE INVENTION

In spite of the innumerous developments achieved to date, there are

still no teachings in the prior art that provide any description relative to the

production of n—propandl with high yields through propionic acid metabolic
pathway using genetically modified microorganisms combined with a process

for supplying reducing equivalents in the form of NAD(P)H during fermentation

of renewable carbon sources. The biobased n-propanol thus obtained could be

dehydrated to propylene and polymerized to yield biobased polypropylenes.
This thus produced bio-polypropylene, contrary to the majority of known
biopolymers, have a low production cost and evidence clearly adequate

properties for an immense variety of applications.
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The present invention as claimed herein is described in the following items 1 to 23:

1. A method for producing n-propanol comprising:

(a) providing a suitable carbon source for fermentation by a microorganism expressing
the dicarboxylic acid pathway, reducing equivalents in the form of NAD(P)H, and at least
one gene coding for an enzyme that catalyzes the conversion of propionate/propionyl-CoA
into n-propanol;

(b) contacting the carbon source and reducing equivalents in the form of NAD(P)H with
the microorganism under conditions favorable for the production of n-propanol by the
microorganism; whereby a fermentation broth is produced; and

(©) recovering n-propanol from the fermentation broth.

2. The method of item 1, wherein the microorganism has been genetically engineered to
express one or more enzymes, whereby the microorganism is capable of converting
propionate/propionyl-CoA to n-propanol.

3. The method of item 2, wherein the microorganism is selected from the group
consisting of: Propionigenium spp., Propionispira arboris, Propionibacterium spp., and
Selenomonas.

4, The method of item 2, wherein the enzyme is selected from the group consisting of:
aldehyde dehydrogenases that are capable of using propionic acid as a substrate;

aldehyde dehydrogenases that are capable of using an acyl-CoA intermediateas a substrate;
alcohol dehydrogenases that catalyze the conversion of an aldehyde to its corresponding
primary alcohol; and

multifunctional enzymes that posses both aldehyde/alcohol dehydrogenase domains.

5. The method of item 4, wherein the enzyme has alcohol dehydrogenase protein domain
with e-value threshold below le-2.

6. The method of item 4, wherein the enzyme has aldehyde dehydrogenase protein
domain with e-value threshold below le-2.

7. The method of item 4, wherein the aldehyde dehydrogenases are capable of using
propionic acid as a substrate are selected from the group consisting of: Mus musculus
(GenBank Accession No. AC162458.4); Clostridium botulinum A str. American Type
Culture Collection (ATCC) No. 3502 (GenBank Accession No. AM412317.1); and
Saccharomyces cerevisiae (GenBank Accession No. EU255273.1).

£870279_1 (GHMalters) PBRSES. AU JESSIEL
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8. The method of item 4, wherein the aldehyde dehydrogenases that are capable of using
acyl-CoA intermediate as a substrate are selected from the group consisting of: Rhodococcus
opacus (GenBank Accession No. APO11115.1); Entamoeba dispar (GenBank Accession No.
DS548207.1); and Lactobacillus reuteri (GenBank Accession No. ACHG01000187.1).

9. The method of item 4, wherein the alcohol dehydrogenases that catalyze the
conversion of an aldehyde to its corresponding primary alcohol are selected from the group
consisting of: Aspergillus niger (GenBank Accession No. AM270229.1); Streptococcus
pneumoniae Taiwan19F-14 (GenBank Accession No. CP000921.1); and Salmonella enterica
(GenBank Accession No. CP001127.1).

10.  The method of item 4, wherein the multifunctional enzymes that posses both
aldehyde/alcohol dehydrogenase domains are selected from the group consisting of:
Lactobacillus sakei (GenBank Accession No. CR936503.1); Giardia intestinalis (GenBank
Accession No. U93353.1); Shewanella amazonensis (GenBank Accession No. CP000507.1);
Thermosynechococcus elongatus (GenBank Accession No. BA000039.2); Clostridium
acetobutylicum (GenBank Accession No. AE001438.3); and Clostridium carboxidivorans
ATCC No. BAA-624T (GenBank Accession No. ACVI01000101.1).

11.  The method of item 1, wherein the fermentation broth further comprises ethanol
and/or isopropanol.

12, The method of item 11, wherein ethanol and/or isopropanol are recovered from
fermentation broth.

13.  The method of item 1, wherein the microorganism has the expression of its gene
encoding for an enzyme acetate kinase (E.C. 2.7.2.1) altered so as to diminish its activity.

14.  The method of any one of items 1-13, wherein the reducing equivalents comprise
NAD(P)H.

15. The method of item 14, wherein the NAD(P)+ is reduced to NAD(P)H comprising the
use of electrodes and a mediator molecule, an overpressure of Ha, or a microorganism
expressing a NAD"-dependent formate dehydrogenase in the presence of formate.

16.  The method of item 14, further comprising contacting the fermentation broth with
electrodes and a mediator molecule.

17, The method of item 16, wherein mediator molecules are benzyl viologen, methyl
viologen, anthraquinone 2,6-disulfonic acid, neutral red, cobalt sepulchrate, 1,4 dihydroxy-2-
naphthoic acid (DHNA) and flavins.
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18. | The method of item 16, wherein mediator molecules are compounds present in yeast
extract and Propionibacterium spp. extract.

19.  The method of any one of items 1-18, wherein the carbon source is sugarcane juice,
sugarcane molasses, hydrolyzed starch, hydrolyzed ligno-cellulosic materials, glucose,
sucrose, fructose, lactate, lactose, Xylose or glycerol in any form or a mixture thereof.

20. A microorganism for using in the method as defined in any one of items [ to 19.

21. A method of item 1 further comprising:

dehydrating the n-propanol produced by the method as defined in any one of items 1 to 19 to
produce propylene.

22. A method of item 1 further comprising:

dehydrating in the same reactor n-propanol and isopropanol and/or ethanol produced by the
method as defined in any of items 1 to 19 to produce propylene.

23. A method of item 1 further comprising:

polymerizing the propylene produced by the method as defined in any one of items 21 and 22
to produce polypropylene.

24.  n-propanol produced by the method of any one of items 1 to 23.

The present invention provides an improved process for the bioconversion of a carbon
source to i-propanol, and eventually additionally to iso-propanol and/or ethanol, with high
yield by engineered microorganisms, having genes coding for the enzymes of the
dicarboxylic acid pathway of propionate formation and at least one gene coding for an
enzyme that catalyzes the conversion propionate/propionyl-CoA into n-propanol in the
presence of externally supplied reducing equivalents in the form of NAD(P)H, either through
the use of electrodes and a mediator molecule, or through the use of an overpressure of Ha, or
through the use of a pathway, native or engineered, expressing a NAD"-dependent formate

dehydrogenase and the addition of formate to the culture medium.

The present invention provides methods for the biological production of n-propanol
with high yields by microorganisms from an inexpensive carbon substrate such as glucose,
sucrose, other sugars, glycerol, waste materials or a mixed of carbon sources, using the whole
cell as catalyst and establishing an integrated process that may be upscaled to industry in a
cost-effective manner. To this end, the present invention further provides engineered

microorganisms capable of producing propionate/propionyl-CoA with high yields through the
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dicarboxylic acid cycle and that express the polypeptides corresponding to alcohol/aldehyde

dehydrogenase enzymes capable of reducing propionate/propionyl-CoA into n-propanol.
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The present invention provides a high yielding process for the
fermentative production of n-propanol. In one embodiment of the invention, the
processes or methods involve a balanced energy reaction in the conversion of

glucose or other carbohydrates into n-propanol.

The present invention also comprises the product of the above process.

In certain embodiments, microorganisms that contain a native
dicarboxylic acid cycle can be engineered to catalyze the further conversion into
n-propanol by the addition of at least one heterologous gene coding for an

aldehyde/alcohol dehydrogenase enzymes.

In certain embodiments, a suitable host with a native pathway for the
conversion of propionyl-CoA/propionate into n-propanol is engineered for
expression of the dicarboxylic acid cycle, where the expression of at least one

enzyme is heterologous or has its expression pattern modified.

In certain embodiments, a suitable host, for which genetic manipulation
techniques are well-established, is engineered for expression of the dicarboxylic
acid cycle and the enzymes required for the reduction of propionate/propionyl-
CoA into n-propanol, where the expression of at least one enzyme is

heterologous or has its expression pattern altered.

In certain embodiments, microorganisms that contain a native or a

modified dicarboxylic acid cycle and that contains a native or a modified
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pathway for the conversion of propionyl-CoA/propionate into n-propanol can be
further engineered to express the enzymes that catalyze the conversion of acetyl-
CoA into isopropanol. This isopropanol would be used together with n-propanol

for propylene synthesis by dehydration.

In certain embodiments, microorganisms that contain a native or a
modified dicarboxylic acid cycle, a native or a modified pathway for the
conversion of propionyl-CoA/propionate into n-propanol and a native or
modified pathway for the conversion of acetyl-CoA intd isopropanol may be
engineered to present an altered expression (over or underexpression) of a
defective enzyme involved in the acetic acid synthesis from acetyl-CoA, which
would increase isopropanol synthesis. This isopropanol would be used together

with n-propanol for propylene synthesis by dehydration.

The preferred method of externally supplying electrons is through the use
of electrodes and a mediator molecule, which can be naturally produced by the

microorganism or externally supplied in the culture medium.

In certain embodiments a fermentation media containing sugarcane juice
as carbon source is preferentially used and a nitrogen source consisting of either
yeast extract or N, is preferentially used. However, other combinations may be
used and those skilled in the art recognize that these combinations are also

considered within the scope of this invention.
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In certain embodiments the culture media is supplied with pantothenic
acid with the object of increasing yield and productivity. This pantothenic acid

may be added in pure form or as a crude extract.

In certain embodiments, the n-propanol thus produced will be further
dehydrated into propylene and polymerized to polypropylene to yield a

bioplastic.

BRIEF DESCRIPTION OF THE FIGURES
Having thus described the invention in general terms, reference will now
be made to the accompanying drawings, which are not necessarily drawn to

scale, and wherein:

Figure 1. The production of propionic acid from glucose by several
species of bacteria, such as Propionigenium spp., Propionispira arboris,
Propionibacterium spp. and Selenomonas ruminantium, can be accomplished by
the following series of steps. This series is representative of a number of
pathways known to those skilled in the art. Glucose is converted in a series of
steps by enzymes of glycolytic pathway to pyruvate. The pyruvate may be
converted to Acetyl-Coa and then to acetate or to propionic acid through the
dicarboxylic acid Cyc]e. It has been reported that some species of the genus
Propionibacterium may produce n-propanol when a reduced substrate such as

glycerol is used; however, the pathway for the production of n-propanol has not
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been described. The possible pathways and co-factors for the production of n-

propénol are highlighted in gray.

Figure 2. The production of alcohols by species of Clostridium may be
described by the following steps. Glucose is converted in a series of steps by
enzymes of glycolytic pathway to pyruvate. From pyruvate may be formed
lactate or acetyl-CoA which is the precursor of acetate and ethanol. In addition,
acetyl-CoA can be converted to acetoacetyl-CoA and then to acetone, which is

finally reduced to isopropanol. Another possibility is the conversion of

- acetoacetyl-CoA in butyryl-Coa through a series of steps known by those skilled

in the art. The butyryl-CoA may be converted to either butanol or butyrate.

Figure 3. Schematic representation of a stirred-tank bioelectrical reactor

with a three-electrode system.

Figure 4. Schematic representation of the integrated processes wherein
an engineered microorganism is used to produce n-propaﬁol in the presence of
reducing equivalents externally supplied through the use of a bioelectrical
reactor. The resulting n-propanol is distilled and dehydrated in a catalytic reactor
in order to produce polymer grade propylene, which is then subjected to a
polymerization step to produce polypropylene.

Figure 5. Schematic representation of expression vector pBKI1T1

containing a synthetic construct designed to express an aldehyde alcohol
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dehydrogenase from Clostridium carboxidivorans in Propionibacterium
acidipropionici. This Dbifunctional enzyme catalyzes the conversion of

propionyl-CoA into n-propanol.

Figure 6. Schematic representation of expression vector pBKI1T2
coﬁtaining a synthetic construct designed to express an aldehyde alcohol
dehydrogenase from Clostridium acetobutylicum in Propionibacterium
acidipropionici. This bifunctional enzyme catalyzes the conversion of

propionyl-CoA into n-propanol.

Figure 7. Thiostrepton resistance positive selection marker cassette for
Propionibacterium acidipropionici, synthetic construct. Ncol site (underlined),
controlling regions (bold) and initiation and stop codons of the resistance gene

ORF (in parenthesis) are highlighted.

Figure 8. Expression cassette for heterologous bifunctional
aldehyde/alcohol ~ dehydrogenase of Clostridium. carboxidivorans in
Propionibacterium acidipropionici, synthetic construct. Xbal and Hindlll sites
(underlined), controlling regions (bold) and initiation and stop codons of 'the

gene ORF (in parenthesis) are highlighted.

Figure 9. Expression cassette for heterologous bifunctional
aldehyde/alcohol ~ dehydrogenase of  Clostridium  acetobutylicum  in

Propionibacterium acidipropionici, synthetic construct. Xbal and HindllIl sites
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(underlined), controlling regions (bold) and initiation and stop codons: of the

gene ORF (in parenthesis) are highlighted.

Figure 10. Expression plasmid pBKI1T1, synthetic construct. A

schematic view of the plasmid vector is presented in Figure 5.

Figure 11. Expression plasmid pBK1T2, synthetic construct. A

schematic view of the plasmid vector is presented in Figure 6.

Figure 12. HPLC spectra obtained after 36 hrs of (a) control fermentation
and (b) fermentation supplemented with 1.0 mM cobalt sepulchrate as a
mediator molecule. Chromatogram (a): Sucrose (11.437 min); succinic acid
(17.782 min); acetic acid (22.610 min); propionic acid (26.515 min);
Chromatogram (b): Sucrose (11.420 min); succinic acid (17.714 min); acetic
acid (22.586 min); propionic acid (26.493 min); n-propanol (39.199). The

undefined peaks are corresponding to compounds from yeast extract.

~ Figure 13. GC-MS chromatogram corresponding to fermentation using
1.0 mM cobalt sepulchrate. The intensity of the peaks are not corresponding to

the real concentration of the products in the fermentation medium.

Figure 14. Time course for cell growth of a control fermentation and a
fermentation supplemented with 1.0 mM cobalt sepulchrate as a mediator

molecule
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DETAILED DESCRIPTION OF THE INVENTION
The present invention provides a novel integrated approach that takes
advantage of the high propionic acid fermentation yields from renewable

feedstocks through the 'dicarboxylic acid cycle, the aldehyde/alcohol

| dehydrogenase genes of alcohol-producing microbial species, such as clostridia,

yeasts and enteric bacteria, and the external supply of reducing equivalents in
the form of NAD(P)H in order to produce n-propanol from fermentation with
high yield. Therefore, the present invention provides a novel and inventive
integrated process using microorganisms combined with the use of externally
supplied reducing equivalents for the production of n-propanol with high yield,
and as an option, a complementary production of iso-propanol and/or ethanol

with the aim to maximize the carbon yield in molecules of interest.

A process is disclosed herein for the bioconversion of a carbon source to
n-propanol with high yield in engineered microorganisms expressing genes
coding for ‘the enzymes of the dicarboxylic acid pathway of propionate
formation and at least one gene coding for an enzyme that catalyzes the
conversion propionate/propionyl-CoA into n-propanol in the presence of
externally supplived reducing equivalents in the form of NAD(P)H, either
through the use of electrodes and a mediator molecule, or through the use of an
overpressure of Hy, or through the use 6f a pathway, native or engineered,
expressing a NAD'-dependent formate dehydrogenase and the addition of

formate to the culture medium.
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The term “microorganism” as used herein includes prokaryotic and
eukaryotic species from the domains Archaea, Bacteria and Eukarya, the latter
limited to filamentous fungi, yeasts, algae, protozoa or higher Protista. “Cell”,
“microbial cell” or “microbe” are used interchangeably with microorganism.

The term “organism” as used herein refers to any self-replicating entity.

The term “carbon source” generally refers to a substrate or compbund
suitable for sustaining microorganism growth. Carbon sources may be in various
forms, including, but not limited to polymers, carbohydrates, alcohols, acids,
aldehydes, ketones, amino acids, peptides, etc. For example, these may include
monosaccharides (such as glucose, fructose, and xylose), oligosaccharides (i.e.
sucrose, lactose), polysaccharides (i.e. starch, cellulose, hemicellulose),
lignocellulosic materials, fatty acids, succinate, lactate, acetate, glycerol, etc. or
a mixture thereof. The carbon source may be a product of photosynthesis, such
as glucose or cellulose. Monosaccharides used as carbon sources may be the
product of hydrolysis of polysaccharides, such as acid or enzymatic hydrolysates
of cellulose, starch and pectin. The term “energy source” may be used here
interchangeably with carbon source since in chemoorganotrophic metabolism
the carbon source is used both as an electron donor during catabolism and as a

carbon source during cell growth.

The term “nucleic acid” refers to an organic polymer composed by more
than two monomers of nucleotides of nucleosides, including, but not limited to,

single-stranded or double-stranded, sense or anti-sense, deoxyribonucleic acid
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(DNA) of any length, and, where appropriate, single-stranded or double-
stranded, sense or anti-sense, ribonucleic acid (RNA) of any length. The term
“nucleotide” refers to any or several compounds that consist of a ribose or
deoxyribose sugar joined to a purine or pyrimidine base and to a phosphate
group, and that are the basic structural units of nucleic acids. The term
“nucleoside’ refers to a compound (as guanosine or adenosine) that consists of a
purine or pyrimidine base combined with deoxyribose or ribose and is found
especially in nucleic acids. A nucleic acid containing from three to 200

nucleotides may also called “oligonucleotide”.

The term “protein” or “polypeptide” is used here to indicate an organic
polymer composed of two or more amino acid monomers and/or analogs
thereof. As used herein, the term “amino acid” refers to any natural and/or
synthetic amino acids. Accordingly, the term polypeptide includes amino acid
polymers of any length, including full length proteins and peptides, as well as
analogs and fragments thereof.

The term “enzyme” refers to any substance that catalyzes of promotes any
chemical or biochemical reaction. Enzymes are totally or partially composed by
polypeptides, but can include molecules composed of a different molecule,
including nucleic acids.

The term “domain”, “protein domain” or “enzyme domain” refers to a

distinct structural unit of a protein or polypeptide, where a specific reaction
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takes place or where a specific function can be attributed. A protein or enzyme
may possess one or more domains that may have separate functions and may

fold as independent compact units.

The term “E-value” or “expected value” refers to a parameter that
describes the number of hits one can expect to see by chance when searching a
Conserved Domain Database from National Center for Biotechnology

Information (http://www.ncbi.nlm.nih.gov/cdd).

The term “pathway” or “metabolic pathway” is used here to refer to a
biological process including one or more enzymatically controlled chemical
reactions by which a substrate is converted into a product. Accordingly, a
pathway for the convertion of a carbon source into n-propanol is a biological
process including one or more enzymatically controlled reactions by which the
carbon source is converted to n-propanol. A “heterologous pathway” refers to a
pathway in which at least one or more chemical reactions of the pathway is
catalyzed by at least one heterologous enzyme. On the other hand, a “native
pathway” refers to a pathway wherein all chemical reactions are catalyzed by a

native enzyme.

The term “reducing equivalents in the form of NAD(P)H”, refers to the
coenzymes nicotinamine adenine dinucleotide (NAD) or nicotinamine adenine
dinucleotide phosphate (NADP) in their reduced forms. In the reduced forms,

these coenzymes are able to donate their electrons, or reducing equivalents, for
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reduction reactions catalyzed by enzymes that use these coenzymes as co-

factors, such as the enzymes of the class of oxidoreductases.

The term “microorganism extract” or “yeast extract” or
“Propionibacterium spp. extract” are used here to refer a water-soluble portion
of autolyzed microorganism cell culture, like yeast or Propionibacterium spp.
The microorganism extract is typically prepared by growing the microorganism
in a carbohydrate-rich medium. After that the microorganism is harvested,
washed, resuspended in water and submit to an autolysis process (self-digestion
of the cell wall using the enzymes). The microorganism extract is the total

soluble portion of this autolytic action.

The terms “heterologous” or “exogenous” are used here to refer to
enzymes and nucleic acids that are expressed in other organism different than
that from which they were originated, independently on the level of expression,
which can be lowér, equal, or higher than the level of expression of the molecule

found in the native microorganism.

The terms “endogenous” or “native” are used here to refer to enzymes and
nucleic acids that are expressed in the organism in which they are found in

nature, independently of their level of expression.

The terms “host” or “host cells” are used here interchangeably to refer to

microorganisms, native or wild type, eukaryotic or prokaryotic, that can be
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engineered for the conversion of a carbon source to n-propanol. The terms host
and host cell refers not only to the particular subject cell but also to the progeny
or potential progeny of such cell, carrying the genetic modifications. Since
certain modifications may occur in this progeny due to mutation or
environmental difference, it is possible that such progeny may not be identical to

the parent cell, but are still included within the scope of the term as used here.

The term “yield” as used herein refers to the amount of product obtained

from the amount of substrate in g/g.

The microorganisms disclosed herein can be wild-type microorganisms or
engineered using genetic engineering techniques to provide microorganisms that
utilize heterologously or endogenously expressed enzymes to produce n-
propanol and, optionally, iso-propanol and/or ethanol at high carbon yield. The
terms “modiﬁed” or “modification” as used here refer to the state of a metabolic
pathway being altered in which at least one step or process in the pathway is
either increased (upregulated) or decreased (downregulated), such as an activity
of an enzyme or expression of a nucleic acid. In a specific embodiment, the
modification is the result of an alteration in a nucleic acid sequence which
encodes as enzyme in the pathway, an alteration in expression of a nucleic acid
sequence which encodes an enzyme in the pathway, or an alteration in
translation or proteolysis of an enzyme in the pathway (i.e. alcohol

dehydrogenase), or a combination thereof. A skilled artisan recognizes that there
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are commonly used methods in the art to obtain alterations, such as by deletion

Or superexpression.

The term “mediator” includes any molecules with the characteristics of
being lipid or water soluble, pH-independent, stable and holding a redox

potential for driving the electron transfer process.

The term “electrode” includes any electrically conductive material,
preferably graphite or a noble metal. One or more reference electrodes can be

included in the system.

The production of propionic acid from glucose by several species of
bacteria, such as  Propionigenium  spp., Propionispira  arboris,
Propionibacterium spp. andbSelenomonas ruminantium, can be accomplished by
the following series of steps. This series is representative of a number of
pathways known to those skilled in the art. Glucose is converted in a series of
steps by enzymes of glycolytic pathway to pyruvate. The pyruvate may be .
converted to Acetyl-CoA and then fo acetate or to propionic acid through the

dicarboxylic acid cycle, which may include the following conversion steps:

Conversion a) Pyruvate and Methylmalonyl-CoA to Oxaloacetate and
Propionyl-CoA through the action of the enzyme methylmalonyl-CoA
carboxytransferase (E.C. 2.1.3.1);
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Conversion b) Oxaloacetate and NADH to Malate and NAD" through the
action of the enzyme malate dehydrogenase (E.C. 1.1.1.37);

Conversion c¢) Malate to Fumarate and H,0 through the action of the

enzyme fumarate hydratase (E.C. 4.2.1.2);

Conversion d) Fumarate and FPH, to Succinate and FP through the action

of the enzyme succinate dehydrogenase (E.C. 1.3.99.1);

Conversion e)‘ Succinate and Propionyl-CoA to Succinyl-CoA and
Propionate through the action of the enzyme propionyl-CoA: succinate CoA
transferase (E;C. 2.8.3.1);

Conversion f) Succinyl-CoA to (S)Methylmalonyl-CoA through the
action of the enzyme methylmalonyl-CoA mutase (E.C. 5.4.99. 1);

Conversion g) (S)Methylmalonyl-CoA to (R)Methylmalonyl-CoA
through the action of the enzyme methylmalonyl-CoA epimerase (E.C.
5.1.99.1); and

Conversion h) (R)Methylmalonyl-CoA and Pyruvate to Propionyl-CoA
and Oxaloacetate through the action of the enzyme methylmalonyl-CoA
carboxytransferase (E.C. 2.1.3.1), thus closing the cycle.
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Natural or recombinant microorganisms containing the genes coding for
the enzymes catalyzing the conversions a, B, c, d, e, f, g and h may be isolated or
constructed using techniques such as heterologous DNA insertion, differential
expression or deletion of genes well known by those skilled in the art.
Alternatively, any genes encoding the enzymes catalyzing the conversions a, b,
c, d, e, f, g and h that are known in the art can be used in the methods disclosed

herein.

In some organisms, the production of alcohols from their corresponding
organic acids or acyl-CoA intermediates occurs in a two-step process through
the sequential action of an aldehyde dehydrogehase and an alcohol
dehydrogenase, with both steps béing dependent on reducing equivalents in the
form of NAD(P)H. Examples of aldehyde dehydrogenases | that act on the
organic acid include, but are not limited to the ones found in Mus musculus
(GenBank Accession No. AC162458.4); Clostridium botulinum A str. ATCC
No. 3502 (American Type Culture Collection or “ATCC”, P.O. Box 1549,
Manassas, VA USA, (GenBank Accession No. AM412317.1) Saccharomyces
cerevisiae (GenBank Accession No. EU255273.1) Yet in other microorganisms,
the production of alcohols occurs only through the acyl-CoA intermediate of the
organic acid in two sequential steps catalyzed by similar aldehyde and alcohol
dehydrogenase enzymes, dependent on reducing equivalents in the form of
NAD(P)H. Examples of aldehyde dehydrogenase that act on acyl-CoA
intermediates include, but are not limited to, Rhodococcus opacus (GenBank

Accession No. AP011115.1), Entamoeba dispar (GenBank Accession No.
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DS548207.1) and Lactobacillus reuteri (GenBank Accession No.
ACHGO01000187.1). Examples of alcohol dehydrogenases that catalyze the
conversion of an aldehyde to its corresponding primary alcohol include, but are
not limited to, Aspergillus niger (GenBank Accession No. AM269994.1),
Streptococcus pneumoniae  Taiwanl9F-14 (GenBank Accession No.
CP000921.1) and Salmonella enterica (GenBank Accession No. CP001127.1).
Yet in other microorganisms, both reactions can occur sequentially by the action
of a single enzyme possessing both aldéhyde/alcohol dehydrogenase domains,
independently of the enzyme having only these two domains or more. Examples
of such multifunctional enzymes include, but are not limited to, Lactobacillus
sakei (GenBank Accession No. CR936503.1), Giardia intestinalis (GenBank
Accession No. U93353.1), Shewanella amazonensis (GenBank Accession No.
CP000507.1), Thermosynechococcus elongatus (GenBank Accession No.
BA000039.2), Clostridium acetobutylicum (GenBank Accession No.
AE001438.3) and Clostridium carboxidivorans ATCC No. BAA-624T
(GenBank Accesion No. ACVI01000101.1).

Examples of enzymes that can be used in the present inventions include,

but not limited to, those enzymes listed in the Tables 1-4.
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Table 1. Aldehyde Dehydrogenases that Can Use

an Organic Acid as a Substrate

Organism GenBank Accession No. GI number
Mus musculus AC162458.4 7106242
Clostridium botulinum A AMA412317.1 148288571
str. ATCC No. 3502
Saccharomyces cerevisiae EU255273.1 160415767

Table 2. Aldehyde Dehydrogenases that Can Use Acyl-CoA Intermediates as a

| Lactobacillus reuteri

Substrate
Organism GenBank Accession No. GI number
Rhodococcus opacus AP011115.1 226243131
Entamoeba dispar DS548207.1 165903565
ACHG01000187.1 227184849
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Table 3. Aldehyde Dehydrogenases that Catalyze the Conversion of an

Aldehyde to its Corresponding Primary Alcohol

Organism GenBank Accession No. GI number
Aspergillus niger AM?269994.1 145231224
Streptococcus pneumoniae . CP000921.1 225726676
Taiwan19F-14

CP001127.1 194712950

Salmonella enterica

Table 4. Aldehyde/Alcohol Dehydrogenases Multifunctional Enzymes

Organism GenBank Accession No. GI number
Lactobacillus sakei CR936503.1 78609634
Giardia intestinalis U93353.1 2052472
Shewanella amazonensis CP000507.1 119767329
Thermosynechococcus BA000039.2 22293948
elongatus
Clostridium AE001438.3 14994351
acetobutylicum ' :
Clostridium ACVI01000101.1 | 255508861

carboxidivorans ATCC
No. BAA-624T
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Natural or recombinant organisms containing the gene that encodes the
enzyme alcohol/aldehyde dehydrogenase capable of reducing an acyl-CoA or an
organic acid and then the aldehyde or a ketone to the corresponding primary
alcohol may be isolated or constructed using techniques such as heterologous
DNA insertion, differential expression or deletion of genes well known in the

art.
Conversion ia) Acyl-CoA + NAD(P)H + H' S Aldehyde + NAD(P)" or

Conversion ib) Organic acid + NAD(P)H + H" S Aldehyde + NAD(P) * +
HzO and

Conversion j) Aldehyde or ketone + NAD(P)H + H' & alcohol + NAD(P)"

In order to maximize the production of n-propanol, it is of great
importance that the carbon flux of our engineered microorganism flows
preferentially from pyruvate to propionic acid through the dicarboxylic acid
cycle. However, the present invention realizes that due to cellular requirements
for ATP and NAD(P)H some of the carbon might flow to the production of
acetate from pyruvate through an irreversible oxidative decarboxylation
reaction. The acetate or acetyl-CoA intermediate thus formed are of no
economic interest. However, this acetate or its acetyl-CoA intermediate may be
further metabolized into ethanol by the action of the enzymes aldehyde/alcohol

dehydrogenases described above, or élternatively, these intermediates could be
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- further metabolized into isopropanol by the condensation of two molecules of

acetyl-CoA into acetoacetyl-CoA and CoA, followed be another oxidative
decarboxylation reaction into acetone and final reduction into isopropanol,
through the action of the enzymes from the isopropanol production pathway of
Clostridium beijerinckii, as disclosed in International Application No. WO
2008/131286 Al.

Conversion k) condensation of the two molecules of acetyl-CoA into
acetoacetyl-CoA and CoA through the action of the enzyme thiolase (E.C.

2.3.1.19);

Conversion 1) acetoacetyl-CoA into acetoacetate and CoA through the
action of the enzyme acetoacetyl-CoA hydrolase (E.C. 3.1.2.11);

Conversion m) decarboxylation of acetoacetate into acetone through the

action of the enzyme acetoacetate decarboxylase (E.C. 4.1.1.4);

Conversion n) reduction of acetone into isopropanol through the action of

" the enzyme primary-secondary alcohol dehydrogenase (E.C. 1.1.1.1) found in

microorganisms such as Clostridium beijerinckii, Burkholderia spp. and

Thermoanaerobacter brockii.

In certain embodiments, the engineered microorganism will express the

enzymes corresponding to the conversions a, b, ¢, d, e, f, g, h, ia, ib and j, in
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which at least one of the conversions is carried out by an heterologous gene, and
the final end alcohol products of the fermentation are either n-propanol or

ethanol or a mixture of both.

In certain embodiments, the engineered microorganisms will express the
enzymes corresponding to the conversions a, b, ¢, d, e, f, g, h, ia, ib, j, k, 1 , m,
and n, in which at least one of the conversions is carried out by an heterologous
gene, and the final end alcohol products of the fermentation are either n-

propanol, ethanol or isopropanol or a mixture thereof.

In certain embodiments, the gene encoding for an enzyme acetate kinase
(E.C. 2.7.2.1) of the host organism, catalyziﬁg the conversion of acetyl-CoA into
acetate, will have its expression altered so as to diminish its activity and thus
increase availability of acetyl-CoA for isopropanol production. For example, the
acetate kinase encoding gene of P. acidipropionici (GenBank Accession No.
AY936474.1) may be altered, deleted or underexpressed using techniques
known by those skilled in the art.

The invention encompasses the use of isolated or substantially purified
polynucleotide and enzyme or protein compositions. An "isolated" or "purified"
polynucleotide or enzyme, or biologically active portion thereof, is substantially
or essentially free from components that normally accompany or interact with
the polynucleotide or protein as found in its naturally occurring environment.

Thus, an isolated or purified polynucleotide or enzyme is substantially free of
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other cellular material or culture medium when produced by recombinant
techniques, or substantially free of chemical precursors or other chemicals when
chemically synthesized. Optimally, an "isolated" polynucleotide is free of
sequences (optimally protein encoding sequences) that naturally flank the
polynucleotide (i.e., sequences located at the 5' and 3' ends of the
polynucleotide) in the genomic DNA of the organism from which the
polynucleotide is derived. For example, in various embodiments, the isolated
polynucleotide can contain less than about 5 kb, 4 kb, 3 kb, 2 kb, 1 kb, 0.5 kb, or
0.1 kb of nucleotide sequence that naturally flank the polynucleotide in genomic
DNA of the cell from which the polynucleotide is derived. An enzyme or protein
that is substantially free of cellular material includes preparations of protein
having less than about 30%, 20%, 10%, 5%, or 1% (by dry weight) of
contaminating protein. When the protein of the invention or biologically active
portion thereof is recombinantly produced, optimally culture medium represents
less than about 30%, 20%, 10%, 5%, or 1% (by dry weight) of chemical

precursors or non-protein-of-interest chemicals.

Fragments and variants of the disclosed polynucleotides and enzymes
encoded thereby are also encompassed by the present invention. By "fragment"
is intended a portion of the polynucleotide or a portion of the amino acid
sequence and hence enzyme or protein encoded thereby. Fragments of
polynucleotides comprising coding sequences may encode enzyme or protein
fragments that retain biological activity of the hative enzyme. Alternatively,
fragments of a polynucleotide that are useful as hybridization probes generally
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do not encode proteins that retain biological activity or do not retain promoter
activity. Thus, fragments of a nucleotide sequence may range from at least about
20 nucleotides, about 50 nucleotides, about 100 nucleotides, and up to the full-

length polynucleotide of the invention.

A fragment of a polynucleotide that encodes a biologically active portion
of an enzyme of the invention will encode at least 15, 25, 30, 50, 100, 150, 200,
300, 400, 500, 750. or 1000 contiguous amino acids, or up to the total number of
amino acids present in a full-length enzyme of the invention. Fragments of a
polynucleotide encoding an enzyme of the present invention that are useful as |
hybridization probes or PCR primers generally need not encode a biologically

active portion of the enzyme.

Thus, a fragment of polynucleotide of the present invention may encode a
biologically active portion of an enzyme, or it may be a fragment that can be
used as a hybridization probe or PCR primer using methods disclosed below. A
biologically active portion of an enzyme protein can be prepared by isolating a
portioﬁ of one of the polynucleotides of the invention, expressing the encoded
portion of the enyZme or protein (e.g., by recombinant vexpre.ssion in vivo), and
assessing the enzyme activity of the encoded portion of the enzyme.
Polynucleotides that are fragments of a nucleotide sequence comprise at least
16, 20, 50, 75, 100, 150, 200, 250, 300, 350, 400, 450, 500, 550, 600, 650, 700,
800, 900, 1000, 1100, 1200, 1300, 1400, 1500, 2000, 2500, or 3000 contiguous
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nucleotides, or up to the number of nucleotides present in a full-length

polynucleotide disclosed herein.

"Variants" is intended to mean substantially similar sequences. For
polynucleotides, a variant comprises a polynucleotide having deletions (i.e.,
truncations) at the 5' and/or 3' end; deletion and/or addition of one or more
nucleotides at one or more internal sites in the native polynucleotide; and/or
substitution of one or more nucleotides at one or more sites in the native
polynucleotide. As used herein, a "native" polynucleotide or polypeptide
comprises a naturally occurring nucleotide sequence or amino acid sequence,
respectively. For polynucleotides, conservative variants include those sequences
that, because of the degeneracy of the genetic code, encode the amino acid
sequence of one of the polypeptides of the invention. Naturally occurring allelic
variants such as these can be identified with the use of well-known molecular
biology techniques, as, for example, with polymerase chain reaction (PACR) and
hybridization techniques as outlined below. Variant polynucleotides also include
synthetically derived polynucleotides, such as those generated, for example, by
using site-directed mutagenesis but which still encode an enzyme of the
invention. Generally, variants of a particular polynucleotide of the inventiqn will
ha\}e at least about 40%, 45%, 50%, 55%, 60%, 65%, 70%, 75%, 80%, 85%,
90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%, 98%, 99% or more sequence
identity to that particular polynucleotide as determined by sequence alignment

programs and parameters as described elsewhere herein.
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Variants of a particular polynucleotide of the invention (i.e., the reference
polynucleotide) can also be evaluated by comparison of the percent sequence
identity between the polypeptide encoded by a variant polynucleotide and the
polypeptide encoded by the reference polYnucleotide. Percent sequence identity
between any two polypeptides can be calculated using sequence alignment
programs and parameters described elsewhere herein. Where any given pair of
polynucleotides of the invention is evaluated by comparison of the percent
sequence identity shared by the two polypeptides they encode, the percent
sequence identity between the two encoded polypeptides is at least about 60%,
65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,

98%, 99% or more sequence identity.

"Variant" protein is intended to mean a protein derived from the native
protein by deletion (so-called truncation) of one or more amino acids at the N-
terminal and/or C-terminal end of the native protein; deletion and/or addition of
one or more amino acids at one or more internal sites in the native protein; or
substitution of one or more amino acids at one or more sites in the native
protein. Variant proteins encompassed by the present invention are biologically
active, that is they continue to possess the desired biological activity of the
native protein. The biological activity of variant proteins of the invention can be
assayed by methods known in the art. Such variants may result from, for
example, genetic polymorphism or from human manipulation. Biologically
active variants of a native enzyme of the invention will have at least about 60%,

65%, 70%, 75%, 80%, 85%, 90%, 91%, 92%, 93%, 94%, 95%, 96%, 97%,
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98%, 99% or more sequence identity to the amino acid sequence for the native
protein as determined by sequence alignment programs and parameters
described elsewhere herein. A biologically active variant of a protein of the
invention may differ from that protein by as few as 1-15 amino acid residues, as
few as 1-10, such as 6-10, as few as 5, as few as 4, 3, 2, or even 1 amino acid

residue.

"Variant" protein is intended to mean a protein derived from the native
protein by deletion (so-called truncation) of one or more amino acids at the N-
terminal and/or C-terminal end of the native protein; deletion and/or addition of
one or more amino acids at one or more internal sites in the native protein; or
substitution of one or more amino acids at one or more sites in the native -

protein. Variant proteins encompassed by the present invention are biologically

active, that is they continue to possess the desired biological activity of the

native protein. The biological activity of variant proteins of the invention can be
assayed by methods known in the art. Such variants may result from, for
example, genetic polymorphism or from human manipulation. Biologically
active variants of a native enzyme aldehyde dehydrogenase and alcohol
dehydrogenase of the invention will have an E-value threshold below le-2 when
compared with conserved domain protein database (CDD) from National Center

for Biotechnology Information (http://www.ncbi.nlm.nih.gov/cdd).

The enzymes or proteins of the invention may be altered in various ways

including amino acid substitutions, deletions, truncations, and insertions.
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Methods for such manipulations are generally known in the art. For example,
amino acid sequence variants and fragments of the enzymes can be prepared by
mutations in the DNA. Methods for mutagenesis and polynucleotide alterations
are well known in the art. See, for example, Kunkel (1985) Proc. Natl. Acad.
Sci. USA 82:488-492; Kunkel et al. (1987) Methods in Enzymol. 154:367-382;
U.S. Patent No. 4,873,192; Walker and Gaastra, eds. (1983) Technigues in
Molecular Biology (MacMillan Publishing Company, New York) and the
references cited therein. Guidance as to appropriate amino acid substitutions that
do not affect biological activity of the protein of interest may be found in the
model of Dayhoff et al. (1978) Atlas of Protein Sequence and Structure (Natl.
Biomed. Res. Found., Washington, D.C.), herein incorporated by reference.
Conservative substitutions, such as exchanging one amino acid with another

having similar properties, may be optimal.

Thus, the genes and polynucleotides of the invention include both the
naturally occurring sequences as well as mutant forms. Likewise, the proteins of
the invention encompass both naturally occurring proteins as well as variations
and modified forms thereof. Such variants will continue to possess the desired
enzyme activity. Obviously, the mutations that will be made in the DNA
encoding the variant must not place the sequence out of reading frame and
optimally will not create complementary regions that could préduce secondary

mRNA structure. See, EP Patent Application Publication No. 75,444.
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The deletions, insertions, and substitutions of the proteih sequences
encompassed herein are not expected to produce radical changes in the
characteristics of the protein. However, when it is difficult to predict the exact
effect of the substitution, deletion, or insertion in advance of doing so, one
skilled in the art will appreciate that the effect will be evaluated By routine
screening assays. That is, enzyme activit§; can be evaluated by routine assays

known in the art.

Variant polynucleotides and enzymes also encompass sequences and
enzymes derived from a mutagenic and recombinogenic procedure such as DNA
shuffling. Strategies for such DNA shuffling are known in the art. See, for:
example, Stemmer (1994) Proc. Natl. Acad. Sci. USA 91:10747-10751;
Stemmer (1994) Nature 370:389-391; Crameri et al. (1997) Nature Biotech.
15:436-438; Moore ef al. (1997) J. Mol. Biol. 272:336-347; Zhang et al. (1997)
Proc. Natl. Acad. Sci. USA 94:4504-4509; Crameri et al. (1998) Nature
391:288-291; and U.S. Patent Nos. 5,605,793 and 5,837,458.

It is recognized that the methods of the present invention encompass the
use of polynucleotide molecules and proteins comprising a nucleotide or an
amino acid sequence that is sufficiently identical to a nucleotide or amino acid
sequence disclosed herein. The term "sufficiently identical" is used herein to
refer to a first amino acid or nucleotide sequence that contains a sufficient or
minimum number of identical or equivalent (e.g., with a similar vside chain)

amino acid residues or nucleotides to a second amino acid or nucleotide
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sequence such that the first and second amino acid or nucleotide sequences have
a common structural domain and/or common functional activity. For example,
amino acid or nucleotide sequences that contain a common structural domain
having at least about 45%, 55%, or 65% identity, preferably 75% identity, more
preferably 85%, 90%, 95%, 96%, 97%, 98% or 99% identity are defined herein

as sufficiently identical.

To determine the percent identity of two amino acid sequences or of two
nucleic acids, the sequences are aligned for optimal comparison purposes. The
percent identity betweeh the two sequences is a function of the number of
identical positions shared by the sequences (i.e., percent identity = number of
identical positions/total number of positions (e.g., overlapping positions) x 100).
In one embodiment, the two sequences are the same length. The percent identity
between two sequences can be determined using techniques similar to those
described below, with or without allowing gaps. In calculating percent identity,

typically exact matches are counted.

The determination of percent identity between two sequences can be
accomplished using a mathematical algorithm. A preferred, nonlimiting example
of a mathematical algorithm utilized for the comparison of two sequences is the
algorithm of Karlin and Altschul (1990) Proc. Natl. Acad. Sci. USA 87:2264,
modified as in Karlin and Altschul (1993) Proc. Natl. Acad. Sci. US4 90:5873-
5877. Such an algorithm is incorporated into the BLASTn and BLASTx
programs of Altschul ez al. (1990) J. Mol. Biol. 215:403. BLAST nucleotide
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searches can be performed with the BLASTn program, score = 100, wordlength
= 12, to obtain nucleotide sequences homologous to the polynucleotide
molecules of the invention. BLAST protein searches can be performed with the
BLASTx program, score = 50, wordlength = 3, to obtain amino acid sequences
homologous to protein molecules of the invention. To obtain gapped alignments
for comparison purposes, Gapped BLAST can be utilized as described in
Altschul et al. (1997) Nucleic Acids Res. 25:3389. Alternatively, PSI-Blast can
be used to perform an iterated search that detects distant relationships between
molecules. See Altschul et al. (1997) supra. When utilizing BLAST, Gapped
BLAST, and PSI-Blast programs, the default parameters of the respective
programs (e.g., BLASTx and BLASTn) can be used. See
http://www.ncbi.nlm.nih.gov. Another preferred, non-limiting example of a
mathematical algorithm utilized for the comparison of sequences is the
algorithm of Myers and Miller (1988) CABIOS 4:11-17. Such an algorithm is
incorporated into the ALIGN program (version 2.0), which is part of the GCG
sequence alignment software package. When utilizing the ALIGN program for
cémparing amino acid sequences, a PAM120 weight residue table, a gap length
penalty of 12, and a gap penalty of 4 can be used. Alignment may also be

performed manually by inspection.

Unless otherwise stated, sequence identity/similarity values provided
herein refer to the value obtained using the full-length sequences of the
invention and using multiple alignment by mean of the algorithm Clustal W
(Nucleic Acid Research, 22(22):4673-4680, 1994) using the program AlignX
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included in the software package Vector NTI Suite Version 7 (InforMax, Inc.,
Bethesda, MD, USA) using the default parameters; or any equivalent program
thereof. By "equivalent program" is intended any sequence comparison program
that, for any two sequences in question, generates an alignment having identical
nucleotide or amino acid residue matches and an identical percent sequence
identity when compared to the corresponding alignment generated by
CLUSTALW (Version 1.83) using default paraméters (available at the European
Bioinformatics Institute ' website:
http://www.ebi.ac.uk/Tools/clustalw/index.html).In certain embodiments, any
genes encoding for enzymes with one or more of the aldehyde dehydrogenase
and alcohol dehydrogenase activities may be used. These enzymes may be wild-
type enzymes from a different organism, or may be artificial, recombinant or

engineered enzymes.

In certain embodiments, the metabolic reactions described within this
invention may be catalyzed by one or more enzymes regardless of the number of
steps catalyzed by each enzyme which may be single or multi-functional and

still be included within the scope of this invention.

In certain embodiments, any genes encoding for enzymes with the same
activity as any of the enzymes described within this invention may be used.
These enzymes may be wild-type enzymes from a different organism, or may be

artificial, recombinant or engineered enzymes.
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Due to the inherent degeneracy of the genetic code, other nucleic acid

- sequences which encode substantially the same or a functionally equivalent

amino acid sequence can also be used to express such enzymes. As will be
understood by those of skill in the art, it can be advantageous to modify a coding
sequence to enhance its expression in a particular host. The codons that are
utilized most often in a species are called “optimal codons”, and those not
utilized very often are classified as “rare or low-usage codons”. Codons can be
substituted to reflect the preferred codon usage of the host, a process sometimes

called “codon optimization” or “controlling for species codon bias”.

Expression of genes is a complex mechanism that may be m.odiﬁed by
molecular biology techniques. For example, expression of heterologous genes
may be controlled by an inducible promoter or a constitutive promoter. The
heterologous genes may either be integrated into a chromosome of the host or
present as extra-chromosomal genetic elements (such as plasmids, BAC, YAC,
etc.) that can be inherited by daughter cells. Such extra-chromosomal genetic

elements may contain selection markers.

Methods for expressing polypeptide from an exogenous nucleic acid
molecule include constructing a nucleic acid such that a regulatory element
(promoter, enhancers and the like) promotes the expression of a nucleic acid

sequence that encodes the desired polypeptide at a desired condition.
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In another embodiment, heterologous control elements can be used to
activate or repress expression of endogenous or heterologous genes. Moreover,
when expression is to be repressed or eliminated, the gene for the relevant
enzyme, protein or RNA can be eliminated, for example, by knock-out mutation
obtained through homologous recombination or other known deletion

techniques. The use of the technique of interference RNA (iRNA) for gene post-

 trascriptional silencing could also be used.

Methods that modify the expression of genes in microorganisms are
contemplated for use in the construction of the microbial cells of the present

invention.

Any method capable of introducing an exogenous nucleic acid molecule
into microorganisms can be used. For example, electroporation, conjugation,
heat shock, Agrobacterium tumefaciens mediated transformation, protoplasts

fusion, etc.

The exogendus nucleic acid molecule contained within a microorganism
described herein may be maintained within that cell in any form, i.e., these
molecules can be integrated into the any chromosome or maintained in an extra-
chromosomal state that can be passed on to daughter cells. Additionally, these
microorganisms can be stably or transiently transformed. Moreover, exogenous
nucleic acid molecule may be present as single or multiple copies into the host

microorganism.
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The reducing equivalents needed for the conversion of the
propionate/propionyl-CoA intermediate into n-propanol may be supplied to the
microorganism in vivo through the use of a recombinant NAD(P)H recycling

system and the external supply of a formate salt.

According to the present invention, it is possible to drive redox balance
artificially in three main ways. As example, one way is the introduction of a
recombinant NAD(P)H and/or recycling system based on a the introduction of a
gene coding for an enzyme that catalyzes the conversion of formate salt into
CO, with the concomitant regeneration of the reduced form NAD(P)H and the
external supply of formate to the growth medium. See, U.S. Patent Application
Publication No. 2003/0175903 A1, herein incorporated by reference.

The reducing equivalents needed for the conversion of the
propionate/propionyl-CoA intermediate into n-propanol may also be supplied by
the addition of an overpressure of H, to the bioreactor (at low or high pressures,
but preferentially at 1-2 atmospheres) as described in U.S. Pat. No. 4,732,855,
herein incorporated by reference. This overpressure can be used in

microorganism that express a hydrogenase enzyme, native or heterologous.

Another alternative is to supply the reducing equivalents needed for the
conversion of the propionate/propionyl-CoA intermediate into n-propanol
through the use of cathodes and a mediator molecule. This reaction occurs

simultaneous to the fermentation process in a bioelectric reactor, where the
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mediator is a external molecule that has a function of transferring the electrons
from a cathode to the electron carriers of the living cell NAD(P)) as described
by Thrash & Coates 2008, Environ. Sci. Technol. 42:3921-3931, herein

incorporated by reference.

The working cathode can be poised at several potentials against the
reference electrode, such as 10 mV, 100 mV, 200 mV, 400 mV, 600 mV and
800 mV or any potential value necessary to transfer electrons from the electrode
to the growing cells. The cathodes can be constructed in different materials,
shapes, sizes and superficial areas, such as single wires, nets or solid shape
configurations. However, ofher shapes or configurations may be considered

within the scope of the present invention.

The mediator molecule can be any molecule externally supplied or
internally secreted and can be present at several concentrations, such as 0.2 mM,
0.4 mM, 0.6 mM, 0.8 mM, 1.0 mM, or any concentration necessary to transfer
the electrons from the electrode to the cell with high performance and with the
object of maximizing the concentration of interesting end-products and
minimizing the electrical current generated duriflg this process. Examples of
suitable mediators for this process are benzyl viologen, methyl viologen,
anthraquinone 2,6-disulfonic acid, neutral red and cobalt sepulchrate. Other
suitable mediator molecules for the process of the present invention are

compounds present in yeast extract and endogenous mediator present in
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Propionibacterium spp. extract. Another embodiment of the invention is the use

of endogenous mediator by recirculation of the cells to the bioreactor.

In the present invention, the preferred form for externally supplying
reducing equivalents to the culture medium is through the use of electrodes and

a mediator molecule.

The electrical current used to supply the electrodes can be originated by
renewable or non-renewable energy sources. Howevér, the preferred source is a
renewable source, such as hydroelectrical plants or, more preferentially
according to the biorefinery concepts, such as through the burning of sugarcane

bagasse.

The bioelectrical reactor uses a two or three electrode system for precise
measuremenf and control of the potential at the working electrode (cathode) and
the auxiliary counter electrode (anode). If necessary by the reactor configuration
an electron shutt]e may be used. Any kind bf reference electrode system known
at the state of the art as adequate for aqueous media, as the hydrogen electrode
or the silver chloride electrode, can be used by' the present invention as a

reference electrode when necessary.

The cathodic voltage should be maintained below 3.0 V, preferentially
below to 1.5 V, to prevent the electrolysis of water what would undesirably

increase the pH of the media and release gaseous hydrogen.
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In addition, high concentrations of chloride ions must be avoided in the
anodic compartment to prevent its oxidation that would undesirably form
chlorine that would react with water to form hypochlorous acid, which would be

very prejudicial to the growth and integrity of the microorganisms.

The anode and cathode were separated by a separator element selected
among the ones known by the state of the art. The purpose of this separator is to
permit only the passage of ions and electrical current and avoid, or at least
reduce, the transfer of chemicals, as sugars, and metabolites across it. As
examples of the separators adequé.te for the present invention are ceramics
porous septums, fibery diaphragms and, preferably, solid permeable electrolytes
as the cation-selective membranes known as permselective membrane,

commercially designed as Nafion or similar.

The cathode compartinent is the place where the culture medium is fed
and the fermentation is conducted. Its composition, made mainly by water and
soluble nutrients, substrates and metabolites, permits its use as a catholyte in
addition to its ability to promote the cells growth and the fermentation

development.

The anode compartment must be filled with an aqueous solution, stable to
the anode potential and able to conduct electricity. It can be usually constituted

by an-aqueous buffer as a 100 mM sodium phosphate solution.
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The electrodes could be assembled in many different configurations as
single wires, bars, rods, nets, porous agglomerates, woven structures or solid or
perforated foils or plates, with a smooth or a rough surface. In the case of the
cathodes they are preferably used as the baffles to prevent the vortex in stirred
bioelectrical reactors. In the case of the anodes they are preferably assembled in

the wall of the bioelectrical reactors, separated by a permselective membrane.

Electrodes must be made of a material stable to the corrosion in the
bioelectrical reactor operational conditions and that is a good electricity
conductor. The anode must be preferably made of carbon, graphite, or metals or
alloys as nickel, platinum, stainless steel or titanium. The cathode must be made
of any material adequate for use as cathodes, such as graphite, glassy carbon,
stainless steel, carbon steel or metals or alloys as nickel, iron, lead, titanium,
commercially designed as monelA, sanicro, 2RK65 or similar. Preferably the
cathode material will be constituted by a metal or alloy of high hydrogen

overpotencial as titanium, monel, sanicro, or 2RK65.

Fermentation media in the present invention contain suitable carbon
sources to yield a high productivity of propionic acid by native or engineered
microorganisms hosting the dicarboxylic acid pathway and the n-propanol
producing pathway by native or engineered microorganims. This carbon sources
can include monosaccharides such as glucose, fructose and xylose;
oligosaccharides such as sucrose and lactose; polysaccharides such as starch,

pectin, cellulose and hemicellulose, and lignocellulosic materials; fatty acids;
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succinate; lactate; acetate; glycerol and mixtures thereof. Also, it can include
other carbon sources from renewable feedstocks of complex composition such
as sugarcane juice, sugarcane molasses or acid or enzymatic hydrolysates of
lignoéellulosic materials. Waste materials such as whey or industrial glycerol

waste waters can also be used.

In certain embodiments of the present invention glycerol, sucrose and the

- complex multi-component sugarcane juice or sugarcane molasses are

preferentially used.

In addition to the appropriate carbon sources, the culture media may be
provided by other macronutrients such as nitrogen, and micronutrients such as
phosphorous, potassium, sodium, calcium, vitamins and essentials metallic
cofactors, known to those skilled in the art, according to the requirements of the

producing microorganism.

In certain embodiments, the carbon source can be preferentially supplied

with at least one nitrogen source.
In certain embodiments, the preferred nitrogen source is yeast extract.

In certain embodiments, the preferred nitrogen source is N,.
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In certain embodiments vitamin B5 (pantothenic acid) is supplied to the
culture medium with the object of increasing producfivity. This panthotenic acid
fnay be provided in puré form or as a crude extract by-product of fermentation

by another organism.

The microorganisms, native or engineered, must be grown in conditions
for high yield production of the compounds of interest. Suitable culture
conditions will be considered. The microorganisms, native or engineered for
propionic acid and subsequent n-propanol production, grow at temperatures
ranging from 25°C to 60°C, where temperatures 30°C to 32°C are preferred.
Suitable pH ranges for the fermentation high production, are between pH 5 to
pH 7.5, where pH 6.5 to 6.8 are preferred. Reaction may be performed under

anaerobic, microaerobic, or aerobic conditions.

In certain embodiments, fermentation under anaerobic condition is

preferred.

The fermentative process in the present invention can employ various
fermentation operations modes. Batch mode fermentation is a close system
where culture media and producer microorganism, set at the beginning of
fermentation, don’t have any more inputs except for the reagents for pH control, .
foam control and others required for process sustenance. The process described

in the present invention can also be employed in Fed-batch or continuous mode.



10

15

20

WO 2011/029166 PCT/BR2010/000289

54

The fermentative process can be performed in free cell culture and in
immobilized cell culture. For immobilized cell cultures is contemplated the use
of different material supports such as alginates, fibrous bed, argyle materials
such as chrysotile, montmorillonite KSF and montmorillonite K-10. However,
other methods of immobilization' are considered here within the scope of the

present invention.

In certain embodiments, the preferred condition is the use of immobilized

cells.

The present invention may be practiced in several bioreactor
configurations, such as stirred tank, bubble column, airlift reactor and other

known to those skilled in the art.

The products, n-propanol and, eventually, iso-propanol and/or ethanol,
can be extracted from the fermentation broth using processes well-known in the
state-of-the-art, such as for the separation of ethanol from broth. These
processes include distillation, reactive distillation, azeotropic distillation and
extractive distillation. There is no need to remove the total amount of water in

the media.

In addition, the alcohols n-propanol and iso-propanol and/or ethanol,
obtained according to the present invention can be dehydrated together in the

same reactor using operating conditions to yield high amounts of propylene and
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an amount of ethylene. In certain embodiment of the invention, reactor feed
stream can be a mixture of n—propan01 and iso-propanol and/or ethanol or a
mixture of these alcohols with water. Ethylene can be purified to used as a

copolymer with propylene.

The dehydration reaction occurs in the presence of catalyst such as
alumina, silica-alumina, zeolites and other metallic oxides using temperatures
ranging from 180°C to 600°C, preferentially from 300°C to 500°C. The reaction
is conduced in an adiabatic or isothermal reactor, which can also be é fixed or a

fluidized bed reactor.

The dehydration reaction of n-propanol and, eventually, iso-propanol
and/or ethanol, can be optimized using residence time ranging from 0,1 to 60
seconds, preferentially from 1 to 30 seconds. Non converted alcohol can be

recycled to the dehydration reactor.

The contaminants that are generated in the process are removed
through a purification section that is traditionally used in this type of reaction.
Propylene can be washed with pure water or caustic solution to remove acids
compounds like carbon dioxide and/or can be fed into beds to absorb polar
compounds like water and also to remove carbon monoxide. Alternatively, a
distillation column can be used to separate higher hydrocarbbns such as propane,
butane, butylene and higher compounds. The separation of propylene and

ethylene is made by the methods know in the state-of-the-art as cryogenic
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 distillation. Polymer grade propylene is provided by the process of the present

invention and has 100% of renewable carbon content.

Polypropylene and their copolymers of the present invention are

‘produced by polymerization processes well-known in the state of art, which can

be conduced via bulk polymerization process with temperatures ranging from
105°C to 300°C, or via polymerization in suspension with temperatures ranging
from 50°C to 100°C. Alternatively polypropylene can be produced in a gas phase
reactor in the presence of a polymerization catalyst such as Ziegler-Natta or

metalocene catalysts with temperatures ranging from 60°C -80°C.

The product obtained by the processes described in the present
invention has 100% of biobased content contributing to reduce greenhouse gas
emission, since at the end of its life there would no fossil carbon emissions if it

is incinerated.

EXAMPLE 1

Fermentation of Sugarcane Juice by Propionibacterium acidipropionici

A native strain of Propioﬁibacterium acidipropionici (ATCC No. 4875)

was used to study propionic acid and n-propanol production using sugarcane

~juice as a carbon source. The bacterium was cultured in a medium containing

30% sugar cane juice diluted in water and supplemented with 1 g/L of yeast

extract. At this dilution, the starting concentrations of sugars in diluted
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sugarcane juice medium were measured at 53 g/L.of sucrose, 10.9 g/L of
glucose and 7.4 g/L of fructose. The medium was sterilized at 121°C and 1

kgf/cm® for 20 min prior to use.

Free-cell batch fermentation was conducted in a 2.5 L bioreactor (BioFlo
3000 — New Brunswick) containing 2.0 L of the sterile medium inoculated with
20 g/l (wet weight) of the adapted cells of P. acidipropionici. The bioreactor
temperature was maintained at 30°C and the agitation speed at 100 fpm.
Constant pH of 6.5 was automatically controlled by adding a 4M NaOH -
solution. Anaerobic conditions were maintained through the use of a N, -

atmosphere.

Batch fermentation was stopped after 114 h and the products were
quantified through High Performance Liquid Chromatography coupled to a
Refraction Index detector and using standards for the desired metabolites
(Varian Chromatographer using a Aminex HPX-87H Organic Acid Column
from Transgenomic, operating at room temperature and using 0.002 M H,SO, as
the eluent at a flux of 0.6 mL/min). Table 5 shows the final concentration of the
products. As can be observed, no n-propanol is detected at the growth conditions

used.
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Table 5. Final product concentrations after 114 h of fermentation by
Propionibacterium acidipropionici (ATCC No. 4875) of sugarcane juice media
(see composition in text) under controlled conditions of temperature, pH and

agitation.

Concentration (g/L)

Compbnent
Propionic acid 28.0
Acetic acid 9.6
Succinic acid 8.1
n-Propanol ND

ND: Not detected

EXAMPLE 2
Engineering Propionibacterium acidipropionici for In Vivo n-propanol
Production Through the Heterologous Expression of a Propionyl-CoA
Reducing Pathway

Constructs:

pBKI1T. A shuttle plasmid, pBK1T, is constructed in two steps. First step
consists of fusing a portion of the native pRGO1 plasmid of P. acidipropionici
with a portion of a commercial pUC18 plasmid, as described by Kiatpapan et al.
2000 (Appl. Env. Microbiol. 66:4688-4695). As a result of this fusion, the

plasmid has both origins of replication in E. coli and P. acidipropionici and the
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marker gene conferring resistance to ampicilin for E. coli; however, this
resistance gene is not expressed in P. acidipropionici due to the differences in
G+C content and codon usage. As an appropriate selection marker for P.
acidipropionici, a synthetic construct was designed comprising a gene
conferring resistance to the antibiotic thiostrepton, isolated from Streptomyces
laurentii (GenBank Accession Number 1.39157.1), controlled by the promoter
and terminator regions of the pa-mmc gene gene coding for the Methyl-malonyl
CoA transcarboxilase (E.C. 2.1.3.1) of P. acidipropionici. This synthetic
construct is built by amplifying the thiostrepton resistance gene from plasmid
plJ680 (Hopwood et al., 1985, “Genetic manipulation of Streptomyces — A
Laboratory Manual”, John Innes Foundation, Norwich) using adapter-primers
PMMC TSR-F (5°-
CCGGGTTGCAATCAGGCTCTGATGCGCATGACTGAGTTGGACACCAT
CG-3’) and TAPH_TSR-R (5’-

 TCAGGCTGAGAACGACCTGATCCGCCATTATCGGTTGGCCGCGAGAT

-3”), in which the Forward primer contains a hybridization tail for fusing with
the pfomoter region (underlined) and the Reverse primer contains a
hybridization tailfor fusing with the terminator region (underlined). The
promoter and terminator regions of the pa-mmc gene of P. acidipropionici are
PCR amplified from genomic DNA using the primers Ncol PMMC-F (5’-
GATGACATCCATGGGTGTGCCATTTCTCACAATCC -3°), PMMC-R (5°-
CCGGGTTGCAATCAGGCT CTGATGCGC-3’), TMMC-F (5’-
TCAGGCTGAGAACGACCTGAT-3) and Psil TMMC-R (5°-
GATCGTITATAAGTAGGAGGCCTGCCTTGC-3’). Both amplicons are
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joined together by single-joint PCR according to Yu et al., 2004 (Fungal
Genetics and Biology 41:973 -981). The sequence of the resulting synthetic
construct is provided in Figure 7.This is digested with Ncol and Psil and
inserted at the Psil (blunt) and Ncol sites of the fusion vector in order to create

our shuttle vector pBK1T.

pBK1T1. Expression plasmid pBK1T1 is constructed by inserting into pBK1T a

- gene coding for the bifunctional aldehyde/alcohol dehydrogenase of Clostridium

carboxidivorans (ATCC No. BAA-624T) (Uniprot Accesion No. C6PZV5),
controlled by the promoter and terminator regions of the gene coding for the
Methyl-malonyl CoA transcarboxilase (E.C. 2.1.3.1) of P. acidipropionici. Due
to differences in the G+C content and codon usage between P. acidipropionici
and C. carboxidivorans, said gene was designed by reverse translation of the
primary amino acid sequence. For this, a codon table is generated from host
ribosomal protein genes, which are highly expressed. The codons are selected to
resemble this table and the 6verall host G+C content, avoiding recognition sites
of host restriction enzymes. Ihverted repeats were also avoided to disrupt mRNA
secondary structures. Finally, adaptors for digestion with the restriction enzymes
Xbal and Hindlll are added to the 5° and 3’ ends of this sequence, respectively.
The sequence of this synthetic construct is provided in Figure 8. The designed
2950 bp construct, containing the gene, its controlling regions and cloning
adaptors is synthesized by Epoch Life Science
(http://epochlifescience.com/Service/Gene_Synthesis.aspx). The construct is
then digested and cloned into the Xbal and Hindlll sites of pBKIT to generate
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the expression shuttle plasmid pBKI1TI. A schematic view of this plasmid is

provided in Figure 5 and its sequenée in Figure 10.

pBK1T2. Expression plasmid pBK1T2 is constructed by inserting into pBK1T a
gene coding for the bifunctional aldehyde/alcohol dehydrogenase of Clostridium
acetobutylicum (ATCC No. 824) (Uniprot Accesion No. P33744), controlled by
the promoter and terminator regions of the gene coding for the Methyl-malonyl
CoA transcarboxilase (E.C. 2.1.3.1) of P. acidipropionici. Due to differences in
the G+C content and codon usage between P. acidipropionici and C.
acetobutylicum, said gene was designed by reverse translation of the primary
amino acid sequence. For this, a codon table is generated from host ribosomal
protein genes, which are highly expressed. The codons are selected to resemble
this table and the overall host G+C content, avoiding recognition sites of host
restriction enzymes. Inverted repeats were also avoided to disrupt mRNA
secondary structures. Finally, adaptors for digestion with the restriction enzymes
Xbal and HindlIll are added to the 5” and 3’ ends of this sequence, respectively.
The sequence of this synthetic construct is provided in Figure 6. The designed
2959 bp construct, containing the gene, its controlling regions and cloning
adaptors is synthesized by Epoch Life Science
(http://epochlifescience.com/Service/Gene_Synthesis.aspx). The construct is

‘then digested and cloned into the Xbal and Hindlll sites of pBK1T to'generate

the expressvion shuttle plasmid pBK1T2. A schematic view of this plasmid is

provided in Figure 6 and its sequence in Figure 11.
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Transformation:

pBKIT! and pBK1T2 plasmids are first multiplied in E coli GM2929 (dam-,
dem-) and are then recovered with high yield using standard procedures.
Afterwards, these plasmids are transformed into electrocompetent cells of
Propionibacterium freudenreichii (ATCC No. 6207) according to Kiatpapan and
Murooka, 2001 (Appl. Microbiol. Biotechnol. 56:144-149) in order to obtain the
appropriate methylation pattern to avoid digestion in the final host P.
aci‘dipropionici. Finally, the plasmids are recovered from P. freudenreichii and
used to transform electrocompetent cells of P. acidipropionici (ATCC No.
4875). Transformants containing the expression plasmid pBK1T1 or pBK1T2
are selectéd in media containing 50 pg/mL thiostrepton and allowed to grow for
4-7 days. '

Growth:

Recovered colonies of P. acidipropionici containing the expression plasmid
pBK1TI1 or pBKT2 are used to inoculate Erlenmayer flasks containing 125 mL
of culture media (0.5% yeast extract, 0.5% peptone, 0.1% KH,PO,, 0.2%
(NH,),HPO,, 0.1% of saline solutions 1 and 2 - solution 1: 1% MgSO,.7H,0O
and 0.25% MnSO4H,0; solution 2: 1% CaCl,.2H,0 and 1% de CoCl,.6H,0;
pH 6,8) with 50 pg/mL thiostrepton and 5% glycerol as a reduced carbon
source. The culture is gréwn in anaerobiosis until reaching ODgg ~2.5 and is
used to seed a bioreactor culture using the .same media, as explained in
comparative Example 1. The production of n-propanol from this reduced carbon

source is measured by High—Performénce Liquid Chromatography, coupled to a
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Refraction Index detector (Varian Chromatographer using a Aminex HPX-87H
Organic Acid Column from Transgenomic, operating at room temperature and

using 0.005 M H,SO, as the eluent at a flux of 1 ml/min) and is compared to

the production of this metabolite by a native P. acidipropionici strain (ATCC

No. 4875). Native strains of P. acidipropionici are known to produce n-propanol
from glycerol with a yield of approximately 4% (Barbirato et al., 1997, Appl.
Microbiol. Biotechnol. 47: 441-446). Therefore, an increase in the production 6f
this metabolite from glycerol can be attributed to the effect of the expression of
the heterologous aldehyde/alcohol dehydrogenase gene.

EXAMPLE 3
Fermentation of sucrose by Propionibacterium acidipropionici using a

bioelectrical reactor and a mediator molecule

A native strain of Propionibacterium acidipropionici (ATCC No. 4875)
was used to study n-propanol production using sucrose as a carbon source. The
bioelectrical reactor and different concentrations of mediator (cobalt
sepulchrate) were utilized to drive the redox balance in order to obtain n-

propanol.

P. acidipropionici was grown in a synthetic medium containing (per liter):
1 g KH2PO4, 2 g (NH4)2HPO4, 5 mg FeSO4-7H20, 10 mg MgSO4-7H20, 2.5
mg MnSO4-H20, 10 mg CaCl2-6H20, 10 mg CoCl2-6H20, 10 g yeast extract
(Oxoid), and the 9 g sucrose as a carbon source. The medium was autoclaved at

121 °C and 15 psig for 20 min. The cobalt sepulchrate (mediator) was added
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separately to the autoclaved media in order to avoid thermal molecular

instability.

Batch fermentation in a bioelectrical reactor was performed in a 2.0 L
fermentor APPLIKON containing 700 ml of culture medium. The temperature
was set at 30 °C and the pH was maintained at 6.5 by automatic addition of 4 M
NaOH, with 50 rpm agitation. Anaerobiosis was maintained by nitrogen sparing
through the culture medium before fermentation began and after each sampling.
The redox potential system consists of a working electrode (WE) (a graphite bar,
area 4.9 cm” or 10.5 cm’ and thickness of 3.0 mm) and a counter anode (a
graphite bar, area 30 cm’ and thickness of 3.0 mm in the counter electrode
compartment filled with 40 ml 3 M KCl). The working electrode (WE) was
poised at 150 mV more negative than the redox potential of the mediator
(around -350 mV) using a DC voltage source (2.3 - 3.1 Volts). The current
between working electrode and counter electrode was recorded using a computer
interface. In order to define the correct voltage to be applied into the system, a
cyclic voltametry experiment was performed using a potentiostat (PGSTAT
302N model from AUTOLAB) connected to the system. The bioreactor was
inoculated with 70 ml of cells in exponential phase (OD~ 3 to 5), which were
grown in polypropylene test tubes at 30 °C. Samples were collected every 2
hours. After measuring the optical density (ODggp), the remaining volume of the
sample was centrifuged at 10,000 g for 6 min. The supernatant was stored at —20
°C until HPLC and SPME-GC/MS analysis.
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Cell biomass was calculated by measuring the absorbance at 600 nm in a
ULTROSPEC 2000 spectrophotometer UV/visible (Pharmacia Biotech) after
appropriate dilution in water. For HPLC-RI analysis, the samples were filtered
through a 0.2 pm filter (Millipore). Propionic, succinic and acetic acids, n-
propanol and sugars were separated and quantified by high-performance liquid
chromatography (Waters 600 Chromatograph), using an ion exclusion column
Aminex HPX-87H (Bio-Rad). Operating conditions were: 0.04 mol L™ H,S0,

degassed eluent, flow rate 0.4 mL min~', column temperature 35 °C and

refractometer temperature 35 °C.

The volatile products were confirmed by using the HS-SPME and gas
chromatography mass spectrometry (GC-MS). The technique (SPME — Solid-
phase microextraction) makes use of a fused silica optical fiber coated with a
thin polymer layer to extract the analytes from a liquid (solution), from the
headspace (HS) above a liquid or solid, or from a gaseous phase. All assays
were carried out using 6 mL of fermented broth in pH 2-3 acidified in
hydrochloric aéid solution 3 mol L. The expérimental conditions of the assays
were those indicated by the experimental design. Experimental conditions in
SPME: Bath temperature (T: 30-35 °C), pre-equilibrium time (PET: 5 min),
extraction time (Ext: 3 min). GC/MS analyses were obtained on an Agilent GC
6890/Hewlett-Packard 5973 gas chromatograph equipped with Stabilwax-DA
capillary column (30 m x 0.25 mm % 0.25 pm) with helium (1 mL min™') as
carrier gas. The oven temperature was programmed as follows: 40 °C for 3 min,

then increased 5 °C/min up to 130 °C e then increased 40 °C/ min to 210 °C.
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The injection port was equipped with a 0.75 mm i.d. liner and the injector was
maintained at 210 °C in the splitless mode. Under these conditions, no sample
carry-over was observed on blank runs conducted between extractions. The
volatile products were identified by comparing their experimental spectra with

those of WILEY Mass Spectra Library and injection of standards.

Table 6 summarizes the final concentration of n-propanol obtained after
several fermentations of varying mediator concentration and working cathode
aiea, after 36 hrs of fermentation. In the control fermentation the voltage applied
and mediator concentration were zero. As can be observed, n-propanol was

detected in fermentations with mediator and their final concentration increase as

" a function of the mediator concentration, in the concentration range used, and

working cathode area.

Using the native strain, n-propanol was formed with yields ranging from

1.0-9.6% depending on the conditions, with the best results corresponding to

. condition 0.8 mM cobalt sepulchrate (WE area 4.9 cm®). These results suggest

that the native gene adh of P. acidipropionici is not efficient in the conversion
of propionate to propanol. The next step consist of conducting fermentation with
genetically modified strain expressing the gene from C. carboxidivorans as

described in Example 2.
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Figure 12(a) and (b) shows HPLC and Figure 13 shows GC-MS spectra
after 36 hrs of control and 1.0 mM cobalt sepulchrate supplemented
fermentations. The n-propanol peak appears only in the fermentation using
bioelectrical reactor and the mediator molecule. Figure 12 shows a GC-MS
chromatogram obtained in the fermentation broth using 1.0 mM cobalt
sepulchrate. The products propionic and acetic acids and n-propanol were

confirmed by GC-MS in all fermentation experiments.

A time course for cell growth of the control and the 1.0 mM cobalt
sepulchrate fermentation is shown in Figure 14. In both fermentations it is
possible to observe a similar behavior considering OD and formation of the
common end-products, however in the fermentation using the mediator molecule
n-propanol is produced at the beginning of the fermentation and its

concentration increases following the cell growth.

Table 6. Final concentration of n-propanol obtained in five different
fermentations (duraﬁon of 36 hrs) by Propionibacterium acidipropionici (ATCC
No. 4875): control (no voltage applied and the mediator concentration was
zero), 0.5 (WE area 4.9 cm?), 0.8 (WE area 4.9 cm?), 1.0 (WE area 4.9 cm®), 0.8
(WE area 10.5 cm?), and 1.0 (WE area 10.5 cm®) mM mediator concentration.
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n-Propanol concentration
Fermentation (mg/L)
Control ND
0.5 mM Cobalt Sepulchrate (WE 95
area 4.9 sz)
0.8 mM Cobalt Sepulchrate (WE 65
area 4.9 sz)
1.0 mM Cobalt Sepulchrate (WE 81
area 4.9 cm?)
0.8 mM Cobalt Sepulchrate (WE 97
area 10.5 cm?)
1.0 mM Cobalt Sepulchrate (WE 180
area 10.5 cm®)

ND: Not detected

In the claims which follow and in the preceding description of the invention, except
where the context requires otherwise due to express language or necessary implication, the
word “comprise” or variations such as “comprises” or “comprising” is used in an inclusive
sense, i.e. to specify the presence of the stated features but not to preclude the presence or
addition of further features in various embodiments of the invention.

It is to be understood that, if any prior art publication is referred to herein, such
reference does not constitute an admission that the publication forms a part of the common
general knowledge in the art, in Australia or any other country.

5870279_1 (GHMatiers) PBG585 AU JESSIEL
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The claims defining the invention are as follows:

l. A method for producing n-propanol comprising:
(a) providing a suitable carbon source for fermentation by a
5 microorganism expressing the dicarboxylic acid pathway, reducing equivalents
in the form of NAD(P)H, and at least one gene coding for an enzyme that
catalyzes the conversion of propionate/propionyl-CoA into n-propanol;
(b)  contacting the carbon source and reducing equivalents in the
form of NAD(P)H with the microorganism under conditions favorable for the
10 production of n-propanol by the microorganism; whereby a fermentation broth is
produced; and

(c) recovering n-propanol from the fermentation broth.

2. The method of claim 1, wherein the microorganism has been
15 genetically engineered to express one or more enzymes, whereby the
microorganism is capable of converting propionate/propionyl-CoA to n-

propanol.

3. The method of claim 2, wherein the microorganism is selected from the
20 group consisting of:  Propionigenium spp., Propionispira arboris,

Propionibacterium spp., and Selenomonas.

4. The method of claim 2, wherein the enzyme is selected from the

group consisting of:
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aldehyde dehydrogenases that are capable of using propionic acid as a
substrate;
aldehyde dehydrogenases that are capable of using an acyl-CoA
intermediateas a substrate;
5 alcohol dehydrogenases that catalyze the conversion of an aldehyde to its
corresponding primary alcohol; and
multifunctional  enzymes that posses both aldehyde/alcohol

dehydrogenase domains.

10 5. The method of claim 4, wherein the enzyme has alcohol dehydrogenase

protein domain with e-value threshold below le-2.

6. The method of claim 4, wherein the enzyme has aldehyde
dehydrogenase protein domain with e-value threshold below le-2.
15
7. The method of claim 4, wherein the aldehyde dehydrogenases are
capable of using propionic acid as a substrate are selected from the group
consisting of: Mus musculus (GenBank Accession No. AC162458.4);
Clostridium botulinum A str. American Type Culture Collection (ATCC) No.
20 3502 (GenBank Accession No. AM412317.1); and Saccharomyces cerevisiae
(GenBank Accession No. EU255273.1).

8. The method of claim 4, wherein the aldehyde dehydrogenases that are

capable of using acyl-CoA intermediate as a substrate are selected from the
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group consisting of: Rhodococcus opacus (GenBank Accession No.
APO11115.1); Entamoeba dispar (GenBank Accession No. DS548207.1); and
Lactobacillus reuteri (GenBank Accession No. ACHG01000187.1).

9. The method of claim 4, wherein the alcohol dehydrogenases that
catalyze the conversion of an aldehyde to its corresponding primary alcohol are
selected from the group consisting of: Aspergillus niger (GenBank Accession
No. AM270229.1); Streptococcus pneumoniae Taiwanl9F-14 (GenBank
Accession No. CP000921.1); and Salmonella enterica (GenBank Accession No.
CP001127.1).

10. The method of claim 4, wherein the multifunctional enzymes that
posses both aldehyde/alcohol dehydrogenase domains are selected from the
group consisting of: Lactobacillus sakei (GenBank Accession No. CR936503.1);
Giardia intestinalis (GenBank Accession No. U93353.1); Shewanella
amazonensis (GenBank Accession No. CP000507.1); Thermosynechococcus
elongatus (GenBank Accession No. BA000039.2); Clostridium acetobutylicum
(GenBank Accession No. AE001438.3); and Clostridium carboxidivorans
ATCC No. BAA-624T (GenBank Accesion No. ACVI01000101.1).

11. The method of claim 1, wherein the fermentation broth further

comprises ethanol and/or isopropanol.
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12. The method of claim 11, wherein ethanol and/or isopropanol are

recovered from fermentation broth.

13. The method of claim 1, wherein the microorganism has the expression
of its gene encoding for an enzyme acetate kinase (E.C. 2.7.2.1) altered so as to

diminish its activity.

14.  The method of any one of claims 1-13, wherein the reducing

equivalents comprise NAD(P)H.

15.  The method of claim 14, wherein the NAD(P)+ is reduced to
NAD(P)H comprising the use of electrodes and a mediator molecule, an
overpressure of H,, or a microorganism expressing a NAD"-dependent formate

dehydrogenase in the presence of formate.

16. The method of claim 14, further comprising contacting the

fermentation broth with electrodes and a mediator molecule.

17. The method of claim 16, wherein mediator molecules are benzyl
viologen, methyl viologen, anthraquinone 2,6-disulfonic acid, neutral red, cobalt

sepulchrate, 1,4 dihydroxy-2-naphthoic acid (DHNA) and flavins.

18. The method of claim 16, wherein mediator molecules are compounds

present in yeast extract and Propionibacterium spp. extract.
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19. The method of any one of claims 1-18, wherein the carbon source is
sugarcane juice, sugarcane molasses, hydrolyzed starch, hydrolyzed ligno-
cellulosic materials, glucose, sucrose, fructose, lactate, lactose, xylose or

glycerol in any form or a mixture thereof.

20. A microorganism for using in the method as defined in any one of

claims 1 to 19,

21. A method of claim 1 further comprising:
dehydrating the n-propanol produced by the method as defined in

any one of claims 1 to 19 to produce propylene.

22. A method of claim 1 further comprising:
dehydrating in the same reactor n-propanol and isopropanol and/or
ethanol produced by the method as defined in any of claims 1 to 19 to produce

propylene.
23. A method of claim 1 further comprising:
polymerizing the propylene produced by the method as defined in any

one of claims 21 and 22 to produce polypropylene.

24. n-propanol produced by the method of any one of claims 1 to 23.

5972708_1 {GHMatters) P89545 AU PETERB
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1 GATGECATCC ATGGOTOTGC CATTTCTCAC AATCCCOGGG TGCGATTOTC
51 GCOTTTCCCA CAGGAATCGS COGCGGBGCATC TGGAGGOTGC TOGCGACACGC
103 CCATATTTTO AACCGATOTTC AGTGCOTCAA CCTCGACCCC AGTGCTGAAC
151 TTOGTCCOTCG CGGGTOCAAG GATTGGACCC ATGAGTCCGC GAAAGATTGG
201 CGTTACCBAG CTCUOCGCTCC GCGACGCGCA TCAGAGCCTG ATTGCAACCC
2531 GG (ATS)ACTBA BTTGGACALC ATCGCARAATC CGTCCGATCC CGCGGETGLAG
301 CGGATCATCG ATIGICACCAA GCCEICGCGR TCCAARCATAA AGACARCETT
351 GRATCGAGGAC GICGAGLCLC TLATGCACAG CATCGCGGCL GGGGIGGAGT
40% TCATCGAGST CTACGGCAGC GACAGCAGTC CITTTICCATC TGAGITIGLIG
231 GAICTOIGLS GBCOGLAGANL CATACCHEGTC CGCCICATCS ACTCCICGAT
501 CGTCAACCAG TTGITCALGG GOGRGCGGAA GGCLCAABACK TICGGCAILS
531 CCCBEBTCCC TOBECCGGCC LGGTICEEL6 ATATCGCGAGS CCGGTGIGESE
601 GRCETCHICSG TTCICGACGS GGISARGATC GTCGSGGAACA TCGGUGLCGAT
6§51 AGTACGCACG TCGCTCGCGC TCGGAGCGTIC GGGOATICATC CIGGTCGACH
703 STGACRTCAC CAGLATCGLS SACCGGLGTC TCCARAAZGGEL CaGUCGAGGT
751 TACSBTCTTCT CCCTITCCCST CEITCICICC GGICGCGAGS AGGUCATCGC
801 CTTICATTCGG GACAGCGGTA TGCAGCIGAT GACGCICARG GCGGAIGGLS
353 ACATTTCCOT GARAGGRACTL GOEGGACAATC CGBATCGGLT GGLLTITELTIG
901 TTICGGCAGCG ABARGGGTIGS GCUITCCGAC CIGTICGAGS AGGCGICTITC
953 CHBCCTCBGTT TCCATCCCCRE TOATGAGCCR GACCGAGTICT CICAALGTIT
1003 CCBTTTCCOT CGBIATCGLS CTGCLACEAGA GGATCGACAS GRATCILGLS
1553 GCCRACCGA {TA3) TCAGGCTG AGAACCGACCT GATCCGCCAC TCGCOGAACT
01 CCGCACGCCG COTCCCCTCG GGGGCGCGEC GTCCTGCATG TCCGGGCGCA
5% OGOCGCAAGGC AGGCCTCCTA CTIATAARACG ATC

Figure 7
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GAGTITICTAGAR COTOTGCCATT TCTCACAATC CCGGGOTGCG ATTGTCGCCT
TPCCCACAGG AATCGGCGCG GGGATCTGGA GGGTUCTGCG ACACGUCCAT
ATTTTGAACG ATCOTTCAGTG COTCAACCTC GACCCCAGTCO CTGAACTTGT
CCGTCGCGBG TOCAAGCGATT GGACCCATGA GTCCGCGAAA GATTGGCGTT

. ACCGAGCTCG COCTCCGCGA CGCGCATCAG AGCCTGATTG CAACCCGG (AT

G) ARGGTCACT RACGTLGAGS AGCTGATGAA GAAGATGCAG GAGGIGCAGA

ARCGCCCAGAR
TICCGCLAGG
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ABARCCACTT

1 ACCIGCGGCA

CGAGCCGHIC

1 CCARLCGCCAT

ATCTTCTCCC
BCTGETECTC
GCTGGATCGA
BLCGACATCA
CTCGTCCGGEE
TSATCERCGR
TCCRAGACCT
CBTCGTCGAC
GCGCCTACAT
CTGGTCRACE
GATCGCCGAG
TCGECERGET
ARGCTCTCGC
CCTGCTCARG
CGETCCTOTA
CGCGAGACCR
GGGCGCCATC
TCEGECIGCGS
ARGLACCTEC
GTGGTTCCGC
TCGCCCTCAR

BRAGITCGSEC
CCBCECTGEE
GRGGAGACCA
CBTCGCLGAB
TCCIGGAGEA
GGCGICAICE
CTTCARGGCC
CGCACCCGCS
GACGCCGCGE
CGAGCCTICC
TCCTGGCCAC
RRGCCCGCCR
GICCGCCGAC
TCGRCRACGE
TCGATCTACG
CCTGICCHRG
GCACCCIGRA
ATGGCCEECE
CRARGTCGGTS
CCBICCTEEC

TCCITCACCC
CGLGARLTICE
AGATGGGCAT
TACATCTACA
GBACGAGGEC
CCGCGGTICAT
CICCTGLLCC
CGCCAZGARAG
TGAAGGCCGE
ATCGAGTIEGT
CGGCGGICCT
TCGGLGTICEE
ATCAAGRIGG
CATGATCTIGC
AGGAGBIGAA
GRCGAGACCA
CGCCGGLATC
TGARGGTICCC
GAGCACICCE
CATGIARCCGC

GCCGGECLELC
CGTCARCGCL
TERAGACCES
GGCGACARICT
CICCTGEGGC
TGAACATCAR
GIGCCGGRGA
GGAGCTICGAC

TCETCGAGLT
ATCACCGAGA

CCBCACLCTG

AZCAACTICAR
GGCARAACICCG

AGBAGCARGBSGT
GCCCGCATCS
CGICGARGGRO
ACRAGTACAR
TICGBCATGE
CCCGACCALC
TCAAGACCCG
TGCACCATCG
CGLCCCBanG
CGCABATCET
GGCATGGIGA
L£CCCGGLaR0
CCGTCRACIC
GCCTICCGAGT

CGACGABGATC
ACCTGGLCRE
ARGGTIGATICA
GAACGAGARG
TCARGATCGC
AACCCCRCCT
CARCGGLATIC
CCECGGLCIA
GGCRTCARTLS
CATGARAGEAG

GCCGUGIA
ACCCCCELCT
CATCLTGLTIG
AGICBGIGET

GRAGGAGTTC
CCAAGGTCEE
STICGECCAGT
GGAGGACGCC
AGGAGCCETT
GCCAAGARCT
GGECEGEATG
AGGTGRAGET
ATCAACRTSC
GCTCGLCCLC
TGICCGAGAR

BTCEETHEGCC
AGGICIACTT
ATCCTCGACA

GAGCGCLGCG
CALMGTRCGGC
AGRAGARGET
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GBCLCCACLEER
CARGRTLLTC
CGECCTALAR
ARGGTGCICA
CTICCCACGASG
TCBACGASGC
GGLCACRCCT
GGAGRALGTIC
CCTICLGLCCA
TCCCTGRCCC
CGTIGGGLCCE
AGRRCATGCT
TCCCTCGGLE
GITCATLGIC
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ACCGACRAGG
CCTCGAGGAG
ACCCCACCCT
ARCCCCGACA
CAAGARTCATG
TCGCCATGES
ATGGGCGAGR

TCGGARBETC
AGTACCCCCT
GCCGRGCTCA
CGACGLLCTS
AGTACRCCAA
CTCCCBATOG
GATGGCCCAC
TCGGEEICTE
CCCTACGGCA
CGCCBTCGAS
CGRACATCAA
GGCICGACCE
GCTCAAGGCC
CCGAGBABARR
GRCGRCCAGT
CAAGCAGATG
ATCCOCCACT
TCCTGCATCT

ITGCTIGTIACCA
CICARGRTICT
GGCCACCGLT
CCATCATICGC
TGGBIGATGT
CITCATGGAC
AGGCCATGAT
ACCCCCTICS
GGCCBRLCTAC
TEATGEGCAT
ACCCACBCGA
CEGLCIGELC
CCTACICGGA
GCCTCGACCA
CCACTCGATG
TCGCCRACEC
ARCCCCCGCA
GARAGCGCTIAC
ACGACGAGAR
ARGATCRRCA
GTTCTACGLC
GCACCEGLGC
TACGTGAARCG
COCGBAACTC
CCGGOCGCAG
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GCIGGGCTIAC
CCTACARGAT
AARGAAGGGCE
CGIGGEGLGGE
ACGAGCACCC
ATCCGCAARGC
GARTCTLGEIG
CCGICRICAC
GAGUIGACCC
GCCG2AGGGL

ATCGALCGLG
CITCACCGAC
CCBAGBAGCT
GBCTCOBCCA
GGAGGTIGLGC
GCGICTACAC
GCCRCCTIGG
CGALLGAGRAG
CGARRCATGGC
CTCACCGLCG

TCBAGGCCTA
CTGGAGGLCA
GGGCACCREC
TCGCCGGCAT
GCCCACARGC
CLTBCTGATC

CGTGTLERIT
TCCGLCCTIGAT
TCCATCAAGE
GBCLITCECC
TGEGCICGAL
ARCGAGGTIGA

ABCAGRCCEC
GCCCBLATCG
GETCCAGLTIC
TCCCGGAGEIC
ACCCTCSRCAR
CRACCCGIGC

CCTIIC (TGA) TG ATCAGGCTGA GAACGACCTO

CTITCCCGCAG
CCBALCTACCT
CIGATCARCG
CATCARGGAG
ABATGTCGGR
TRCCCGCTCA
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TCACCAAGAT
GICGAGLLCE
GCTGEILCTIC
TGBACBCCEC
TTICGAGGEALC
CTTCCCGRAG
CCGGLRCLGE
RCCGECGECCA
CATCATCGAC
CGTCCGGLAT
ATGGCCICCS
CTYTCARGIAC
CCCGCGAGRA
RACGLCTICC
CCACCACETIC
TCAARGTICAR
TACAAGTACC
CARCCTCG6C
CCATCGACGA
GCCGGELGICA
GCTLBLCTT

TCTCCGAGART

CBBGACGCCGC GTCCCCTCGG GGGCGCOGLE
GGGCAAGGCA GGCCTCCTAC AAGCTITGAGT

Figure 8 (Sheet 2 of 2)
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1 GAGTICTRGAZ GTGTOCCATT TCTCACAATC CCGGBGTGCE ATTGTCGCGT

i TTCCCACAGG AATCGGCGCO GGGATCTGGA GGGTOCTGCG ACACGCCCAT

ATTTTGAACG ATGTTCAGTG COTCARACCTC GACCCCAGTG CTGAACTTOT
CCGTCGCG0G TOCAAGOATT GGACCCATCA GTCCGCGAAA GATTGGCGTT
ACCGAGCTCG CGCTCCGCGA COCGCATCAG AGCCTGRTTGACAACCCGG(AT
G} LAGGTCACC ACCGICAAGG AGCTGGACGR GARGCICAAG GICATCRAGG

AGECLCAGAA
TICLCGCRACSG
GGCCGLGETE
AGAACCACTT
ACCTESLGECA
CGAGCCCATC
CCACCACGAT
TTCTICTCGE
GACCATCLCTGE
SCTREBATEGR
GCCGBALATCA
CTCETLCGEC
TCATCGACGA
TCCAZGACCT
CGTCLTICRAES
GLGLLCTACAT
TTCAAEENCS
CRTCGELCGLSG
TLGECEAGHET
CTCTCELCES
CARGALGEGCC
GCATCTARCGE
TLCEECCATGR
CELCILCEEL

GAAGTICTCG
CCGLGATGSC
CTGGBAGACCE
CBCCBGLGRE
TCATCGAGLG
GECGTCGTICG
CITCRAGTLG
CGCACCLBLE
GARCGCCGLGE
CGAGCCCTCE
CCCTCGCCAL
ARGCCCGCCa
STCCGCCCRC
ACGACRACGE
TCGRATICTALA
CRTCRAGAAG
SETCEGTEAR
ATEGCCG5ELA
LACCTCCCTIG
TCCTGHCCAT

TGCTACTCGE
CGCGATCEAC
GCATGGGCCT
TACATCTACA
CARCGRECCE
CCBCGATCAT
CTGETCTCGC
CGOCERGRRG
TCARGTCGGSE
ATCEBAGCIGA
CGGLEGECCT
TCGECETEES
ATCARGATSG
CGTCATCTGE
ACARGGTCAA
ARCGRGCTES
CCCLARABATE
TCAARETCCS
GGCBAGGAGE
GTRCGRGGCC

GITCACCCIGA
LCGACGAGATC
AGARCOBTCCSG
GACCTGTACA

GCTGLEG6ELTT
CRCCTGCIGR
SITCCELETC
CCCTCAAGGR

L Golalrlaixl
ACATCRAGRC
CCCCACRRAGE
CCTCAAGGRL

TCRRCCTICGEG
AAGBCLCGECG
CACCTTCGTC
ACTTCOCBCAT
RACTCCETICT
CGTGBRCCGRSG
TCTACTICRA
CTCARGRAGA

AGGRGATGEET
GCCCGCATCS
CGICBAGGAT
ACKAGTACRA
TACGGCATCA
CCCOGTCARCC
TCRAGACCCE
TCGACCATCC
CGCLLCCGEG
CCCAGTRLCT
TCGLTCETCA
GCCEGGCAART

GGACGAGATC
AGCTCGCCAR
ARGGTGATCA
GGACGAGARG
CCARGRTCGL
ARCCCGARALLCT
CAARCGGCATC
TGGCCGLGAR
ARCRTICATCG
GATGCAGARG
AGTCGGCCTA
ACCCCCGTCAR

CLCGICTCCTC
GCCTCGGAGE
GGACGAGTTC
ACARGGTIGCSE
STCEECCAET
GRAGACCARCS
AGCLCCTTCGC
GACIACTTCS
CEGELTEEEC
ACKAGRTCGEA
ARCATCCCCR
CCCGEECCTCC
CGGEAGRRCGT
COCLCBRCGARA

CATCATCCTC
AGTCLOGTEAT
CAGSAGCGECSE
CGAGGTCATE
CEECCTACAL
CGCATCCTCA
CCACGAGARS
ACGACGECCT
CACRCCTTCE
CCBCTICTCE
CCTCGCAGSS
TTCRCCCTEG
GGSCCCGARS
ACATGCTETG

GITLGGLTEL
RGCGCGLCTT

Figure 9 (Sheet 1 of 2)

TCCAGTTCG
CATCGTCALCC
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GACICGBACC
CGAGCACCTIC
CCBACCICaR
CCCGACACCA
GCIGRIGIGG
CCATCARGTT
GGCARGBAGG
CGRGGICACC
ACHIGCTOGE
GRGCICRIGA
CGCCCTGRIC
RCACCRACGS
CCBGRGGLCT
GGLCCALELE
GCCICTIGLCA
TCCGGCRTCE
CGTGGACARC
ACACCATCTY
AXCACCBALG
CRAGRAGGCC
AGGAGRACTT
GARCCAGIGCA
GOAGATETAC
AACGACCTGA
GGCGCGOCGT
A&GCITGAGT

CCTRCAACCT
GACATCGACT
GAUCATCAAG
TCATCGLCCT
GICCTCTALG
CATGGACAIC
CCATGCICGT
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GAACTACGTC
TCARGGICTIT
BAGGCTALCG
GGECGGGACT
AGCACCCCGA
CGCARGCGCA
GGCCATCACC

CCCITCGCCC
CGACTACGAS
TGRAGATGCC
AACTLGRICG
CCTLECCCIC
RCARGRACGE
TCCACCRTIGE
CTCCATRGLC
CCRRCGCOCT
CCGETGRAGT

TCGTGACCGA
ATGACCCCCA
GRAGGGLCTC
AGGCCTACAC
GAGGCCATCC
CCGCACCRAL
CCEGLRIGGE
ATCRAGCTIOY
CCTCATCBAS
AGGLCCLLCTG

CCRCTALGLD
AGGLRGAAGGT
CTCAACATCC
CIACTCCTCC

CGLATCGCCG
CGACCTICCTC
CGACCTCCAT
CIGGARLCGLA

CCEGTBLCaA
ATCARCTGCT
TCCGCCACTC
CCTGCATGTC

CCCGOBLTIC
TCAAGAAGCA
GCGGAACTCC
CGCOGCGCAGE

GACTCCATCA
CAACRAGETIS
AGBAGRIGIC
CCGGAGATGT

PCT/BR2010/000289

TCRAGATCCT
GGCCGLOAGS
GICCTICATG
CCTCCGLCAR

GSTCAA@;LL
ITCTACACCIT

GAGGACCTGS
CCCCAAGLTIG

ACGTCLGLCE
CRACARACACC
RCATGGCCAT
ACCGCCTACT
CTCCGICIAC

GCLTGATCIT

SRGARGGCCC
GICCOCLARL
CCICGRAGCA
GAGSTCATCR
CCCGCRGTAC
ACTACRICAX
2TCARCAAGR
CRAGGACECC
ICTCGGAGLT
CCGCICALCT

GCTCCGEGCTIC
GGCARACRAGTY
CGIGGREGLCE
CGHGCATCGA
GCTTCCGAGT
CARGTACLCIC
GCGAGARGAT
SCCIICCICS
CARCATICCCC
AGTTCRRCGEL
RAGTACCCCR
GCIGGELGEEE
TCCACGRGLT
GGLGIGLTLS
CGCCCTIGEAL
CCGABATCRR

BCCC{TGA) TGA TCAGGCTGAC

GGACGCCECG
GGCAAGGCAG

Figure 9 (Sheet 2 of 2)

TCCCCTCGG0
GCCTCCTACE
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CTREAGGATC
GTICCAGCCG
TCACCCIGCT
CICGGCCTIGE
CGGARCRCCA
GCCCCBCAGT
CATCACCGGE
CTGCGCCAGR
BCGCICRGCA
ACCGACCCSLC
TGECCERGEC
CGCLCTGACT
GACCIBLGEL
CCRCCCCCCA
GITGLCCGRE

3 GCTACACTIGA
i CGGTIBAAARCLCT

GCCACEGGEC
CATCGACCEG
TGCGABCCGE
CTIGECLTES
ARCTICGALCE
RACCGGLECTIGE

GCCGRACTC
TGARCECCEA
CAGSLCTALE
ACCACCCGCC

CGGCGERRCT
TICCTCLCAGT
CCAGGTELCE
GCGELLLGEL
CRCCCGEE6C
GGGGACRLGC
TCBGRAETCCR
CAGCTAAGRR
TITTCCGAGA
CCAGCATCCE
CBACTARLGAC
GACTCTICCCG
CCCGLCCCCCT
CACCACCCCE
CTCCCCGACA
CTACIAGTIRG
CTICCGAAGARE
GATCCRAGBTC
ATGGTCCACS
CLGEGELLECC
ACGATTGAGT
AGCCCRGBECT
RCGRTCCCCA
TGGCGCTACC
CCBCLTGEECE
GLTGACALSEE
CCRCCGARGCR
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TCECGTLCTIG
ACGGTGAICC
GGTCACCETIC
GTTCCICACT
CGACCCLGCC
CCGCAGCHCC
TACCCGRAAC
TECALCGRGET
CGTICGGCGC
CCGACACETC
CBCTAGTCAS
TCOEGRTITIGET
CGCCCTGCAaR
ZCACCHTGRT
TCARGRAARC
TCAGBAGGETG
ACCGGCOGCR
CTACTRLCLETG
ACTACGLLORT
ACCTACAGCGE
ACACCGBALCCC
CGCCGCATCR
CCARCGCGGEE
GCGTECBGEGA
ATCATCBCCC
RACECEBLRE
CTGAGGATGT

GCEGTGGRET
GGGECCTCCAS
ACCSTCCGCR
EGCCLBLTTIC
CRCCGTIGGEL
GACGCATILCCT
CATATCHICC
GIGTCTTCGR
KCGCACACAC
GATLCGCACE

PCT/BR2010/000289

TEECGEEGLEE
ACGCTICACGC
CCBGLLGEEL
CGGCRATEGT
CTCCRCCGEC
CATCCAAGEL
GGACGATGAZ
TTCTCAGGRA
CCCCACRRGA
CECGATGGGC

CRCCTGCGLET
CGCCERLCEC
CICGAGGERG
GCHCCCRTHET
CEIBACRCCET
CETHBATHACC
AACTCGATGA
CECHGERGCCR
CECCCERETC
CCGRCGAABT
CGCCGTCARR
CCGCCTACAT
RSAGGLLTCR
CEACCBGATC
TSACCATCGR
LCTEGEECER
CRACTCGLCC

GLCGEEEETLE
CCAGCAGBCCL
GCCGCCTRARC
ATCCICCGLE
BGGLCTCGAL
THCACETGET
GGECCLGETIEE

TTACGGGTIC
CLOGATOTCC
GCTCCELLTIC
GCGGCBELCT
CCBEECCTAE
CGBCCOGEEC
TGATCCGOCE

TCITGGEIGGEG
CBCRGCGETET
CGECCTIGGEC
GCTCCCTLGEL
ACCTGCCCCA
CTCCBCLTGEE
6GGCCGECIC

CGEGEETETCT
CEGEGETERE
TGCICGGETG
CTCGECCART
S&CGCECCTIC
TCCCBGGECCE
GGLCACCGET

Figure 10 (Sheet 1 of 7)

GATCTACCHT
TECCAGCRATE
GLGGE6BCLET
CGECCTARCEE
CSCCECRRET
RTCGCCRCAT
ACTAGLCCGEG
TLBAGBACCR
GCCEREBALSE
GERCLCAGATC
GCACTGCGCR
ACETEABCTC
CCGGECCLLT
RTCTGCGRCC
GLCACCGRTCC
GRACETCAZAL
GAGLCCGEELCT
TTECCCIGEC
GECGTLLLGEE
CCIGCELECE
TLGCCBETCA
CGCCTCECTGE
CCTCEGELECTE
TCGGCLTREC



WO 2011/029166

[41IC ]

(o BN ¥ [ )

W N RBMN
in

[ e T+ B o T R o 1)

[=]

CATCCRCCGU
CICGCCIGAC
ATCCGELEGE
CCGCCGCAGT
GICACCCGCC
IGACCCATIC
TTCCTAGSTIR
CCCICRCACT
GCCCGLCTCCT
CARGCCCRCCR
Z33(RCCRAC
CAGGRCRRGC
CGCICCTIACG
GETTTGGTIIT
TGBTCARIGGEC
CCCLGCTIG60
GBCCCGCCCT
CCARTCRGCAR
CECECLGEICT
CCCLGRCRAD
CGCGCRCLGE
ACCGAGGHECC
GLTCRCCARG
ACCACCICTIR
CTCATGCCCE
CCTGGBCCGE
GCGACGLCCS
TCGGCCGACC
CGGLTRCEGE

1 SCARTCCRCCG

ACCETC2RCE
GGG2GCCEGEC
ATTGGGAGEC
CGELCCGCGR

CIGCTCGECC

GCCACGLLGT
GCCGGLEGTCT
STCGGTGEEG
GARCCCGLRCC
GACTCCATGA
CGTTCCTERAT
CCCCCTGCAC
GCGEICGLGEET
GAGGLCICIGT
CGGCCGTEGR
CAGCRRGGCC
AAGRRGCCCC
AGCHGLGTE

GACGACGRCG
CCCTGHLTIC
TCGGCELIGE
CCTCLTCGTG
SGGACCGLCR
SECCACELCC
GTECGCCLAC
TECHECCGATE
ARCCCCGARRC
LOGELIGELEC
CCCCCTCCTG
ZACTGCGLCR
CCBLRTCCGR
TGCACGCLGT
GARCCCCIGC
ATGEATCACC
AGGLCACTTIT
RAGGCICGTIC
ATGRATGGLTG
GGCCGLRGER
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CGRGCCCCGA
C6CCCACARLC
GGARCCGRLGC
CRCCCOGCCT

GCTCRACCGC
CCCACCCICT ¢

STRCCTCACC
S68GCCCECC
CTTGCCCCTS
GAGACGTLGS
LACGTCTETSE
SE6GCCTGACSE
TCTGGGGECT
TICCGTCATA
GTCGATEAGT
CGRCBACCIG
GGETCCERTE
GTCGACTGES
CELCTEECTS
ZCSCCETEIN
CGCRRGCCCA
CETCGRCGGR
ACTCCEOCTa
GRGCTCGACA
SCEACECACT
TCTTCGRGLD
CARCGCCECS
CATCGCCTICC
CG65CCCECGR
CACCETTICT
CTCCACCATC
CTCETECLCE
ACSTCCZGCE
CGTETLGGGE

ACTCCTCGCS
AGRCLCHECE
CGREGRCGICG

CCGCCTTCAZ

CCLRRCGLLE
CGCCCCCEIC
AGBGRBCCTTS
GCCCGGRARG
CCCARGACLCC
CCGGRATITER
AGTGGEEAGCA
GCRGLGGSECA
CATCGAGGTIC
BLCECCCCGAR
CCCERCGCCA
GGLCCTIGERA
TCGLLTACEC
BRCGCCTCCT
GRRCACCACC
CCCalLiseta
CGCCGECECA
CGCLLEGLACe
ERETRICCGERC
ECCGICGERGE
GGCCGECLEEC
ACGECTIGEAT

AGAGCTARCE
CCGTIGLTECT
CCGLGTGAAG
CCTCLRTCCE

Figure 10 (Sheet 2 of 7)
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GGCCOCATCA
GCTCCGLCRG
CGCAGGRACC
CGRECCELACT
CCGCCRRCLT
CCTGTACCTE
CCCGCRRCLT
CCBCTEOCET
GECCEBCGEE
CACCTACCCT
TASBAGTTCC
GARGTCBCTE
GGRECTATICT
TGGCATGCIG
SGTGTGECTE
TCTACCEEAT
LACCCCCAR

CGCTGOCATE
TCGTCGAGRA
SCRGCCATCC
CGTCECCEIC
ACECCGECCT
TGGTGCACCE
TGLCGECCEEL
AKCCCCGTCGE
TGGGCCTACT
CGCCGRBEEC
CGCTCABCEC
ATCECCECCA
CGLCTCOCAC
GAGGRCLCAR
TCTATCLCCE
CGTCGE3ECA
AACCGCOCAE
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CGSTGGRCCT CCATCCCCCS TGAGGARTGE ATCACTCAGE AGGUCSTICGR
GCGTGAGGAG ATCCGGGCLT ACARRGTACGE CGAGGGGCLAC ACGIGGGECS
AGACCTLZGCG CCECTTCGGS RTCGCGARGR CCACCGLCCCR GGAGLGGESLC
CGGLCGGHCTC GARGGGRGLE GGTGGLLGAA GUGGAGRAAGSE CTLLCGAGER
GGCCGASGCC BGCSCTGCETE CGRCACTCTT COAGGSCCAS GAGCRRGGTT
CTGCATGAGC RARCCCCGREGT CCTCGGGIAG RCCGICISGGC CCGACGTITAA
GCATGBCTGA AGCGBLCCET SCCIGTHEGH TTTCAGTSTS CACGGTGEGG
CGTCACCGIG ATGCCCTGEGT GGCLCACGET GCTECCCGIC ATGECGLGIC
ATGGGTSATA CCCCTATCAG CGTTGATTITC ATGCGSITIG ATGLCCCEEG
TGACRCCCCC TGATGCCCCS TCARCCCAATA ACGTGGCGLT TGCLATGRLG
TCCCRCGGTG ACGCLCCCCT GACGGGGLAR GTCCARGAGT TGLGLGRELG
ACTGGCCARC GOTGABCATC GRAGCCGARGCT AGCCGRRGLC ATCSCGELLE
AGTGACRACR CACGATCGAL GCLCAGCGCE TCGLCTTACG GGLOTT2G22
CCCGGCTCGA CCCATARCEG CLCGGCARCC GATGRGLCGHG CIRCCGCICG
CGRGCARCCT CCLGOTCCRS ZACCCAGIGA CICCAGGLCA CACCGLLSGA
GITGGISGCE TCGGLTERCT GGTGGCGLCT GACCGSCCLC GGTLGTCTITIC
GAGGGGRACC TCTCELCIGL GASAGBRCARC AZGCRGICGEEC TGIGLIGSIA
GGGCATCCCR GCARCSBACACC CCTLTGRIGC GAGRAGTICAE AGGACTALGC
GRATTGCTIGA CTACCGCCGA GCSGCAGCAC ACGATCGAGR TGCICRACGA
ACCGCACTAC GCGGCCITAG AAGGCCCLAR GGCACSGCTICHE CCIACCALET
GGETCACCAC CGRTICGGCGC CGRCAGCTAT GGACCCCATC GLRAGLRICRE
ARCCCCTGRG CAGCCATCGS ACCGAGCSCC CGGCACGCCS GRAGAAGCTC
CGACGCCCCT GLIGICCGGE CRUGGLCTIRR CGCGTICCAGER CCLASRERCIES
IGCTCCSATC TRRACCGAAG GCCCTITCAIG TGAGAGUATZ GICSIGACET
CGBCACRGTA STCGTIGCCCS GCBGGG6T2A CGLTACACEE CGCTITARRRR
GCATCGRAGC ZAGCTARCEC LGGGGGALIG ATGRACALLR CACACRAARAT
GGCGACSLTG GTRATTIGCCG CGRICTTGGC CGCCGGARTG ACLGLACCAR
CTGLCTATGE AGRTTICTCCT GGAAACACCA GAATTACAGC CAGLGARGCAR
EZGCGTICCTITA CCCAGATACT CGGLCaCaan CCTACACRAR CTGRATATAS
CCGATACGTT GAGACITACS GARGCGTACC GACCGARGCR GACAICRRCG
CLTRTATAGE ZGCGTCTGREZ TCTGAGGGAT CATCAREGTCE ARCGGLTGLT
CRTGATGACT CGRCATCACC CGSCACGAGT ACCGARATCT ACACGLAGGC
KGCCCCTGLL AGGTTCTCRAR TGITITICCT GTICCGERALT TGGATCACTIA
GGAGTIGSTST AGTATCGCTILC TLCTTGRAGC CAAGGRAGGS TGGIATISSHC
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BACGAGGGEG
CGCIBGGLAA

| ARAAGCASTA

GIGIGCCATT
ARTCGGCGECE
RIGITICAGIG
TGCARGGARTT
CGBCTCCGLGA
GACACCATICG
CACCARRGLLG
AGCCCCTCAT
GGCAGCGACH
GCAGARCATA
TCRAGGGGGA
CCGGCCAGET
CGRCGEEGIC
TCGLGCTLGG
ATCGCGGACC
TCCCGICETT
GCGGTATGCR
GAARCTICGEGE
GGGTEGGLCT
TCCCCATGAT
ATCGCELTIGE
AGGCIGAGZA
CCCICGGGGG
CTCCTACTTA
TCCAGACGIT
TTCIRGGARAT
CGACBICICG
CGATAGCTTIO
TETCIGAITC

ACGAGCGTAC
TGGACACGAT
CATGIGCCAL
TCICACRATLC
GGGATCTIGGA
CGICRACCIC
GGACCCATGA
CGCGCATCAG
CARATCCETIC
TCGCGATCCA
GCRCAGCAIC
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CTGGAAGACT
ACAEGRACRR
TTCLAGTACS
CCGGGGIGEG
GGGTGCTGCG
GRCCCCAGTS
GTCCGUGAAA
AGCCTGATTE
COATCLCBEE
ACATRARGAC
SCGGCCGESE

GCABICCTIT
CCGBICCECC
GCGGAAGECT
TCGGCEATAT
RAGATCGTICG
AGCGTLGGGE
GBCETICTILCA
CICTCLEETC
GCTGATGACG
ACRATCCBGA
TLCBACCTOT
GAGCCAGACC
ACGAGAGGAT
CEACCTIGATC
CGTGEGEETICT

TCCATCTIGAG
TCATCGRLCIC
ZAGRCATICG
CGCERGCCGE
GGRACATICGE
ATCATCCTIGG
AAGGGCCAGC
SCGAGGAGEC
CTCRAGGLGE
TCOGGLTGRLC
TCGAGGAGGC

GTATACGACA
CGGCETAGAC
GOATG6GTGAR
ATTGTICGLGT
ACACGLCCAY
CTGARCTTIGT
BATIGGCEIT
CAACCCGGAT
GTGCAGCGGA
AACGITGATC
IGGAGTICAT
TTGCTGGARTIC
CICBAICGIC
GCATCGCCCE
CGTGGGEACE
CGLGATAGTIA
TCGALAGIGR
CGAGSTTALG
CATCGLCTIC
ATGGCGRCAT
TTGCTGTICG

PCT/BR2010/000289

AATTCCATAR
GCCAGCATGA
GARCGCCATEE
TICCCACHGE
ATTTIGAACG
malcinniciscic t
ACCGAGCICG
GACTIGAGTIT

TCATCGATET
GAGGRUGTCE
CGAGBICIAC
TGIGLGEELE
ARCCAGTIGT
CGICCCICGL
TCETCETITLT
CGCACGTCGC
CATCACCASGC
TCITCTCLLT
ATTCGGGACA
TECCEIGAAG
GCAGCGRAAA

GICTTCCECC

TCEETTITCCA

GAGTICICICA
CGACAGHRAT
LGLCRCICGC
TGCATGICCG

TRATTGTCCC

LTACGCGTICA

ACGTTICCGT
CTCBLGEECA
GGRALCTCCGEG
GGUGCAGGGE
TACTGGTTRG

TEGEACTICT
AGTTITCARTA
GCGRLTCLGSE
AGCTOTICTAC
GCCAGTGASGC

CCCCCTGGECa
TGTIATCCEL

Figure 10 (Sheet 4 of 7)

GARTTCGTAA
TCACRATICC

ATCGITCTIIT
GTACTGARIGE
AGRACACCAR
CAATCTGGAT
CARLCGECGG6
TCRTGGTICAT
ACACRACATA

ATGGTIGEATT
CIAGCAGIAG
GTCARBGHTCT
ATAGCTATAT
GGCGACRLGC
AGCTHETIITCC
CGAGCCOGAR

TICCCICGEA
ACCGATARTC
ACGCLELGTIC
CRAGCECAGGC
TCGCIGGAGA
CCAGTIGGCTIT
AGGIIGGEGEA
CATGAGTGTIG
COGTICETTITS
GETGELEARA
TGIGIGARAT
GCATAARSTS
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TZXIGCCTGE
GCTCACTGCC
TGRAETCGGCC
CGCTTICCTCG
CEGRTATCAGC
GATZ2CGCAG
CCGTARARAG
BCGRGCATCE
GGACTATRAR

GGTGCCTART
CGCTITTICCAG
EACGCGCGGS
CICACTGARCT
TCAECTCAZASG
GAZAGALCAT
GCCGLETITGEC
CARARZTCGR
GATACCAGGC

TCCTGITLCE
CGGGAAGCGT
GTGTAGGICG
SCCCGACLGC
TREGACLCGA
AGRGCGARGET
CTECGGCTAC
CRAGTTACCTIT
ACCGCIGETAR
BARRIZAGGA
CTCRGTGGEA
LAREGGATCT
RATCTARAGT
TCAGTGAGSC
SCCTGACTCC
TEGLCCCAGT
ETTTATCAGC
CCTGCRACTT
TEGAGTARGT
CTACAGGCAT
TLCGGTTICCC
AARRGCGGETT
LCGCRAGIGTT
GTCATGCCAT
GTCATICTGA

ACCCTGCCGT
GGCGCTTICT
TTCGCTCCZE
TGCGCCTTAT
LTCGCCAR
ATGTAGGCGS
ACTAGRLGRR
CGEARRLAGE
GLEETEETIT
TCTCREGRRG
CGRABACTCE
CLCCTAGAT

TRTATGRGT

C
X

15727

GRAGTGAGCTA
TCGGGARECT
GAGASGGCGET
CGCIGCELTC
GCSGTARTAC
STGERGCRARA
TGGELETTITTT

CGCTCARGTC

GTTTCCCCCT
TTACCGGATA

RAGCTCRC
GCTGEGCTGT
CCBGTARCTAE
CTGGCAGCLS
TGCTACLGAG
CAGTATTTGS
STTGETRGCT
TTTTSITIGE
ATCCTTIGAT
COTTRAGGER
CCTTTTRRAT
LARCTTGETC

R By

ACCTRTCTCA
CCGBTCETHRTIR
GCIGCARTGEA
AATZRRCCAG
TATCCECCTC
AGTTCHCCLG
CEIGEEGTCR
LRUGATCRAG
EGCTCECTICG
ETCRCTCRTG
CCGTRAGATS
GARTAZGTGTAR

GCGEICTGIC
GATRECTACS
TACCGELGEGR
CCLGCLGGaR
CRTLCASTCE
TTRATAGTTT
CGCTLGTILGE
GCGAGTITAECA
GTCCTLCGRT
GITRTGGLRE
CITITCIGETIG
IBCEECEALC

ACTCACATTA
IGTCBIGECA
ITGCGTATIG
GETCGETICEE
GGTTETICCRC
GGCCAGCARY
CCRATRGGCTIC
AGRGGIGETG
GGRAGCTCCC
CCTETCCELC
GCTIGIRGETIA
GTGCRLGARC
TCGTCTTIGRG
CCACTGGIAR
TTCETGRARGT
TATCTGLGCT
CTIGRTCCSEE
ARGCRGCAGR

CTITICIACE

TTTTSGTCAT
TZARAATGRR
TEACEGTIEL
TATTTCGITC
ATACGGGAGE
CCCRCGCTCR
GGGCCGEGLG
ATTARTTGTT
GCBCRACGTT
TIGGTATGSE
TGATCCCCTA
CGTTGTCARR
CRCTGCATER
ACTGGTGAG

oeTeT

GAGITIGCICT

R

-
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ATTGLCGTIGC
GCTGCATTR2
GGLGCTICTIIC
CTGCGGELGRE
AGRATCAGGE
AGGCLCAGGRA
CGCCCCTCTE
ABECCCGACA
TCEIGCGCTC
TTTCTCCCTT
TCICEGTICG
CCCCLGTTICA
TCCRZCCCEE
CZGGATTIRGC
GGIGGCITAR
CTGCTGRAGC
CARACREZCC
TTRCGCGCEG
GGGEICTGECG
GEGATTATCE
GTTTTARATC
CRATGCTITERER
ATCCATAGIT
GCTTACCAT

CCGGLTCCES
CAGRAGTIGEET
GCLGGGARGC
GTIGCCETTG
TTCATTCAGC
THITGIGCRR
BAGTEEGITIGG
TTCICTTACT
ECTCRRCCRR
TELCLGECET
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CRATACGGGA

TAATACCGCS

ATTGGAARAC
GAGATCCAGT
CITTTACTTT
GCCGLRARAR

CTICCTIZTIT

GCGGATACAT
CGCACRTTIC
CATIGACATIA
CGCGTTILGE
ACGGICACAS
GGGCGLETICA
CATCRGAGCA
CACABGATGLG
GCTBLGCAARC
GLCAGCIGGEC
CCAGBGITIT

GITCITCGEE
TCGATGTARL
CACCAGCHTT
AGGGRATARG
CAATATTAIT
ATTIGAATGT
CCCBRALAGT
LZCCTATARAE
TGATGACGGT
CTITGICTIGTA
GCGGEGIBTIE
GARTIGTALCIC
TAAGGAGARAA
TETTGGGARG

GARRGGGGGA

CCCABTICACSG

AGTGTELCAT
GRATCGGLGL
GETGTITCAGT
GTGCARGGAT
GUBLTLLGLE
CRACGICGASG
AGRAGTICGS
GCCBCGLTGES
CGBABGREACE
TCGTCGCLGA
ATCCIGGAGG
CGGLCGICATC

TTCTCACAAT
GGGGATCTES
GCGTCAACCT
TGGACCCATG
ACGCGCATCA
GAGCTGATGA
CTCCITCACC
CCGCGAACTC
RAGATGGGCR
GTRCATCTAC
AGGACGAGES
GCCBCGETCA

16/27

CCACATAGCA
GCGAARACTIC
CCACTCGTIGC
ICTGGGTGAG
GGCGRCACGSG
GARGCATITA
ATTTAGARAA
GCCACCTIGAC
ATAGGCGIAT
GARZACCTICT
AGUBGATIGCC
GCBEETEICE
ABAGIGCALC
ATRCCGCAIC
GGCGATCGGT
TGTIGCTIGLAA
ACGTIGTAAR

GARCTTTIAAA
TCAAGGAICT
BRCCCARCIGA
CRA2ARCAGE
ARATGTTIGRA
TCAGGGITAT
ARTARACHRAAT
GTCTAAGARR
CACGAGGCCC
GACARCATIGCA
GGGAGCAGAC
GBBCIBELTT
ATATGUGHIG
BGGCGCCATT
GLGGELCTICT
GBLGATTIARG
ACGRCGGCCA

PCT/BR2010/000289

AGTGCTTATC
TACCGCTGTT
TCTTCAGCAT
RAGGCRARRT
TACTCATACT
TGICTICATGA
EBGGGITCCE
CCRTTATTAT
TTTCGTCICS
GCTCCCGEAG
ARGCCCETCA
ZRCTATGCGE
TGAAATACCG
CGCCATTCAG
TCGCTATTAC
TTGGGTRACE
GTGCCACTAG

CCCEGEGTGL
AGGETECTIGC
CGARCCCCARGT
AGICCGLEAR
GAGCCTGATT
ABZAGATGECA
CAGGABCAGS
&GCCCECATC
TCGTCBAGGA
AACARGTACA
CITCGECATG
TCCCGACCAC

TCITCAAGGC
CLGCRECCGO
CGALGLLGLE
ACGAGCCCTIC

CCICCTGGLT
GUGCCAAGAR
GIGRAGGCCG
CATCGAGCTS

RICCIGGCCR

LLabloteloe

CTCAABACCT
GIGLACCATC
GLGLCCCGRA
TCGCARGATES
CBGCATGETE

GATTIGICGLCS
GACACGLCCA
GCIGARACTIG
LGATIGGLGT
GCEACCCGGA
GGAGGTGECAS
ITCGACGRGAT
GACCIGELCA
CARGGTIGATC
LGAACGAGRA
GICLAGRTICG
CARCCCCACC

TTICCCERCASG
TATTTIGARC
TCCETICHLG6
TRCCGABCTC
TGRAGGTCAL
AACGCCCAGR
CITCCGLCAS
ABGATGELCET
AAGRACCACT
GACCTIGCGGL
CCGAGCIGGET
TCCACCHOCA

GCAACBELAT

CATCTILCTCC

GCCGCBGELCA
GGGCATCATC
TCATGARGGA
EAGGCCGLET

Figure 10 (Sheet 6 of 7)

AGCTGGRTIGCT
GGCTGGEATICE
GGCCGACATC
ACTCBTCLGE
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CAAGCCCGECT
AGTCCBCCGR
TICGACAACG
CTCGATCTAC
TCCTBTCCAR
GGCHCCCIGA
GATGGCCEEC
TCAABTCGET
CCCGTCCTIGE
GECCEELCEE
ACGTCRAACEC
ATGARGACCS
CGGCGACATC
GCICCIGGEG
CTGRACATCA
CETGCCE5A6
AGGAGCICGA
GTECTGTACS
GCTCAAGATO
TGBCCACCEE
ACCATCATCE
GTGGGTIGATE
SCTTCATGSA
AAGGCCATGA
CACCCCCTTC
TGGCCEACTA
ATGATGGGCE
GRCCCACGTS
ACBGCCTGEE
GCCTACTCGS
CGCCTCEACE
GCCACTCGAT
ATCGCCRACS
GRACCCLLEE

AGARGCGCTIA
GACGACGAGA
CAAGRTCAAC
AGTICIACGC

ATCGGCGTILG
CATCARGATG
GCATGRICIG
GAGGAGGTIGA
GBACHAGACC
ACGCCGGCAT
GIGARAGEICC
GGAGCACTCC
CCRIGTACCG
CICGTCBAREC
CATCRCCGAG
GCCGCACCCT
TACARRCITICA

CGGCAACTCC

AGTCHBEIGEC
ARGSTCIACY
CATCCICEAC
AGCTIGGHCIA
TCCTACANGR
CRAGRAGGGC
CCGTGHECEE
TRCGRGCRCC
CRATCCGCRAG
IGATCTICGET
GCCGICATCA
CGAGCIBACC
TGCCGAAGGE
ATCGABGCCT
CCTIGGAGGTC
ABGGCACCAC
ATCGLCEGCA
GGLCCACRREG
CCCIGCTGAT
ARGCAGECCE

CGCCCGLAIC
AGGTCCAGCT
ATCCLGGRABTY
CACCCICGAC

TGECACLGELS
STACGTIGARC
ICGCGGAACT

CCRALLLuLb
GCCTTICTGAT
CCGGALGETCe

TCCGGGECGLA

GGGECRAGEC

171727

GCCCCGECAA
GCCGICAACT
CGCCTICLGAS
AGAAGGAGIT
AECCARBETCE
CGICGGCCAG
CGGAGGACGC
GRGGAGCCGT
CGCCARGAAC
TGEGLGEGAT
BAGGIGAAGG
GATCARLATG
EBCTICGLCCC
GIGICCGAGA
CGRGCGELCEL
TCAAGTALGE
ARGAAGRAGE
CRICGALCGL
TCTTCARCCGA
GCCGRBGASBE
GGECTLLGLC
CGGARGGTIGCG
CGCGTCTRCA
GGCCACCICE
CCGRCGAGRA
CCGRACATGS
CCTCRCCGLED
ACGTGTILGRT
ATCCGCCTGA
CTCCRTLARSG
TGGCLTICSL
CIGGGTICGA
CRACGAGETS
CCTTCCLGCA

GCCGACTACC
CCTGRICAAC
CCATCRAGGAR
RABATBTCGE
CTACCLGCIC
BATCARGELTG
CETCLLTTICG

AGGLCICCTA

CALTCCLGCL
CCATCCTGET
CAGICGRIGH
CBCCCALCoC
GCALRGATCCT
TICGGCCTACA
CARGGTECIC
TCTCCCACGA
TTCGRCBAGG
GGBCCRCACC
TGBAGRAGIT
CCCTCCRCCC
CICCLTGRCC
ACGTGGECCC
GAGAACATIGC
CICLCTLG6C
TGTICAICGT
GITCACCAAGAR
CGTCGEAGCCT
TGCTETCCIT
BITGGRCGCLE
CTTCGAGGRC
CCTTCCLGRA
GCCBBCECCE
GACCGELBCC
CCATCARTICGA
GCGTCLGBCA
CATGGCCICC
TCTICARARGTA
GCCCGLEAGA
CAARCHECCTIC
CCCALCACET
ATCARAGITICA
GTACAAGTAC

TCARACCTICEG
GCCATCGACG
GGCCGGCETIC
AGCTCBLCTIT
ATCICCGAGA
AGARACGACCT
BGGGECHLE6C
Ca
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CIGATCGACE
GTCCAAGACT
TCOTCETCEA
GGCGCCTACA
CCIGGITARC
AGATCGCCGA
ATCGGCEAGE
GAAGCICICS
CCCTGCTCAR
TCGETCCI6T
CCOCEAGRCC
AGGGCGCCAT
CICGECTGEE
GRAAGCACCTG
TGIGGTTCCS
GTCGCCCTCA
GRCCGACARG
TCCTCGAGGR
GACCCCACCC
CAACCCCGAC
CCAAGRTCAT
CTCGCCATGE
GATGGGCGARG
GCTCGGRGET
ARGTACCECC
CGCCGARGLTC
TCOACHLLCT
GRGTACACCA
CCICCCGATC
AGATGEECCCA
CTCGCETCT
CCCCCREGGC
ACGCCGTCGA
CCGAACATCA

CGGBCTCGACC
AGCTCARGGC
ACCGAGGAGA
CGACGACLCRSG
TCAAGCAGAT
GATCCGCCAC
GTICCTGLATE
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CTAGRGBBATC
GITCCAGCCE
TCACCCTGLT
CTCGOCCTBE
CGGAACACCA
GCCCCOGCALT
CATCACCGGG
CTGCGCCAGA
ACCCTCAGCA
ACCGACCCGC
TGGCCGAGGC
CGCCCTGACC
GACCTGCGGC
CCACCCCCCA
CTTGCCCGAC
GCTACACTGA
CGGTGAAACT
GCCACCGGGC
CATCGACCAG
TGCGAGCCGE
CTTGGCCTGE
AACTCGACCG
ACCGGCCTGG
GGCCGOACTC
TGAACGCCGA
CAGGCCTACC
ACCACCCECC
GCCOGLCETC
CCAGCAGCCC
GCCGCCTCAC
ATCCTCCGCG
GGGCCTCOAL
TGCACCTGCT
BBCCCOGTEC

CGBCEBRACT
TTCCTCCAGE
CCAGGTGCCG
6CBOCCCOBE
CACCCBGEEC
GGGGACACGC
TCOGAATCCA
CAGCTAAGAA
TTTTCCGAGA
CCAGCATCCG
CGACTACGAC
GACTCTCCCG
CCCECCeeCT
CACCACCCCE
CTCCCCGACA
CTACTAGTAG
CTCCGAAGAG
GATCCAAGTC
ATGGTCCACG
CCOOEECTCe
ACGATTGAGT
ABCCCABRCE
ACGATCCCCA
TGOCGCTACE
CCOCCTOECT
GCTCACACGE
CCACCGAGCA
TTACGGGTTC
CACOATCTCC
GCTCCGECTC
GCGGCGECCT
CCBOOCCTEC
COECCCEEEE
TGATCCGCCA

18 /27

TCACGTLCTE
ACGBGTGATCC
GOGTCACCOTC
GTTCCTCACT
CGACCCCGCC
CCGCAGCGCC
TACCCGAAAC
TGCACGAGGT
CGTTCGOCEC
CCGACACGTC
CGCTAGTCAG
TCGGGATTCT
CGCCCTGCAA
ACACCGTGAT
TCAAGAAAAC
TCAGCAGCTG
ACCGGCCOCA
CTACTACCTG
ACTACGCCAT
ACCTACAGCS
ACACCGACCC
COCCGCATCA
CCAACGCGOG
GCGTCGGOCA
ATCATCGCCC
AACCCCGCAC
CTGAGGATGT
TCTTGGCOGE
CGCAGCOTGT
COCCCTGOCC
GCTCCCTCOC
ACCTGCCCCA
CTCCGCCTGO
GGGCCGCCTC

PCT/BR2010/000289

GCGGTGBAGT
GGGCCTCCAB
ACCGTCCGCA
GGCCCGCTIC
CACCGTGGGC
GACGCATCCT
CATATCGTCC
GTGTCTCCGA
ACGCACACAC
GATCCGCACC
CACCTGCGCT
CGCCEBLLEe
CTCCGAGGGAG
GCGCCCATET
CTGACACCGT
COTGATGACC
AARCTCGATGA
CGCGAGGCCA
CGCCCOBACTC
CCGACGAAGT
CGCCGTCAAA
CCGCCTACAT
AAAGGCCTCA
CTACCGGATC
TGACCATCGA
CCTCBGCCAA
CAACTCGCCC
CGGGGTETCT
CGBCGOTEGC
TGCTCOECTO
CTCGOCCAGC
GGCGCGCCTC
TCCCBGGCCO
GGCCACCGCT

Figure 11 (Sheet 1 of 7)

TGGCEGELGT
ACGCTCACGC
CCGGCCGGEL
CGGCAATCGT
CTCCACCGHC
CATCCARAGGC
GGACGATGAA
TPCTCAGBAA
CCCCACAAGA
CGCGATGGGC
GATCTACCGT
TGCCAGCATG
GCGGGOCCOT
CGLCTAACGE
CGCCGCAAGT
ATCGCCACAT
ACTAGCCCGS
TCGAGGACCA
GCCGACGACG
SCGACCAGATC
GCACTGCGCA
ACGTGAGCTC
CCOGOCCCCT
APCTGCGACC
GBCACCGATCC
GACGTCACAC
GAGCCGGCCT
TTGCCCTGGC
GGCGTCCCGB
CCTGCOCCCO
TCGCCGGTCA
COCCTCCTGL
CCTCGOLCTC
TCEGLCCTGLCC
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CATCCACCGC
CTCOCCTGAC
ATCCGBCCGE
CCBCCOCAGC
GTCACCCGCC
TGACCCATTC
TTCCTAGGTA
CCCTCACACT
GCCCGCTLCCT
CAGCCCACCA
AAAGACCAAC
CAGGACAAGC
CGCTCCTACG
GATTTGOTTT
TGGTCATOGC
CCCCOCTOOC
GGCCCHLCCe
CCATCAGCAA
CGCGECETCT
CCCCGACAAC
COCOCACCGA
ACCGABGGCC
GATCACCAAG
ACCACCTCTA
CTCATGCCCG
CCTBGECCGE
GCGACECCCE
TCGOCCHACC
CGOCTACAGC
GCATCCACCE
ACCCTCAACG
GBGAGCCHAC
ATPGCBACGC
CBGCCCGCGA

CTOCTCBOCC
GCCACGCCGE
GCCGGCGTCT
GTCGGTGOAG
GACCCBCACT
GACTCCATCGA
COTTCCTAAT
CCCCCTGCAC
GCETCECGGC
GAGGCTCTGT
CGGCCOTGGA
CAGCAAGGCC
AAGAAGCCCC
ABCOGCGTAC
GACGACGACG
CCCTHHCCTC
TCGGCHCTSO
CCTCCTCOTG
GOGACCGCCA
GGCCACGCCC
GTACGCCCAC
TOCOCCBATE
AACCCCGAAL
CCGGCTOGCC
CCCCOTCeTE
AACTGCGCCA
CCOCATCCCA
TCOCACOCCOT
GAACCCCTGC
ATGGATCACC
AQGGCCACTTT
AABGCTCOTC
ATGATGGCTS
GGCCOCAGAA
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CGAGCCCCGA
CGCCCACACC
GBACCGACGC
CACCCCGCC'P
GCTCAACCGC
CCCACCCTCC
GTACCTCACC
TOGBCCCOCe
CTTGCCCCTS
GAGACCTCGG
AACGTCTGTG
GGGCCTGACG
TCTGGUCACE
TTCCGTCATA
GTCOATGAGE
COACCACCTG
GGGTCCCATA
GTCGACTGCG
CGACTGOCTS
ACGCCGTOTG
CGCAAGCCCA
COTCGACOGA
ACCCCGCCTG
GAGCTCGACA
GCGACGCACC
TCTTCOAGAC
CAACGCCACG
CATCGECTCC
CGOCCCOCGA
CACCGTTTCT
CTCCACGCATC
CPCOTGBCCCE
ACGTCCAGCA
CGTGTAGOCE

ACTCCTCGCG
AGACCCAACG
CGACACGTCO
CCGCCTTCAA
GCATAGGCCG
CATTCTGTAC
GGATGCAGAA
CCCTOCACCC
CCCAACGCCE
CGCCCCCOTC
AGGAGCCTYC
GCCCGGAAAG
CCCAGACCCC
CCGGAATTTA
AGTGCLAGCA
GCAGCGGOCA
CATCCAGETC
ACCACCCCGA
CCCAACGCCA
GGCCCTGGAA
TCECCTACGC
GACGCCTCCT
GAACACCACC
CCCACCTGGA
CGCCGGCGCA
COCCCBCACC
AATACCCGAC
ACCGTCGAGG
GGCCBCCGRC
ACGGCTGGAT
CAGAGCTACA
CCGTGCYECT
CCGCGTOAAG
CCTCCATCCO

Figure 11 (Sheet 2 of 7)
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GGCCGCATCA
GCTCCGACAG
CGCAGGAACC
CGACCGCACC
CCGCCAACCT
CCTGTACCTG
CCCGCAACCC
CCGCTGCCGC
GGCCGGCEGE
CACCTACCCT
TAGGAGTTCC
GAAGTCGCTG
GGAACTATCT
TGGCATGCTG
GCGTGTGGCTG
TCTACCGGAT
ARCCCCCAAG
CGCTGCCATE
TCOCTCCGAGAA
GCAGCCATCC
CECCECCETC
ACGCCOGCCT
TOGTGCACCE
TGCCGCCGOC
ACCCCOTCGG
TOGECCTACC
COCCRBAGBAC
COCTCAACGC
ATCGCCGCCA
CGACTCCCAC
GAGGACACAA
TCTATCACCG
CGTCOBG0CA
AACCGCCCAG
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CGOTGGACCT
CCGTGAGGAC
AGACCTCOCG
COBCGGECTS
COCCOAGGCC
CTGCATGAGC
GCATGOCTCA
CGTCACCOTO
ATCCGTOATA
TGACACCCCC
TCCCACGGTG
ACTGGCCAAC
AGCGACAACA
CCCGOCTCOA
CGAGCAACCT
GTTGGTCOCG
GACGGOAACC
GGOCATCCCA
GAATTCCTCA
ACCGCACTAC
GGATCACCAC
AACCCCTGAG
CBACGCCCCT
TGCTCCGATS
CGOCACAGTA
GCATCOGAGC
GGCGACECTO
CTGCCTATGC
AGCGTCCTTA
CCGATACGTT
CATATATAGA
CACGATGACT
ABCCCCTGCC
GGAGTGGTGT

CCATCCCCCG
ATCCGGGCCT
CCACTTCOGG
GAAGGGAGCG
GCECTGCGTC
AACCCCGAGT
AGCOBCCCOT
ATGCCCTGGT
CCCCTATCAG
TGATECCCCO
ACGCCCCCCT
GCTGAGCATC
CACGATCGAC
CCCATAACAG
CCCGGTCCAG
TCGOCTGACT
TCTCGCCTGC
GCACGACACC
CTACCGCCGA
GCGGCCTTAG
CGATCGGCGC
CAGCCATCGC
GCTGTCCGGA
TAAACCGAAG
GTCGTGCCCE
AAGCTAACAC
GTAATTECCE
AGATTCTCCT
CCCAGATACT
GAGACTTACG
AGCGTCTGAA
CGACATCACC
ABGTTCTCAA
AGTATCGCTC

20/27

TGAGGAATGG
ACAAGTACGA
ATCGCGAAGA
GGCOOCCGAA
CGACACTCTT
CCTCGGGTAG
GCCTETGOGE
GGCCCACGGT
COTTEATTTC
TCACCCAATA
GACCGOOGAA
GAGCCGAGCT
GCCCAGCGCA
CCCGGCAACT
AACCCAGCGA
GGTGGCGCCT
GAGAGOACAC
CCTCTOACGC
GCGGCAGCAC
AARGGCCCCAA

"CGACAGCTAT

ACCCAGCHCC
CACGOCCTAA
GCCCTTCATG
GCGGGGGTAA
AGGGGOACTS
CCATCTTOGC
GGAAACACCA
CGGCCACAAA
GAAGCGTACC
TCTGAGGGAT
COGCACGAGT
TOTTTTTCCT
TCCTTGAAGC

ATCACTCAGA
CGAGGGGCAC
CCACCGCCCA
GCGOAGAAGD
COAGGGCCAG
ACCGTCTOGC
TTTCACTETC
GCTACCCEYC
ATGCOOTTTS
ACOTGOCECC
GTCCAABAGC
AGCCGAAGCC
TCBCCTTACG
GATGABCCGE
CTCCAGGCCA
GACCBOCCCe
AGCAGCCGGC
GACAAGTTCA
ACCGATCOAGA
GGCACCCTCA
GGACCCCATC
COGCACGCCE
CGCGTCCAGA
TGAGAGCATA
COCTACACAA
ATGAACAAAA
CGCCOOARTE
GAATTACAGC
CCTACACAAA
GACCGAACGCA
CATCAAGTCA
ACCGAAATCT
GTCCOGAACT
CAAGGAAGGSG
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AGGCCGTCGA
ACGTGGLGLG
GBAGCGG6CC
CTGCCOAGGA
GAGCAAGGTT
CCGACGTTAA
CACGGTGAGG
ATGACOCGTC
ATGCCCCOGO
TGCCATCACG
TGCGCGAGCG
ATCOCBGCCE
GOCCTTAGAR
CTACCGCTCG
CACCBCCGGA
GGTCOTCTTC
TGTOCTGGTA
AGGACTACGC
TGCTCAACGA
CCTACCACGT
GCAAGATCAA
GAAGAAGCTC
CCAGAACCAG
GTCGTGACGT
COCTTAAAAA
CACACAAAAT
ACCGCACCAA
CAGCGAGCAA
CTGAATATAA
GACATCAACG
AACGGCTGCT
ACACGCAGSC
TGGATCACTA
TGGTATTGGC
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AACCAGGEGE
CGCTOOGCAA
AAAAGCAGTA
GTGTGCCATT
AATCGECOCE
ATGTTCACTG
TGCAAGGATT
CGCTCCOCBA
GACACCATCG
CACCAAGCCO
AGCCCCTCAT
GOCAGCBACA
GCACAACATA
TCAAGGGGGA
CCGOCCAGTT
CGACCGOO0TC
TCECBCTCB0
ATCGCGGACC
TCCCOTCOTT
GCOUTATGCA
GAACTCOGGG
GGGTGGGCCT
TCCCCATOAT
ATCGCGCTGL
AGGCTGACAA
CCCTCOOGG0
CTCCTACTTA
TCCAGACGTT
PTCTAGGAAT
CGACGTCTCG
CGATAGCTTG
TCTCTGATTC
CCCCCTGECA
TCTTATCCGC

ACCGAGCGTAC
TGOACACCAT
CATGTGCCAC
TCTCACAATC
CGGATCTOCA
COTCAACCTC
GGACCCATGA
COCOCATCAC
CARATCCBTC
TCOCCATCCA
GCACAGCATC
GCAGTCCTTT
CCBOTCCOCC
GCOBAAGGCC
TCGGCGATAT
AAGATCGTCO
AGCOTCGGG0
GGCGTCTCCA
CTCTCCGOTC
SCTGATGACS
ACAATCCGGA
TCCGACCTOT
GAGCCAGACC
ACGAGAGCAT
CGACCTCGATC
COCGGCETCC
TAATTGTCCC
TGGGACTTCT
AGTTTCAATA
GCOACTCCGG
ACCTGTCTAC
GCCAGTGAGC
GAATTCOGTAA
TCACAATTCC

21/27

CTOGAAGACT
ACAAGAACAA
TTCAAGTACG
CCGGGOTGCE
GOGTOCTGCE
GACCCCAGTG
GTCCOCGAAA
AGCCTCGATTG
COATCCCHCE
ACATAAAGAC
GCOGCCOGE0
TCCATCTGAG
TCATCGACTC
AAGACATTCS
COCGAGCCO0
GGAACATCGG
ATCATCCTGO
AAGGGCCAGC
GCGAGGAGGC
CTCAAGOCGE
TCGGCTGGCC
TCGAGGAGGC
GAGTCTCTCA
COACAGGAAT
CGCCACTCGC
TOCATOTCCO
ATACGCGTCA
APCGTTCTTT
GTACTCATGS
AGAACACCAA
CAATCTGOAT
CAACGOCGGE
TCATGGTCAT
ACACAACATA

GTATACGACA
CGGCGTAGAC
GOATGGTCAA
ATTGTCGCGT
ACACGCCCAT
CTGAACTTGT
GATTGGCOTT
CAACCCGGAT
GTGCAGCGGA
AACGTTCATC
TGCGACGTTCAT
TTGCTGGATC
CTCGATCGTC
GCATCGRCCO
COTGGGGACE
CGCGATAGTA
TCGACAGTGA
CGAGBTTACG
CATCGCCTTC
ATGGCGACAT
TTGCTGTTCG
GTCTTCCGCC
ACGTTTCCOT
CTCGCGGCCA
GGAACTCCGG
GGCGCAGGGO
TACTGGTTAG
ATGGTGGATT
CTAGCAGTAG
GTCAGGGTCT
ATAGCTATAT
GGCGACACGC
AGCTGTTTCC
CGAGCCGGAA
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AATTCCATAA
GCCAGCATGA
GACGCCATGE
TTCCCACAGE
ATTTTGAACG
CCOTCOCGO0
ACCGAGCTCO
GACTGAGTTC
TCATCOATOT
BGAGGACOTCG
CGAGGTCTAC
TGTOCOGGCE
AARCCACGTTOT
CETCCCTTOC
TCOTCOTTCT
COCACCGTCSC
CATCACCAGC
TCTTCTCCCT
ATTCOGCACA
TTCCGTCAAC
GCAGCGAAAA
TCOGTTTCCA
TTCCCTCGOA
ACCBATAATC
ACGCCGCGTC
CAAGGCAGGT
TCOCTGGAGA
CCAGTGGCTT
AGGTTGOGGA
CATGAGTGTG
CGCTCGTTTS
GGTGGCGAAA
TOTGTGAAAT
GCATAARAGTG
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6201 TAAAGCCTGG GOTGCCTAAT GAGTGAGCTA ACTCACATTA ATTGCGTTGC
851 GCTCACTGCC COCTTFTCCAG TCOGOGAAACC TGTCOTGCCA GCTGCATTAA
6901 TGAATCGOCC AACGCOCGGG GAGAGGCGGT TTGCOTATTG GGCGCTCTTC
951 COCTTCCTCH CTCACTGACT CGCTOCOCTC GOTCGTTCGG CTGCGBCGAG
7001 CGOTATCAGC TCACTCAAAG GCGGTAATAC GUTTATCCAC AGAATCAGGG
7051 GATAACGCAG GAAAGAACAT COTCAGCAAAA GGCCAGCAAA AGGCCAGGAA
7101 CCOTAAAAAG GCCOCGTTGC TGOCGTTTTT CCATAGGCTC CGCCCCCCTE
7151 ACGACCATCA CAAAAATCGA CGCTCAAGTC AGAGGTGGCE AAACCCGACA
7201 CGGACTATAAA CATACCAGOC GTTTCCCCCT GGAAGCTCCC TCGTGCGCTC
7251 TCCTGTTCCG ACCCTOCCOC TTACCGGATA CCTOTCCGCC TTTCTCCCTT
7301 COGOAAGCOT GOCGCTTTCT CAAAGCTCAC GCTGTAGGTA TCTCAGTTCG
7351 GTGTAGGTCO TTCGCTCCAA GCTGGGCTGT GTGCACGAAC CCCCCGTTCA
7401 BCCCGACCGC TGCGCCTTAT CCOGTAACTA TCOTCTTGAG TCCAACCCGE
7451 TAAGACACGA CTTATCOCCA CTGGCAGCAG CCACTGGTAA CAGGATTAGC
7501 AGAGCGAGGT ATGTAGBCGG TGCTACAGAG TTCTTGAACGT GGTGOCCTAA
75351 CTACGGCTAC ACTAGAAGAA CAGTATTTGG TATCTGCGCT CTGCTGAAGC
7601 CAGTTACCTT CGOAAAAAGA GTTGGTAGCT CTTGATCCGG CAAACAAACC
7651 ACCOCTGGTA GCOGTGETTT TTFTCTTTGC AAGCAGCACGA TTACGCGCAG
7701 AAAARAAGCA TCTCAAGAAG ATCCTTTGAT CTTTTCTACG GGGTCTGACC
7751 CTCAGTGGAA COAAAACTCA COTTAAGGCA TTTTGGTCAT GAGATTATCA
7801 AAAAGUCATCT TCACCTAGAT CCTTTTAAAT TAAAAATGAA GTTTTAAATC
7851 AATCTAAAGT ATATATGAGT AAACTTGGTC TGACAGTTAC CAATGCTTAA
7801 TPCAGTCAGGC ACCTATCTCA CGCGATCTGTC TATTTCOTTC ATCCATAGTT
7951 GCCTGBACTCC CCOTCGTOTA GATAACTACG ATACOUGGAGG GCTTACCATC
8001 TGGCCCCAGT GCTOCAATGA TACCGCCAGA CCCACGCTCA CCGOCTCCAG
8051 ATTTATCAGC AATAAACCAG CCAGCCGGAA GGGCCGAGCG CAGAAGTGOT
2101 CCTOCAACTT TATCCGCCTC CATCCAGTCT ATTAATTOTT GCCGGGAAGC
2151 TAGAGTAAGT AGTTCOCCAD TTAATAGTTT GCGCAACGTT GTTGCCATTG
CTACABGCAT COTGCTGTCA CGCTCGTCOT TTGGTATGGC TTCATTCAGC
251 TCCOGTTICCC AACCGATCAAG GCGAGTTACA TGATCCCCCA TOTTGTGCAA
AAARAGCOOTT AGCTCCTTCG GTCCTCCGAT CGTTGTCAGA AGTAAGYTGG
CCGCAGTGTT ATCACTCATG GTTATGGCAG CACTGCATAA TTCTCTTACT
GTCATGCCAT CCGTAAGATG CTTTTCTGTG ACTGUTGAGT ACTCAACCAA
GPCATTCTUA GAATAGTGTA TGCOGCCGACC GAGTTGCTCT TGCCCGGLGT
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CAATACGGGA
ATTGOAAAAC
GAGATCCAGT
CTTTTACTTT
GCCGCAAARA
CTTCCTTTTT
GCGGATACAT
COCACATTTC
CATGACATTA
COCGTTTCOG
ACGOTCACAG
GGGCGCGTCA
CATCAGAGCA
CACAGATGCG
GCTGCGCAAC
GCCAGCTGOC
CCAGGGTTTT
AGTGTGCCAT
GAATCGOCHC
GATGTTCAGT
GTGCAAGGAT
GCOCTCCGECE
CACCGTCAAG
AGAAGTTCTC
GCCOCGATGO
CCTGGAGACC
TCGCCGGCGA
ATCATCGAGC
COGCGTCGTC
TCTTCAAGTC
CCGCACCCGC
GGACGCCGCE
ACGAGCCCTC
ACCCTCGCCA

TAATACCGCG
GTTCTTCGGE

“TCGATGTAAC

CACCAGCGTT
AGGGAATAAG
CAATATTATT
ATTTGAATGY
CCCGAAAAGT
ACCTATAAAA
TCATCGACGOT
CTTGTCTGTA
GCGGOTLTTO
GATTGTACTG
TAAGUAGARA
TGTTGGGAAD
GAAAGGGOGA
CCCAGTCACG
TTCTCACAAT
GOGCGATCTCS

" GCGTCAACCT

TGGACCCATG
ACGCGCATCA
GAGCTGGACS
GTGCTACTCE
CCGCGATCGA
GGCATGGGCC
OTACATCTAC
GCAACGAGCC
GCCGCGATCA
OCTGATCTCG
GCGCCAAGAA
CTCAAGTCGG
GATCBAGCTG
CCBGCGHGLC

23727

CCACATAGCA
GCGAAAACTC
CCACTCGTGC
TCTGGGTGAG
GGCGACACGE
GAAGCATTTA
ATTTAGARAA
GCCACCTGAC

-ATAGGCGTAT

CGAAAACCTCT
AGCGGATGCC
GCGGOGTCTCO
AGAGTGCACC
ATACCGCATC
GGCGATCGGT
TGTGCTGCAA
ACGTTGTAAA
CCCGGOBTEC
AGGGTGLTGC
CGACCCCAGT
AGTCCGCGAA
GAGCCTGATY
AGAAGCTCAA
CAGGAGATGG
CGCCCGCATC
TCGTCGAGGA
AACAAGTACA
CTACGGCATC
TCCCCGTCAC
CTCAAGACCC
GTCGACCATC
GCGCCCCCBA
ACCCAGTACC
CTCGCTCOTC

GAACTTTAAA
TCAAGGATCT
ACCCAARCTGA
CAAAAACAGG
AAATGTTGAA
TCABGGTTAT
ATARACARAT
GTCTAAGAAA
CACGAGGCCC
GACACATGCA
GOGAGCAGAC
GGGCTGECTT
ATATGCOGTC
AGGCGCCATT
GCGOGCCTCT
GGCGATTAAG
ACGACGGCCA
GATTGTCGCG
GACACGCCCA
GCTGAACTTG
AGATTCGCGT
GCAACCCGOA
GGTCATCAAD
TGOACGAGAT
GAGCTCOCCA
CAAGGTGATC
AGGACGAGAA
ACCAAGATCS
CAACCCOACC
GCAACGGCAT
CTGGCCGCOA
GAACATCATC
TGATGCAGAA
AAGTCOOCCT
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AGTGCTCATC
TACCGCTETT
TCTTCAGCAT
AAGGCARAAT
TACTCATACT
TGTCTCATGA
AGGGGTTCCO
CCATTATTAT
TTTCOTCTCE
GCTCCCGOAD
AAGCCCGTCA
AACTATGCGS
TGAAATACCG
CGCCATTCAD
TCOCTATTAC
TTCOGTAACG
GTGCCACTAG
TTTCCCACAS
TATTTTOAAC
TCCOTCOCO0
TACCGAGCTC
TGAAGGTCAC
GAGGCCCAGA
CTTCCGCAAC
AGGCCGCEET
AAGAACCACT
GACCTGCGGC
CCGAGCCCAT
TCCACCACGA
CTTCTTCTCG
AGACCATCCT
GOCTCCATCE
GGCCGACATC
ACTCOTCCGE
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CAAGCCCOCC
ACGTCCGCCCA
TACGACAACG
GTCGATCTAC
TCATCAAGAA
GGCTCGGTGA
GATGOCCEEC
TCACCTCCCT
GTCCTGGCCA
CGTCACCCTG
CCGACGAGAT
AAGACCGTCC
COACCTGTAC
TCTGGOGEGE
AACATCAAGA
CCCCCACAAG
ACCTCAAGGA
CCCTACAACE
CGACATCGAC
AGACCATCAA
ATCATCGCCC
GGPCCTCTAC
TCATGGACAT
GCCATGCTCE
CCCCTTCOCC
CCGACTACGA
ATGAAGATGC
CAACTCGATC
GCCTCGCCCT
TACKAGAACG
GTCCACCATG

ACTCCATGGC

GCCAACGCCC
CCCGGTCAAG

TCCGCTACGC
GAGGAGAAGG
CCTCAACATC
TCTACTCCTC
ACCGOCGCCA
CATCAACTGC
ATCCGCCACT
TCCTGCATET

ATCGGCOTGG
CATCAAGATG
GCOTCATCTE
AACAAGGTCA
GAACCAGCTG
ACCCCAAGAT
ATCAAGGTCC
GGGCGAGGAG
TGTACGAGGC
ATCAACCTCG
CRAGGCCCGC
GCACCTTCGT
AACTTCCGCA
CAACTCCGTC
CCLTGGCCCA
GTCTACTTCA
CUTCAAGAAG
TOGAACTACGY
TTCAAGETCT
GAAGGCCACC
TGGGCGGGAC
GAGCACCCCE
CCOCAAGCGC
TBOCCATCAC
CTCGTGACCG
GATGACCCCC
CGAAGGGCCT
GAGGCCTACA
CCGAGGCCATC
GCCGCACCAA
GCCGOCATEG
CATCAAGCTG
TCCTCATCGA
CABGCCCCCY

CCGCATCECC
TCGACCTCCT
CCGACCTCCA
CCTGEACCEC
ACCCGCGLCTT
TTCAAGAAGC
COCGRAACTC
CCGGGCGCAG

24/27

GOCCGOGCAA
GCCOTCTCCT
CGCCTCOCAG
AGCACCAGTT
GACAAGGTGC
COTCGGCCAG
CGAAGACCAC
GAGCCCTTCG
CGACAACTTC
GCGGOCTOGE
GACAAGATCG
CAACATCCCC
TCCCGCCCTC
TCOGAGAACG
GCGCCBCEAG
AGTTCGGCTS
AAGCGCGCCT
COACTCCATE
TCAACAAGGT
GAGGAGATGT
CCCGGABATS
AGOTCAAGTT
ATCTACACCT
CACOTCCGCC
ACAACAACAC
AACATGGCCA
CACCGCCTAC
CCTCCGTCTA
COCCTGATCT
CEAGAAGECC
COTCCOCCAA

CACCCCCOTC
CCATCATCCT
CAGTCCGTGA
CCAGGAGCGC
GCGAGGTCAT
TCGGCCTACA
GCGCATCCTC
CCCACGAGAA
GACGACGCCC
CCACACCTCC
ACCBCTTCTC
ACCTCGCACG
CTTCACCCTC
TGGGCCCGAA
AACATGCTCY
CCTCCAGTTC
TCATCGTCAC
ATCAAGATCC
GUGCCGCGAS
COGTCCTTCAT
TCCTCCGCCA
CRAGGACCTG
TCCCCAAGCT
GBCTCCGECT
CBOCAACAAG
TCGTGOACGC
TCGCGCATCG
COCCTCCBAG
TCAAGTACCT
COCGACAAGA
COCCTTCCTC
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ATCATCGACG
CTCCAAGACC
TCGTCCTCAA
GGCGCCTACA
CTTCAAGGAC
CCATCGCCGC
ATCGGCGAGG
GCTCTCGCCC
TCAAGAAGGC
GGCATCTACG
CTCGOCCATG
GCGLCTCCGG
GGCTGCOGCT
GCACCTOCTG
GOTTCCGCCT
GCCCTCAAGE
CGACTLGCAC
TCGAGCACCT
GCCOACCTCA
GCCCGACACC
AGCTGATGTG
GCCATCAAGT
GGGCAAGAAG
CCOAGGTCAC
TACATGCTCG
CGAGCTCATG
ACGCCCTGET
TACACCAACG
CCCBBAGELCL
TGGCCCACGC
GGCCTCTECC

CTCCOGOCATC
CCOTGGACAA
AACACCATCT

TCCTCGGAGC ACAACATCCC
GGAGGTCATC AACGTTCAACG
GCCCOGCAGTA CAAGTACCCC

GACTACATCA AGCTGGGCGG GAACACCGAC
CATCAACAAG ATCCACGAGC TCAAGAAGGC
TCAAGGACGC CGGCOTGCTG GAGGAGAACT
ATCTCGGAGC TCGCCCTGGA CGACCAGTGC
CCCOCTCACC TCOCGAGATCA AGGAGATGTA
AGCCCTGATG ATCAGGCTGA GARACGACCTG
CGBACGCCGC GTCCCCTCEG GGGLGCHGCe
GEGCAAGGCA GGCCTCCTAC A
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