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BIOMANUFACTURING SYSTEMS AND METHODS FOR PRODUCING ORGANIC
PRODUCTS FROM RECOMBINANT MICROORGANISMS

TECHNICAL FIELD

[0001] The present disclosure relates to biomanufacturing systems for producing an
organic product. The present disclosure relates to recombinant microorganisms having an
improved organic substrate producing ability, and to recombinant microorganisms having an
improved organic product producing ability. A benefit of the systems and recombinant
microorganisms disclosed herein can include an ability to separately and safely produce an
organic product and an organic substrate that generates a culture impurity during its production.
The present disclosure relates to methods of producing an organic product using
biomanufacturing systems and recombinant microorganisms disclosed herein. A benefit of the
methods disclosed herein can include the increased production of one or more organic products
from microbial cultures. A benefit of the methods herein can be an ability to produce an organic
product containing a reduced amount of byproducts or a culture impurity. An additional benefit
can be the use of carbon dioxide to produce bio-ethylene useful as a feedstock for the production
of plastics, textiles, and chemical materials, and for use in other applications. Another benefit is
the use of carbon dioxide for production of alkenes, alkanes, polyenes, and alcohols. Another
benefit of this method includes avoiding coproduction of oxygen and volatile organic
compounds.

[0002] Another benefit of the methods and systems disclosed herein can include

reduction of excess carbon dioxide from the environment.

BACKGROUND

[0003] The increased demand for power worldwide has led to an excess of carbon
dioxide from burning fossil fuels such as oil and gas, contributing substantially to what many are
calling a global warming crisis. Industry is so desperate to prevent carbon dioxide from entering
the atmosphere that they have resorted to sequestering carbon dioxide from exhaust streams and
the atmosphere. They then store the carbon dioxide in subterranean environments. However, all
current known methods just remove carbon dioxide from the atmosphere by storing it under
ground. They do not actually convert the carbon dioxide back into any other useful material.

[0004] The limited supply of petroleum and its harmful effects on the environment
have prompted developments in renewable sources of fuels and chemicals. Technologies that
convert biomass and captured carbon dioxide into new products, such as biofuels, can help to

reduce oil imports and carbon dioxide emissions. There is a growing interest in producing value-
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added fuels and other useful organic products from organic waste using biological processes.
Among these organic products, ethylene is the most widely produced organic compound in the
world, useful in a broad spectrum of industries including plastics, solvents, and textiles.

Ethylene is currently produced by steam cracking fossil fuels or dehydrogenating ethane. With
millions of metric tons of ethylene being produced each year, however, more than enough carbon
dioxide is produced by such processes to greatly contribute to the global carbon footprint.
Producing ethylene through renewable methods would accordingly help to meet the huge
demand from the energy and chemical industries, while also helping to protect the environment.

[0005] Since ethylene is a potentially renewable feedstock, there has been a great deal
of interest in developing technologies to produce ethylene from renewable sources, such as
carbon dioxide and biomass. Bio-ethylene is currently produced using ethanol derived from corn
or sugar cane. A variety of microbes, including bacteria and fungi, naturally produce ethylene in
small amounts. Heterologous expression of an ethylene producing enzyme has been
demonstrated in several microbial species, where the hosts have been able to utilize a variety of
carbon sources, including lignocellulose and carbon dioxide.

[0006] Based on modern history, it is fair to say that excess carbon dioxide in the
atmosphere, as well as other organic waste, will not be reduced until it becomes profitable to
reduce them. There remains a need for improvements in microbial biomanufacturing systems and
processes, in order to produce useful organic products such as ethylene at a commercial scale.
There remains a need to produce hydrocarbons through more efficient renewable technologies.
There remains a need to remove excess carbon dioxide from the atmosphere. There remains a
need for improved methods to safely produce ethylene from a renewable feedstock for industrial

and commercial applications.

SUMMARY

[0007] Embodiments herein are directed to biomanufacturing systems for producing
an organic product. In various embodiments, the system includes at least one bioreactor culture
vessel. In various embodiments, the at least one bioreactor culture vessel contains an organic
substrate culture solution, wherein the organic substrate culture solution contains a first
recombinant microorganism. In various embodiments, the first recombinant microorganism has
an improved organic substrate producing ability, expresses at least one organic substrate forming
recombinant enzyme by expressing at least one non-native organic substrate forming enzyme
nucleotide sequence, is capable of utilizing a carbon source to produce the organic substrate, and
produces at least one organic substrate culture impurity, including at least one of a volatile gas, a

liquid, and a solid. In various embodiments, the at least one bioreactor culture vessel contains an
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organic product culture solution, wherein the organic product culture solution contains a second
recombinant microorganism. In various embodiments, the second recombinant microorganism
has an improved organic product producing ability, expresses at least one organic product
forming enzyme by expressing at least one non-native organic product forming enzyme
nucleotide sequence, and is capable of utilizing the organic substrate to produce the at least one
organic product.

[0008] In certain embodiments, the at least one bioreactor culture vessel includes a
first bioreactor culture vessel including a carbon source inlet, a volatile gas outlet, and a power
source; and a second bioreactor culture vessel including a fluid flow path connected to and
between the first bioreactor culture vessel and the second bioreactor culture vessel, and an
organic product outlet. In such embodiments, the first bioreactor culture vessel includes the
organic substrate culture solution, and the second bioreactor culture vessel includes the organic
product culture solution. In certain embodiments, the first bioreactor culture vessel or the second
bioreactor culture vessel further includes a biomass collection port. In certain embodiments, the
power source includes sunlight, a solar power source, an electrical power source, or a
combination thereof. In certain embodiments, the system further includes a carbonation unit, an
amine stripper, an amine scrubber, a catalytic converter, a condenser, a compressor, a caustic
tower, a dryer, or combinations thereof. In certain embodiments, the second bioreactor culture
vessel further includes a carbon source inlet, a volatile gas outlet, a power source, or a
combination thereof.

[0009] In certain embodiments, the carbon source includes carbon dioxide, carbon
monoxide, an n-alkane, ethanol, a vegetable oil, glycerol, glucose, sucrose, a monosaccharide, a
disaccharide, a polysaccharide, or a combination thereof. In certain embodiments, the volatile
gas includes oxygen, methane, or a combination thereof. In certain embodiments, the at least one
organic substrate includes alpha-ketoglutarate, sucrose, glucose, glycerol, a monosaccharide, a
disaccharide, a polysaccharide, or a combination thereof. In certain embodiments, the at least
one organic product includes ethylene, an alcohol, methanol, ethanol, propanol, butanol, ethane
diol, an organic acid, propionic acid, acetic acid, an aldehyde, formaldehyde, a long chain fatty
acid, an n-alkane, a hydrocarbon, or a combination thereof.

[0010] In certain embodiments, the carbon source includes carbon dioxide, carbon
monoxide, glycerol, glucose, fructose, sucrose, a monosaccharide, a disaccharide, a
polysaccharide, glycogen, acetic acid, a fatty acid, or a combination thereof. In certain
embodiments, the power source includes sunlight, a solar power source, an electrical power
source, or a combination thereof. In certain embodiments, the volatile gas includes oxygen,

methane, or a combination thereof. In certain embodiments, the at least one organic substrate
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includes alpha-ketoglutarate, sucrose, glucose, fructose, xylose, arabinose, galactose, glycerol, a
monosaccharide, a disaccharide, a polysaccharide, glycogen, a fatty acid, or a combination
thereof. In certain embodiments, the at least one organic product includes an alcohol, methanol,
ethanol, propanol, butanol, ethane diol, an organic acid, propionic acid, acetic acid, an aldehyde,
formaldehyde, a long chain fatty acid, an n-alkane, a hydrocarbon, ethane, propene, butene,
ethane, propane, butane, or a combination thereof. In certain embodiments, the second
bioreactor culture vessel further includes a carbon source inlet, a volatile gas outlet, a power
source, or a combination thereof.

[0011] In certain embodiments, the organic substrate culture solution and the organic
product culture solution are combined in one bioreactor culture vessel. In other embodiments,
the organic substrate culture solution and the organic product culture are separated by a filter. In
certain embodiments, the filter includes a pore size of from about 0.2 pm to about 10 pm or
more.

[0012] In certain embodiments of a system herein, the at least one organic substrate
includes alpha-ketoglutarate (AKG), wherein an amount of the at least one AKG forming
enzyme produced by the first recombinant microorganism is greater than that produced relative
to a control microorganism lacking a non-native AKG forming enzyme expressing nucleotide
sequence. In such embodiments, the at least one organic product includes ethylene, wherein an
amount of the at least one ethylene forming enzyme (EFE) produced by the second recombinant
microorganism is greater than that produced relative to a control microorganism lacking a non-
native EFE expressing nucleotide sequence. In certain embodiments, the first recombinant
microorganism expresses at least one alpha-ketoglutarate permease protein (AKGP) by
expressing at least one non-native AKGP forming nucleotide sequence.

[0013] In certain embodiments, the at least one AKG forming enzyme includes an
isocitrate dehydrogenase (ICD) protein, a glutamate dehydrogenase (GDH) protein, or a
combination thereof. In certain embodiments, the first recombinant microorganism expresses an
ICD protein having an amino acid sequence at least 95% identical to SEQ ID NO: 1 or SEQ ID
NO: 3 by expressing a non-native ICD protein nucleotide sequence having a nucleotide sequence
at least 95% identical to SEQ ID NO: 2 or SEQ ID NO: 4, or the first recombinant
microorganism expresses a GDH protein having an amino acid sequence at least 95% identical to
SEQ ID NO: 5 by expressing a non-native GDH protein nucleotide sequence having a nucleotide
sequence at least 95% identical to SEQ ID NO: 6, or a combination thereof. In certain
embodiments, the second recombinant microorganism expresses an EFE protein having an amino
acid sequence at least 95% identical to SEQ ID NO: 7 by expressing a non-native EFE protein

nucleotide sequence having a nucleotide sequence at least 95% identical to SEQ ID NO: 8.
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[0014] In certain embodiments, the first recombinant microorganism includes a
microorganism selected from the group consisting of a photosynthetic bacteria, a Cyanobacteria,
a Synechococcus, Synechococcus elongatus, Synechococcus leopoliensis, Synechocystis,
Anabaena, a Pseudomonas, Pseudomonas syringae, Pseudomonas savastanoi, Chlamydomonas,
and Chlamydomonas reinhardtii. In certain embodiments, the second recombinant
microorganism includes a microorganism selected from the group consisting of Escherichia,
Escherichia coli, Geobacteria, Arthrobacter paraffineus, Pseudomonas fluorescens,
Pseudomonas Putida, a Pseudomonas, Pseudomonas syringae, Pseudomonas savastanoi ,
Serratia marcescens, Bacillus metatherium, Candida paludigena, Pichia inositovora, Torulopsis
glabrata, Candida lipolytica, Yarrowia lipolytica, Saccharomyces cereviciae., Aspergillus sp.,
Bacillus subtilis, and Lactobacillus sp.

[0015] In certain embodiments, the first recombinant microorganism includes a delta-
glge mutant microorganism lacking expression of a glucose-1-phosphate adenylyltransferase
protein. In certain embodiments, the first recombinant microorganism expresses a sucrose
synthase protein having an amino acid sequence at least 95% identical to SEQ ID NO: 9 by
expressing a non-native sucrose synthase protein nucleotide sequence having a nucleotide
sequence at least 95% identical to SEQ ID NO: 10. In certain embodiments, the first recombinant
microorganism expresses a sucrose phosphate synthase protein having an amino acid sequence at
least 95% identical to SEQ ID NO: 11 by expressing a non-native sucrose phosphate synthase
nucleotide sequence having a nucleotide sequence at least 95% identical to SEQ ID NO: 12.

[0016] In certain embodiments, an amount of at least one AKG forming enzyme
produced by the first recombinant microorganism is from about 5% to about 200% or more
greater than that produced relative to the control microorganism lacking the non-native AKG
forming enzyme expressing nucleotide sequence. In certain embodiments, an amount of EFE
protein produced by the second recombinant microorganism is from about 5% to about 200% or
more greater than that produced relative to the control microorganism lacking the non-native
EFE expressing nucleotide sequence. In certain embodiments, an amount of EFE protein
produced by the second recombinant microorganism is from about 20 grams to about 100 grams
per liter or more of organic product culture solution.

[0017] In certain embodiments, the second recombinant microorganism includes £.
Coli, and an amount of EFE protein produced by the second recombinant microorganism is from
about 30% to about 80% or more of a total cellular amount of protein of the second recombinant
microorganism. In certain embodiments, a production rate of ethylene produced by the second
recombinant microorganism is from about 100 million pounds/year to about 1 billion

pounds/year or more. In certain embodiments, a cell population concentration of the second
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recombinant microorganism ranges from about 107 to about 10'3 cells per milliliter, or a dry cell
weight per liter of organic product culture solution of from about 100 grams to about 300 grams
dry cell weight per liter.

[0018] In certain embodiments, the non-native AKG forming enzyme expressing
nucleotide sequence or the non-native EFE expressing nucleotide sequence is inserted into a
microbial expression vector, wherein the microbial expression vector includes a bacterial vector
plasmid, a nucleotide guide of a homologous recombination system, an antibiotic-resistant
system, an aid system for protein purification and detection, a CRISPR CAS system, a phage
display system, or a combination thereof. In certain embodiments, the EFE expressing
nucleotide sequence has a copy number in the microbial expression vector of from about 2 to
about 500 or more. In certain embodiments, the microbial expression vector includes at least one
microbial expression promoter. In certain embodiments, the at least one microbial expression
promoter includes a light sensitive promoter, a chemical sensitive promoter, a temperature
sensitive promoter, a Lac promoter, a T7 promoter, a CspA promoter, a lambda PL promoter, a
lambda CL promoter, a continuously inducing promoter, a psbA promoter, or a combination
thereof.

[0019] Embodiments herein are directed to methods of producing an organic product.
In an embodiment, the method includes providing a biomanufacturing system including: at least
one bioreactor culture vessel; wherein the at least one bioreactor culture vessel contains an
organic substrate culture solution; wherein the organic substrate culture solution contains a first
recombinant microorganism; wherein the first recombinant microorganism has an improved
organic substrate producing ability, expresses at least one organic substrate forming recombinant
enzyme by expressing at least one non-native organic substrate forming enzyme nucleotide
sequence, is capable of utilizing a carbon source to produce the organic substrate, and produces
at least one organic substrate culture impurity, including at least one of a volatile gas, a liquid,
and a solid; wherein the at least one bioreactor culture vessel contains an organic product culture
solution; wherein the organic product culture solution contains a second recombinant
microorganism; wherein the second recombinant microorganism has an improved organic
product producing ability, expresses at least one organic product forming enzyme by expressing
at least one non-native organic product forming enzyme nucleotide sequence, and is capable of
utilizing the organic substrate to produce the at least one organic product; wherein the at least
one bioreactor culture vessel includes a first bioreactor culture vessel including a carbon source
inlet, a volatile gas outlet, and a power source; and the system includes a second bioreactor
culture vessel including a fluid flow path connected to and between the first bioreactor culture

vessel and the second bioreactor culture vessel, and an organic product outlet; wherein the first
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bioreactor culture vessel includes the organic substrate culture solution, and the second
bioreactor culture vessel includes the organic product culture solution. In such embodiments, the
method includes: culturing the first recombinant microorganism in the first bioreactor culture
vessel under conditions sufficient to produce the amount of at least one organic substrate in the
first bioreactor culture vessel; and culturing the second recombinant microorganism in the second
bioreactor culture vessel under conditions sufficient to produce the amount of at least one organic
product in the second bioreactor culture vessel.

[0020] In certain embodiments, the method further includes removing an amount of
the at least one volatile gas from the organic substrate culture solution through the volatile gas
outlet. In certain embodiments, the method further includes removing an amount of the at least
one organic product from the organic product culture solution through the organic product outlet.
In certain embodiments, provided the carbon source includes carbon dioxide, the method further
includes feeding an amount of the carbon dioxide from a carbon dioxide source into the organic
substrate culture solution through the carbon source inlet. In certain embodiments, the method
further includes maintaining a pH level of the organic substrate culture solution and the organic
product culture solution from about 5.0 to about 8.5. In certain embodiments, the method
includes maintaining the organic substrate culture solution and the organic product culture
solution at a temperature from about 25 degrees Celsius to about 70 degrees Celsius or more.

[0021] In certain embodiments, the method further includes maintaining an amount of
volatile gas in the second bioreactor culture vessel of from about 10% by volume to about 1% by
volume or less, based a total internal volume of the second bioreactor culture vessel.

[0022] In certain embodiments, provided the first bioreactor culture vessel or the
second bioreactor culture vessel further includes a biomass collection port, the method further
includes collecting an amount of biomass produced by the first recombinant microorganism or
the second recombinant microorganism through the biomass collection port.

[0023] In certain embodiments of methods herein, the non-native organic substrate
forming recombinant enzyme expressing nucleotide sequence or the non-native organic product
expressing nucleotide sequence is inserted into a microbial expression vector, wherein the at least
one microbial expression vector includes at least one microbial expression promoter. In certain
embodiments, the method further includes controlling the amount of the at least one organic
substrate or the amount of the at least one organic product produced by adding at least one
promoter inducer to the organic substrate culture solution or the organic product culture solution.
In certain embodiments, the at least one microbial expression promoter includes a light sensitive
promoter, a chemical sensitive promoter, a temperature sensitive promoter, a Lac promoter, a T7

promoter, a CspA promoter, a lambda PL promoter, a lambda CL promoter, a continuously
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producing promoter, a psbA promoter, or a combination thereof; and the at least one promoter
inducer includes lactose, xylose, IPTG, cold shock, heat shock, or a combination thereof.

[0024] In certain embodiments of methods herein, the at least one organic substrate
includes AKG. In such embodiments, the at least one organic product includes ethylene. In
certain embodiments, provided the at least one organic substrate culture impurity includes at least
one volatile gas, the method further includes removing the at least one volatile gas through the
volatile gas outlet. In certain embodiments, the method includes recovering an amount of
ethylene produced at a rate of from about 100 million pounds/year to about 1 billion pounds/year
or more. In certain embodiment, the amount of ethylene produced contains an amount of volatile
gas of about 1 mole percent or less.

[0025] Embodiments herein are directed to methods of producing an organic product,
wherein the method includes providing a biomanufacturing system including: at least one
bioreactor culture vessel; wherein the at least one bioreactor culture vessel contains an organic
substrate culture solution; wherein the organic substrate culture solution contains a first
recombinant microorganism; wherein the first recombinant microorganism has an improved
organic substrate producing ability, expresses at least one organic substrate forming recombinant
enzyme by expressing at least one non-native organic substrate forming enzyme nucleotide
sequence, is capable of utilizing a carbon source to produce the organic substrate, and produces
at least one organic substrate culture impurity, including at least one of a volatile gas, a liquid,
and a solid; and wherein the at least one bioreactor culture vessel contains an organic product
culture solution; wherein the organic product culture solution contains a second recombinant
microorganism; wherein the second recombinant microorganism has an improved organic
product producing ability, expresses at least one organic product forming enzyme by expressing
at least one non-native organic product forming enzyme nucleotide sequence, and is capable of
utilizing the organic substrate to produce the at least one organic product. In such embodiments,
the organic substrate culture solution and the organic product culture solution are combined in
one bioreactor culture vessel, wherein the non-native organic substrate forming recombinant
enzyme expressing nucleotide sequence is inserted into a first microbial expression vector,
wherein the non-native organic product forming enzyme expressing nucleotide sequence is
inserted into a second microbial expression vector, and wherein the first and second microbial
expression vector each includes at least one microbial expression promoter. In such
embodiments, the method includes providing a carbon source connected to the carbon source
inlet; culturing the first recombinant microorganism in the first bioreactor culture vessel under
conditions sufficient to produce an amount of the at least one organic substrate in the first

bioreactor culture vessel; producing the amount of the at least one organic substrate by adding at
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least one promoter inducer to the organic substrate culture solution at a first time point; culturing
the second recombinant microorganism in the second bioreactor culture vessel under conditions
sufficient to produce an amount of the at least one organic product in the second bioreactor
culture vessel; and producing the amount of the at least one organic product by adding at least
one promoter inducer to the organic product culture solution at a second time point. In certain
embodiments, the method includes lowering an amount of volatile gas in the second bioreactor
culture vessel to from about 10% by volume to about 1% by volume or less, based on a total
internal volume of the second bioreactor culture vessel, before the second time point.

[0026] Embodiments herein are directed to methods of producing ethylene. In certain
embodiments, the method includes providing a biomanufacturing system including: a first
bioreactor culture vessel including a carbon source inlet, a volatile gas outlet, and a power
source; and a second bioreactor culture vessel including a fluid flow path connected to and
between the first bioreactor culture vessel and the second bioreactor culture vessel, and an
organic product outlet; wherein the first bioreactor culture vessel includes an organic substrate
culture solution, and the second bioreactor culture vessel includes an organic product culture
solution; wherein the organic substrate culture solution contains a first recombinant
microorganism having an improved organic substrate producing ability, wherein the organic
substrate includes AKG, wherein the first recombinant microorganism expresses at least one
organic substrate forming recombinant enzyme by expressing at least one non-native organic
substrate forming enzyme nucleotide sequence, wherein the organic substrate forming enzyme
includes an AKG forming enzyme, wherein the first recombinant microorganism is capable of
utilizing a carbon source to produce an amount of AKG, wherein the first recombinant
microorganism produces at least one organic substrate culture impurity, including at least one of
a volatile gas, a liquid, and a solid; wherein the volatile gas includes oxygen, wherein the organic
product culture solution contains a second recombinant microorganism having an improved
organic product producing ability, wherein the organic product includes ethylene, wherein the
second recombinant organism expresses at least one organic product forming enzyme by
expressing at least one non-native organic product forming enzyme nucleotide sequence, wherein
the organic product forming enzyme includes EFE, and wherein the second recombinant
organism is capable of utilizing AKG to produce an amount of ethylene. In certain
embodiments, the method includes culturing the first recombinant microorganism in the first
bioreactor culture vessel under conditions sufficient to produce an amount of AKG in the first
bioreactor culture vessel; culturing the second recombinant microorganism in the second
bioreactor culture vessel under conditions sufficient to produce an amount of EFE in the second

bioreactor culture vessel; removing an amount of oxygen from the organic substrate culture
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solution through the volatile gas outlet; and removing an amount of EFE from the organic

product culture solution through the organic product outlet.

BRIEF DESCRIPTION OF THE DRAWINGS

[0027] The foregoing summary, as well as the following detailed description of the
embodiments, will be better understood when read in conjunction with the attached drawings.
For the purpose of illustration, there are shown in the drawings some embodiments, which may
be preferable. It should be understood that the embodiments depicted are not limited to the
precise details shown. Unless otherwise noted, the drawings are not to scale.

[0028] Figure 1 is an illustration depicting production of an organic substrate and an
organic product by microorganisms according to embodiments herein.

[0029] Figure 2 is an illustration of a biomanufacturing system according to
embodiments herein.

[0030] Figure 3A is a graph showing ethylene production in %. coli cultures
expressing low, medium, or high copy numbers of an EFE gene, and cultured in different growth
media, according to embodiments herein.

[0031] Figure 3B is a graph showing ethylene production in £. co/i cultures grown
with no supplement or with different growth supplements, according to embodiments herein.

[0032] Figure 4 is a flow chart depicting an embodiment of a method of producing an

organic product herein.

DETAILED DESCRIPTION
[0033] Unless otherwise noted, all measurements are in standard metric units.

b3

[0034] Unless otherwise noted, all instances of the words “a,” “an,” or “the” can refer
to one or more than one of the word that they modify.

[0035] Unless otherwise noted, the phrase “at least one of” means one or more than
one of an object. For example, “at least one bioreactor culture vessel” means one bioreactor
culture vessel, more than one bioreactor culture vessel, or any combination thereof.

[0036] Unless otherwise noted, the term “about” refers to £10% of the non-
percentage number that is described, rounded to the nearest whole integer. For example, about 20
grams, would include 18 to 22 grams. Unless otherwise noted, the term “about” refers to £5% of
a percentage number. For example, about 50% would include 45 to 55%. When the term “about”
is discussed in terms of a range, then the term refers to the appropriate amount less than the

lower limit and more than the upper limit. For example, from about 100 to about 300 grams dry

cell weight per liter would include from 90 to 330 grams dry cell weight per liter.
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[0037] Unless otherwise noted, properties (height, width, length, ratio etc.) as
described herein are understood to be averaged measurements.

[0038] Unless otherwise noted, the terms “provide”, “provided” or “providing” refer
to the supply, production, purchase, manufacture, assembly, formation, selection, configuration,
conversion, introduction, addition, or incorporation of any element, amount, component, reagent,
quantity, measurement, or analysis of any method or system of any embodiment herein.

[0039] Sequence identity is herein defined as a relationship between two or more
amino acid (polypeptide or protein) sequences or two or more nucleic acid (polynucleotide)
sequences, as determined by comparing the sequences. Usually, sequence identities or
similarities are compared over the whole length of the sequences compared. In the art, "identity"
also means the degree of sequence relatedness between amino acid or nucleic acid sequences, as
the case may be, as determined by the match between strings of such sequences. "Similarity"
between two amino acid sequences is determined by comparing the amino acid sequence and its
conserved amino acid substitutes of one polypeptide to the sequence of a second polypeptide.
"Identity" and "similarity"” can be readily calculated by various methods, known to those skilled
in the art. In an embodiment, sequence identity is determined by comparing the whole length of
the sequences as identified herein.

[0040] Exemplary methods to determine identity are designed to give the largest
match between the sequences tested. Methods to determine identity and similarity are codified in
publicly available computer programs. Exemplary computer program methods to determine
identity and similarity between two sequences include e.g. the BestFit, BLASTP (Protein Basic
Local Alignment Search Tool), BLASTN (Nucleotide Basic Local Alignment Search Tool), and
FASTA (Altschul, S. F. et al., J. Mol. Biol. 215:403-410 (1990), publicly available from NCBI
and other sources (BLAST.RTM. Manual, Altschul, S., et al., NCBI NLM NIH Bethesda, Md.
20894). A most exemplary algorithm used is EMBOSS (European Molecular Biology Open
Software Suite). Exemplary parameters for amino acid sequences comparison using EMBOSS
are gap open 10.0, gap extend 0.5, Blosum matrix. Exemplary parameters for nucleic acid
sequences comparison using EMBOSS are gap open 10.0, gap extend 0.5, DNA full matrix
(DNA identity matrix). In embodiments, it is possible to compare the DNA/ protein sequences
among different species to determine the homology of sequences using online data such as Gene
bank, KEG, BLAST and Ensemble.

[0041] Optionally, in determining the degree of amino acid similarity, the skilled
person may also take into account so-called "conservative" amino acid substitutions, as will be
clear to the skilled person. Conservative amino acid substitutions refer to the interchangeability

of residues having similar side chains. For example, a group of amino acids having aliphatic side

11



10

15

20

25

30

WO 2021/189003 PCT/US2021/023332

chains is glycine, alanine, valine, leucine, and isoleucine; a group of amino acids having
aliphatic-hydroxyl side chains is serine and threonine; a group of amino acids having amide-
containing side chains is asparagine and glutamine; a group of amino acids having aromatic side
chains is phenylalanine, tyrosine, and tryptophan; a group of amino acids having basic side
chains is lysine, arginine, and histidine; and a group of amino acids having sulphur-containing
side chains is cysteine and methionine. Preferred conservative amino acids substitution groups
are: valine-leucine-isoleucine, phenylalanine-tyrosine, lysine-arginine, alanine-valine, and
asparagine-glutamine. Substitutional variants of the amino acid sequence disclosed herein are
those in which at least one residue in the disclosed sequences has been removed and a different
residue inserted in its place. Preferably, the amino acid change is conservative. Preferred
conservative substitutions for each of the naturally occurring amino acids are as follows: Ala to
ser; Arg to lys; Asn to gln or his; Asp to glu; Cys to ser or ala; Gln to asn; Glu to asp; Gly to pro;
His to asn or gln; Ile to leu or val; Leu to ile or val; Lys to arg; gln or glu; Met to leu or ile; Phe
to met, leu or tyr; Ser to thr; Thr to ser; Trp to tyr; Tyr to trp or phe; and, Val to ile or leu.

[0042] Unless otherwise noted, the term “adapted” or “codon adapted” refers to
“codon optimization” of polynucleotides as disclosed herein, the sequence of which may be
native or non-native, or may be adapted for expression in other microorganisms. Codon
optimization adapts the codon usage for an encoded polypeptide towards the codon bias of the
organism in which the polypeptide is to be expressed. Codon optimization generally helps to
increase the production level of the encoded polypeptide in the host cell.

[0043] Carbon dioxide emissions resulting from the use of fossil fuels continue to rise
on a global scale. Reduction of atmospheric carbon dioxide levels is a key to mitigating or
reversing climate change. Carbon capture and storage (CCS) is a prominent technology for
removal of industrial carbon dioxide from the atmosphere; it has been estimated that over 20
trillion tons of carbon dioxide captured from refining and other industrial processes can be
transported and stored in various types of subterranean environments or storage tanks. Although
CCS is a cost effective and affordable way to reduce carbon dioxide emissions compared to other
currently available methods, the problem remains that the carbon dioxide is merely being stored
underground until it escapes. Therefore, CCS methods do not provide a sustainable solution to
reduce excess carbon dioxide in the atmosphere. Also, there is little financial incentive for
industries to pump carbon dioxide into subterranean environments, unless they are forced to by
environmental regulations, or they are paid to do it as part of their business model. Arguably,
global warming is a crisis because it is more lucrative to produce carbon dioxide than to dispose

of carbon dioxide.
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[0044] There remains a need to remove excess carbon dioxide from the atmosphere in
more efficient and sustainable ways. There remains a need for technologies that can harness the
over-abundance of carbon dioxide to make useful products, and for other applications that are
beneficial to industry and the environment.

[0045] The challenges of the limited supply of petroleum, and the harmful effects of
petroleum operations on the environment, have prompted a growing emphasis on maximizing
output from existing resources, and in developing renewable sources of fuels and chemicals that
can minimize environmental impacts. Technologies that convert biomass and captured carbon
dioxide into new products, such as biofuels, can help to reduce oil imports and carbon dioxide
emissions. There is a growing interest in producing value-added fuels and other useful organic
products from organic waste using biological processes.

[0046] Among such valuable organic products, ethylene is the most widely produced
organic compound in the world, useful in a broad spectrum of industries including plastics,
solvents, and textiles. Since ethylene is a potentially renewable feedstock, there has been a great
deal of interest in developing technologies to produce ethylene from renewable sources, such as
carbon dioxide and biomass. Ethylene is currently produced by steam cracking fossil fuels or
dehydrogenating ethane. With millions of metric tons of ethylene being produced each year,
however, more than enough carbon dioxide is produced by such processes to greatly contribute
to the global carbon footprint. Producing ethylene through renewable methods would
accordingly help to meet the huge demand from the energy and chemical industries, while also
helping to protect the environment.

[0047] Conventional methods have been developed to produce bio-ethylene using
ethanol derived from corn or sugar cane. However, the production of bio-ethylene from biomass
(e.g., corn and sugar cane) is a time-consuming and cost-ineffective process, requiring land,
transportation, and digestion of biomass. For example, there are massive inefficiencies
associated with the growing and transportation of corn and sugar cane, which by itself causes
CO: emissions. A variety of microbes, including bacteria and fungi, naturally produce ethylene
in small amounts. Such microbes make use of an ethylene-forming enzyme (EFE). A type of
ethylene pathway, such as is found in Pseudomonas syringae and Penicillium digitatum, uses
alpha-ketoglutarate (AKG) and arginine as substrates in a reaction catalyzed by an ethylene-
forming enzyme. Ethylene-forming enzymes provide a promising target, because expression of a
single gene can be sufficient for ethylene production. Techniques making use of heterologous
expression of an EFE have been demonstrated in several microbial species, where the microbial
hosts have been able to utilize a variety of carbon sources in the Calvin cycle, including

lignocellulose and carbon dioxide. Plus, recent developments in cost-effective high throughput
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genetic sequencing technologies have led to an increased understanding of microbial gene
expression. However, the currently available technologies do not produce industrially relevant
quantities of ethylene through microbial activity. As a result, the number and volume of
bioreactors required for production of sufficient quantities of ethylene can be prohibitively high.

[0048] Another challenge that can arise in microbial organic product production
processes is that by-products of the microbial metabolism can be produced as impurities in the
bioreactor culture along with the organic product. A mixture of organic product and by-product
impurities can add more complications to the downstream purification process, and additional
costs. Culture impurities can include volatile gases such as oxygen, which may be co-produced
with volatile organic products. For example, oxygen is typically produced by photosynthetic
microorganisms. The concentration of oxygen in the bioreactor off-gas can possibly be high
enough to present a safety risk, or exceed the maximum amounts allowed by regulations. Yet
another challenge is how to handle processing of another by-product: the biomass that is
produced as a result of the growth of microbial cultures.

[0049] There remains a need for improvements in microbial production that can
produce organic products, including ethylene, at a commercial scale with greater efficiency and
lower costs. There remains a need for improvements in microbial production that can reduce or
eliminate the co-production of organic products and culture impurities, including volatile gases,
safely while complying with governmental regulations. There remains a need for improvements
in the production and handling of biomass in microbial organic product production. There
remains a need for methods to use carbon dioxide feedstocks to produce organic products, such
as bio-ethylene, that are useful for industrial and other applications.

[0050] Embodiments of the present disclosure can provide a benefit of removing
carbon dioxide from the environment, along with the benefit of producing valuable organic
products capable of being sold commercially. Embodiments of the present disclosure can thus
provide a renewable alternative to conventional carbon dioxide storage, by using recombinant
microbial technology to convert the carbon dioxide into one or more useful organic compounds.
One benefit of the embodiments of the present disclosure is that the systems and methods can
make it economically profitable for an oil or natural gas company to remove carbon dioxide from
the environment. An oil company, or a contractor thereof, could instead of pumping carbon
dioxide into a subterranean environment or leaving the sequestered carbon dioxide underground,
use the carbon dioxide as a carbon source for a culture of recombinant microorganisms to
convert the carbon dioxide to useful organic products in a cost-effective way. Also, much of the
carbon dioxide generated by transportation can be avoided, because the methods can be practiced

on-site, or would be expected to consume more carbon dioxide than they produce.
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[0051] The most effective methods for protecting the environment are those methods
that people actually use. The more profitable those methods are; the more likely people are to use
them. One of the benefits of the methods disclosed herein is the cost-effectiveness of using a
bioreactor system. Embodiments of the present disclosure can provide a benefit of engineering a
photosynthetic organic substrate producing microorganism, by adapting the relevant metabolic
signaling pathways to produce the organic substrate on an industrial scale. Embodiments of the
present disclosure can provide a benefit of engineering an organic product producing
microorganism that can utilize the organic substrate produced by the photosynthetic
microorganism to produce the organic product, by adapting the relevant metabolic signaling
pathways to produce the organic product on an industrial scale. Such embodiments can provide
the benefits of increased efficiency of organic product production and lower costs. Such
embodiments can make it profitable to remove carbon dioxide from the atmosphere, and to
passively generate valuable organic compounds while the microbes do the work — on a scale
previously unimaginable.

[0052] Embodiments of the present disclosure can also provide a benefit of separating
the production of one or more culture impurities from the production of organic products, thus
reducing or eliminating the co-production of the organic products and culture impurities. Such
embodiments can provide benefits of safer organic product production, as well as reducing the
complications and costs of downstream purification. Embodiments herein can also provide
benefits of minimizing biomass production, while facilitating the use of the biomass that is
produced for beneficial applications.

[0053] What would happen to the global warming crisis if it became more profitable,
or just as profitable, to convert carbon dioxide into valuable organic compounds as it did to
generate the carbon dioxide in the first place? The presently disclosed methods might transform
energy producers from global warming companies to global cooling companies.

[0054] The present disclosure relates to biomanufacturing systems for producing an
organic product. In certain embodiments, such a system includes an organic substrate culture
solution containing a first recombinant microorganism having an improved substrate producing
ability, and an organic product culture solution containing a second recombinant microorganism
having an improved organic product producing ability. As a general overview of organic
substrate production and organic product production by the organic substrate culture solution and
the organic product culture solution, respectively, referring to FIG. 1, organic substrate culture
solution 100 captures carbon dioxide 102 together with water 104 and light 106 in photosynthetic
light reactions 108, producing culture impurity oxygen 110 and energy substrates 112; enzymatic

pathways 114 utilize energy substrates 112 to produce organic substrate alpha-ketoglutarate 116.
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Organic substrate alpha-ketoglutarate 116 enters organic product culture solution 122 through
production by promoter inducer control at time points 118, or by filter or flow path separation
120. Enzymatic pathways 124 utilize organic product culture solution alpha-ketoglutarate 126
and ethylene forming enzyme 128 to produce organic product ethylene 130.

[0055] As a general overview of a biomanufacturing system disclosed herein,
referring to FIG. 2, system 200 includes a first bioreactor culture vessel 202 containing organic
substrate culture solution 204, carbon source inlet 206, volatile gas outlet 208, power and/ or
light source 210, compressor/condenser 212 including water outlet 214 connected to first
bioreactor culture vessel 202 and water outlet 216; second bioreactor culture vessel 218
containing organic product culture solution 220 and including fluid flow path 222 connected to
and between first bioreactor culture vessel 202 and second bioreactor culture vessel 218, and
organic product outlet 224; amine stripper 226 including rich amine outlet 228 and lean amine
inlet 230 connected to amine scrubber 232; carbon dioxide outlet 234 connected to and between
amine scrubber 232 and first bioreactor culture vessel 202; compressor/condenser 236 including
water outlet 238; catalytic converter 240; caustic tower 242; dryer 244 including regeneration gas
inlet 246 and water outlet 248; compressor/pump 250; and organic product outlet 252.

[0056] The present disclosure related to methods for producing an organic product.
As a general overview of a method disclosed herein, referring to FIG. 4, the method includes
providing a biomanufacturing system 102 according to embodiments herein; culturing a first
recombinant microorganism in a first bioreactor culture vessel containing an organic substrate
culture solution, under conditions sufficient to produce an amount of at least one organic
substrate in the first bioreactor culture vessel 104; culturing a second recombinant
microorganism in a second bioreactor culture vessel containing an organic product culture
solution, under conditions sufficient to produce an amount of at least one organic product in the
second bioreactor culture vessel 106; removing an amount of at least one volatile gas from the
organic substrate culture 108; removing an amount of at least one organic product from the
organic product culture solution 110; feeding an amount of carbon dioxide from a carbon dioxide
source into the organic substrate culture solution 112; maintaining a pH level of the organic
substrate culture solution and the organic product culture solution from about 5.0 to about 8.5
114; collecting an amount of biomass produced by the first recombinant microorganism from the
first bioreactor culture vessel 116, collecting an amount of biomass produced by the second
recombinant microorganism from the second bioreactor culture vessel 118; and maintaining an
amount of volatile gas in the second bioreactor culture vessel of from about 10% by volume to
about 1% by volume or less, based on a total internal volume of the second bioreactor culture
vessel 120.
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Embodiments of Biomanufacturing Systems

[0057] Embodiments herein are directed to biomanufacturing systems for producing
an organic product. In various embodiments, the system includes at least one bioreactor culture
vessel. In various embodiments, the at least one bioreactor culture vessel contains an organic
substrate culture solution, wherein the organic substrate culture solution contains a first
recombinant microorganism. In various embodiments, the first recombinant microorganism has
an improved organic substrate producing ability, expresses at least one organic substrate forming
recombinant enzyme by expressing at least one non-native organic substrate forming enzyme
nucleotide sequence, is capable of utilizing a carbon source to produce the organic substrate, and
produces at least one organic substrate culture impurity, including at least one of a volatile gas, a
liquid, and a solid byproduct, or other undesirable product. An example of an impurity could be
oxygen or methane, or a combination thereof, in a gas or liquid state. In various embodiments,
the at least one bioreactor culture vessel contains an organic product culture solution, wherein the
organic product culture solution contains a second recombinant microorganism. In various
embodiments, the second recombinant microorganism has an improved organic product
producing ability, expresses at least one organic product forming enzyme by expressing at least
one non-native organic product forming enzyme nucleotide sequence, and is capable of utilizing
the organic substrate to produce the at least one organic product. In various embodiment, the at
least one organic product can include an alkene, an alkane, a polyene, an alcohol, a volatile
organic compound, or a combination thereof.

[0058] In certain embodiments, the at least one bioreactor culture vessel includes a
first bioreactor culture vessel including a carbon source inlet, a volatile gas outlet, and a power
source; and a second bioreactor culture vessel including a fluid flow path connected to and
between the first bioreactor culture vessel and the second bioreactor culture vessel, and an
organic product outlet. In such embodiments, the first bioreactor culture vessel includes the
organic substrate culture solution, and the second bioreactor culture vessel includes the organic
product culture solution. Such embodiments can provide a benefit of separating the production
of the at least one organic substrate culture impurity by the first recombinant microorganism,
from the production of the at least organic product by the second recombinant organism. In such
embodiments, the organic substrate and other nutrients can be provided to the second
recombinant microorganism through the fluid flow path connected to and between the first
bioreactor culture vessel and the second bioreactor culture vessel, to provide for growth of the
second recombinant microorganism and production of the organic product. In such

embodiments, provided the at least one organic substrate culture impurity includes a volatile gas,
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the volatile gas can be removed from the organic substrate culture solution through the volatile
gas outlet. In certain embodiments, the volatile gas includes oxygen, methane, or a combination
thereof. Such embodiments can provide benefits of improved control of the growth rates of the
first and second recombinant microorganisms, improved rates of carbon capture, and improved
organic product yield.

[0059] In such embodiments, a carbon source can be provided through the carbon
source inlet, as a nutrient to support the growth of the first recombinant microorganism and
production of the at least one organic substrate. In certain embodiments, the carbon source
includes carbon dioxide, carbon monoxide, a vegetable oil, glycerol, glucose, sucrose, a
monosaccharide, a disaccharide, a polysaccharide, or a combination thereof. Such embodiments
can provide a benefit of utilizing industrial carbon dioxide toward the production of an organic
product. In certain embodiments, the at least one organic substrate produced by the first
recombinant microorganism includes alpha-ketoglutarate (AKG), sucrose, glucose, glycerol, a
monosaccharide, a disaccharide, a polysaccharide, or a combination thereof. Such embodiments
can provide a benefit of providing a non-volatile organic substrate produced in the first
bioreactor culture vessel that can be utilized for production of the organic product in the second
bioreactor culture vessel. In certain embodiments, the second bioreactor culture vessel further
includes a carbon source inlet, a volatile gas outlet, a power source, or a combination thereof.

[0060] In certain embodiments, the at least one organic product produced by the
second recombinant microorganism includes ethylene, an alcohol, methanol, ethanol, propanol,
butanol, ethane diol, an organic acid, propionic acid, acetic acid, an aldehyde, formaldehyde, a
long chain fatty acid, an n-alkane, a hydrocarbon, or a combination thereof. In certain
embodiments, the at least one organic substrate includes AKG, and the at least one organic
product includes ethylene.

[0061] In certain embodiments, the first bioreactor culture vessel or the second
bioreactor culture vessel further includes a biomass collection port. In such embodiments, a
biomass collection port can provide a benefit of enabling the collection of biomass from the first
bioreactor culture, the second bioreactor culture, or a combination thereof;, for disposal or
processing of the biomass for use in fertilizer, feedstock, biofuel, or other applications.

[0062] In certain embodiments, the power source includes sunlight, a solar power
source, an electrical power source, or a combination thereof. In certain embodiments, the system
further includes a carbonation unit, an amine stripper, an amine scrubber, a catalytic converter, a
condenser, a compressor, a caustic tower, a dryer, or combinations thereof.

[0063] In certain embodiments, the organic substrate culture solution and the organic

product culture solution are combined in one bioreactor culture vessel. In some embodiments,
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the organic substrate culture solution and the organic product culture are separated by a filter. In
such embodiments, the filter can include a pore size of from about 0.2 pm to about 10 pm or
more. In certain embodiments, the filter includes a pore size of from about 1 um to about 8§ pm
or more. In certain embodiments, the filter includes a pore size of from about 3 um to about 5
pm or more. Such embodiments can provide a benefit of separating the production of the at least
one organic substrate culture impurity by the first recombinant microorganism, from the
production of the at least one organic product by the second recombinant organism, by allowing
the flow of the at least one organic substrate and other nutrients from the organic substrate
culture solution to the organic product culture solution through the filter, while not allowing or
reducing the flow of the at least one organic substrate culture impurity through the filter. In
certain embodiments, the organic substrate culture solution and the organic product culture
solution contain suspended organic particles that are separated by a filter. In certain
embodiments, the suspended organic particles can be separated from the organic substrate culture
solution or the organic product culture solution with the use of a centrifuge.

[0064] In other embodiments wherein the organic substrate culture solution and the
organic product culture solution are combined in one bioreactor culture vessel, the at least one
non-native organic substrate forming enzyme nucleotide sequence expressed by the first
recombinant microorganism, and the at least one non-native organic product forming enzyme
nucleotide sequence expressed by the second recombinant microorganism, are inserted into a
first microbial expression vector and a second microbial expression vector, respectively. The
first and second microbial expression vectors each include at least one microbial expression
promoter. Such embodiments can provide a benefit of separating the production of the at least
one organic substrate culture impurity by the first recombinant microorganism, from the
production of the at least one organic product by the second recombinant microorganism, by
producing the at least one organic substrate and the at least one organic product at different time
points, by adding at least one promoter inducer to the organic substrate culture solution or to the

organic product culture solution at different time points.

Embodiments of Recombinant Microorganisms

[0065] In certain embodiments of a system herein, the organic substrate includes
alpha-ketoglutarate (AKG), wherein an amount of the at least one AKG forming enzyme
produced by the first recombinant microorganism is greater than that produced relative to a
control microorganism lacking a non-native AKG forming enzyme expressing nucleotide
sequence. In such embodiments, the at least one organic product includes ethylene, wherein an

amount of the at least one ethylene forming enzyme (EFE) produced by the second recombinant
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microorganism is greater than that produced relative to a control microorganism lacking a non-
native EFE expressing nucleotide sequence. In certain embodiments, the first recombinant
microorganism expresses at least one alpha-ketoglutarate permease protein (AKGP) by
expressing at least one non-native AKGP forming nucleotide sequence. Such embodiments can
provide a benefit of increasing yield of the organic substrate and the at least one organic product,
thus reducing the number and volume of bioreactors required to produce ethylene on a
commercial scale.

[0066] In certain embodiments, the at least one AKG forming enzyme includes an
isocitrate dehydrogenase (ICD) protein, a glutamate dehydrogenase (GDH) protein, or a
combination thereof. In certain embodiments, the first recombinant microorganism expresses an
ICD protein having an amino acid sequence at least 95% identical to SEQ ID NO: 1 by
expressing a non-native ICD protein nucleotide sequence having a nucleotide sequence at least
95% identical to SEQ ID NO: 2. In an embodiment, the ICD amino acid sequence has an amino
acid sequence at least 80% or at least 90% identical to SEQ ID NO: 1. In an embodiment, the
ICD amino acid sequence has an amino acid sequence at least 98% identical to SEQ ID NO: 1.
In an embodiment, the ICD nucleotide sequence has a nucleotide sequence at least 80% or at
least 90% identical to SEQ ID NO: 2. In an embodiment, the ICD nucleotide sequence has a
nucleotide sequence at least 98% identical to SEQ ID NO: 2. In certain embodiments, the first
recombinant microorganism expresses an [CD protein having an amino acid sequence at least
95% identical to SEQ ID NO: 3 by expressing a non-native ICD protein nucleotide sequence
having a nucleotide sequence at least 95% identical to SEQ ID NO: 4. In an embodiment, the
ICD amino acid sequence has an amino acid sequence at least 80% or at least 90% identical to
SEQ ID NO: 3. In an embodiment, the ICD amino acid sequence has an amino acid sequence at
least 98% identical to SEQ ID NO: 3. In an embodiment, the ICD nucleotide sequence has a
nucleotide sequence at least 80% or at least 90% identical to SEQ ID NO: 4. In an embodiment,
the ICD nucleotide sequence has a nucleotide sequence at least 98% identical to SEQ ID NO: 4.

[0067] In certain embodiments, the first recombinant microorganism expresses a
GDH protein having an amino acid sequence at least 95% identical to SEQ ID NO: 5 by
expressing a non-native GDH protein nucleotide sequence having a nucleotide sequence at least
95% identical to SEQ ID NO: 6. In an embodiment, the first recombinant microorganism
expresses a GDH protein having an amino acid sequence at least 80% or at least 90% identical to
SEQ ID NO: 5. In an embodiment, the first recombinant microorganism expresses a GDH
protein having an amino acid sequence at least 98% identical to SEQ ID NO: 5. In an
embodiment, the first recombinant microorganism expresses a GDH nucleotide sequence having

a nucleotide sequence at least 80% or at least 90% identical to SEQ ID NO: 6. In an
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embodiment, the first recombinant microorganism expresses a GDH nucleotide sequence having
a nucleotide sequence at least 98% identical to SEQ ID NO: 6.

[0068] In certain embodiments, the first recombinant microorganism expresses an
ICD protein having an amino acid sequence at least 95% identical to SEQ ID NO: 1 or SEQ ID
NO: 3 by expressing a non-native ICD protein nucleotide sequence having a nucleotide sequence
at least 95% identical to SEQ ID NO: 2 or SEQ ID NO: 4, and a GDH protein having an amino
acid sequence at least 95% identical to SEQ ID NO: 5 by expressing a non-native GDH protein
nucleotide sequence having a nucleotide sequence at least 95% identical to SEQ ID NO: 6.

[0069] In certain embodiments, the second recombinant microorganism expresses an
EFE protein having an amino acid sequence at least 95% identical to SEQ ID NO: 7 by
expressing a non-native EFE protein nucleotide sequence having a nucleotide sequence at least
95% identical to SEQ ID NO: 8. In an embodiment, the second recombinant microorganism
expresses an EFE protein having an amino acid sequence at least 80% or at least 90% identical to
SEQ ID NO: 7. In an embodiment, the second recombinant microorganism expresses an EFE
protein having an amino acid sequence at least 98% identical to SEQ ID NO: 7. In an
embodiment, the second recombinant microorganism expresses a non-native EFE protein
nucleotide sequence having a nucleotide sequence at least 80% or at least 90% identical to SEQ
ID NO: 8. In an embodiment, the second recombinant microorganism expresses a non-native
EFE protein nucleotide sequence having a nucleotide sequence at least 98% identical to SEQ ID
NO: 8.

[0070] In certain embodiments, the first recombinant microorganism includes a
microorganism selected from the group consisting of a photosynthetic bacteria, a Cyanobacteria,
a Synechococcus, Synechococcus elongatus, Synechococcus leopoliensis, Synechocystis,
Anabaena, a Pseudomonas, Pseudomonas syringae, Pseudomonas savastanoi, Chlamydomonas,
Chlamydomonas reinhardtii,. In certain embodiments, the second recombinant microorganism
includes a microorganism selected from the group consisting of Escherichia, Escherichia coli,
Geobacteria, Arthrobacter paraffineus, Pseudomonas fluorescens, Pseudomonas Putida, a
Pseudomonas, Pseudomonas syringae, Pseudomonas savastanoi , Serratia marcescens, Bacillus
metatherium, Candida paludigena, Pichia inositovora, Torulopsis glabrata, Candida lipolytica,
Yarrowia lipolytica, Saccharomyces cereviciae., Aspergillus sp., Bacillus subtilis, Lactobacillus
sp.,.

[0071] In certain embodiments, the first recombinant microorganism includes a delta-
glge (Aglge) mutant microorganism lacking expression of a glucose-1-phosphate
adenylyltransferase protein. In such embodiments, the first recombinant microorganism will

shift its metabolic pathway from glycogen production in favor of production of more keto acids,
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including AKG. In certain embodiments, the first recombinant microorganism including a Aglgc
mutation will produce and excrete increased levels of AKG. Such embodiments can provide a
benefit of increasing ethylene production by the second recombinant microorganism by
increasing the amount of organic substrate.

[0072] In certain embodiments, the first recombinant microorganism expresses a
sucrose synthase protein having an amino acid sequence at least 95% identical to SEQ ID NO: 9
by expressing a non-native sucrose synthase protein nucleotide sequence having a nucleotide
sequence at least 95% identical to SEQ ID NO: 10. In an embodiment, the first recombinant
microorganism expresses a sucrose synthase protein having an amino acid sequence at least 80%
or at least 90% identical to SEQ ID NO: 9. In an embodiment, the first recombinant
microorganism expresses a sucrose synthase protein having an amino acid sequence at least 98%
identical to SEQ ID NO: 9. In an embodiment, the first recombinant microorganism expresses a
non-native sucrose synthase protein nucleotide sequence having a nucleotide sequence at least
80% or at least 90% identical to SEQ ID NO: 10. In an embodiment, the first recombinant
microorganism expresses a non-native sucrose synthase protein nucleotide sequence having a
nucleotide sequence at least 98% identical to SEQ ID NO: 10. Such embodiments can provide a
benefit of increased sucrose production as a carbon source for growth of the first recombinant
microorganism, as well as a carbon source for growth of the second recombinant microorganism.

[0073] In certain embodiments, the first recombinant microorganism expresses a
sucrose phosphate synthase protein having an amino acid sequence at least 95% identical to SEQ
ID NO: 11 by expressing a sucrose phosphate synthase nucleotide sequence having a nucleotide
sequence at least 95% identical to SEQ ID NO: 12. In an embodiment, the first recombinant
microorganism expresses a sucrose phosphate synthase protein having an amino acid sequence at
least 80% or at least 90% identical to SEQ ID NO: 11. In an embodiment, the first recombinant
microorganism expresses a sucrose phosphate synthase protein having an amino acid sequence at
least 98% identical to SEQ ID NO: 11. In an embodiment, the first recombinant microorganism
expresses a sucrose phosphate protein nucleotide sequence having a nucleotide sequence at least
80% or at least 90% identical to SEQ ID NO: 12. In an embodiment, the first recombinant
microorganism expresses a sucrose phosphate protein nucleotide sequence having a nucleotide
sequence at least 98% identical to SEQ ID NO: 12. Such embodiments can provide a benefit of
sucrose production as an additional carbon source for growth of the first recombinant
microorganism, as well as an additional carbon source for growth of the second recombinant
microorganism.

[0074] In various embodiments, an amount of at least one AKG forming enzyme

produced by the first recombinant microorganism is greater than that produced relative to a

22



10

15

20

25

30

35

WO 2021/189003 PCT/US2021/023332

control microorganism lacking the non-native AKG forming enzyme expressing nucleotide
sequence. In certain embodiments, an amount of at least one AKG forming enzyme produced by
the first recombinant microorganism is from about 5% to about 200% or more greater than that
produced relative to the control microorganism lacking the non-native AKG forming enzyme
expressing nucleotide sequence. In some embodiments, an amount of at least one AKG forming
enzyme produced by the first recombinant microorganism is from about 50% to about 150% or
more greater than that produced relative to the control microorganism lacking the non-native
AKG forming enzyme expressing nucleotide sequence. In certain embodiments, an amount of at
least one AKG forming enzyme produced by the first recombinant microorganism is from about
75% to about 100% or more greater than that produced relative to the control microorganism
lacking the non-native AKG forming enzyme expressing nucleotide sequence.

[0075] In various embodiments, an amount of EFE protein produced by the second
recombinant microorganism is greater than that produced relative to a control microorganism
lacking the non-native EFE expressing nucleotide sequence. In certain embodiments, an amount
of EFE protein produced by the second recombinant microorganism is from about 5% to about
200% or more greater than that produced relative to the control microorganism lacking the non-
native EFE expressing nucleotide sequence. In certain embodiments, an amount of EFE protein
produced by the second recombinant microorganism is from about 50% to about 150% or more
greater than that produced relative to the control microorganism lacking the non-native EFE
expressing nucleotide sequence. In certain embodiments, an amount of EFE protein produced by
the second recombinant microorganism is from about 75% to about 100% or more greater than
that produced relative to the control microorganism lacking the non-native EFE expressing
nucleotide sequence.

[0076] In certain embodiments, an amount of EFE protein produced by the second
recombinant microorganism is from about 20 grams to about 100 grams per liter or more of
organic product culture solution. In some embodiments, an amount of EFE protein produced by
the second recombinant microorganism is from about 35 grams to about 85 grams per liter or
more of organic product culture solution. In some embodiments, an amount of EFE protein
produced by the second recombinant microorganism is from about 50 grams to about 70 grams
per liter or more of organic product culture solution.

[0077] In certain embodiments, the second recombinant microorganism includes .
Coli. Such embodiments can provide benefits of a fast growth rate of the second recombinant
microorganism, and extensive tools available for genetic modifications that can increase organic
product yield. In certain embodiments, an amount of EFE protein produced by the second

recombinant microorganism is about 30% to about 80% or more of a total cellular amount of
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protein of the second recombinant microorganism. In some embodiments, an amount of EFE
protein produced by the second recombinant microorganism is about 40% to about 70% or more
of a total cellular amount of protein of the second recombinant microorganism. In some
embodiments, an amount of EFE protein produced by the second recombinant microorganism is
about 50% to about 60% or more of a total cellular amount of protein of the second recombinant
microorganism.

[0078] In certain embodiments, a production rate of ethylene produced by the second
recombinant microorganism is from about 100 million pounds/year to about 1 billion
pounds/year or more. In some embodiments, a production rate of ethylene produced by the
second recombinant microorganism is from about 200 million pounds/year to about 800 million
pounds/year or more. In some embodiments, a production rate of ethylene produced by the
second recombinant microorganism is from about 400 million pounds/year to about 600 million
pounds/year or more. In certain embodiments, a production rate of ethylene produced by the
second recombinant microorganism is from about 0.13 to about 8.3 pounds per gallon of
bioreactor culture per month. At scale, about 0.13 pounds/gallon-bioreactor/month productivity
can be translated to an industrial plant with up to 642 commercial scale (1,000,000 gallon)
bioreactors, for an annual production of up to about 1 billion pounds or more of ethylene. If
productivity is increased to about 8.3 pounds/gallon-bioreactor/month, 10 commercial scale
(1,000,000 gallon) bioreactors would be sufficient for an industrial plant for about 1 billion
pounds/year or more of ethylene production.

[0079] In certain embodiments, a cell population concentration of the second
recombinant microorganism ranges from about 107 to about 10'3 cells per milliliter. In some
embodiments, a concentration of the second recombinant microorganism ranges from about 10%
to about 10'2 cells per milliliter. In some embodiments, a concentration of the second
recombinant microorganism ranges from about 10° to about 10! cells per milliliter. In certain
embodiments, a concentration of the second recombinant microorganism ranges from a dry cell
weight per liter of organic product culture solution of from about 100 grams to about 300 grams
dry cell weight per liter, or from about 0.2 grams to about 100 grams dry cell weight per liter. In
certain embodiments, a concentration of the second recombinant microorganism ranges from a
dry cell weight per liter of organic product culture solution of from about 125 grams to about 275
grams dry cell weight per liter. In certain embodiments, a concentration of the second
recombinant microorganism ranges from a dry cell weight per liter of organic product culture
solution of from about 150 grams to about 250 grams dry cell weight per liter.

[0080] In certain embodiments, the non-native AKG forming enzyme expressing

nucleotide sequence or the non-native EFE expressing nucleotide sequence is inserted into a
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microbial expression vector, wherein the microbial expression vector includes a bacterial vector
plasmid, a nucleotide guide of a homologous recombination system, an antibiotic-resistant
system, an aid system for protein purification and detection, a CRISPR CAS system, a phage
display system, or a combination thereof. In certain embodiments, the EFE expressing
nucleotide sequence has a copy number in the microbial expression vector of from about 2 to
about 500 or more. In some embodiments, the EFE expressing nucleotide sequence has a copy
number in the microbial expression vector of from about 10 to about 300. In some embodiments,
the EFE expressing nucleotide sequence has a copy number in the microbial expression vector of
from about 50 to about 100. Such embodiments can provide a benefit of increased ethylene
yield, thus reducing the volume and cost of ethylene production on a commercial scale.

[0081] In certain embodiments, the microbial expression vector includes at least one
microbial expression promoter. In certain embodiments, the at least one microbial expression
promoter includes a light sensitive promoter, a chemical sensitive promoter, a temperature
sensitive promoter, a Lac promoter, a T7 promoter, a CspA promoter, a lambda PL promoter, a
lambda CL promoter, a continuously producing promoter, a psbA promoter, or a combination

thereof.

Embodiments of Methods of Producing an Organic Product

[0082] Embodiments herein are directed to methods of producing an organic product.
In an embodiment, the method includes providing a biomanufacturing system including: at least
one bioreactor culture vessel; wherein the at least one bioreactor culture vessel contains an
organic substrate culture solution; wherein the organic substrate culture solution contains a first
recombinant microorganism; wherein the first recombinant microorganism has an improved
organic substrate producing ability, expresses at least one organic substrate forming recombinant
enzyme by expressing at least one non-native organic substrate forming enzyme nucleotide
sequence, is capable of utilizing a carbon source to produce the organic substrate, and produces
at least one organic substrate culture impurity, including at least one of a volatile gas, a liquid,
and a solid; wherein the at least one bioreactor culture vessel contains an organic product culture
solution; wherein the organic product culture solution contains a second recombinant
microorganism; wherein the second recombinant microorganism has an improved organic
product producing ability, expresses at least one organic product forming enzyme by expressing
at least one non-native organic product forming enzyme nucleotide sequence, and is capable of
utilizing the organic substrate to produce the at least one organic product; wherein the at least
one bioreactor culture vessel includes a first bioreactor culture vessel including a carbon source

inlet, a volatile gas outlet, and a power source; and the system includes a second bioreactor
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culture vessel including a fluid flow path connected to and between the first bioreactor culture
vessel and the second bioreactor culture vessel, and an organic product outlet; wherein the first
bioreactor culture vessel includes the organic substrate culture solution, and the second
bioreactor culture vessel includes the organic product culture solution.

[0083] In such embodiments, the method includes: culturing the first recombinant
microorganism in the first bioreactor culture vessel under conditions sufficient to produce the
amount of at least one organic substrate in the first bioreactor culture vessel; and culturing the
second recombinant microorganism in the second bioreactor culture vessel under conditions
sufficient to produce the amount of at least one organic product in the second bioreactor culture
vessel. Such embodiments can provide a benefit of producing of the at least one organic
substrate culture impurity by the first recombinant microorganism separately from producing the
at least organic product by the second recombinant organism. In such embodiments, the organic
substrate and other nutrients can be provided to the second recombinant microorganism through
the fluid flow path connected to and between the first bioreactor culture vessel and the second
bioreactor culture vessel, to provide for growth of the second recombinant microorganism and
production of the organic product.

[0084] In certain embodiments, the method further includes removing an amount of
the at least one volatile gas from the organic substrate culture solution through the volatile gas
outlet. In certain embodiments, the method further includes removing an amount of the at least
one organic product from the organic product culture solution through the organic product outlet.
In certain embodiments, provided the carbon source includes carbon dioxide, the method further
includes feeding an amount of the carbon dioxide from a carbon dioxide source into the organic
substrate culture solution through the carbon source inlet. Such embodiments can provide
benefits of improved control of the growth rates of the first and second recombinant
microorganisms, improved rates of carbon capture, and improved organic product yield.

[0085] In certain embodiments, the method further includes maintaining a pH level of
the organic substrate culture solution and the organic product culture solution from about 5.0 to
about 8.5. In certain embodiments, the method further includes maintaining a pH level of the
organic substrate culture solution and the organic product culture solution from about 5.5 to
about 8.0. In certain embodiments, the method further includes maintaining a pH level of the
organic substrate culture solution and the organic product culture solution from about 6.0 to
about 7.0.

[0086] In certain embodiments, the method further includes maintaining the organic
substrate culture solution and the organic product culture solution at a temperature of from about

25 degrees Celsius to about 70 degrees Celsius or more. In certain embodiments, the method
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further includes maintaining the organic substrate culture solution and the organic product
culture solution at a temperature of from about 35 degrees Celsius to about 60 degrees Celsius.
In certain embodiments, the method further includes maintaining the organic substrate culture
solution and the organic product culture solution at a temperature of from about 40 degrees
Celsius to about 50 degrees Celsius. In certain embodiments, the method further includes
maintaining an amount of volatile gas in the second bioreactor culture vessel of from about 10%
by volume to about 1% by volume or less, based on a total internal volume of the second
bioreactor culture vessel. In certain embodiments, the method further includes maintaining an
amount of volatile gas in the second bioreactor culture vessel of from about 5% by volume to
about 0.5% by volume or less, based on a total internal volume of the second bioreactor culture
vessel. In certain embodiments, the method further includes maintaining an amount of volatile
gas in the second bioreactor culture vessel of from about 1% by volume to about 0.1% or less,
based on a total internal volume of the second bioreactor culture vessel. Such embodiments can
provide a benefit of production of the at least one organic product containing safe levels of
volatile gas. Such embodiments can provide a benefit of production of the at least one organic
product containing volatile gas levels within regulatory limits.

[0087] In certain embodiments, provided the first bioreactor culture vessel or the
second bioreactor culture vessel further includes a biomass collection port, the method further
includes collecting an amount of biomass produced by the first recombinant microorganism or
the second recombinant microorganism through the biomass collection port. Such embodiments
can provide a benefit of collecting biomass for disposal or processing of the biomass for use in
fertilizer, feedstock, biofuel, or other applications.

[0088] In certain embodiments of methods herein, the non-native organic substrate
forming recombinant enzyme expressing nucleotide sequence or the non-native organic product
expressing nucleotide sequence is inserted into a microbial expression vector, wherein the at least
one microbial expression vector includes at least one microbial expression promoter. In certain
embodiments, the method further includes controlling the amount of the at least one organic
substrate or the amount of the at least one organic product produced by adding at least one
promoter inducer to the organic substrate culture solution or the organic product culture solution.
In certain embodiments, the at least one microbial expression promoter includes a light sensitive
promoter, a chemical sensitive promoter, a temperature sensitive promoter, a Lac promoter, a T7
promoter, a CspA promoter, a lambda PL promoter, a lambda CL promoter, a continuously
producing promoter, a psbA promoter, or a combination thereof. In certain embodiments, the at
least one promoter inducer includes lactose, xylose, IPTG, cold shock, heat shock, or a

combination thereof.
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[0089] In certain embodiments of methods herein, the at least one organic substrate
includes AKG. In such embodiments, the at least one organic product includes ethylene. In
certain embodiments, provided the at least one organic substrate culture impurity includes at least
one volatile gas, the method further includes removing the at least one volatile gas through the
volatile gas outlet.

[0090] In certain embodiments, the method includes recovering an amount of
ethylene produced at a rate of from about100 million pounds/year to about 1 billion pounds/year
or more. In some embodiments, the method includes recovering an amount of ethylene produced
at a rate of from about 200 million pounds/year to about 800 million pounds/year or more. In
certain embodiments, the method includes recovering an amount of ethylene produced at a rate
of from about 400 million pounds/year to about 600 million pounds/year or more. In certain
embodiments, the method includes recovering an amount of ethylene produced at a rate of from
about 0.13 to about 8.3 pounds per gallon of bioreactor culture per month. At scale, 0.13
pounds/gallon-bioreactor/month productivity can be translated to an industrial plant with up to
642 commercial scale (1,000,000 gallon) bioreactors for an annual production of about 1 billion
pounds of ethylene or more. If productivity is increased to about 8.3 pounds/gallon-
bioreactor/month, 10 commercial scale (1,000,000 gallon) bioreactors would be sufficient for an
industrial plant with 1 billion pounds/year or more of ethylene production. In certain
embodiments, the amount of ethylene produced contains an amount of volatile gas of about 1
mole percent or less. In certain embodiments, the amount of ethylene produced contains an
amount of volatile gas of about 0.5 mole percent or less. In certain embodiments, the amount of
ethylene produced contains an amount of volatile gas of about 0.25 mole percent or less.

[0091] Embodiments herein are directed to methods of producing an organic product,
wherein the method includes providing a bioremediation system including: at least one bioreactor
culture vessel; wherein the at least one bioreactor culture vessel contains an organic substrate
culture solution; wherein the organic substrate culture solution contains a first recombinant
microorganism; wherein the first recombinant microorganism has an improved organic substrate
producing ability, expresses at least one organic substrate forming recombinant enzyme by
expressing at least one non-native organic substrate forming enzyme nucleotide sequence, is
capable of utilizing a carbon source to produce the organic substrate, and produces at least one
organic substrate culture impurity, including at least one of a volatile gas, a liquid, and a solid;
and wherein the at least one bioreactor culture vessel contains an organic product culture
solution; wherein the organic product culture solution contains a second recombinant
microorganism; wherein the second recombinant microorganism has an improved organic

product producing ability, expresses at least one organic product forming enzyme by expressing
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at least one non-native organic product forming enzyme nucleotide sequence, and is capable of
utilizing the organic substrate to produce the at least one organic product. In such embodiments,
the organic substrate culture solution and the organic product culture solution are combined in
one bioreactor culture vessel, wherein the non-native organic substrate forming recombinant
enzyme expressing nucleotide sequence is inserted into a first microbial expression vector,
wherein the non-native organic product forming enzyme expressing nucleotide sequence is
inserted into a second microbial expression vector, and wherein the first and second microbial
expression vector each includes at least one microbial expression promoter.

[0092] In such embodiments, the method includes providing a carbon source
connected to the carbon source inlet; culturing the first recombinant microorganism in the first
bioreactor culture vessel under conditions sufficient to produce an amount of the at least one
organic substrate in the first bioreactor culture vessel; producing the amount of the at least one
organic substrate by adding at least one promoter inducer to the organic substrate culture solution
at a first time point; culturing the second recombinant microorganism in the second bioreactor
culture vessel under conditions sufficient to produce an amount of the at least one organic
product in the second bioreactor culture vessel; and producing the amount of the at least one
organic product by adding at least one promoter inducer to the organic product culture solution at
a second time point. Such embodiments can provide a benefit of separating the production of the
at least one organic substrate culture impurity by the first recombinant microorganism, from the
production of the at least one organic product by the second recombinant microorganism, by
producing the at least one organic substrate and the at least one organic product at different time
points, by adding at least one promoter inducer to the organic substrate culture solution or to the
organic product culture solution at different time points.

[0093] In certain embodiments, the method includes lowering an amount of volatile
gas in the second bioreactor culture vessel to from about 10% by volume to about 1% by volume
or less, based a total internal volume of the second bioreactor culture vessel, before the second
time point. In some embodiments, the method includes lowering an amount of volatile gas in the
second bioreactor culture vessel to from about 5% by volume to about 0.5% by volume or less,
based a total internal volume of the second bioreactor culture vessel, before the second time
point. In certain embodiments, the method includes lowering an amount of volatile gas in the
second bioreactor culture vessel to from about 1% by volume to about 0.1% by volume or less,
based a total internal volume of the second bioreactor culture vessel, before the second time
point. Such embodiments can provide a benefit of producing the at least one organic product
containing safe levels of volatile gas. Such embodiments can provide a benefit of producing the

at least one organic product containing volatile gas levels within regulatory limits.
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[0094] Embodiments herein are directed to methods of producing ethylene. In certain
embodiments, the method includes providing a biomanufacturing system including: a first
bioreactor culture vessel including a carbon source inlet, a volatile gas outlet, and a power
source; and a second bioreactor culture vessel including a fluid flow path connected to and
between the first bioreactor culture vessel and the second bioreactor culture vessel, and an
organic product outlet; wherein the first bioreactor culture vessel includes an organic substrate
culture solution, and the second bioreactor culture vessel includes an organic product culture
solution; wherein the organic substrate culture solution contains a first recombinant
microorganism having an improved organic substrate producing ability, wherein the organic
substrate includes AKG, wherein the first recombinant microorganism expresses at least one
organic substrate forming recombinant enzyme by expressing at least one non-native organic
substrate forming enzyme nucleotide sequence, wherein the organic substrate forming enzyme
includes an AKG forming enzyme, wherein the first recombinant microorganism is capable of
utilizing a carbon source to produce an amount of AKG, wherein the first recombinant
microorganism produces at least one organic substrate culture impurity, including at least one of
a volatile gas, a liquid, and a solid; wherein the volatile gas includes oxygen, wherein the organic
product culture solution contains a second recombinant microorganism having an improved
organic product producing ability, wherein the organic product includes ethylene, wherein the
second recombinant organism expresses at least one organic product forming enzyme by
expressing at least one non-native organic product forming enzyme nucleotide sequence, wherein
the organic product forming enzyme includes EFE, and wherein the second recombinant
organism is capable of utilizing AKG to produce an amount of ethylene. In certain
embodiments, the method includes culturing the first recombinant microorganism in the first
bioreactor culture vessel under conditions sufficient to produce an amount of AKG in the first
bioreactor culture vessel; culturing the second recombinant microorganism in the second
bioreactor culture vessel under conditions sufficient to produce an amount of EFE in the second
bioreactor culture vessel, removing an amount of oxygen from the organic substrate culture
solution through the volatile gas outlet; and removing an amount of EFE from the organic
product culture solution through the organic product outlet. Such embodiments can provide a
benefit of producing oxygen and ethylene in separate bioreactor culture vessels; in such
embodiments, the co-production of oxygen and a volatile product such as ethylene can be
reduced or eliminated. Such embodiments can also provide a benefit of producing a non-volatile
organic substrate, such as AKG, that can be utilized for production of ethylene in the second

bioreactor culture vessel.
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Additional Embodiments:

[0095] Embodiment 1. A biomanufacturing system for producing an organic

product comprising:

at least one bioreactor culture vessel;

wherein the at least one bioreactor culture vessel contains an organic substrate culture
solution,

wherein the organic substrate culture solution contains a first recombinant microorganism
having an improved organic substrate producing ability,

wherein the first recombinant microorganism expresses at least one organic substrate
forming recombinant enzyme by expressing at least one non-native organic substrate forming
enzyme nucleotide sequence,

wherein the first recombinant microorganism is capable of utilizing a carbon source to
produce the organic substrate,

wherein the first recombinant microorganism produces at least one organic substrate
culture impurity, including at least one of a volatile gas, a liquid, and a solid; and

wherein the at least one bioreactor culture vessel contains an organic product culture
solution,

wherein the organic product culture solution contains a second recombinant
microorganism having an improved organic product producing ability,

wherein the second recombinant organism expresses at least one organic product forming
enzyme by expressing at least one non-native organic product forming enzyme nucleotide
sequence,

wherein the second recombinant organism is capable of utilizing the organic substrate to
produce the at least one organic product.

[0096] Embodiment 2.  The system of Embodiment 1 or any previous embodiment,
wherein the at least one bioreactor culture vessel includes a first bioreactor culture vessel
including a carbon source inlet, a volatile gas outlet, and a power source; and a second bioreactor
culture vessel including a fluid flow path connected to and between the first bioreactor culture
vessel and the second bioreactor culture vessel, and an organic product outlet;

wherein the first bioreactor culture vessel includes the organic substrate culture solution,
and the second bioreactor culture vessel includes the organic product culture solution; or
wherein the first bioreactor culture vessel or the second bioreactor culture vessel further

comprises a biomass collection port.
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[0097] Embodiment 3.  The system of Embodiment 2 or any previous embodiment,
wherein the carbon source includes carbon dioxide, carbon monoxide, an n-alkane, ethanol, a
vegetable oil, glycerol, glucose, sucrose, a monosaccharide, a disaccharide, a polysaccharide, or
a combination thereof; or

wherein the power source includes sunlight, a solar power source, an electrical power
source, or a combination thereof’ or

wherein the volatile gas includes oxygen, methane, or a combination thereof; or

wherein the at least one organic substrate includes alpha-ketoglutarate, sucrose, glucose,
glycerol, a monosaccharide, a disaccharide, a polysaccharide, or a combination thereof; or

wherein the at least one organic product includes an alcohol, methanol, ethanol, propanol,
butanol, ethane diol, an organic acid, propionic acid, acetic acid, an aldehyde, formaldehyde, a
long chain fatty acid, an n-alkane, a hydrocarbon, or a combination thereof; or
wherein the second bioreactor culture vessel further includes a carbon source inlet, a volatile gas
outlet, a power source, or a combination thereof.

[0098] Embodiment 4.  The system of Embodiment 1 or any previous embodiment,
wherein the organic substrate culture solution and the organic product culture solution are
combined in one bioreactor culture vessel; or

the organic substrate culture solution and the organic product culture are separated by a
filter wherein the filter includes a pore size of from about 0.2 pm to about 10 pm or more; or
wherein the system further comprises a carbonation unit, an amine stripper, an amine scrubber, a
catalytic converter, a condenser, a compressor, a caustic tower, a dryer, or combinations thereof.

[0099] Embodiment 5.  The system of Embodiment 1 or any previous embodiment,
wherein the organic substrate includes alpha-ketoglutarate (AKG), wherein an amount of the at
least one AKG forming enzyme produced by the first recombinant microorganism is greater than
that produced relative to a control microorganism lacking a non-native AKG forming enzyme
expressing nucleotide sequence; or

wherein the at least one organic product forming enzyme includes ethylene forming
enzyme (EFE), and an amount of EFE produced by the second recombinant microorganism is
greater than that produced relative to a control microorganism lacking a non-native EFE

expressing nucleotide sequence.
[0100] Embodiment 6.  The system of Embodiment 5 or any previous embodiment,

wherein the first recombinant microorganism expresses at least one alpha-ketoglutarate permease

protein (AKGP) by expressing at least one non-native AKGP forming nucleotide sequence.
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[0101] Embodiment 7.  The system of Embodiment 5 or any previous embodiment,
wherein the at least one AKG forming enzyme includes an isocitrate dehydrogenase (ICD)
protein, a glutamate dehydrogenase (GDH) protein, or a combination thereof.

[0102] Embodiment 8.  The system of Embodiment 7 or any previous embodiment,
wherein the first recombinant microorganism expresses an ICD protein having an amino acid
sequence at least 95% identical to SEQ ID NO: 1 by expressing a non-native ICD protein
nucleotide sequence having a nucleotide sequence at least 95% identical to SEQ ID NO: 2; or

the first recombinant microorganism expresses a GDH protein having an amino acid
sequence at least 95% identical to SEQ ID NO: 5 by expressing a non-native GDH protein
nucleotide sequence having a nucleotide sequence at least 95% identical to SEQ ID NO: 6, or

a combination thereof; or wherein the second recombinant microorganism expresses an
EFE protein having an amino acid sequence at least 95% identical to SEQ ID NO: 7 by
expressing a non-native EFE protein nucleotide sequence having a nucleotide sequence at least
95% identical to SEQ ID NO: 8.

[0103] Embodiment 9.  The system of Embodiment 1 or any previous embodiment,
wherein the first recombinant microorganism includes a microorganism selected from the group
consisting of a photosynthetic bacteria, a Cyanobacteria, a Synechococcus, Synechococcus
elongatus, Synechococcus leopoliensis, Synechocystis, Anabaena, a Pseudomonas, Pseudomonas
syringae, Pseudomonas savastanoi, Chlamydomonas, Chlamydomonas reinhardtii, Escherichia,
Escherichia coli, Geobacteria, Arthrobacter paraffineus, Pseudomonas fluorescens, Serratia
marcescens, Bacillus metatherium, Candida paludigena, Pichia inositovora, Torulopsis glabrata,
Candida lipolytica, Yarrowia lipolytica, Saccharomyces cereviciae, Anabaena sp., Aspergillus
sp., Bacillus subtilis, Chlorella sp., Lactobacillus sp., algae, microalgae, electrosynthesis bacteria,
a photosynthetic microorganism, yeast, filamentous fungi, and a plant cell; or wherein the second
recombinant microorganism includes a microorganism selected from the group consisting of
Escherichia, Escherichia coli, Geobacteria, Arthrobacter paraffineus, Pseudomonas fluorescens,
Serratia marcescens, Bacillus metatherium, Candida paludigena, Pichia inositovora, Torulopsis
glabrata, Candida lipolytica, Yarrowia lipolytica, Saccharomyces cereviciae, Anabaena sp.,
Aspergillus sp., Bacillus subtilis, Chlorella sp., Lactobacillus sp., an anaerobic bacteria, and
Bacillus subtilis.

[0104] Embodiment 10. The system of Embodiment 1 or any previous embodiment,
wherein the first recombinant microorganism includes a delta-glgc mutant microorganism
lacking expression of a glucose-1-phosphate adenylyltransferase protein; or wherein the first
recombinant microorganism expresses a sucrose synthase protein having an amino acid sequence

at least 95% identical to SEQ ID NO: 9 by expressing a non-native sucrose synthase protein
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nucleotide sequence having a nucleotide sequence at least 95% identical to SEQ ID NO: 10; or
wherein the first recombinant microorganism expresses a sucrose phosphate synthase protein
having an amino acid sequence at least 95% identical to SEQ ID NO: 11 by expressing a non-
native sucrose phosphate synthase nucleotide sequence having a nucleotide sequence at least
95% identical to SEQ ID NO: 12.

[0105] Embodiment 11  The system of Embodiment 5 or any previous embodiment,
wherein an amount of at least one AKG forming enzyme produced by the first recombinant
microorganism is from about 5% to about 200% or more greater than that produced relative to
the control microorganism lacking the non-native AKG forming enzyme expressing nucleotide
sequence; or

wherein an amount of EFE protein produced by the second recombinant microorganism is
from about 5% to about 200% or more greater than that produced relative to the control
microorganism lacking the non-native EFE expressing nucleotide sequence; or

wherein an amount of EFE protein produced by the second recombinant microorganism is
from about 20 grams to about 100 grams per liter or more of organic product culture solution.

[0106] Embodiment 12. The system of Embodiment 5 or any previous embodiment,
wherein the second recombinant microorganism includes E. Coli, and an amount of EFE protein
produced by the second recombinant microorganism is from about 30% to about 80% or more of
a total cellular amount of protein of the second recombinant microorganism; or

a production rate of the at least one organic product produced by the second recombinant
microorganism is from about 100 million pounds/year to about 1 billion pounds/year or more; or
wherein a cell population concentration of the second recombinant microorganism ranges from
about 107 to about 1013 cells per milliliter, or a dry cell weight per liter of organic product
culture solution of from about 100 grams to about 300 grams dry cell weight per liter.

[0107] Embodiment 13. The system of Embodiment 5 or any previous embodiment,
wherein the non-native AKG forming enzyme expressing nucleotide sequence or the non-native
EFE expressing nucleotide sequence is inserted into a microbial expression vector, wherein the
microbial expression vector includes a bacterial vector plasmid, a nucleotide guide of a
homologous recombination system, an antibiotic-resistant system, an aid system for protein
purification and detection, a CRISPR CAS system, a phage display system, or a combination
thereof.

[0108] Embodiment 14. The system of Embodiment 5 or any previous embodiment,
wherein the EFE expressing nucleotide sequence has a copy number in the microbial expression
vector of from about 2 to about 500; or wherein the microbial expression vector includes at least

one microbial expression promoter.
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[0109] Embodiment 15. The system of Embodiment 14 or any previous
embodiment, wherein the at least one microbial expression promoter includes a light sensitive
promoter, a chemical sensitive promoter, a temperature sensitive promoter, a Lac promoter, a T7
promoter, a CspA promoter, a lambda PL promoter, a lambda CL promoter, a continuously
producing promoter, a psbA promoter, or a combination thereof.
[0110] Embodiment 16. A method of producing an organic product comprising:
providing a biomanufacturing system as in Embodiment 2 or any previous embodiment;
culturing the first recombinant microorganism in the first bioreactor culture vessel under
conditions sufficient to produce an amount of the at least one organic substrate in the first
bioreactor culture vessel; and

culturing the second recombinant microorganism in the second bioreactor culture vessel
under conditions sufficient to produce an amount of the at least one organic product in the second
bioreactor culture vessel.

[0111] Embodiment 17. The method of Embodiment 16 or any previous
embodiment, further comprising:

removing an amount of the at least one volatile gas from the organic substrate culture
solution through the volatile gas outlet;

removing an amount of the at least one organic product from the organic product culture
solution through the organic product outlet;

provided the carbon source includes carbon dioxide, feeding an amount of the carbon
dioxide from a carbon dioxide source into the organic substrate culture solution through the
carbon source inlet;

maintaining a pH level of the organic substrate culture solution and the organic product
culture solution from about 5.0 to about 8.5;

maintaining the organic substrate culture solution and the organic product culture solution
at a temperature of from about 25 degrees Celsius to about 70 degrees Celsius;

provided the first bioreactor culture vessel or the second bioreactor culture vessel includes
a biomass collection port, collecting an amount of biomass produced by the first recombinant
microorganism or the second recombinant microorganism through the biomass collection port; or

maintaining an amount of volatile gas in the second bioreactor culture vessel of from
about 10% by volume to about 1% by volume or less, based on a total internal volume of the
second bioreactor culture vessel.

[0112] Embodiment 18. The method of Embodiment 16 or any previous
embodiment, wherein the non-native organic substrate forming recombinant enzyme expressing

nucleotide sequence or the non-native organic product expressing nucleotide sequence is inserted
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into a microbial expression vector, wherein the at least one microbial expression vector includes
at least one microbial expression promoter, further comprising:

controlling the amount of the at least one organic substrate or the amount of the at least
one organic product produced by adding at least one promoter inducer to the organic substrate
culture solution or the organic product culture solution.

[0113] Embodiment 19. The method of Embodiment 18 or any previous
embodiment, wherein the at least one microbial expression promoter includes a light sensitive
promoter, a chemical sensitive promoter, a temperature sensitive promoter, a Lac promoter, a T7
promoter, a CspA promoter, a lambda PL promoter, a lambda CL promoter, a continuously
producing promoter, a psbA promoter, or a combination thereof; and the at least one promoter
inducer includes lactose, xylose, IPTG, cold shock, heat shock, or a combination thereof.

[0114] Embodiment 20. The method of Embodiment 16 or any previous
embodiment, further comprising:

provided the at least one organic substrate culture impurity includes at least one volatile
gas, removing the at least one volatile gas through the volatile gas outlet; or
recovering an amount of at least one organic product produced at a rate of from about 100
million pounds/year to about 1 billion pounds/year or more; or
wherein the amount of the at least one organic product produced contains an amount of volatile
gas of about 1 mole percent or less.

[0115] Embodiment 21. A method of producing an organic product comprising:

providing a bioremediation system as in Embodiment 1 or any previous embodiment,
wherein the organic substrate culture solution and the organic product culture solution are
combined in one bioreactor culture vessel, wherein the non-native organic substrate forming
recombinant enzyme expressing nucleotide sequence is inserted into a first microbial expression
vector, wherein the non-native organic product forming enzyme expressing nucleotide sequence
is inserted into a second microbial expression vector, wherein the first and second microbial
expression vector each includes at least one microbial expression promoter,

providing a carbon source connected to the carbon source inlet;

culturing the first recombinant microorganism in the first bioreactor culture vessel under
conditions sufficient to produce an amount of the at least one organic substrate in the first
bioreactor culture vessel;

producing the amount of the at least one organic substrate by adding at least one promoter

inducer to the organic substrate culture solution at a first time point;
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culturing the second recombinant microorganism in the second bioreactor culture vessel
under conditions sufficient to produce an amount of the at least one organic product in the second
bioreactor culture vessel; and
producing the amount of the at least one organic product by adding at least one promoter inducer
to the organic product culture solution at a second time point.

[0116] Embodiment 22. The method of Embodiment 21 or any previous

embodiment, further comprising lowering an amount of volatile gas in the second bioreactor
culture vessel to from about 10% by volume to about 1% by volume or less, based on a total

internal volume of the second bioreactor culture vessel, before the second time point.

EXAMPLES

Example 1. Cloning of Alpha-Ketoglutarate Synthesis Enzymes into Cyanobacteria

[0117] Alpha-ketoglutarate (aKG) is produced by oxidative decarboxylation of
isocitrate by isocitrate dehydrogenase (ICD), or by oxidative deamination of glutamate by
glutamate dehydrogenase (GDH). Target enzymes for cloning and aKG production in
Cyanobacteria include ICD Enzyme: 1.1.1.42, coding sequence of P. Fluorescens ICD (SEQ ID
NO: 1, SEQ ID NO: 2), ICD Enzyme: 1.1.1.42, coding sequence of Synechococcus elongatus
PCC794 (SEQ ID. NO: 3, SEQ ID NO: 4), and GDH Enzyme: 1.4.1.2, coding sequence of P.
Fluorescens (SEQ ID NO: 5, SEQ ID NO: 6).

[0118] The ICD and GDH genes are synthesized as gBlocks cloned into a pSyn6
plasmid construct (pSyné_ICD and pSyn6_GDH). For cloning into a pSyné plasmid, the S.
elongatus ICD coding sequence is flanked by an N-terminal HindIII and C-terminal BamHI
recognition sites (SEQ ID NO: 4). Using the plasmid constructs, the ICD and GDH genes are
cloned into an unmodified S. elongatus or an S. elongatus Aglge mutant strain (see Example 2).
Between 1-3 copies of the target genes will be transformed. Cloning of the ICD and GCH genes
are confirmed by PCR and sequencing. aKG synthesis and quantification are evaluated by SDS-
PAGE, Western Blot, and Ethylene production assays.

[0119] Culture growth rate and culture conditions are evaluated pursuant to scale up
of aKG production.

Example 2. Engineering Cyanobacteria for Secretion of Alpha-Ketoglutarate

[0120] Creating glycogen mutant strains of Cyanobacteria changes the bacteria’s
pathway to produce higher concentrations of keto acids such as aKG.

[0121] Glycogen mutant Cyanobacteria are generated by creating glycogen deficient
strains via mutations of the glgc gene (Aglgc). An Ampicillin Resistance (AmpR) gene are

37



10

15

20

25

30

35

WO 2021/189003 PCT/US2021/023332

synthesized as gBlocks and incorporated into a plasmid construct. The plasmid construct is
transformed into wild type Cyanobacteria (Synechocystis, Synechococcus elongatus 2973,
Synechococcus elongatus 2434). A portion of the wild type glgc gene is replaced by the AmpR
gene to create the mutant strains. The Aglgc mutant strains is confirmed by growth in AmpR

containing media, followed by PCR and sequencing.

Example 3. Sucrose Production from Carbon Dioxide

[0122] Cyanobacteria (Synechococcus elongatus, Synechocystis) are engineered to
produce sucrose as a substrate for the growth of microorganisms producing ethylene downstream
(E. coli).

Engineering of Synechococcus elongatus PCC 7942 is including activation of one gene (cscB)
and deletion of one gene (GlgC). Yield of sucrose generated in the engineered bacteria from 15
to 31.5 pounds/ gallon-bioreactor /month.

Large scale production of sucrose is performed using a 1-ha photobioreactor (640,000 liters), a
2% carbon dioxide supply, a growing season of 300 days, light of 8 hours per day (65 uE m?s!),

and a yield of up to 55 metric tons sucrose/year.

Example 4. Cloning of Ethylene Forming Enzyme into E. coli

[0123] E. coli is chosen for ethylene production for its fast growth rate, and the
availability of extensive tools for genetic modifications. The current plasmid allows producing
ethylene forming enzyme at a very high yield.

[0124] A polynucleotide coding sequence of EFE which initially is adapted from the
Pseudomonas savastanoi pv. Phaseolicola EFE protein is selected and gene adapted for
expression in E.coli (GenBank: KPB44727.1, SEQ ID NO:6). A synthetic DNA construct
encoding EFE enzyme is synthesized and cloned into the pET-30a(+) vector plasmid. The
corresponding nucleotides sequences are codon adapted for expression in E. coli (SEQ ID NO:
5), containing an optional His tag at the C-terminal end followed by a stop codon and HindIII
site. An Ndel site is used for cloning at the 5-prime end, where the Ndel site contains an ATG
start codon. F.coli BL21(DE3) competent cells are transformed with the recombinant plasmid.

[0125] An Ampicillin cassette is activated by an IPTG inducible promoter (pTrc) in
the presence of a Lacl gene; the Lacl gene is regulated by a Laclq promoter (SEQ ID NO: 13).

[0126] E. coli strain BL21(DE3): Doubling time (20 min), cells sink to bottom of
bioreactor unless being stirred.

» Theoretical maximum cell density: 50 g dry cell weight/L or 1x 10'3 viable bacteria/L.

in normal condition: 1x10'° viable bacteria/L. Use of rich media can push higher cell density.
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¢ Culture pH: 7.5-8.5

* Plasmid: low (2-4), medium (15-60) and high (50-500) copy number

* Promoter/inducer for protein production

* Lac promoter/lactose: The presence of glucose will compete with lactose and negative
impact the

protein production

« T7 promoter/IPTG: Target protein represents 50% of total cell protein

* CspA promoter/cold shock: Protein expression as temperature decrease from 37°C —
15°C

« ApL-AcI promoter/heat shock: Protein expression as temperature increase from 37°C —
42°C

* psbA promoter: No inducer required

* Current yield of ethylene production from £. co/i: 188 nmol ethylene/OD600/mL

[0127] A pilot expression of EFE (about 44.5 kDa)_BL21(DE3) was conducted with
either no EFE, a Low Copy number construct (pRK290-PpsbA-efe-Flag), a Medium Copy
number construct (pPBBR1-PpsbA-efe-Flag), or a High Copy number construct (pUC-PpsbA-cfe-
Flag). SDS-PAGE and Western blotting were used to monitor the EFE protein expression in the
various Copy Number constructs (GenScript USA, Inc., Piscataway, NJ) in cultures grown in
Luria Broth, M9 medium with 0.2% glucose, or MOPS medium with 0.2% glucose. For the
blots, alpha-GroEL expression was measured as a positive control. The levels of EFE protein
produced by the Control, Low Copy, Medium Copy, and High Copy constructs in cultures grown
in various culture media is shown in FIG. 3A.

[0128] The yield of ethylene from the pUC-PpsbA-efe-Flag MB1655 construct was
evaluated in growth in culture media with either no supplement, or with various growth

supplements added to the culture media (FIG. 3B).

Example S: Synthetic production of conjugated alkenes, polyenes and alkanes in

recombinant microorganisms

[0129] Conjugated alkenes (including dienes and polyenes) and alkanes are important
commodity products with several applications in the polymers industry, and biotechnology.
Renewable production of conjugated alkenes and alkanes by synthetic biology can be an
alternative approach to production of petroleum-based chemicals. Short alkanes and alkenes are
volatile gases. Examples of these volatile gases include, Ethene, Ethylene, Propene, Butene,

methane, Ethane, Propane, butane, or a combination thereof.
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[0130] Natural processes for production of alkenes and alkanes are extremely slow.
Here, we applied a genetic modification approach for production of conjugated alkenes and
alkanes. To this end, overexpression of critical enzymatic pathways involved in biosynthesis of
Alkenes and alkanes were done. Five enzymatic pathways for biosynthesis of alkenes and
alkanes were defined through bioinformatics studies. Free fatty acids or carbohydrates (sugars)
can be used as feedstocks for these reactions. Four enzymatic pathways that convert free acids or
their derivatives to alkanes or alkenes are including:
1- Decarboxylation of fatty aldehydes, 2- decarboxylation of fatty acids, 3- head to

head hydrocarbon biosynthesis, 4- Polyketide synthase (PKS) pathway.

Among these pathways, decarboxylation of fatty aldehydes has the highest

efficiency. Aldehyde decarboxylases (ADs) play a critical role in this pathway.

Aldehyde decarboxylases convert the fatty aldehydes to alkanes and/or alkenes.

Other critical enzymes are including fatty acryl carrier protein (ACP) reductase

(AAR) or Fatty acid reductase (FAR).

Decarboxylation of fatty acids (for production of alkenes/alkanes) is regulated by

three critical enzymes including Ole T, UndA and UndB. Ole ABCD gene are

critical for head to head hydrocarbon biosynthesis.

Critical enzymes of Polyketide (PKS) pathway are including 3-B-keto-acyl

synthases (KS), acyl-transferase (AT), acyl carrier protein (ACP), B-keto

reductase (KR), dehydratase (DH), enyl reductase (ER).

[0131] In order to produce alkanes and alkenes, the above mentioned genetic
pathways were modeled. E. coli, was used as a host microorganism. Gene constructs were made
using pUC19 (high copy number) as an expression vector and under an IPTG-inducible
promoter. Expression of each gene are confirmed by colony growth on agar media supplemented
with ampicillin, IPTG and X-gal, PCR and gel electrophoresis. Gas chromatography (GC) and
HPLC are used for detection of products in the gas and liquid phase respectively. The psbA
promoter is a continuous expression promoter. E. coli BL21 (DE3), DH5alpha, or MG1655 cell
lines are used as host.

[0132] Cell culture adaptations were done by cultivation of E.coli in different media,
including LB, and MOPS. Composition of MOPS media is defined as the list, below.

Media MOPS

Glucose 4g/L
IPTG 0.5 mM
Arginine 3 mM
AKG 2mM
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Induction Induced at the start

[0133] Below please see the list of genes that are involved in the production of
alkanes and alkenes and their excision numbers.

[0134] Aldehyde decarboxylases (ADs), fatty acryl carrier protein (ACP) reductase
(AAR) or Fatty acid reductase (FAR), Saccharomyces cerevisiae S288C tetrafunctional fatty acid
synthase subunit FAS1 (FAS1), partial nRNA NCBI Reference Sequence: NM_001179748.1
(SEQ ID NO. 14)

[0135] Ole T, UndA and UndB.

[0136] Ole ABCD gene

[0137] 3-B-keto-acyl synthases (KS), acyl-transferase (AT), Arabidopsis thaliana
HXXXD-type acyl-transferase family protein (CER2), mRNA NCBI Reference Sequence:
NM_118584.3 (SEQ ID NO. 15)

[0138] acyl carrier protein (ACP), Leptomonas pyrrhocoris putative mitochondrial
acyl carrier protein, putative (ACP) mRNA NCBI Reference Sequence: XM_015809471.1 (SEQ
ID NO. 16)

[0139] B-keto reductase (KR), dehydratase (DH), enyl reductase (ER).

[0140] beta-hydroxyacyl-acyl carrier protein dehydratase/isomerase [Escherichia coli
str. K-12 substr. MG1655] NCBI Reference Sequence: NP_415474.1 (SEQ ID NO. 17)

Example 6. Lab Scale Experimental Procedures.

[0141] 1. Tailored-designed DNA constructs will be generated that encode the critical
intermediates of a recombinant alkene, polyene, alkane, polyol, alcohol and organic acid
biosynthesis pathway. 2. Carefully selected photosynthetic first recombinant microorganisms
will then be expanded for cloning and gene expression of organic substrates including alpha
ketoglutarate, sucrose, glucose, fructose, xylose, galactose, glycerol, fatty acids, etc. . 3.
Carefully selected second recombinant microorganisms will then be expanded for cloning and
gene expression of organic product forming enzymes. 4. Genetic and metabolic engineering of
microorganisms will then be performed for the continuous production of the organic products. 5.
Bioengineering microorganisms will then be selected and expanded in a photobioreactor and
bioreactor system. 6. Bioreactor culture conditions (including COz2 concentration, light exposure
time and wave-length, temperature, and pH) will be adapted. 7. Samples will be collected and
analyzed by HPLC to measure organic product synthesis. 8. Organic product production in
genetically engineered microorganisms will be adapted. 9. Organic product production
processes will be scaled up from the test tube scale to 1-liter, 10 liters and 100 liters bioreactors.

Scale ups will be done with the ratio of 1 to 10 at each stage.
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APPENDIX

SEQIDNO: 1 -
MGYKKIQVPAVGDKITVNADHSLNVPDNPIIPFIEGDGIGVDVSPVMIKVVDAAVEKAY
GGKRKISWMEVYAGEKATQVYDQDTWLPQETLDAVKDYVVSIKGPLTTPVGGGIRSLN
VALRQQLDLYVCLRPVVWFEGVPSPVKKPGDVDMVIFRENSEDIYAGIEWKAGSPEAT
KVIKFLKEEMGVTKIRFDQDCGIGIKPVSKEGTKRLVRKALQYVVDNDRKSLTIVHKGNI
MKFTEGAFKDWGYEVAKEEFGAELLDGGPWMKFKNPKTGREVVVKDAIADAMLQQIL
LRPAEYDVIATLNLNGDYLSDALAAEVGGIGIAPGANLSDTVAMFEATHGTAPKYAGK
DQVNPGSVILSAEMMLRHLGWTEAADLIIKGTNGAIKAKTVTYDFERLMEGATLVSSSG
FGEALIKHM

SEQID NO: 2 -
ATGGGTTACAAGAAGATTCAGGTTCCAGCCGTCGGCGACAAAATCACCGTCAACGC
AGACCATTCTCTCAATGTCCCTGATAACCCGATCATTCCCTTCATCGAAGGTGACGG
CATTGGCGTCGACGTCAGCCCTGTGATGATCAAAGTGGTTGATGCTGCCGTAGAGAA
AGCCTACGGGGGTAAGCGCAAGATTTCCTGGATGGAGGTTTATGCTGGCGAAAAAG
CAACTCAGGTCTATGACCAGGACACCTGGCTGCCCCAGGAAACCCTGGACGCGGTC
AAGGATTACGTGGTCTCCATCAAAGGCCCGCTGACCACTCCGGTCGGTGGCGGCATC
CGTTCCCTCAACGTCGCCCTGCGCCAACAGCTCGATCTCTATGTCTGCCTTCGCCCTG
TGGTGTGGTTCGAAGGTGTGCCGAGCCCGGTGAAAAAGCCTGGCGACGTCGACATG
GTGATCTTCCGCGAGAACTCCGAAGACATTTATGCCGGTATCGAATGGAAAGCCGG
CTCCCCTGAGGCCACCAAGGTCATCAAATTCCTGAAAGAAGAAATGGGCGTCACCA
AGATCCGTTTCGACCAGGATTGCGGCATCGGCATCAAGCCGGTTTCCAAAGAAGGC
ACCAAGCGTCTGGTGCGCAAGGCGCTGCAATACGTGGTGGACAACGACCGCAAGTC
GCTGACCATCGTGCACAAGGGCAACATCATGAAATTCACCGAAGGTGCCTTCAAGG
ACTGGGGCTACGAGGTGGCGAAGGAAGAATTCGGCGCCGAGCTGCTCGATGGCGGC
CCATGGATGAAATTCAAGAACCCGAAAACCGGCCGCGAAGTCGTCGTCAAGGACGC
CATCGCCGACGCCATGCTCCAGCAGATCCTGCTGCGTCCGGCCGAATACGATGTGAT
CGCCACCCTCAACCTCAACGGTGACTACCTGTCCGACGCCCTGGCGGCGGAAGTGG
GCGGTATCGGTATCGCGCCGGGTGCCAACCTGTCCGACACCGTAGCCATGTTCGAGG
CGACCCACGGTACTGCGCCGAAATATGCCGGCAAGGACCAGGTCAACCCGGGTTCG
GTGATTTTGTCGGCGGAAATGATGCTGCGCCACCTGGGCTGGACCGAGGCGGCCGA
CCTGATCATCAAGGGCACCAATGGCGCCATCAAGGCCAAGACCGTGACCTACGACT
TCGAACGTCTGATGGAAGGCGCCACACTGGTGTCTTCTTCGGGCTTCGGTGAAGCGC
TGATCAAGCACATGTAA

SEQID NO: 3 -
MYEKIQPPSEGSKIRFEAGKPIVPDNPIIPFIRGDGTGVDIWPATERVLDAAVAKAYGGQR
KITWFKVYAGDEACDLYGTYQYLPEDTLTAIREYGVAIKGPLTTPIGGGIRSLNVALRQI
FDLYACVRPCRYYTGTPSPHRTPEQLDVVVYRENTEDIYLGIEWKQGDPTGDRLIKLLN
EDFIPNSPSLGKKQIRLDSGIGIKPISK TGSQRLIRRAIEHALRLEGRKRHVTLVHKGNIMK
FTEGAFRDWGYELATTEFRTDCVTERESWILANQESKPDLSLEDNARLIEPGYDAMTPE
KQAAVVAEVKAVLDSIGATHGNGQWKSKVLVDDRIADSIFQQIQTRPGEYSVLATMNL
NGDYISDAAAAVVGGLGMAPGANIGDEAAIFEATHGTAPKHAGLDRINPGSVILSGVM
MLEYLGWQEAADLITKGISQATANREVTYDLARLMEPAVDQPLKCSEFAEATVKHFDD
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SEQ ID NO: 4 -
AGGGCAAGCTTATGTACGAGAAGATTCAACCCCCTAGCGAAGGCAGCAAAATTCGC
TTTGAAGCCGGCAAGCCGATCGTTCCCGACAACCCGATCATTCCCTTCATTCGTGGT
GACGGCACTGGCGTTGATATCTGGCCCGCAACTGAGCGCGTTCTCGATGCCGCTGTC
GCTAAAGCCTATGGCGGTCAGCGCAAAATCACTTGGTTCAAAGTCTACGCGGGTGAT
GAAGCCTGCGACCTCTACGGCACCTACCAATATCTGCCTGAAGATACGCTGACAGCG
ATCCGCGAGTACGGCGTGGCAATCAAAGGCCCGCTGACGACGCCGATCGGTGGTGG
CATTCGATCGCTGAACGTGGCGCTACGGCAAATCTTCGATCTCTATGCCTGCGTCCG
CCCCTGTCGCTACTACACCGGCACACCCTCGCCCCACCGCACGCCCGAACAACTCGA
TGTGGTGGTCTACCGCGAAAACACCGAGGATATCTACCTCGGCATCGAATGGAAGC
AAGGTGATCCCACCGGCGATCGCCTGATCAAGCTGCTGAACGAGGACTTCATTCCCA
ACAGCCCCAGCTTGGGTAAAAAGCAAATCCGTTTGGATTCCGGCATTGGTATTAAGC
CGATCAGTAAAACGGGTAGCCAGCGTCTGATTCGTCGTGCGATCGAGCATGCCCTAC
GCCTCGAAGGCCGCAAGCGACATGTCACCCTTGTCCACAAGGGCAACATCATGAAG
TTCACGGAAGGTGCTTTCCGGGACTGGGGCTATGAACTGGCCACGACTGAGTTCCGA
ACCGACTGTGTGACTGAACGGGAGAGCTGGATTCTTGCCAACCAAGAAAGCAAGCC
GGATCTCAGCTTGGAAGACAATGCGCGGCTCATCGAACCTGGCTACGACGCGATGA
CGCCCGAAAAGCAGGCAGCAGTGGTGGCTGAAGTGAAAGCTGTGCTCGACAGCATC
GGCGCCACCCACGGCAACGGTCAGTGGAAGTCTAAGGTGCTGGTTGACGATCGCAT
TGCTGACAGCATCTTCCAGCAGATTCAAACCCGCCCGGGTGAATACTCGGTGCTGGC
GACGATGAACCTCAATGGCGACTACATCTCTGATGCAGCGGCGGCGGTGGTCGGTG
GCCTGGGCATGGCCCCCGGTGCCAACATTGGCGACGAAGCGGCGATCTTTGAAGCG
ACCCACGGCACAGCGCCCAAGCACGCTGGCCTCGATCGCATTAACCCCGGCTCGGTC
ATCCTCTCCGGCGTGATGATGCTGGAGTACCTAGGCTGGCAAGAGGCTGCTGACTTG
ATCACCAAGGGCATCAGCCAAGCGATCGCTAACCGTGAGGTCACCTACGATCTGGC
TCGGTTGATGGAACCGGCGGTTGATCAACCACTCAAGTGCTCGGAATTTGCCGAAGC
CATCGTCAAGCATTTCGACGATTAGGGATCCAGCGC

SEQ ID NO. 5-
MAFFTAASKADFQHQLQAALAQHISEQALPQVALFAEQFFGIISLDELTQRRLSDLAGCT
LSAWRLLERFDHAQPQVRVYNPDYERHGWQSTHTAVEVLHHDLPFLVDSVRTELNRR
GYSIHTLQTTVLSVRRGSKGELLEILPKGTTGEGVLHESLMYLEIDRCANAAELNVLSKE
LEQVLGEVRVAVSDFEPMKAKVQEILTKLDNSAFAVDADEKNEIKSFLEWLVGNHFTFL
GYEEFTVVDQADGGHIEYDQNSFLGLTKMLRTGLTNEDRHIEDYAVKYLREPTLLSFAK
AAHPSRVHRPAYPDYVSIREIDADGKVIKEHRFMGLYTSSVYGESVRVIPFIRRKVEEIER
RSGFQAKAHLGKELAQVLEVLPRDDLFQTPVDELFSTVMSIVQIQERNKIRVFLRKDPYG
RFCYCLAY VPRDIYSTEVRQKIQQVLMERLKASDCEFWTFFSESVLARVQLILRVDPKNR
IDIDPLQLENEVIQACRSWQDDYAALTVETFGEANGTNVLADFPKGFPAGYRERFAAHS
AVVDMQHLLNLSEKKPLAMSFYQPLASGPRELHCKLYHADTPLALSDVLPILENLGLRV
LGEFPYRLRHTNGREFWIHDFAFTAAEGLDLDIQQLNDTLQDAFVHIVRGDAENDAFNR
LVLTAGLPWRDVALLRAYARYLKQIRLGFDLGYIASTLNNHTDIARELTRLFKTRFYLA
RKLGSEDLDDKQQRLEQAILTALDDVQVLNEDRILRRYLDLIKATLRTNFYQTDANGQN
KSYFSFKFNPHLIPELPKPVPKFEIFVYSPRVEGVHLRFGNVARGGLRWSDREEDFRTEVL
GLVKAQQVKNSVIVPVGAKGGFLPRRLPLGGSRDEIAAEGIACYRIFISGLLDITDNLKDG
KLVPPANVVRHDDDDPYLVVAADKGTATFSDIANGIAIDYGFWLGDAFASGGSAGYDH
KKMGITAKGA WVGVQRHFRERGINVQEDSITVVGVGDMAGDVFGNGLLMSDKLQLVA
AFNHLHIFIDPNPNPA TSFAERQRMFDLPRSA WSDYDTSIMSEGGGIFSRSAKSIAISPQM
KERFDIQADKLTPTELLNALLKAPVDLLWNGGIGTYVKASTESHADVGDKANDALRVN
GNELRCKVVGEGGNLGMTQLGRVEFGLNGGGSNTDFIDNAGGVDCSDHEVNIKILLNE
VVQAGDMTDKQRNQLLASMTDEVGGLVLGNNYKQTQALSLAARRAYARIAEYKRLM
SDLEGRGKLDRAIEFLPTEEQLAERVAEGHGLTRPELSVLISYSKIDLKEQLLGSLVPDDD
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YLTRDMETAFPPTLVSKFSEAMRRHRLKREIVSTQIANDLVNHMGITFVQRLKESTGMT
PANVAGAY VIVRDIFHLPHWFRQIEALDYQVSADVQLELMDELMRLGRRATRWFLRAR
RNEQNAARDVAHFGPHLKELGLKLDELLSGEIRENWQERYQAYVAAGVPELLARMVA
GTTHLYTLLPIIEAADVTGQDPAEVAKAYFAVGSALDITWYISQISALPVENNWQALARE
AFRDDVDWQQRAITIAVLQAGGGDSDVETRLALWMKQNDAMIERWRAMLVEIRAASG
TDYAMYAVANRELNDVALSGQAVVPAAATAELELA

SEQ ID NO. 6-
ATGGCGTTCTTCACCGCAGCCAGCAAAGCCGACTTCCAGCACCAACTGCAAGCGGC
ACTGGCGCAGCACATCAGTGAACAGGCACTGCCACAAGTGGCGCTGTTCGCTGAAC
AATTCTTCGGCATCATTTCCCTGGACGAGCTGACCCAACGTCGCCTCTCCGACCTCG
CTGGCTGTACTCTCTCTGCGTGGCGCCTGCTTGAGCGCTTCGATCACGCGCAACCGC
AAGTGCGCGTCTACAACCCCGATTACGAACGTCACGGCTGGCAGTCGACCCACACC
GCGGTCGAAGTGCTGCACCACGACTTGCCGTTCCTGGTGGACTCGGTGCGTACCGAG
CTGAACCGTCGCGGCTACAGCATCCACACCCTGCAGACCACCGTGCTGAGCGTGCGT
CGTGGCAGCAAGGGCGAATTGCTGGAAATCCTGCCAAAAGGCACCACCGGCGAAGG
CGTTCTGCACGAGTCGCTGATGTACCTGGAAATCGACCGCTGCGCCAATGCGGCCGA
ATTGAATGTGCTGTCCAAGGAACTGGAGCAGGTCCTGGGTGAAGTCCGCGTCGCGG
TCTCCGATTTCGAGCCGATGAAGGCCAAGGTGCAGGAAATCCTCACCAAGCTCGAT
AACAGCGCATTCGCCGTCGATGCCGACGAAAAGAATGAAATCAAGAGCTTCCTGGA
ATGGCTGGTGGGCAACCACTTCACCTTCCTCGGCTACGAAGAGTTCACCGTTGTCGA
TCAGGCCGATGGCGGCCACATCGAATACGACCAGAACTCCTTCCTCGGCCTGACCAA
GATGCTGCGCACCGGTCTGACCAACGAAGACCGCCACATCGAAGACTATGCCGTGA
AGTACCTGCGCGAACCGACACTGCTGTCGTTCGCCAAGGCGGCGCATCCGAGCCGC
GTGCACCGTCCGGCCTACCCGGACTACGTGTCGATCCGCGAAATCGATGCCGACGGC
AAAGTGATCAAGGAACACCGCTTCATGGGCCTGTACACCTCGTCGGTGTATGGCGA
AAGCGTGCGTGTCATCCCGTTCATCCGCCGCAAGGTCGAGGAAATCGAGCGTCGCTC
CGGCTTCCAGGCCAAGGCTCACCTGGGCAAGGAACTGGCTCAGGTTCTGGAAGTGC
TGCCGCGTGACGATCTGTTCCAGACCCCGGTCGACGAACTGTTCAGCACCGTGATGT
CGATCGTGCAGATCCAGGAACGCAACAAGATCCGCGTGTTCCTGCGTAAAGACCCG
TACGGTCGTTTCTGCTACTGCCTGGCCTACGTGCCGCGTGACATCTACTCCACCGAA
GTTCGCCAGAAGATCCAGCAAGTGCTGATGGAGCGCCTGAAAGCCTCCGACTGCGA
ATTCTGGACGTTCTTCTCCGAGTCCGTGCTGGCCCGCGTGCAACTGATCTTGCGCGTC
GACCCGAAAAACCGCATCGACATCGACCCGCTGCAACTGGAAAACGAAGTGATCCA
GGCCTGCCGCAGCTGGCAGGACGACTACGCTGCCCTGACCGTTGAAACCTTCGGCG
AAGCCAACGGCACCAACGTGTTGGCCGACTTCCCGAAAGGCTTCCCGGCCGGCTAC
CGCGAGCGTTTCGCAGCGCATTCGGCCGTGGTCGACATGCAGCACTTGCTCAATCTG
AGCGAGAAAAAGCCGCTGGCCATGAGCTTTTACCAGCCGCTGGCCTCCGGCCCACG
CGAGCTGCACTGCAAGCTGTATCACGCCGATACCCCGCTGGCCCTGTCCGACGTGCT
GCCGATCCTGGAAAACCTCGGCCTGCGCGTGCTGGGTGAGTTCCCGTACCGCCTGCG
TCATACCAACGGCCGCGAGTTCTGGATCCACGACTTCGCGTTCACCGCTGCCGAAGG
CCTGGACCTGGACATCCAGCAACTCAACGACACCCTGCAGGACGCGTTCGTCCACAT
CGTCCGTGGCGATGCCGAAAACGATGCGTTCAACCGTCTGGTGCTGACCGCCGGCCT
GCCATGGCGCGACGTGGCGCTGCTGCGTGCCTACGCCCGCTACCTGAAGCAGATCCG
CCTGGGCTTCGACCTCGGCTACATCGCCAGCACCCTGAACAACCACACCGACATCGC
TCGCGAACTGACCCGGTTGTTCAAGACCCGTTTCTACCTGGCCCGCAAGCTGGGCAG
CGAGGATCTGGACGACAAGCAACAGCGTCTGGAACAGGCCATCCTGACCGCGCTGG
ACGACGTTCAAGTCCTCAACGAAGACCGCATCCTGCGTCGTTACCTGGACCTGATCA
AAGCAACCCTGCGCACCAACTTCTACCAGACCGACGCCAACGGCCAGAACAAGTCG
TACTTCAGCTTCAAGTTCAACCCGCACTTGATTCCTGAACTGCCGAAACCGGTGCCG
AAGTTCGAAATCTTCGTTTACTCGCCACGCGTCGAAGGCGTGCACCTGCGCTTCGGC
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AACGTTGCTCGTGGTGGTCTGCGCTGGTCGGACCGTGAAGAAGACTTCCGTACCGAA
GTCCTCGGCCTGGTAAAAGCCCAGCAAGTGAAGAACTCGGTCATCGTGCCGGTGGG
GGCGAAGGGCGGCTTCCTGCCGCGTCGCCTGCCACTGGGCGGCAGCCGTGACGAGA
TCGCGGCCGAGGGCATCGCCTGCTACCGCATCTTCATTTCGGGCCTGTTGGACATCA
CCGACAACCTGAAAGACGGCAAACTGGTACCGCCGGCCAACGTCGTGCGGCATGAC
GACGATGACCCGTACCTGGTGGTCGCGGCGGACAAGGGCACTGCAACCTTCTCCGA
CATCGCCAACGGCATCGCCATCGACTACGGCTTCTGGCTGGGTGACGCGTTCGCGTC
CGGTGGTTCGGCCGGTTACGACCACAAGAAAATGGGCATCACCGCCAAGGGCGCGT
GGGTCGGCGTACAGCGCCACTTCCGCGAGCGCGGCATCAATGTCCAGGAAGACAGC
ATCACGGTGGTCGGCGTGGGCGACATGGCCGGTGACGTGTTCGGTAACGGCCTGTTG
ATGTCTGACAAGCTGCAACTGGTTGCTGCGTTCAACCACCTGCACATCTTCATCGAC
CCGAACCCGAACCCGGCCACCAGCTTCGCCGAGCGTCAGCGCATGTTCGATCTGCCG
CGCTCGGCCTGGTCCGACTACGACACCAGCATCATGTCCGAAGGCGGCGGCATCTTC
TCGCGCAGCGCGAAGAGCATCGCCATCTCGCCACAGATGAAAGAGCGCTTCGACAT
CCAGGCCGACAAGCTGACCCCGACCGAACTGCTGAACGCCTTGCTCAAGGCGCCGG
TGGATCTGCTGTGGAACGGCGGTATCGGTACCTACGTCAAAGCCAGCACCGAAAGT
CACGCCGATGTCGGCGACAAGGCCAACGATGCGCTGCGCGTGAACGGCAACGAACT
GCGCTGCAAAGTGGTGGGCGAGGGCGGTAACCTCGGCATGACCCAATTGGGTCGTG
TGGAGTTCGGTCTCAATGGCGGCGGTTCCAACACCGACTTCATCGACAACGCCGGTG
GCGTGGACTGCTCCGACCACGAAGTGAACATCAAGATCCTGCTGAACGAAGTGGTT
CAGGCCGGCGACATGACCGACAAGCAACGCAACCAGTTGCTGGCGAGCATGACCGA
CGAAGTCGGTGGTCTGGTGCTGGGCAACAACTACAAGCAGACTCAGGCCCTGTCCCT
GGCGGCCCGCCGTGCTTATGCGCGGATCGCCGAGTACAAGCGTCTGATGAGCGACC
TGGAGGGCCGTGGCAAGCTGGATCGCGCCATCGAGTTCCTGCCGACCGAAGAGCAA
CTGGCCGAACGCGTTGCCGAAGGCCATGGCCTGACCCGTCCTGAGCTGTCGGTGCTG
ATCTCGTACAGCAAGATCGACCTCAAGGAGCAGCTGCTGGGCTCCCTGGTGCCGGA
CGACGACTACCTGACCCGCGACATGGAAACGGCGTTCCCGCCGACCCTGGTCAGCA
AGTTCTCCGAAGCTATGCGTCGTCACCGCCTCAAGCGCGAGATCGTCAGCACCCAGA
TCGCCAACGATCTGGTCAACCACATGGGCATCACCTTCGTTCAGCGACTCAAAGAGT
CCACGGGCATGACCCCGGCGAATGTTGCCGGTGCGTATGTGATTGTTCGGGATATCT
TCCACCTCCCGCACTGGTTCCGTCAGATCGAAGCGCTGGACTACCAGGTTTCCGCTG
ACGTGCAGCTGGAGCTGATGGACGAGCTGATGCGTCTGGGCCGTCGCGCTACGCGC
TGGTTCCTGCGTGCCCGTCGCAACGAGCAGAACGCTGCCCGTGACGTCGCGCATTTC
GGTCCGCACCTCAAAGAGCTGGGCCTGAAGCTGGACGAGCTGCTGAGCGGCGAAAT
CCGCGAAAACTGGCAAGAGCGTTATCAGGCGTACGTCGCCGCCGGTGTTCCGGAAC
TGCTGGCGCGTATGGTGGCGGGGACGACCCACCTCTACACGCTGCTGCCGATCATCG
AAGCGGCCGACGTGACCGGCCAGGATCCAGCCGAAGTGGCCAAGGCGTACTTCGCC
GTGGGCAGCGCGCTGGACATCACCTGGTACATCTCGCAGATCAGCGCCTTGCCGGTT
GAAAACAACTGGCAGGCCCTGGCCCGTGAAGCGTTCCGCGACGACGTCGACTGGCA
GCAACGCGCGATTACCATCGCCGTTCTGCAAGCGGGTGGCGGTGATTCGGACGTGG
AAACCCGTCTGGCACTGTGGATGAAGCAGAACGACGCCATGATCGAACGCTGGCGC
GCCATGCTGGTGGAAATCCGTGCCGCCAGCGGCACCGACTACGCCATGTACGCGGT
GGCCAACCGCGAGCTGAACGACGTGGCGCTGAGCGGTCAGGCAGTTGTGCCTGCTG
CGGCGACTGCGGAGCTTGAGCTTGCTTGA

SEQ ID NO. 7-
MIHAPSRWGVFPSLGLCSPDVVWNEHPSLYMDKEETSMTNLQTFELPTEVTGCAADISL
GRALIQA WQKDGIFQIKTDSEQDRKTQEAMA A SKQFCKEPLTFKSSCVSDLTYSGYVAS
GEEVTAGKPDFPEIFTVCKDLSVGDQRVKAGWPCHGPVPWPNNTYQKSMK TFMEELGL
AGERLLKLTALGFELPINTFTDLTRDGWHHMRVLRFPPQTSTLSRGIGAHTDYGLLVIAA
QDDVGGLYIRPPVEGEKRNRNWLPGESSAGMFEHDEPWTFVTPTPGVWTVFPGDILQF
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MTGGQLLSTPHKVKLNTRERFACAYFHEPNFEASAYPLFEPSANERIHY GEHFTNMFMR
CYPDRITTQRINKENRLAHLEDLKKYSDTRATGS

SEQ ID. NO. 8-
ATGATACACGCTCCAAGTAGATGGGGAGTATTTCCCTCACTAGGGTTATGCAGCCCG
GACGTTGTGTGGAATGAGCATCCGAGCCTGTACATGGACAAAGAGGAAACCAGCAT
GACCAACCTGCAGACCTTTGAACTGCCGACCGAAGTGACCGGTTGCGCGGCGGACA
TCAGCCTGGGTCGTGCGCTGATTCAGGCGTGGCAAAAGGATGGTATCTTCCAGATTA
AAACCGACAGCGAGCAGGATCGTAAGACCCAAGAAGCGATGGCGGCGAGCAAGCA
ATTTTGCAAAGAGCCGCTGACCTTCAAAAGCAGCTGCGTTAGCGACCTGACCTACAG
CGGTTATGTGGCGAGCGGCGAGGAAGTTACCGCGGGCAAGCCGGATTTCCCGGAAA
TTTTTACCGTGTGCAAGGACCTGAGCGTGGGCGATCAGCGTGTTAAAGCGGGTTGGC
CGTGCCATGGTCCGGTTCCGTGGCCGAACAACACCTATCAAAAGAGCATGAAAACC
TTTATGGAGGAACTGGGTCTGGCGGGCGAGCGTCTGCTGAAACTGACCGCGCTGGG
TTTTGAACTGCCGATCAACACCTTCACCGACCTGACCCGTGATGGCTGGCACCACAT
GCGTGTGCTGCGTTTCCCGCCGCAGACCAGCACCCTGAGCCGTGGTATTGGTGCGCA
CACCGACTACGGTCTGCTGGTGATTGCGGCGCAAGACGATGTTGGTGGCCTGTATAT
CCGTCCGCCGGTGGAGGGCGAAAAGCGTAACCGTAACTGGCTGCCGGGCGAGAGCA
GCGCGGGCATGTTTGAGCACGACGAACCGTGGACCTTCGTTACCCCGACCCCGGGTG
TGTGGACCGTTTTTCCGGGCGATATTCTGCAGTTCATGACCGGTGGCCAACTGCTGA
GCACCCCGCACAAGGTTAAACTGAACACCCGTGAACGTTTCGCGTGCGCGTACTTTC
ACGAGCCGAACTTCGAAGCGAGCGCGTATCCGCTGTTCGAGCCGAGCGCGAACGAA
CGTATCCACTACGGCGAGCACTTCACCAACATGTTTATGCGTTGCTATCCGGATCGT
ATCACCACCCAACGTATTAACAAAGAAAACCGTCTGGCGCACCTGGAAGACCTGAA
GAAATACAGCGACACCCGTGCGACCGGCAGC

SEQ ID NO. 9-
MYKLVQTIVNSDEKNVLGDFILELGKDHKRYFLRNEILQAFADYCHQFPKPAYFYHSSS
LGTFIQYTHEIILDGENTWFVVRPKIASQEVWLLSADLTKFELMTPKALLDVSDRLVKRY
QPHILEIDLHPFYSAAPRIDDSRNIGQGLTVLNHYFCNQALTDPEYWIDALFQSLKRLEYN
GIKLLISNHIHSGLQLTKQIKLALEFVSHLSPQTPYIKFKFHLQELGLEPGWGNNAARVRE
TLELLERLMDNPEPAILETFVSRICAVFRVVLISIHGWVAQEDVLGRDETLGQVIYVLEQ
ARSLENKMRAEIKLAGLDTLGIKPHITILTRLIPNCEGTFCNLPLEKVDGTENAWILRVPFA
ESRPEITNNWISKFEIWPYLEKFALDAEAELLKQFQGKPNLIIGNYSDGNLVAFILSRKMK
VTQCNIAHSLEKPK YLFSNLY WQDLEAQYHFSAQFTADLISMNAADFIITSSYQEIVGTP
DTMGQYESYKCFTMPNLYHVIDGIDLFSPKFNVVLPGVSENIFFPYNQTTNRESHRRQHI
QDLIFHQEHPEILGKLDHPHKKPIFSVSPITSIKNLTGLVECFGKSEELQKHSNLILLTSKLH
PDLGTNSEEIQEIAKIHAIIDQYHLHHKIR WLGMRLPLRDIAETYRVIADFQGIYTHFALYE
SFSRSILEAMISGLPTFTTQFGGSLEIIENHDQGFNLNPTDLAGTAK TIINFLEKCENYPEH
WLENSQWMIERIRHK YNWNSHTNQLLLLTKMFSFWNFIYPEDNEARDRYMESLFHLLY
KPIADHILSEHLSKIRNHN

SEQ ID NO. 10: -
ATGTATAAATTAGTGCAAACTATTGTTAACAGTGATGAAAAAAATGTTTTAGGTGAC
TTTATCTTAGAATTAGGCAAGGATCATAAACGTTACTTTTTAAGAAATGAGATTTTA
CAAGCTTTTGCAGATTATTGTCACCAATTCCCAAAACCCGCTTATTTTTATCACTCTT
CCTCTTTAGGGACATTCATTCAATACACCCATGAAATAATTTTAGATGGTGAAAATA
CTTGGTTTGTAGTTAGACCAAAGATTGCGAGTCAAGAAGTATGGTTATTAAGCGCGG
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ACTTGACTAAGTTTGAGTTAATGACACCGAAAGCATTATTAGATGTGAGCGATCGCT
TAGTAAAGCGTTATCAACCGCACATTTTAGAAATTGATCTCCATCCCTTITATTCAGC
AGCACCAAGAATTGATGATTCCAGAAATATTGGCCAAGGTTTAACCGTTCTTAATCA
TTATTTTTGTAATCAAGCATTGACAGATCCTGAATATTGGATTGACGCATTATTTCAA
TCATTAAAAAGATTAGAATATAACGGCATCAAATTATTAATTAGTAATCATATTCAT
TCAGGTTTGCAACTAACAAAGCAAATCAAACTAGCGTTAGAATTTGTGAGTCATTTA
TCCCCCCAGACACCATATATAAAATTTAAATTTCATCTTCAAGAACTCGGTTTAGAA
CCAGGTTGGGGTAATAATGCAGCCAGAGTCAGAGAAACCTTAGAACTGCTGGAAAG
ACTCATGGATAATCCCGAACCTGCAATTTTAGAAACCTTTGTTTCTCGCATTTGTGCA
GTTTTCCGCGTCGTCCTTATTTCCATCCATGGTTGGGTTGCACAAGAAGATGTTTTAG
GCAGAGATGAAACATTAGGACAAGTTATTTATGTTTTAGAACAAGCCCGCAGTTTAG
AAAATAAAATGCGGGCAGAAATTAAACTTGCAGGTTTAGATACATTAGGAATTAAA
CCCCATATCATTATATTAACTCGACTGATTCCCAATTGTGAAGGCACATTTTGTAACT
TACCATTAGAAAAAGTTGATGGTACAGAAAATGCTTGGATTTTGCGCGTTCCTTTTG
CAGAATCTCGACCGGAAATTACCAACAACTGGATTTCTAAATTTGAAATTTGGCCTT
ATTTAGAAAAATTTGCTCTTGATGCCGAAGCAGAACTTTTAAAACAATTCCAAGGAA
AGCCCAATCTAATTATTGGTAACTACAGTGACGGGAACTTAGTTGCTTTTATTCTCTC
CCGAAAAATGAAAGTTACCCAATGTAATATTGCCCATTCCCTCGAAAAACCTAAATA
TCTATTTAGTAACTTATATTGGCAAGATTTAGAAGCACAATATCACTTTTCTGCCCAA
TTTACCGCTGATTTAATCAGTATGAATGCCGCAGATTTTATTATCACATCATCCTATC
AAGAAATTGTAGGTACACCAGATACAATGGGACAATATGAATCTTATAAATGTTTCA
CCATGCCCAACTTATATCATGTAATTGATGGCATTGATTITATTTAGCCCTAAATTCAA
TGTGGTATTACCAGGAGTCAGTGAAAATATATTTTTTCCCTACAACCAAACAACAAA
TAGAGAATCCCACCGTCGTCAACATATCCAAGACCTAATTTTCCATCAAGAACACCC
AGAAATTCTCGGTAAATTAGATCATCCTCATAAAAAACCGATCTTTTCCGTTAGTCC
CATTACCTCAATTAAAAACCTCACAGGTTTAGTTGAATGTTTCGGTAAAAGTGAAGA
ATTACAAAAACATAGTAACCTAATTTTATTAACCAGTAAACTTCATCCAGACTTAGG
AACAAACTCCGAAGAAATTCAAGAAATAGCAAAAATTCATGCGATTATTGATCAAT
ATCATCTTCACCATAAAATCCGCTGGTTGGGAATGCGTCTTCCTCTCCGCGATATTGC
TGAAACCTATCGTGTAATTGCCGATTTTCAAGGGATTTATATTCACTTTGCCCTTTAT
GAATCCTTTAGCAGAAGTATTTTAGAAGCAATGATTTCTGGATTACCAACTTTTACA
ACTCAATTTGGTGGTTCATTAGAAATTATTGAAAACCATGATCAAGGATTTAACCTC
AACCCCACAGACTTAGCAGGAACAGCCAAAACAATTATCAACTTCTTAGAAAAATG
TGAAAATTATCCAGAACATTGGCTAGAAAATTCTCAATGGATGATTGAACGCATTCG
CCATAAATATAACTGGAATTCCCACACAAATCAACTCCTGTTATTAACGAAAATGTT
TAGCTTTTGGAACTTCATCTATCCCGAAGATAACGAAGCCAGAGATCGTTACATGGA
AAGTTTATTTCATCTTCTTTATAAACCTATAGCTGACCATATTTTATCAGAACATCTA
AGCAAAATCAGAAATCATAATTAA

SEQID NO. 11: -
MAAQNLYILHIQTHGLLRGQNLELGRDADTGGQTKYVLELAQAQAKSPQVQQVDIITR
QITDPRVSVGYSQAIEPFAPKGRIVRLPFGPKRYLRKELLWPHLYTFADAILQYLAQQKR
TPTWIQAHYADAGQVGSLLSRWLNVPLIFTGHSLGRIKLKKLLEQDWPLEEIEAQFNIQQ
RIDAEEMTLTHADWIVASTQQEVEEQYRVYDRYNPERKLVIPPGVDTDRFRFQPLGDRG
VVLQQELSRFLRDPEKPQILCLCRPAPRKNVPALVRAFGEHPWLRKKANLVLVLGSRQD
INQMDRGSRQVFQEIFHLVDRYDLYGSVAYPKQHQADDVPEFYRLAAHSGGVFVNPAL
TEPFGLTILEAGSCGVPVVATHDGGPQEILKHCDFGTLVDVSRPANIATALATLLSDRDL
WQCYHRNGIEKVPAHYSWDQHVNTLFERMETVALPRRRAVSFVRSRKRLIDAKRLVVS
DIDNTLLGDRQGLENLMTYLDQYRDHFAFGIATGRRLDSAQEVLKEWGVPSPNFWVTS
VGSEIHYGTDAEPDISWEKHINRNWNPQRIRAVMAQLPFLELQPEEDQTPFKVSFFVRDR
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HETVLREVRQHLRRHRLRLKSITYSHQEFLDILPLAASKGDAIRHLSLRWRIPLENILVAGD
SGNDEEMLKGHNLGVVVGNYSPELEPLRSYERVYFAEGHYANGILEALKHYRFFEAIA

SEQ ID NO. 12: -
GTGGCAGCTCAAAATCTCTACATTCTGCACATTCAGACCCATGGTCTGCTGCGAGGG
CAGAACTTGGAACTGGGGCGAGATGCCGACACCGGCGGGCAGACCAAGTACGTCTT
AGAACTGGCTCAAGCCCAAGCTAAATCCCCACAAGTCCAACAAGTCGACATCATCA
CCCGCCAAATCACCGACCCCCGCGTCAGTGTTGGTTACAGTCAGGCGATCGAACCCT
TTGCGCCCAAAGGTCGGATTGTCCGTTTGCCTTTTGGCCCCAAACGCTACCTCCGTA
AAGAGCTGCTTTGGCCCCATCTCTACACCTTTGCGGATGCAATTCTCCAATATCTGGC
TCAGCAAAAGCGCACCCCGACTTGGATTCAGGCCCACTATGCTGATGCTGGCCAAGT
GGGATCACTGCTGAGTCGCTGGTTGAATGTACCGCTAATTTTCACAGGGCATTCTCT
GGGGCGGATCAAGCTAAAAAAGCTGTTGGAGCAAGACTGGCCGCTTGAGGAAATTG
AAGCGCAATTCAATATTCAACAGCGAATTGATGCGGAGGAGATGACGCTCACTCAT
GCTGACTGGATTGTCGCCAGCACTCAGCAGGAAGTGGAGGAGCAATACCGCGTTTA
CGATCGCTACAACCCAGAGCGCAAGCTTGTCATTCCACCGGGTGTCGATACCGATCG
CTTCAGGTTTCAGCCCTTGGGCGATCGCGGTGTTGTTCTCCAACAGGAACTGAGCCG
CTTTCTGCGCGACCCAGAAAAACCTCAAATTCTCTGCCTCTGTCGCCCCGCACCTCG
CAAAAATGTACCGGCGCTGGTGCGAGCCTTTGGCGAACATCCTTGGCTGCGCAAAA
AAGCCAACCTTGTCTTAGTACTGGGCAGCCGCCAAGACATCAACCAGATGGATCGC
GGCAGTCGGCAGGTGTTCCAAGAGATTTTCCATCTGGTCGATCGCTACGACCTCTAC
GGCAGCGTCGCCTATCCCAAACAGCATCAGGCTGATGATGTGCCGGAGTTCTATCGC
CTAGCGGCTCATTCCGGCGGGGTATTCGTCAATCCGGCGCTGACCGAACCTTTTGGT
TTGACAATTTTGGAGGCAGGAAGCTGCGGCGTGCCGGTGGTGGCAACCCATGATGG
CGGCCCCCAGGAAATTCTCAAACACTGTGATTTCGGCACTTTAGTTGATGTCAGCCG
ACCCGCTAATATCGCGACTGCACTCGCCACCCTGCTGAGCGATCGCGATCTTTGGCA
GTGCTATCACCGCAATGGCATTGAAAAAGTTCCCGCCCATTACAGCTGGGATCAACA
TGTCAATACCCTGTTTGAGCGCATGGAAACGGTGGCTTTGCCTCGTCGTCGTGCTGT
CAGTTTCGTACGGAGTCGCAAACGCTTGATTGATGCCAAACGCCTTGTCGTTAGTGA
CATCGACAACACACTGTTGGGCGATCGTCAAGGACTCGAGAATTTAATGACCTATCT
CGATCAGTATCGCGATCATTTTGCCTTTGGAATTGCCACGGGGCGTCGCCTAGACTC
TGCCCAAGAAGTCTTGAAAGAGTGGGGCGTTCCTTCGCCAAACTTCTGGGTGACTTC
CGTCGGCAGCGAGATTCACTATGGCACCGATGCTGAACCGGATATCAGCTGGGAAA
AGCATATCAATCGCAACTGGAATCCTCAGCGAATTCGGGCAGTAATGGCACAACTA
CCCTTTCTTGAACTGCAGCCGGAAGAGGATCAAACACCCTTCAAAGTCAGCTTCTTT
GTCCGCGATCGCCACGAGACTGTGCTGCGAGAAGTACGGCAACATCTTCGCCGCCAT
CGCCTGCGGCTGAAGTCAATCTATTCCCATCAGGAGTTTCTTGACATTCTGCCGCTA
GCTGCCTCGAAAGGGGATGCGATTCGCCACCTCTCACTCCGCTGGCGGATTCCTCTT
GAGAACATTTTGGTGGCAGGCGATTCTGGTAACGATGAGGAAATGCTCAAGGGCCA
TAATCTCGGCGTTGTAGTTGGCAATTACTCACCGGAATTGGAGCCACTGCGCAGCTA
CGAGCGCGTCTATTTTGCTGAGGGCCACTATGCTAATGGCATTCTGGAAGCCTTAAA
ACACTATCGCTTTTTTGAGGCGATCGCTTAA

SEQID NO. 13: -
CAATTGCCCTAAGACAGTTGTCGTCTTTCGAAGTCTAGTTAACATTAGGGGCGATTC
TTTGTTTCCACTGAGTGGAAGCAAACGGTATCAAGGTTGCAGGCAGACTCAAGGTCT
AGATTGCTTCACAGCTTGTGTGGCTATATTTATTATCTTCATTATTGATGGTAGTTGT
GGGTGGATTTAAGATGGAAAAGTAACAGATAAATGTCGTCTTITAAGGGCGATCTAG
ATCGTATCGTTTTTAATTCCTAGGTCGGCATTTATTAATCAACCTCGATACAATATTT
TTTTGTAAAAACTTCTAGATAAATGACTCAAGTCTCATTGAAAGTCTGGGGTGTTGC
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CTCCCCAGTCAATTCAAGATTACCAAGGCCTCGCATCGCCTCTTCTATTTTGTTTGAA
GGGGACCTAACGTGTTGCGCCAAGCTAGTTCTCGACAGAGCATCTCAAGAGCGCGTT
GCTCGCGGGGGGCAAACAGTTGGAGATCAGCCAGCTCTTGCAAGACTTGTTGGGTG
AGGTGGCTGGCAAAGCTACCGGCATAGCGCAGTAAGAGACTGTAGTAGCGAAATTG
CGGTTGGCCGTTGCAATCGCGGTGAAAGGCAGCAATTTCTGCTTCGCTGAGGCAGTA
GACAGGGGTATTGACCGGCACGATCGCGCGAGGAATGCCCTGTTCGCCGTAGCGAT
CGCCGCCCTCTGTTTCCGCTAAGCTGCCGATCAAAACCGTGGAGAGCAGCGTGCGGG
TTTCATTGATTAAATCAGGCGTGAATAGTGGGTCGGGCCCACTTGAAAGACGCGGCC
CGTTGTTCAGAAAGAGGGGATTAAACAACTGCGAGTTGTAGACCACTCCGATCGCC
CAATGGCGATCGCCTTCCAAACGAACAAAGCTGCCAAATCCATAGCTCTCGGCGGCT
GGTGGATTGGAGACATCCATGTCGTCATCCACTTGGACAACGTAGTCACAGTGCGAG
TTGGATTTGACAACTTTGCCGAGGCGCATGGTGCTGCCAGTGTTACAACCAATTAAC
CAATTCTGACATATGGACACCATCGAATGGTGCAAAACCTTTCGCGGTATGGCATGA
TAGCGCCCGGAAGAGAGTCAATTCAGGGTGGTGAATGTGAAACCAGTAACGTTATA
CGATGTCGCAGAGTATGCCGGTGTCTCTTATCAGACCGTTTCCCGCGTGGTGAACCA
GGCCAGCCACGTTTCTGCGAAAACGCGGGAAAAAGTGGAAGCGGCGATGGCGGAG
CTGAATTACATTCCCAACCGCGTGGCACAACAACTGGCGGGCAAACAGTCGTTGCTG
ATTGGCGTTGCCACCTCCAGTCTGGCCCTGCACGCGCCGTCGCAAATTGTCGCGGCG
ATTAAATCTCGCGCCGATCAACTGGGTGCCAGCGTGGTGGTGTCGATGGTAGAACG
AAGCGGCGTCGAAGCCTGTAAAGCGGCGGTGCACAATCTTCTCGCGCAACGCGTCA
GTGGGCTGATCATTAACTATCCGCTGGATGACCAGGATGCCATTGCTGTGGAAGCTG
CCTGCACTAATGTTCCGGCGTTATTTCTTGATGTCTCTGACCAGACACCCATCAACAG
TATTATTTTCTCCCATGAAGACGGTACGCGACTGGGCGTGGAGCATCTGGTCGCATT
GGGTCACCAGCAAATCGCGCTGTTAGCGGGCCCATTAAGTTCTGTCTCGGCGCGTCT
GCGTCTGGCTGGCTGGCATAAATATCTCACTCGCAATCAAATTCAGCCGATAGCGGA
ACGGGAAGGCGACTGGAGTGCCATGTCCGGTTTTCAACAAACCATGCAAATGCTGA
ATGAGGGCATCGTTCCCACTGCGATGCTGGTTGCCAACGATCAGATGGCGCTGGGCG
CAATGCGCGCCATTACCGAGTCCGGGCTGCGCGTTGGTGCGGATATCTCGGTAGTGG
GATACGACGATACCGAAGACAGCTCATGTTATATCCCGCCGTTAACCACCATCAAAC
AGGATTTTCGCCTGCTGGGGCAAACCAGCGTGGACCGCTTGCTGCAACTCTCTCAGG
GCCAGGCGGTGAAGGGCAATCAGCTGTTGCCCGTTTCACTGGTGAAAAGAAAAACC
ACCCTGGCGCCCAATACGCAAACCGCCTCTCCCCGCGCGTTGGCCGATTCATTAATG
CAGCTGGCACGACAGGTTTCCCGACTGGAAAGCGGGCAGTGAGCTTTGTTGACAATT
AATCATCCGGCTCGTATAATGTGTGGAATTGTGAGCGGATAACAAGAAGGAGATGA
GTATTCAACATTTCCGTGTCGCCCTTATTCCCTTTTTTGCGGCATTTTGCCTTCCTGTT
TTTGCTCACCCAGAAACGCTGGTGAAAGTAAAAGATGCTGAAGATCAGTTGGGTGC
ACGAGTGGGTTACATCGAACTGGATCTCAACAGCGGTAAGATCCTTGAGAGTTTTCG
CCCCGAAGAACGTTTTCCAATGATGAGCACTTTTAAAGTTCTGCTATGTGGCGCGGT
ATTATCCCGTATTGACGCCGGGCAAGAGCAACTCGGTCGCCGCATACACTATTCTCA
GAATGACTTGGTTGAGTACTCACCAGTCACAGAAAAGCATCTTACGGATGGCATGA
CAGTAAGAGAATTATGCAGTGCTGCCATAACCATGAGTGATAACACTGCGGCCAAC
TTACTTCTGACAACGATCGGAGGACCGAAGGAGCTAACCGCTTTTTTGCACAACATG
GGGGATCATGTAACTCGCCTTGATCGTTGGGAACCGGAGCTGAATGAAGCCATACC
AAACGACGAGCGTGACACCACGATGCCTGTAGCAATGGCAACAACGTTGCGCAAAC
TATTAACTGGCGAACTACTTACTCTAGCTTCCCGGCAACAATTAATAGACTGGATGG
AGGCGGATAAAGTTGCAGGACCACTTCTGCGCTCGGCCCTTCCGGCTGGCTGGTTTA
TTGCTGATAAATCTGGAGCCGGTGAGCGTGGGTCTCGCGGTATCATTGCAGCACTGG
GGCCAGATGGTAAGCCCTCCCGTATCGTAGTTATCTACACGACGGGGAGTCAGGCA
ACTATGGATGAACGAAATAGACAGATCGCTGAGATAGGTGCCTCACTGATTAAGCA
TTGGTAATTGTTCAGAACGCTCGGTCTTGCACACCGGGCGTTTTTTCTTTGTGAGTCC
AGGTACCAATCAATCTCCCCCAAGTCAAGCGGCGCTGAGACCCAGTGTCTGCCGGTG
AGTCAGTCTTGGCAAGCAAACTGTGCCTTTGCGATTTCTTACCCTACGCAGCTCCGG
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GATCGATCGGAGGTAACCAAGGCTACGGACAATGGCGCGGGCACCAGCTGTTGGTA
AACTGAGGAGCGATCGCCGCTTCAGTCCAAAGGCTATGACGCAAAAATCCGTTGTT
ATTGCTCCGTCCATTCTGTCAGCGGATTTCAGCCGCTTGGGCGACGATGTCCGCGCT
GTTGACCAGGCTGGCGCTGACTGGATTCACGTCGATGTGATGGATGGTCGCTTCGTC
CCTAACATCACCATTGGACCGCTGATCGTTGAAGCGCTGCGCCCGGTGACCCAAAAG
CCGTTGGACGTCCACTTGATGATCGTCGAGCCGGAAAAATATGTGCCGGATTTCGCG
AAAGCAGGGGCTGACATCATCTCGGTCCAAGCAGAAGCTTGCCCCCACCTGCACCG
CAACTTGGCTCAGATCAAAGACCTCGGCAAGCAAGCAGGCGTCGTCCTCAACCCCTC
TACCCCAGTCGAAACCCTGGAATACGTGCTGGAGTTGTGCGACCTGATTTTGATCAT
GAGCGTCAACCCTGGCTTCGGTGGTCAGAGTTTCATCCCAGCTGTCCTGCCGAAAAT
CCGTAAGCTGCGCGCCATGTGCGATGAGCGTGGCCTTGATCCTTGGATTGAAGTCGA
TGGCGGCTTGAAAGCCAATAACACTTGGCAGGTGCTGGAAGCCGGTGCTAACGCAA
TTGTGGCGGGCTCGGCAGTCTTCAACGCGCCGGACTATGCTGAAGCGATCGCGGCG
ATTCGCAACAGCAAGCGTCCTGAACTTGTCACTGCTTAGGCTTCTCGCTCAACGCTC
AGTGGAGCAATCTGAATCTTGCAGCCCTTCAGTGGATCAGTCTGCTGAGGGGTTTTG
CTTTAGGATGGGCGATCGCGAGTAGGGACACGGATCGCTGGTA

SEQ ID NO. 14: -

ATGGACGCTTACTCTACCCGTCCGCTGACCCTGTCTCACGGTTCTCTGGAACACGTTC
TGCTGGTTCCGACCGCTTCTTTCTTCATCGCTTCTCAGCTGCAGGAACAGTTCAACAA
AATCCTGCCGGAACCGACCGAAGGTTTCGCTGCTGACGACGAACCGACCACCCCGG
CTGAACTGGTTGGTAAATTCCTGGGTTACGTTTCTTCTCTGGTTGAACCGTCTAAAGT
TGGTCAGTTCGACCAGGTTCTGAACCTGTGCCTGACCGAATTCGAAAACTGCTACCT
GGAAGGTAACGACATCCACGCTCTGGCTGCTAAACTGCTGCAGGAAAACGACACCA
CCCTGGTTAAAACCAAAGAACTGATCAAAAACTACATCACCGCTCGTATCATGGCTA
AACGTCCGTTCGACAAAAAATCTAACTCTGCTCTGTTCCGTGCTGTTGGTGAAGGTA
ACGCTCAGCTGGTTGCTATCTTCGGTGGTCAGGGTAACACCGACGACTACTTCGAAG
AACTGCGTGACCTGTACCAGACCTACCACGTTCTGGTTGGTGACCTGATCAAATTCT
CTGCTGAAACCCTGTCTGAACTGATCCGTACCACCCTGGACGCTGAAAAAGTTTTCA
CCCAGGGTCTGAACATCCTGGAATGGCTGGAAAACCCGTCTAACACCCCGGACAAA
GACTACCTGCTGTCTATCCCGATCTCTTGCCCGCTGATCGGTGTTATCCAGCTGGCTC
ACTACGTTGTTACCGCTAAACTGCTGGGTTTCACCCCGGGTGAACTGCGTTCTTACCT
GAAAGGTGCTACCGGTCACTCTCAGGGTCTGGTTACCGCTGTTGCTATCGCTGAAAC
CGACTCTTGGGAATCTTTCTTCGTTTCTGTTCGTAAAGCTATCACCGTTCTGTTCTTCA
TCGGTGTTCGTTGCTACGAAGCTTACCCGAACACCTCTCTGCCGCCGTCTATCCTGGA
AGACTCTCTGGAAAACAACGAAGGTGTTCCGTCTCCGATGCTGTCTATCTCTAACCT
GACCCAGGAACAGGTTCAGGACTACGTTAACAAAACCAACTCTCACCTGCCGGCTG
GTAAACAGGTTGAAATCTCTCTGGTTAACGGTGCTAAAAACCTGGTTGTTTCTGGTC
CGCCGCAGTCTCTGTACGGTCTGAACCTGACCCTGCGTAAAGCTAAAGCTCCGTCTG
GTCTGGACCAGTCTCGTATCCCGTTCTCTGAACGTAAACTGAAATTCTCTAACCGTTT
CCTGCCGGTTGCTTCTCCGTTCCACTCTCACCTGCTGGTTCCGGCTTCTGACCTGATC
AACAAAGACCTGGTTAAAAACAACGTTTCTTTCAACGCTAAAGACATCCAGATCCCG
GTTTACGACACCTTCGACGGTTCTGACCTGCGTGTTCTGTCTGGTTCTATCTCTGAAC
GTATCGTTGACTGCATCATCCGTCTGCCGGTTAAATGGGAAACCACCACCCAGTTCA
AAGCTACCCACATCCTGGACTTCGGTCCGGGTGGTGCTTCTGGTCTGGGTGTTCTGA
CCCACCGTAACAAAGACGGTACCGGTGTTCGTGTTATCGTTGCTGGTACCCTGGACA
TCAACCCGGACGACGACTACGGTTTCAAACAGGAAATCTTCGACGTTACCTCTAACG
GTCTGAAAAAAAACCCGAACTGGCTGGAAGAATACCACCCGAAACTGATCAAAAAC
AAATCTGGTAAAATCTTCGTTGAAACCAAATTCTCTAAACTGATCGGTCGTCCGCCG
CTGCTGGTTCCGGGTATGACCCCGTGCACCGTTICTCCGGACTTCGTTGCTGCTACCA
CCAACGCTGGTTACACCATCGAACTGGCTGGTGGTGGTTACTTCTCTGCTGCTGGTA
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TGACCGCTGCTATCGACTCTGTTGTTTCTCAGATCGAAAAAGGTTCTACCTTCGGTAT
CAACCTGATCTACGTTAACCCGTTCATGCTGCAGTGGGGTATCCCGCTGATCAAAGA
ACTGCGTTCTAAAGGTTACCCGATCCAGTTCCTGACCATCGGTGCTGGTGTTCCGTCT
CTGGAAGTTGCTTCTGAATACATCGAAACCCTGGGTCTGAAATACCTGGGTCTGAAA
CCGGGTTCTATCGACGCTATCTCTCAGGTTATCAACATCGCTAAAGCTCACCCGAAC
TTCCCGATCGCTCTGCAGTGGACCGGTGGTCGTGGTGGTGGTCACCACTCTTTCGAA
GACGCTCACACCCCGATGCTGCAGATGTACTCTAAAATCCGTCGTCACCCGAACATC
ATGCTGATCTTCGGTTCTGGTTTCGGTTCTGCTGACGACACCTACCCGTACCTGACCG
GTGAATGGTCTACCAAATTCGACTACCCGCCGATGCCGTTCGACGGTTTCCTGTTCG
GTTCTCGTGTTATGATCGCTAAAGAAGTTAAAACCTCTCCGGACGCTAAAAAATGCA
TCGCTGCTTGCACCGGTGTTCCGGACGACAAATGGGAACAGACCTACAAAAAACCG
ACCGGTGGTATCGTTACCGTTCGTTCTGAAATGGGTGAACCGATCCACAAAATCGCT
ACCCGTGGTGTTATGCTGTGGAAAGAATTCGACGAAACCATCTTCAACCTGCCGAAA
AACAAACTGGTTCCGACCCTGGAAGCTAAACGTGACTACATCATCTCTCGTCTGAAC
GCTGACTTCCAGAAACCGTGGTTCGCTACCGTTAACGGTCAGGCTCGTGACCTGGCT
ACCATGACCTACGAAGAAGTTGCTAAACGTCTGGTTGAACTGATGTTCATCCGTTCT
ACCAACTCTTGGTTCGACGTTACCTGGCGTACCTTCACCGGTGACTTCCTGCGTCGTG
TTGAAGAACGTTTCACCAAATCTAAAACCCTGTCTCTGATCCAGTCTTACTCTCTGCT
GGACAAACCGGACGAAGCTATCGAAAAAGTTTTCAACGCTTACCCGGCTGCTCGTG
AACAGTTCCTGAACGCTCAGGACATCGACCACTTCCTGTCTATGTGCCAGAACCCGA
TGCAGAAACCGGTTCCGTTCGTTCCGGTTCTGGACCGTCGTTTCGAAATCTTCTTCAA
AAAAGACTCTCTGTGGCAGTCTGAACACCTGGAAGCTGTTGTTGACCAGGACGTTCA
GCGTACCTGCATCCTGCACGGTCCGGTTGCTGCTCAGTTCACCAAAGTTATCGACGA
ACCGATCAAATCTATCATGGACGGTATCCACGACGGTCACATCAAAAAACTGCTGC
ACCAGTACTACGGTGACGACGAATCTAAAATCCCGGCTGTTGAATACTTCGGTGGTG
AATCTCCGGTTGACGTTCAGTCTCAGGTTGACTCTTCTTCTGTTTCTGAAGACTCTGC
TGTTTTCAAAGCTACCTCTTCTACCGACGAAGAATCTTGGTTCAAAGCTCTGGCTGGT
TCTGAAATCAACTGGCGTCACGCTTCTTTCCTGTGCTCTTTCATCACCCAGGACAAAA
TGTTCGTTTCTAACCCGATCCGTAAAGTTTTCAAACCGTCTCAGGGTATGGTTGTTGA
AATCTCTAACGGTAACACCTCTTCTAAAACCGTTGTTACCCTGTCTGAACCGGTTCA
GGGTGAACTGAAACCGACCGTTATCCTGAAACTGCTGAAAGAAAACATCATCCAGA
TGGAAATGATCGAAAACCGTACCATGGACGGTAAACCGGTTTCTCTGCCGCTGCTGT
ACAACTTCAACCCGGACAACGGTTTCGCTCCGATCTCTGAAGTTATGGAAGACCGTA
ACCAGCGTATCAAAGAAATGTACTGGAAACTGTGGATCGACGAACCGTTCAACCTG
GACTTCGACCCGCGTGACGTTATCAAAGGTAAAGACTTCGAAATCACCGCTAAAGA
AGTTTACGACTTCACCCACGCTGTTGGTAACAACTGCGAAGACTTCGTTTCTCGTCC
GGACCGTACCATGCTGGCTCCGATGGACTTCGCTATCGTTGTTGGTTGGCGTGCTAT
CATCAAAGCTATCTTCCCGAACACCGTTGACGGTGACCTGCTGAAACTGGTTCACCT
GTCTAACGGTTACAAAATGATCCCGGGTGCTAAACCGCTGCAGGTTGGTGACGTTGT
TTCTACCACCGCTGTTATCGAATCTGTTGTTAACCAGCCGACCGGTAAAATCGTTGA
CGTTGTTGGTACCCTGTCTCGTAACGGTAAACCGGTTATGGAAGTTACCTCTTCTTTC
TTCTACCGTGGTAACTACACCGACTTCGAAAACACCTTCCAGAAAACCGTTGAACCG
GTTTACCAGATGCACATCAAAACCTCTAAAGACATCGCTGTTCTGCGTTCTAAAGAA
TGGTTCCAGCTGGACGACGAAGACTTCGACCTGCTGAACAAAACCCTGACCTTCGAA
ACCGAAACCGAAGTTACCTTCAAAAACGCTAACATCTTCTCTTCTGTTAAATGCTTC
GGTCCGATCAAAGTTGAACTGCCGACCAAAGAAACCGTTGAAATCGGTATCGTTGA
CTACGAAGCTGGTGCTTCTCACGGTAACCCGGTTGTTGACTTCCTGAAACGTAACGG
TTCTACCCTGGAACAGAAAGTTAACCTGGAAAACCCGATCCCGATCGCTGTTCTGGA
CTCTTACACCCCGTCTACCAACGAACCGTACGCTCGTGTTTCTGGTGACCTGAACCC
GATCCACGTTTCTCGTCACTTCGCTTCTTACGCTAACCTGCCGGGTACCATCACCCAC
GGTATGTTCTCTTCTGCTTCTGTTCGTGCTCTGATCGAAAACTGGGCTGCTGACTCTG
TTTCTTCTCGTGTTCGTGGTTACACCTGCCAGTTCGTTGACATGGTTCTGCCGAACAC
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CGCTCTGAAAACCTCTATCCAGCACGTTGGTATGATCAACGGTCGTAAACTGATCAA
ATTCGAAACCCGTAACGAAGACGACGTTGTTGTTCTGACCGGTGAAGCTGAAATCG
AACAGCCGGTTACCACCTTCGTTTTCACCGGTCAGGGTTCTCAGGAACAGGGTATGG
GTATGGACCTGTACAAAACCTCTAAAGCTGCTCAGGACGTTTGGAACCGTGCTGACA
ACCACTTCAAAGACACCTACGGTTTCTCTATCCTGGACATCGTTATCAACAACCCGG
TTAACCTGACCATCCACTTCGGTGGTGAAAAAGGTAAACGTATCCGTGAAAACTACT
CTGCTATGATCTTCGAAACCATCGTTGACGGTAAACTGAAAACCGAAAAAATCTTCA
AAGAAATCAACGAACACTCTACCTCTTACACCTTCCGTTCTGAAAAAGGTCTGCTGT
CTGCTACCCAGTTCACCCAGCCGGCTCTGACCCTGATGGAAAAAGCTGCTTTCGAAG
ACCTGAAATCTAAAGGTCTGATCCCGGCTGACGCTACCTTCGCTGGTCACTCTCTGG
GTGAATACGCTGCTCTGGCTTCTCTGGCTGACGTTATGTCTATCGAATCTCTGGTTGA
AGTTGTTTTCTACCGTGGTATGACCATGCAGGTTGCTGTTCCGCGTGACGAACTGGG
TCGTTCTAACTACGGTATGATCGCTATCAACCCGGGTCGTGTTGCTGCTTCTTTCTCT
CAGGAAGCTCTGCAGTACGTTGTTGAACGTGTTGGTAAACGTACCGGTTGGCTGGTT
GAAATCGTTAACTACAACGTTGAAAACCAGCAGTACGTTGCTGCTGGTGACCTGCGT
GCTCTGGACACCGTTACCAACGTTCTGAACTTCATCAAACTGCAGAAAATCGACATC
ATCGAACTGCAGAAATCTCTGTCTCTGGAAGAAGTTGAAGGTCACCTGTTCGAAATC
ATCGACGAAGCTTCTAAAAAATCTGCTGTTAAACCGCGTCCGCTGAAACTGGAACGT
GGTTTCGCTTGCATCCCGCTGGTTGGTATCTCTGTTCCGTTCCACTCTACCTACCTGA
TGAACGGTGTTAAACCGTTCAAATCTTTCCTGAAAAAAAACATCATCAAAGAAAAC
GTTAAAGTTGCTCGTCTGGCTGGTAAATACATCCCGAACCTGACCGCTAAACCGTTC
CAGGTTACCAAAGAATACTTCCAGGACGTTTACGACCTGACCGGTTCTGAACCGATC
AAAGAAATCATCGACAACTGGGAAAAATACGAACAGTCTTAA

SEQ ID NO. 15: -
AGCTCTACTCCCATTATTATCGTTTTCTGTGATCTTTTCTACATACTGTGCTTCAAAA
GAAAAAGGAAAATGCAGCGTGCGTTCCTTCGTCGTCTCAGCAAGCGTGCCGTCGTTC
CTGCAACTGCGGCGCTGCTTCGGTTTTCTCAGACGCAGTGCGCTGGTCGTGCCCCTG
TTACCGCGTGCGCAGGCGCTGTTCTTGCCTACCAGTGCTCTATCCGAGCCTACTCCG
ATGCCCACCACGAGGAGAGCGCTACTCGCAGCGGCCAATACCTCCTCGACAAGAAC
GACGTGCTGACGCGTGTGCTCGAGGTAGTGAAGAACTTCGAGAAGGTTGATGCCTCT
AAGGTGACGCCTGAGTCTCACTTCGTGAACGATCTCGGCCTCAACTCTCTCGACGTT
GTGGAGGTCGTTTTTGCCATCGAGCAGGAGTTCATCTTAGATATCCCTGATCACGAT
GCCGAAAAGATCCAGTCCATTCCTGATGCTGTGGAGTACATTGCGCAGAATCCAATG
GCCAAGTAA

SEQ ID NO. 16: -
ATGGAAGGTTCTCCGGTTACCTCTGTTCGTCTGTCTTCTGTTGTTCCGGCTTCTGTTGT
TGGTGAAAACAAACCGCGTCAGCTGACCCCGATGGACCTGGCTATGAAACTGCACT
ACGTTCGTGCTGTTTACTTCTTCAAAGGTGCTCGTGACTTCACCGTTGCTGACGTTAA
AAACACCATGTTCACCCTGCAGTCTCTGCTGCAGTCTTACCACCACGTTTCTGGTCGT
ATCCGTATGTCTGACAACGACAACGACACCTCTGCTGCTGCTATCCCGTACATCCGT
TGCAACGACTCTGGTATCCGTGTTGTTGAAGCTAACGTTGAAGAATTCACCGTTGAA
AAATGGCTGGAACTGGACGACCGTTCTATCGACCACCGTTTCCTGGTTTACGACCAC
GTTCTGGGTCCGGACCTGACCTTCTCTCCGCTGGTTTTCCTGCAGATCACCCAGTTCA
AATGCGGTGGTCTGTGCATCGGTCTGTCTTGGGCTCACATCCTGGGTGACGTTTTCTC
TGCTTCTACCTTCATGAAAACCCTGGGTCAGCTGGTTTCTGGTCACGCTCCGACCAA
ACCGGTTTACCCGAAAACCCCGGAACTGACCTCTCACGCTCGTAACGACGGTGAAG
CTATCTCTATCGAAAAAATCGACTCTGTTGGTGAATACTGGCTGCTGACCAACAAAT
GCAAAATGGGTCGTCACATCTTCAACTTCTCTCTGAACCACATCGACTCTCTGATGG
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CTAAATACACCACCCGTGACCAGCCGTTCTCTGAAGTTGACATCCTGTACGCTCTGA
TCTGGAAATCTCTGCTGAACATCCGTGGTGAAACCAACACCAACGTTATCACCATCT
GCGACCGTAAAAAATCTTCTACCTGCTGGAACGAAGACCTGGTTATCTCTGTTGTTG
AAAAAAACGACGAAATGGTTGGTATCTCTGAACTGGCTGCTCTGATCGCTGGTGAA

AAACGTGAAGAAAACGGTGCTATCAAACGTATGATCGAACAGGACAAAGGTTCTTC
TGACTTCTTCACCTACGGTGCTAACCTGACCTTCGTTAACCTGGACGAAATCGACAT
GTACGAACTGGAAATCAACGGTGGTAAACCGGACTTCGTTAACTACACCATCCACG

GTGTTGGTGACAAAGGTGTTGTTCTGGTTTTCCCGAAACAGAACTTCGCTCGTATCG
TTTCTGTTGTTATGCCGGAAGAAGACCTGGCTAAACTGAAAGAAGAAGTTACCAAC

ATGATCATCTAA

SEQID NO: 17 -
MVDKRESYTKEDLLASGRGELFGAKGPQLPAPNMLMMDRVVKMTETGGNFDKGYVE
AELDINPDLWFFGCHFIGDPVMPGCLGLDAMWQLVGFYLGWLGGEGKGRALGVGEVK
FTGQVLPTAKKVTYRIHFKRIVNRRLIMGLADGEVLVDGRLIYTASDLKVGLFQDTSAF
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