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ABSTRACT

The present invention is a method for the biosynthesis of
hundreds of compounds, mainly found in the cannabis plant.
The starting material for these compounds can be any
biological compound that is used/produced in a biological
organism from the Sugar family starting materials or other
low cost raw materials processed via enzymes or within

organisms to give final products. These final products

60) Provisional application No. 62/145.430, filed on A

(60) Provisional application No.

(57)

43U, Illed on Apr.

include, but are not limited to: cannabinoids, terpenoids,
stilbenoids, flavonoids, phenolic amides, lignanamides,

spermidine alkaloids, and phenylpropanoids. Specifically,

the present invention relates to the regular/modified/syn

thetic gene(s) of select enzymes are processed and inserted
into an expression system (vector, cosmid, BAC, YAC,
phage, etc.) to produce modified hosts. The modified host is

then optimized - for 0 efficient production
and yield via
Y
manipulation, silencing, and amplifying inserted or other
genes in the host, leading to an efficient system for product.
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NOVEL METHOD FOR THE CHEAP,
EFFICIENT, AND EFFECTIVE PRODUCTION
OF PHARMACEUTICAL AND

THERAPEUTIC APIS INTERMEDIATES,
AND FINAL PRODUCTS
RELATED APPLICATIONS

0001. The present application claims the benefit of pri
ority to U.S. Provisional Patent Application Ser. No. 62/145,
430, entitled “A Novel Method for the Cheap, Efficient, and
Effective Production of Pharmaceutical and Therapeutic
APIs, Intermediate, and Final Products', filed Apr. 9, 2015,
and currently co-pending.
FIELD OF THE INVENTION

0002 The present invention is in the technical field of
large scale production of pharmaceutical and Supplemental
products for various common illnesses, medical conditions,
and general industrial use. More particularly, the present
invention is in the technical field of bio-synthesis of can
nabinoids, terpenoids, stilbenoids, flavonoids, phenolic
amides, lignanamides, spermidine alkaloids, and phenylpro
panoids; compounds found in cannabis sativa, along with
various combinations and specialized formulations which
are beneficial in ailments ranging from cancer to glaucoma.
The final product(s) can be an intermediate or a compound
of interest. The core concept of the invention is based on the
idea of cheaper and more efficient production, along with
novel products and applications.
BACKGROUND OF THE INVENTION

0003 Cannabinoids from cannabis have been used for
thousands of years for treatment of various ailments and
conditions in many different cultures around the world.
However, most of various types of cannabinoids in cannabis
are at a very low concentration in the plant. Therefore, most
patients/users never get a threshold dosage for any kind of
relief from anything other than tetrahydrocannabinolic acid
(THC/A), cannabinolic-acid (CBD/A), and cannabinol
(CBN). There are a few strains or concentrates available that
have a rare cannabinoid, but are usually very highly con
centrated in tetrahydrocannabinol (THC) or cannabidiol
(CBD) to have any pronounced effect by the rare cannabi
noid.

0004. In other words, the pharmaceutical industry has not
tapped into the real potential of the cannabis plant. With
time, more research is being conducted into the different
kinds of cannabinoids and their medicinal applications.
Researchers are finding that many of the other cannabinoids
also have unique medicinal properties.
SUMMARY OF THE INVENTION

0005 Biosynthesis of important molecules can be used
for therapeutic applications, bulk Substance production,
intermediate API biosynthesis, and various other novel
formulations and applications for Such substances, as known
to those skilled in the art. Many biological molecules can be
changed/converted into molecules of importance by using
enzymes and other processes. This process can be utilized by
employing methods for transforming a range of starting
materials into final products to be used in pharmaceuticals
and Supplements as active ingredients, or donating a signifi
cant portion of their structure to the final active ingredients.
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The final products can also be used in other industries and
applications, such as food, beverage, and other goods pro
duction. For example, table Sugar, starch, and cellulose can
be converted to glucose, creating a molecule that can readily
be utilized by any organism as an energy source. Therefore,
depending on the specific compound(s) being manufactured,
and the kind(s) of starting materials available, along with the
host and production technique(s) any kind of host engineer
ing, various expression systems and methods, and varying
materials, a spectrum of different methods and products is
possible.
0006. The advantages of the present invention include,
without limitation, creation of hundreds of compounds from
readily available biological molecules that can be produced
and harvested from virtually all known sources of plants and
other energy producing organisms. Since Sugar producing
plants and organisms, biomass, and carbon based industrial
waste products are very abundant, our "raw material' will be
very cheap and easy to obtain anywhere in the world. After
Scaling up the given methods, hundreds of compounds with
medicinal properties can be produced at a very low cost,
allowing the widespread distribution and aiding of millions
of people.
0007 Another advantage is that there is no need or use of
growing any illegal plants. For example, no marijuana,
poppy, or other plant production is necessary. This is advan
tageous as it will lead to drastically cutting down the
production, consumption, and trafficking of many unregu
lated Substances.

0008. The most important advantage of the present inven
tion is that we can make and use many compounds that are
virtually so low in concentration in the cannabis plant, that
there is no effect in using cannabis if we are only after the
therapeutic effects of these compounds. For example,
patients using marijuana can only benefit from tetrahydro
cannabinolic acic (THCA), THC, cannabidiolic acid
(CBDA), CBD. CBN, and a few other compound class
families, as the concentrations of the other compounds is so
low that it has no effect. This invention will allow the

production of hundreds of compounds in pure form, leading
to many new medical discoveries and applications.
BRIEF DESCRIPTION OF THE FIGURES

0009. The nature, objects, and advantages of the present
invention will become more apparent to those skilled in the
art after considering the following detailed description in
connection with the accompanying figures, in which like
reference numerals designate like parts throughout, and
wherein:

0010 FIG. 1 is a diagram of the pathway for the biosyn
thesis of all molecules of interest via the conversion of

starting materials to glucose and then to final products;
0011 FIG. 2 is a diagram of the pathway for the biosyn
thesis of cannabinoids;

0012 FIG. 3 is a diagram of the pathway for the biosyn

thesis of stilbenoids;

0013 FIG. 4 is a diagram of the pathway for the biosyn
thesis of phenylpropanoids and flavonoids;
0014 FIG. 5 is a diagram of the pathway for the biosyn
thesis of phenolic amides and ligananamides;
0015 FIG. 6 is a diagram of the pathway for the biosyn
thesis of spermidine alkaloids;
0016 FIG. 7 is a diagram of the combined biosynthetic
pathways of FIGS. 1-6; and
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0017 FIG. 8 is diagram of the genetic modification of
certain genes for higher product yield in Saccharomyces
cerevisiae yeast.
DETAILED DESCRIPTION OF THE
INVENTION

0018. The present invention is a method for the biosyn
thesis of hundreds of compounds, mainly found in the
cannabis plant. The starting material for these compounds
can be any biological compound that is used/produced in a
biological organism from the Sugar family starting materials
or other low cost raw materials processed via enzymes or
within organisms to give final products. These final products
include, but are not limited to: cannabinoids, terpenoids,
stilbenoids, flavonoids, phenolic amides, lignanamides,
spermidine alkaloids, and phenylpropanoids (collectively,
“final products”).
DEFINITIONS, TERMS, ELEMENTS

0019. The following are a list of terms and their defini
tions:

0020 Genetic engineering: targeted manipulation of a
cells genetic information
0021 Rational Metabolic Engineering: engineering of
enzymes, transporters, or regulatory proteins based on
available information about enzymes, pathways, and
their regulation.
0022 Evolutionary engineering: encompasses all
methods for empirical Strain improvement (mutagen
esis natural or induced and recombination and/or
shuffling of genes, pathways, and even whole cells;
usually performed in cycles or sequentially
0023 Cannabinoids: compounds that are terpenophe
nolic with 22 carbons (21 carbons for neutral forms),
found in cannabis

0024 Terpenoids: also known as isoprenoids, class of
organic compounds
(0025 Stilbenoids: hydroxylated derivatives of stilbene
0026 Flavonoids/phenylpropanoids:
compounds
derived from or using phenylalanine as a precursor
0027 Lignanamides/phenolic amides: compounds
produced through tyramine pathways
0028 Spermidine alkaloids: compounds produced
through glutamic acid pathways
0029 Starting material/reactant/excipient: compounds
used for the initial step of biosynthesis, which are cheap
and readily available
0030 Intermediate: products that are formed within
the biosynthesis pathways, which can further be pro
cessed to make final products, or can, themselves, be
utilized as a final product
0031 Final product/product/end product/compounds
of interest: cannabinoids, terpenoids, stilbenoids, fla
vonoids, phenolic amides, lignanamides, spermidine
alkaloids, and phenylpropanoids
0032. In-vivo: inside the cell
0033. In-vitro: outside the cell
0034 BAC: bacterial artificial chromosome, carrier of
DNA of interest into host

0035 YAC: yeast artificial chromosome, carrier of
DNA of interest into host

0036 Vector/cosmid/phage: carrier of DNA of interest
into host
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Starting Materials
0037 All biological organisms produce organic mol
ecules that are processed in many different processes in the
organism. The present invention utilizes starting materials
that are either:

0.038 1) Readily available and relatively pure
0039. 2) Cheap to produce or buy
0040. 3.) Easily modified (via enzymes, catalysts, or
other methods)
0041 Based on the above criteria, there are multiple
groups and families of compounds that would fit one or all
three of the above criteria. These groups and families of
compounds include, but are not limited to: ligno-cellulosic
biomass, forest biomass, energy/food production waste,
commonly available Sugar-based Substrates, food and feed
grains.
0042 Sugars and metabolic intermediates from cellular
processes can be used as starting materials. Sugars can be
found in abundance in many Substances, including, but not
limited to the following: rice, Soya/rape, cereals (maize),
wheat, beans, Sugar beet (Sugarcane), plant biomass (wood),
grasses, and various other sources. Starch, cellulose, fruc
tose, ethanol, and saccharose in the aforementioned Sub

stances can be enzymatically converted to glucose, which,
after filtration and purification steps, can be used as a raw
material for the final products.
0043. Subsequent steps can also be performed on the
lignocellulose, which further makes hemicellulose and cel
lulose, both which make glucose. An advantage of this
method is that there are by-products generated which can be
sold as raw material to make hydrocarbons, biogas, and
other fuel sources. Whole crops or parts of crops, or waste
matter from crop products can be used and incorporated into
this system, yielding an “eco-friendly” facility. Products
made from these raw materials can use any of the starting
materials listed in Table 2.

0044) Within the realm of readily available non-biomass/
crop bulk material, HFCS (high fructose corn syrup) is a cost
effective syrup made with fruit sources that contains any
where from 30-90% fructose, along with some other sugars.
Plants that make molasses, HFCS, and other sugars can be
genetically modified to enhance the production of Sugar,
leading to better yields of starting material from the crop.
Other products from these plants can also be incorporated
into compounds of interest production via slight system
modification. Biodiesel, ethanol, glycerol, lactic acid, whey
and glucose are a few others. These work due to the fact that
any of these products can be converted into starting material
for our own purposes using enzymatic or physiochemical
tools.

0045 Plants also have their own innate levels of metabo
lites that can be harvested into the process from a plant
biomass source. Processes can be crafted that utilize most of

the metabolites and biomass for API production giving the
maximum efficiency and usability per amount of starting
material used. (Enzyme combinations or chambers that
utilize most intermediates, Sugars, oils, etc. in each biomass
load).
0046 Biorefineries can be custom designed that cater to
specific raw material (plant biomass for harvesting ligno
cellulose which is further processed and refined into a
simple carbohydrate used in the API manufacturing pro
cesses). During certain steps throughout the process, ther
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mochemical and other processing can be used for higher
efficiencies which are not possible with biochemical pro
cessing alone.
0047 Another group of cheap starting materials is agri
cultural residue, grass, aquatic biomass, and water hyacinth.
Products such as oils and alcohols can be made with these

bulk materials. These materials can be converted enzymati
cally and chemically into starting materials that can readily
by injected into our API production system.
0048 Specifically, biorefineries can be designed to be
extremely efficient, using all parts of the raw material. For
example, concerning plant biomass, the biomass can be
step-wise processed so we are able to harvest all individual
components. The first step can be using solvent to extract
terpenes, alkaloids, etc. Other methods can be used to extract
steroids, triglycerides, and other valuable metabolites.
Finally the biomass can be treated with cellulases to give
glucose, which is one of the primary raw materials of choice.
Production Roadmap Summary
0049. The present invention is a method that covers the
bio-synthesis of hundreds of compounds, mainly found in
the cannabis plant. The starting material for these com
pounds can be any biological compound that is used/pro
duced in a biological organism from the Sugar family
starting materials or other low cost raw materials processed
via enzymes or within organisms to give final products.
Information related to the starting materials were detailed in
the previous section.
0050 Most sugars and related compounds can be inter
changed using various enzyme systems. For example, we
can convert glucose to fructose using Fructose 6-Phosphate
(F-6-P) as an intermediate.
0051 Apart from starting materials, we can either:
0.052 1) Make enzymes via vectors in bacteria (e.g. E.
coli) or yeast (e.g. S. cerevisiae), extract enzymes, and
create in vitro models for making cannabinoids.
0053 2) Make enzymes via protein synthesizing sys
tems (Protein Synth. Robot, Cell Free Expression Sys
tems, etc.)
0054 3) Make final products (compounds of interest)
in bacteria or yeast via vectors, plasmids, cosmids,
mRNA, various RNA, etc.; feed them substrate and

purify product.
0055 4) Genetically engineer strains of bacteria and
yeast that specialize in cannabinoid production, or
intermediate production, or Substrate production, etc.
0056 5) Use organic chemistry for certain parts of the
above processes.
0057 6) Use various plant starting material for large
quantities of Substrates or intermediates.
0.058 7) Genetically engineer various plants to pro
duce cannabinoids. (e.g. Tomatoes or celery that natu
rally produce cannabinoids, or algae that produces
cannabinoids)
0059) 8) Using bioengineered or unengineered C.
sativa or any other plant/algae cell lines for enzyme?
Substrate/intermediates/product(s) production.
0060 9) Protein engineering on the various proteins
involved in the processes; engineering will enhance the
functionality, ruggedness, and efficiency of the
enzymes, and altering them into a novel protein, one
not found to be covered in any of the above prior art
patents.
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0061 10) Genetically engineer various plant species to
produce higher yielding raw material (Sugars) to be
used in production of the products. A possibility is to
have an indoor/grow for different plants to be used as
raw material producers.
0062. After the final product is made, a purification
system will filter and concentrate the target molecules.
Examples include large scale filtration systems such as
chromatography. Once a pure product, we can utilize liquid
Solutions, caps, sprays, and other delivery systems.
0063 As many of these final products are made, their
applications can be seen from glaucoma to cancer, or general
well-being. Certain cofactors can be combined with certain
final products for more efficacy against specific medical
conditions (e.g. combine certain vitamins or other therapeu
tic compounds with certain compounds of interest). We can
also make final products that have certain combinations of
compounds of interest with other cofactors as well (e.g.
combine THCA/CBDANitamin C, or CBDVA/CBD). This
patent covers all the products above and also ones discov
ered in the future based on the same principles and methods.
DETAILED DESCRIPTION OF THE FIGURES

0064 Referring now to the invention in more detail, in
FIG. 1 there is shown a family of sugars and other common
derivatives. Along each arrow for each reaction, the number
denotes a specific enzyme that catalyzes the reaction. Start
ing with any sugar in Figurel (list of starting materials in
Table 1), we can convert it to glucose to incorporate it into
the reaction using the appropriate enzyme, as known to those
skilled in the art. An unlimited number of ways are possible
when dealing with any starting material, as described above.
Enzymes needed for each kind of substrate can be made in
vivo or in vitro just as we will be doing for the enzymes in
the final product or intermediate production. The final Sugar
that enters our mechanism will be either glucose or fructose.
Through the glycolysis pathway, the Sugar will be converted
into Acetyl-CoA with the addition of ATP and CoA (shown
in FIG. 1). From this point on, the intermediate can follow
a variety of paths that can lead to hundreds of products.
There are many alternative ways of doing this. We can use
the DOX, MEP or MVA pathways to get IPP and DMAPP,
which give us GPP and NPP. For a reaction with Olivetolic
Acid or Divarinolic Acid, we get many cannabinoids as final
products.
0065. The generalized pathway for the production of
cannabinoids once the starting material is converted to
glucose is the following, using appropriate enzymes as
known by those skilled in the art:
0.066 Glucose->Fructose->F-6-P->FI:6BP->3-PGlyceraldehyde->1,3-BPG->3PGA->2-PGA->PEP
->Pyruvate->Acetyl-CoA->Acetoacetyl CoA->HMG
CoA->MVA->Mevalonic

Acid-sMevalonate-5-

P->Mevalonate-5-PP->Isopentyl-5PP->Dimethylallyl-PP->NPP/GPP->GPP
0067. This general pathway is outlined in FIG. 1. From
this point on, the pathway can utilize Olivetolic Acid or
Divarinolic Acid with GPP yielding CBGA or CBGVA,
which can further yield other cannabinoids, as shown in
FIG 2.

0068. The pathways for stilbenoids, phenylpropanoids,
and flavonoids work in a similar fashion. Phenylalanine is
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generated from Sugars, which is then further processed into
other compounds using enzymes to final compounds, as
shown in FIG. 3 and FIG. 4.

0069 Phenolic amides and lignanamide pathways are
derived from tyramine molecules reacting with other com
pounds, as shown in FIG. 5. Tyramine can also be synthe
sized in our cells of interest as most living organisms contain
the pathway to synthesize tyramine on their own. Same is
the case for spermidine alkaloid production, as most cells
already produce glutamic acid, which can be further pro
cessed by enzymes into the final components, as shown in
FIG. 6.

0070 FIG. 7 is the total pathway overview, showing how
all the different classes of compounds can be made, and the
general paths they take for being biosynthesized in the cell.
Overview of Procedure

0071. A general scheme of the work flow is as follows:
0072 1) Regular/modified/synthetic gene(s) of select
enzymes are processed and inserted into an expression
system (vector, cosmid, BAC, YAC, phage, etc.) to
produce modified hosts.
(0073. 2) Mod host is then optimized for efficient
production and yield via manipulation, silencing, and
amplifying inserted or other genes in the host, leading
to an efficient system for product. It is important to
remember that every organism is different, and to get a
specific compound each optimization will also be dif
ferent.

0074 3) Mod host can produce enzymes and final
products/intermediates, or be further modified using
host engineering techniques. (Host engineering Can
also be performed before insertion of exp. System)
0075 4) Mod and engineering hosts produce products
and intermediates.

(0076 5) Product is purified and can be further modi
fied/processed.
0077. In Table 1, different final products are listed along
with possible uses. This list is by no means exhaustive, and
as Such this patent covers any molecules that are made this
way. Table 2 lists all possible starting materials that can be
utilized for a cheap and efficient biosynthesis.
0078. In more detail, referring to the inter-conversion of
Sugars, we employ enzymes readily available in the market.
Pure enzyme stock can be diluted and added to a solution
with the substrates. Once the reaction is complete, we can
filter out the enzyme via dialysis tubing, by precipitation out
of the solution, chromatography, or other industrial methods
for filtration and purification. Each step in FIGS. 1 to 7 will
give work with this strategy, leading us up to the final
products or key intermediate molecules. Certain steps in the
process can be worked on by using chemical and physical
methods as well. For example, prenylation of certain com
pounds can be done outside the cell, as it may be advanta
geous to do so since unprenylated compounds are also high
value compounds. Small batches can be prenylated accord
ingly to demand via a chemical process.
0079. There are also commercially available cell free
expression systems, which are able to produce proteins
without the need of any host. With appropriate optimization
steps, it is possible to get a cheap and efficient process for
production of these compounds using identified starting
molecules.
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Application Techniques
0080 Referring to bacterial, yeast, plant, and algae incor
poration of genes, there are a number of strategies that can
be applied to achieve this. We can:
0081. 1) Add genes for 1-10 enzymes in various com
mercially available vectors, cosmids, plasmids, etc.
Only need 1-10 enzymes added, as others are already
built in most living organisms. For example, glycolysis
pathway and related enzymes are already present in
most hosts.

0082 2) Bioengineer genes for better yield and suit
ability in the host.
0.083 3) Bioengineer strains of bacteria and yeast that
are specialized in producing important molecules.
Many metabolic strategies exist, with identification by
appropriate Screening methods:
I0084. 1) Rational metabolic engineering: engineer
ing pathways using available information
I0085 2) Evolutionary engineering: using random
genetic perturbations and/or mutations (via random
mutagenesis in whole genome and/or parts)
I0086 3) Transposon mutagenesis & gene overex
pression libraries: overexpression and/or deletion of
single or multiple genes;
I0087. 4) Global transcription machinery engineer
ing: basal transcription factors mutagenesis causing
a global reprogramming of gene transcription and/or
translation

0088 One strategy is to suppress any pathway that is
not essential to our goals or the Survival of the host.
I0089 Another is to enhance our key pathways, or mixing
and matching the two methods. The second strategy is
through rapid directed evolution, possible by producing
many generations So eventually we get a generation of host
that has evolved with our genes/functions of interest.
0090 4) Bioengineer custom basic life forms that are
specifically making our products, using another organ
ism or using synthetic/modifications. Components
from other hosts and system to make a custom organ
1S.

0.091 5) Bioengineer bacteria and yeast to have
enzyme genes in their chromosomes, and make inter
mediates or final products inside the host. The product
of this process can further be modified.
0092 6) Propagate various colonies of organisms
which co-exist symbiotically, with the first making our
starting material after utilizing a precursor, and the
other colonies making our final product. This process
can also be incorporated into an ecosystem type setup
of different chambers, each holding different organisms
that use specific parts of the raw material to produce
intermediates or final products that can be modified
post-manufacturing.
0093. Referring to the extraction of enzymes once they
have been produced in the host, there are many ways to
isolate and purify our enzymes. Many organisms have the
ability to excrete proteins, which can be collected much
easier than cell lysis, as known by those skilled in the art.
This technique is the preferred method.
0094. Another method is to lyse the host culture and
purify with traditional biochemistry methods (gels, centrifu
gation, ammonium sulfate precipitation, etc.), use a special
ized nickel column with a prep HPLC (need to add a HIS tag
to our proteins; remove HIS tag after purification), etc.
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Example

0106 ERG genes (ERG6, ERG2, ERG3, ERG1,

Bacterial

ERG12, ERGS, ERG19, ERG20)
01.07 HMGR1 and HMGR2
0108 IDI genes
0109 Gal80p
0110 DPP1, ADH2, and ALD6 genes
0111 FPP/GPP synthase (chose avian FPP synthase as
it exhibits higher catalytic turnover rates and lower
Kms for substrates than other prenyltransferases)
0112 Manipulation, deletion, overexpression, and other
modifications to the genes listed above will produce strains
that are highly efficient for the production of our compounds
of interest. These strains have an exogenous sterol uptake, as
the internal sterol pathway has been disabled by manipula

0095 Bacteria (E. Coli, etc.) are inserted with exp. sys
tem giving us a modified host. The mod host can either be
further processed or it can generate products. Products/
intermediates are made in the host, and may be either
enzymes that are further extracted and used in vitro, or we
add substrates into the bacterial culture so they use the
enzymes produced in them to make the substrate. Either way
(protein or prod production), purification is carried out to get
final products, or intermediates that can be further processed
in vitro to give final products. Throughout this procedure,
host engineering can be carried out at any step of any
process to get better yields.
Example 2
Plants

0096 Plant tissue can be used as a starting material to get
a tissue culture going. Appropriate expression vectors/sys
tems carry our interest genes into the cells. Alternatively, cell
engineering can lead to many combinations that may have
similar or different outcomes. The culture can be grown into
full plants, and products are ingested by consuming the
plants (e.g. tomatoes with certain cannabinoids produced
within, etc.). The second way uses the cell culture in a
synthetic environment to produce final products/intermedi
ates. Finally, product is purified and used.
Example 3
Algae
0097 Algae are modified with the usual techniques used
for host engineering. Once completed, the mod host can be
embedded into a system similar to biofuel production from
algae. Using Sunlight and some nutrients, the algae produces
final products/intermediates, which is appropriately filtered
from the bulk. Other products generated can be further
processed to get biofuels or other important compounds that
can readily be sold in the market.
Example 4
Fungi
0098. Fungi modified with the techniques can:
0099. 1) Use plastic to produce final products/intermedi
ates. Plastic needs to be processed and broken down into
components before being used in this process via chemi
cal and biological processes, known by those skilled in the
art.

0100 2) Clean up waste, whilst producing final products/
intermediates at the same time.

0101 3) Produce beer and wine with fungi that also
makes final prod/intermediates. Beer and wine will con
tain our compounds of interest.
0102) 4) Use fungi cultures to produce compounds of
interest.

0103 5) Genes for S. cerevisiae strains to be modified for
better yields of final products:
01.04

thMGR
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0105 upc2-1 (allows higher uptake of exogenous ste
rol five-fold from medium)

ERG11, ERG24, ERG25, ERG9, ERG10, ERG13,

tions so that all the carbon flux can be directed toward the

production of our compounds of interest. Example of
genetic pathway regulation in yeast is shown in FIG. 8.
0113 Our initial strategy in S. Cerevisiae was to increase
the carbon flux of our pathways of interest, while decreasing
or eliminating pathways that led carbon flux away from our
pathways as well. We also focused on exogenous sterol
uptake for higher production and secretion levels, cell per
meability for more efficient and cheaper production, along
with focusing the pathways on utilizing the cheapest Sugars.
Dynamic control over ergosterol regulation can increase
yields as well. Overall result is a strain that is has increased
yield many fold, while making the overall production more
stable and cheaper.
0114 1) Perform EMS mutagenesis on yeast strains
(BY4741, BY4742, CEN.PK, CEN.PK2, EPY300) to
get colonies with a SUE (Sterol uptake exogenous)
mutation. This enables us to provide exogenous sterol
to the yeast while cancelling out the gene that diverts
carbon flux towards ergosterol, thereby increasing total
carbon flux. Without the SUE mutation, the cell diverts

lots of carbon flux toward manufacturing sterols,
thereby diverting the pools of intermediates away from
our compounds and interest leading to very low yields.
0115 2) Perform ERG1 and ERG9 gene knockouts.
ERG1 knockout stops the activity of conversion of
squalene to squalene epoxide, thereby complementing
the SUE mutation and allowing higher uptake of exog
enous ergosterol, while ERG9 knockout takes out the
cells ability to divert carbon flux towards other metabo
lites.

0116. 3) On some lines, we can perform a DPP1
knockout. DPP1 knockout ensures that FPP/GPP are

not converted to FOH, thereby blocking the pathway
towards FOH products in the cell.
0117 4) Perform ERG2, ERG3, or ERG6 mutations in
different cell lines, while performing upregulation
mutation on upc2-1 gene (general transcription factor)
on all three lines. This helps increase cell membrane
permeability for better excretion of our compounds
without the need for cell lysis and having the ability to
use two-phase or continuous fermentation. This also
allows the cells to uptake more fatty acids, thereby
increasing the yield many fold.
0118 5) Overexpression of ERG10, ERG13,
HMGR1/2 or tEIMGR, ERG12, ERG8, IDI11, HFA1

genes in yeast inserted via vectors. By overexpression
of these genes, we are amplifying the enzymes of the
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MVA pathway from the Sugars to our compounds,
thereby amplifying the intermediates and final prod
uctS.

0119 6) Modification of avian and/or salmonella
ERG20 gene encoded FPP synthase (ERG20p). Some
cells lines can also be modified using the Erg20p
(F96C) mutations. This allows for higher Kms and
increased catalytic turnover compared to endogenous
GPP synthase, while the engineering itself allows for
production of GPP
I0120) 7) Gal80p gene deletion so we do not need to use
galactose Sugar when inducing promoter expression.
This is important since others have used galactose
promoters, which need expensive galactose Sugars for
production. By deleting this gene, the cells bypass the
need for galactose to express enzymes, leading to
cheaper and more efficient biosynthesis.
I0121 8) Adding ADH2p promoter to induce strong
transcription under conditions with low glucose. This
promoter is more efficient than the GAL promoter, and
has best results while using non-glucose Sugars (etha
nol, fructose, etc.) which are cheaper.
0.122 9). On some lines, we also overexpress ADH2
and ALD6 genes, along with overexpression of an
acetyl-CoA C-acetyltransferase to increase efficiency
of the system, while also gaining the ability to convert
ethanol to acetate efficiently.
I0123 10) Adding and overexpressing enzymes for the
production of CBDA (OS-OAC fusion enzyme, CsPti,
CBDA Synthase), constructed in a single vector. These
enzymes are codon optimized.
0.124. 11) Grow colonies while adding free fatty acids,
and hexanoic acid (for THCA, CBDA, CBGA, CBCA)
or butyric acid (for THCVA, CBDVA, CBGVA,
CBCVA).
(0.125 12) For production of THCA/THCVA, use
THCA synthase in step 10 instead of CBDA synthase.
For production of CBGA/CBGVA, follow step 10 but
don’t use CBDA synthase in vector construct. For
production of CBCA/CBCVA, use CBC synthase in
step 10 instead.
0126 Our strategy for Pichia pastoris (Pichia Pink 1, 2,
3 from Invitrogen) yeast was similar to S. Cerevisiae, except
for the following differences:
0127 1) Each enzyme, vector, and primer were opti
mized for insertion into pichia cells instead of S. cerevi
Siae.

0128 2) Methanol is used to supplement cells in addition
to free fatty acid, hexanoic acid, and butyric acid, thereby
reducing the total cost of production many fold, while
eliminating any contamination issues from other species.
0129 3) No EMS mutagenesis is performed.
0130 4) Knockouts of pep4 (encoding Proteinase A),
prb1 (encoding Proteinase B), and YPS1 genes are also
introduced. These knockouts allow for the integration of
high copy plasmids leading to higher yields.
0131 5) Steps 7, 8, and 9 from the S. cerevisiae strategy
above are not to be performed in pichia cells.
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Example 5
Cell Free Expression Systems
0.132. Vectors are introduced into cell free expression
systems, and make either enzymes or intermediate/final
products. Further processing or steps are needed to get
purified final products.
Procedures

EMS Mutagensis (S. Cere.: BY4741, BY4742, CEN.PK,
CEN.Pk2, BY300)
(0.133 1) Cells incubated overnight (a)30 C in 5 mL TPD
medium while shaking (a 200 rpm to establish 200 mL
YPD shake flask culture.

I0134) 2) When OD600 of yeast culture reaches 1.0, cells
are spun down by centrifugation (12 mins at 4,000 g),
washed twice with 20 mL 0.1M sodium phosphate buffer,
pH7.0.
0.135 3) Cells concentrated by centrifugation again, re
suspended in 1 mL 0.1M sodium phosphate buffer, trans
ferred to 30 mL FALCON tubes, treated with 300 uL EMS

(1.2 g/mL).
(0.136 4) Cells are incubated at 30 C for 1 hr while
shaking.
0.137 5) Stop mutagenesis by adding 8 mL of sterile 5%
Sodium thiosulfate to yeast cells.
0.138. 6) Cells are pelleted, washed with 8 mL sterile
water, concentrated by centrifugation, re-suspended in 1
mL sterile water and 100 uI aliquots plated into YPD
NCS agar plate (YPD+50 mg/L each of cholesterol,
nystatin, Sqalestatin, and 2% Bacto-agar).
0.139 7) In some instances, washed cells were resus
pended in 1 mL YPDE liquid media for overnight recov
ery before plating to YPD-NCS agar medium.
0140) 8) Incubate cultures for up to two weeks at 30 C
until distinct colonies are visible.

Bacteria & Yeast Culturing
0.141 1) Grown using standard culture practices.
0.142 2)YPD media without selection consisted of 1%
Bacto-yeast extract, 2% Bacto-peptone, and 2% glu
COSC.

0.143 3) Add 40 mg/L ergosterol to YPD media to get
YPDE media.

0144. 4) Add 40 mg/L each of nystatin, cholesterol,
and squalestatin to YPD media to get TPDNCS media.
0145 5) Add 40 mg/L each of ergosterol and squal
estatin to YPD media to get YPDSE media.
0146 6) Prepare minimal media, SCE (pH5.3), by
adding 0.67% Bacto-yeast nitrogen base (without
amino acids), 2% dextrose, 0.6% succinic acid, 0.14%
Sigma yeast dropout Soln (-his, -leu, -ura, -trp), uracil
(300 mg/L), L-tryptophan (150 mg/L), L-histidine (250
mg/L), L-methionine (200 mg/L), L-leucine (I g/L),
and 40 mg/L of ergosterol.
0147 7) Cholesterol and ergosterol stocks are 10
mg/mL in 50% Triton X-100, 50% ethanol and kept at
-20 C.

0.148 8) Selection media prepared similarly except
without supplementation of media with indicated
reagent based on the yeast auxotrophic markers.
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0149 9) All solid media plates are prepared with 2%
Bacto-agar.
Yeast Transformation & Culture Performance

(O150 1) Used FROZEN-EZ Yeast Transformation II
Kit from Zymo Research, Orange, CA, according to
manufacturer's recommendations.

0151. 2) lug of plasmid was used per transformation,
followed by selection on agar plates of SCE medium
lacking specified amino acids for auxotrophic markers,
or YPDE containing 300 mg/L hygromycin B for
Screening erg9 knockout at 30 C.
0152 3) Colonies are picked and used to start 3 mL
cultures in minimal media to characterize their terpene
production capabilities. (6 days incubation at 30 C
while shaking)
0153. 4) Best cultures are chosen to move further,
using 30 mL shake flask cultures.
0154 5) Cultures are grown to saturation in minimal
media, inoculated into 30 mL SCE media and 1 mL

aliquots are taken out daily for 15 days.
0155 6) Cell growth is monitored via change in optical
density at 600 nm every two days using dilutions at
later stages of growth.
0156 7) Production of terpenes is determined via
testing.
ERG9 Knockout Mutations

O157 1) Primers ERG9PS1 and ERG9-250downS2
used to amplify hygromycin resistance gene, hphNT1,
from the pFA6-hph-NT1 vector.
0158 2) Simulataneously add 42 bp nucleotide
sequences homologous to regions Surrounding ERG9
gene in yeast genome.
0159) 3) Purified PCR fragment is transformed into
various cell lines identified in phase 2 with the ability
to accumulate farnesol and selected on YPDE plates
containing 300 mg/L hygromycin.
0160 4) Independent single colonies are picked for
ergosterol dependent test, PCR confirmation of recom
bination with hphF and ERG9 450DWR primer.
0.161 5) Farnesol production analysis done by GC
MS/LC-MS.

ERG1 Knockout Mutations

(0162. 1) Primers ERG1F and ERG1R used to amplify
the Sqalene epoxidase synthase ERG1 gene by using
Takara high fidelity Primerstar taq polymerase.
0163. 2) Obtained PCR fragment is gel purified. A
tailed and ligated into the pGEM-Teasy vector.
0164. 3) Obtained vector is used as template to run
second PCR with primers Erg1-splitF and EGR1-splitR
to obtain PCR fragment with deletion of 8916 bp CDS
in the middle, yet containing 310 bp at 5' end region
and 291 bp at 3' end region of ERG1 gene which are the
target homologous recombination sequence for ERG1
knockout.

0.165 4) After digestion with BamHI, self-ligation, and
transformation to DH5alpha competent cells, resulting
vector is pGEM-ERG1-split.
0166 5) Padih-Kanmx4-Tcyc-LoxPantibiotic selection
marker cassette is constructed by assembly PCR of
three fragments.
(0167 6) Padh promoter is PCR amplified with Padh
loxP-ManHIF and Padih-Kanmx4R primers using
Yep352 vector as a template.
0168 7) Kanmx4 selection gene is PCR amplified
using Padh-kanmX4F and Tcyc-kanmX4R primers
using PYM-N14 plasmid as a template.
(0169) 8) Tcyc terminator was PCR amplified with
Padh-loxP-BamHIF and Padih-Kanmx4R primers using
Pesc vector as a template.
0170 9) 3 PCR fragments containing homologous
regions with each other were gel purified and 250 ng of
each fragment were mixed together to serve as template
for the secondary assembly PCR reaction to yield
pAdh-Kanmx4-Tcyc-LoxP cassette.
0171 10) Cassette is digested and inserted into pGEM
ERG1-split vector, and used as template to run PCR
with ERG1F and ERG1R to get PCR fragment used to
generate cell lines.
0172 11) Pgpd-thMGR-Tadh fragment was amplified
from Pesc-Gpd-leu-th MGR vector with primers GPD
BamHIP and Tadh-XholIR.

(0173) 12) Insert fragment into pGEM-ERG1-split vec
tor containing kanmX4 cassette.
0.174 13) Use construct as template to amplify with
ERG1F and EGR1R primers to gain the fragment for
building slightly different cell lines, which include
integration of one copy of thMGR into the ERG1 gene.

Primer name

Primer Sequence

ERG9pS1
(SEQ ID NO 1)

GTACATTTCATAGCCCATCTTCAACAACAATACCGACTTACCCGTACG
CTGCAGGTCGAC

ERG9 25 OdwS2

CAGATTGACGGAGAGAGGGCCACATTGTTTGTCGGAATAAATCGAT
GAATTCGAGCTCG

(SEQ ID NO 2)

Hph F
(SEQ ID NO 3)

ATGGGTAAAAAGCCTGAACTCA

Hph R.
(SEQ ID NO 4)

TTATTCCTTTGCCCTCGGACGAG

ERG9 45OcWR

AGATGCTAGTCAATGGCAGAAG

(SEO ID NO 5)
WEG9p3 OOupF
(SEQ ID NO 6)

TGCTTACACAGAGTGAACCTGC
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Expression of Enzymes for Cannabinoid Production
OLS 5' FWD

A11 REV

SEQ ID NO 33

SEQ ID NO 31
Length: 55

Length:

Type: DNA

58

Type: DNA

Organism: Artificial Sequence
Organism: Artificial Sequence

Notes: Primer

0175

Notes: Primer

Gcatagcaatctaatctaagtttaaa atgaat catttgagagcagaa
gggCCtgc

0.177
catalactaattacatgatttaaccTAAACATCAGATTCAATAGAGCCGCC

CB 5' FWD

TCCACTG

SEQ ID NO 32
Length: 56

thase target peptide

Backbone|CBGA

synthase Flexible spacer|CBD syn

Type: DNA

Organism: Artificial Sequence

SEQ ID NO 34

Notes: Primer

Length:

(0176)

Type: DNA

Caccagaact tagtttcgacggataaa atggaalaccggtttgtc.ct cqg
tittgcac

0178 Organism: artificial sequence

Notes: Codon optimized
ggittaaatca tgtaattagt tatgtcacgc

ttacattcac

gcc citcc.ccc cacat cogct

ctaaccaaa aggaaggagt taga caac ct gaagtictagg

t cc citatt ta. titt titt tata

12

gttatgttag tattaagaac gttatttata

18

cgcgtgtacg catgtaacat tatactgaaa accttgcttg agalaggttitt gggacgct C9

24

aaggctittaa tttgcggCCC ct cacctgca cgcaaaatag gataattata

tttcaaattit ttctttitt tt

tctgtacaga

c to tattt ct

caacaagtaa ttggttgttt gg.ccgagcgg tctaaggcgc citgattcaag aaatat cittg
36

acco cagtta actgtgggaa tact caggta tcgtaagatg Caagagttcg aatct cittag

42

Caac Cattat tttitt toctic

48

aaattic gatg actggaaatt ttttgttaat ttcagaggto gcc tacgca

54

tdaactgaaa aattgggaga aaaaggaaag

60

gaatagagaa gcgttcatga ctaaatgctt gcatcacaat actitgaagtt gacaat atta

66

tittaaggacc tattgtttitt to caataggit ggittagcaat cgt.ct tactt

72

cit tacct titt

78

totgcc ccta agaagat.cgt. cgttittgc.ca ggtgaccacg ttggtcaaga aat cacagcc

84

gaagcc atta aggttcttaa agct atttct gatgttcgtt c caatgtcaa gttcgattitc

90

gaaaat catt taattggtgg tgctgctato gatgct acag gtgttccact tccagatgag

acattt cago

aacatalacga galacacacag gggcgctatc gcacagaatc

aatatatata tatatatt to

tatacct titt

cggalaccggc tttitcatata

totaacett tt

aaggatatac cattctaatg
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- Continued

st O

ttggtgctga gcctgatgaa totgtcggtg aaagaccaat ttittgaactg gttt coactg

576

gtcaaac cat tttgccaaat to agaaggta Ct attggcgg ccatat caga gaagctggitt

582

taatctittga tttgcacaag gatgtcc caa tgttaatttic

Caataatatt

gaaaaatgtt

588

tgatcgaagc

tt coat cit to

tggattacac

594

atcCtggcgg taaagctatic ttagataaag ttgaggagaa gttgcattta aagttctgaca

6 OO

aatttgttga ttcaaga cat gt cctgtctg agcacggtaa tatgtc.ttcc to gaccgt.ct

atttacCCCC

atcqg tattt Ctgattggaa

tgtttgtcat ggatgagttg aggalagaggit cc ctggalaga aggcaa.gagc accaccggtg
61.2

acggttittga gtggggggtC ct ctittggat ttgggcCagg cc td accqta gaaagggttg

618

ttgtc.cgctic ggtgccaatc aaatatggtg gggggtc.ca.g cgc.cggtggc gggagctic.cg

624

cgggcggttg gtc.t.c accca caatttgaaa agggtggcag Cagcgg.cggc ggctctggcg

630

gaggctic.cgg cgggggctcg ggggg tatgg ctgtcaa.gca totgat cqtg ctgaagttca

636

aagatgaaat tactgaagcc caaaaggagg

642

aCatcattcC

agcaatgaaa gatgtttatt gggg talagga cgtt acticaa aaaaataagg

648

aagagggitta

CactCatatt

654

at attattoa

to cagot cat gttgggtttg gcgatgtgta cagat cattt tgggaaaaat

660

tattgattitt tgact acaca ccaagaaaag gcggtggaag Cagtggaggc ggct ct attg

666

aatctgatgt ttaatag

aatttitt Caa

gacatatgtt aatttggitta

gttgaagttca ctitt cqaatc cgt.cgaalaca attcaagatt

Overexpression of ERG8, HFA1, ERG 10, ERG13, thMGR,
HMGR, ERG12, ERG8, IDI Genes (for Higher Levels of
Intermediates)
Same process as expression of Synthase expression, but with
3 copies expressed in yeast cells.
Backbone|GGPS12a protease HMG-CoA reductaselflex
ible spacer|IDI1

SEQ ID NO 36
Length:
Type: DNA
0181 Organism: artificial sequence
Notes: Codon optimized

atggagaaga citcaagaaac agtic caaaga attcttctag

aac Cotataa. a tact tactt

cagttaccag gtaaacaagt gagaac caaa ctitt cacagg

catttaat Ca

ttggctgaaa

12

gttccagagg acaa.gctaca gatt attatt gaagtgacag aaatgttgca taatgccagt

18

ttact catcg atgatattga agacaactica aaactic coac gtggctitt Co agtggcc cac

24

agcatc tatg gaatcc catc tdt catcaat tctgccaatt acgtg tattt CCttggcttg
galgaaagttct taac ccttga t cacccagat gcagtgaagc tttitt accc.g c cagottttg

36

gaactic catc agggacaagg cctagatatt tactggaggg

42

gaagaagaat ataaagct at ggtgctgcag aaaacaggtg gactgtttgg attagcagta

48

ggtcticatgc agttgttct c tdattacaaa gaagatttaa aac cqctact

54

gggcticttitt t ccaaattag gigatgattat gctaatctac act coaaaga atatagtgaa

60

aacaaaagtt tttgttgaaga t ctgacagag ggaaagttct

66

atttggtcaa ggcctgaaag CaccCaggtg cagaatat ct tgcgc.cagag aacagaaaac

72

at agatataa aaaaatactg td tacatt at Cttgaggatg taggttctitt tgaatacact

76

cgtaat accc ttaaagagct taa.gctaaa gcc tataaac agattgatgc acgtggtggg

84

alacc Ctgagc tagtag cctt agtaaaacac ttalagtaaga tgttcaaaga agaaaatgaa

90

gg.cggttctg gcagcggaga giggcagagga agt cittctaa Catgcggtga cgtggaggag

ataattacac

cattt cottac

ttgtc.ccact

taatacaCtt

tatt catgct
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- Continued
33 O1

tttct ctitta aatggtggga taacttaaat catttgaatc agitttgttga ccatgagaaa

3361

atatacagaa td

ERG2, ERG3, and ERG6 mutations/deletions for increased

membrane permeability
0182 Same process as ERG9 knockout, but targeting
ERG2, ERG3, and ERG6 genes.

ERG20p Modification
0183) We experimented with a few types of ERG20
genes, (avian, salmon entrica, and human). Currently we are
still trying to see which is the best by engineering the
ERG20p gene into a FPP synthase, thereby creating a new
enzyme that can create GPP instead at high rates.
Gal80p Deletion/Mutation for not Needing Expensive
Galactose to Induce Promoter

0184 Induce mutation in Gal80 gene by site directed
mutagenesis.
Using ADH2p (Glucose Repressible Promoter) Induces
Strong Transcription with No Glucose, Better than GAL

TABLE 1-continued
Compounds
Cannabidiol

monomethylether (CBDM)
Cannabidiol-C4 (CBD-C4)
Cannabidivarinic acid (CBDVA)
Cannabidivarin (CBDV)
Cannabidiorcol (CBD-C1)
Tetrahydrocannabinolic
acid A (THCA-A)
Tetrahydrocannabinolic
acid B (THCA-B)
Delta-9-tetrahydrocannabinol
(THC)
Delta-9-tetrahydrocannabinolic
acid-C4 (THCA-C4)
Delta-9-tetrahydrocannabinol-C4
(THC-C4)
Delta-8-tetrahydrocannabivarin
(D8-THCV)

Promoter

0185. Same process as Gal80p deletion.
Overexpression of ADH2 and ALD6 (Ethanol to Acetate), as
Well as Overexpression of an Acetyl-CoA
C-Acetyltransferase
0186 Same process as IDI and HMGR overexpression,
but with genes for ADH2 and ALD6.

Pharmacological Characteristics

Delta-9-tetrahydrocannabivarinic
acid (THCVA)
Delta-9-tetrahydrocannabivarin
(THCV)

Euphoriant, analgesic, anti
inflammatory, antioxidant,
antiemetic (1)

Exhibit in vitro pharma
properties similar to
THCV, and both can
antagonize THC:
behave as agonists or
antagonists in dose
dependent manner (2)
Analgesic, euphoriant (1)
Strong antagonist of
anandamide (due to
interactions with non

CB1/2 receptors),
neuromodulator (in

Tables

animal and human

0187 Below is a table of various cannabinoids, along
with their structure and variants and main pharmacological
characteristics as well as a table listing potential starting

due to interaction with
non CB1 CB2

materials.
TABLE 1.

organs), some affects
receptors (2)
Delta-9-tetrahydrocannabiorcolic
acid (THCA-C1)
Delta-9-tetrahydrocannabiorcol
(THC-C1)
Delta-7-cis-iso

Compounds

Pharmacological Characteristics

tetrahydrocannabivarin (D7-THCV)
Delta-8-

Cannabinoids (FIG. 1 and 2)
Cannabigerolic acid (CBGA)
Cannabigerolic acid
monomethylether (CBGAM)
Cannabigerol (CBG)

Cannabigerovarinic acid (CBGVA)
Cannabigerovarin (CBGV)
Cannabichromenic acid (CBCA)
Cannabichromene (CBC)

Antibiotic (1)
Antibiotic, antifungal,
anti-inflammatory, analgesic (1)
Partial agonist at
CB1/CB2 receptors (2)

Antibiotic

Anxiolytic, antipsychotic,
analgesic, anti-inflammatory,
antioxidant, antispasmodic (1)
Ant Schizophrenic, antiepileptic,
sleep-promoting, anti-oxidizing,
anti-inflammatory,
immunomodulation properties (2)

Similar to THC (1)
Several 1-O-methyl
and 1-deoxy-delta-8THC analogs have high
CB2 receptor
affinity (JWH133,
JWH359, trans

(6aR,10aR)-3-(1,1dimethylhexyl)-1-Omethyl-delta-8-THC);

Anti-inflammatory, antibiotic,
antifungal, analgesic (1)

Cannabichromewarinic

acid (CBCVA)
Cannabichromevarin (CBCV)
Cannabidiolic acid (CBDA)
Cannabidiol (CBD)

tetrahydrocannabinolic
acid (D8-THCA)
Delta-8-tetrahydrocannabinol
(D8-THC)

antiemetic effects

similar to THC (2)
Cannabicyclolic acid (CBLA)
Cannabicyclol (CBL)
Cannabicyclovarin (CBLV)
Cannabielsoic acid A (CBEA-A)
Cannabielsoic acid B (CBEA-B)
Cannabielsoin (CBE)
Cannabinolic acid (CBNA)
Cannabinol (CBN)

Sedative, antibiotic,
anticonvulsant, anti
inflammatory (1)
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TABLE 1-continued
Compounds

Pharmacological Characteristics

Cannabinol methylether (CBNM)
Cannabinol-C4 (CBN-C4)
Cannabivarin (CBV)
Cannabinol-C2 (CBN-C2)
Cannabinol-C1 (CBN-C1)
Cannabinodiol (CBND)
Cannabinodivarin (CBVD)
Cannabitriol (CBT)
O-Ethoxy-9-hydroxy
delta-6a-tetrahydrocannabinol
8.9-Dihydroxy-delta-6a
etrahydrocannabinol
Cannabitriolvarin (CBTV)
Ethoxy-cannabitriolvarin (CBTVE)
Dehydrocannabifuran (DCBF)
Cannabifuran (CBF)
Cannabichromanon (CBCN)
Cannabicitran (CBT)

Gamma-Muurolene

Alpha-Cadinene
Alpha-Longipinene
Caryophyllene oxide
Spermidine Alkaloids (FIG. 6)
(+)-Cannabisativine
Palustridine
Palustrine

Spermidine
Anhydrocannabisativine
Phenolic Amides and Lignanamides (FIG. 5)
N-trans-Feruloyltyramine
N-p-Coumaroyltyramine
N-trans-Caffeoyltyramine

Delta-9-cis

etrahydrocannabinol (Cis-THC)
3,4,5,6-Tetrahydro-7-hydroxy
alpha-alpha-2-trimethyl-9-npropyl-2,6-methano-2H-1benzoxocin-5-methanol

(OH-iso-HHCV)
Cannabiripsol (CBR)
Trihydroxy-delta-9etrahydrocannabinol (triCH-THC)
Terpeses/Terpenoids
Analgesic, anti-inflammatory,
antibiotic, antimutagenic
Immune potentiator,
antidepressant, antimutagenic
Sedative, antidepressant,
anxiolytic, immune potentiator

Trans-Ocimene
Beta-Pinene

Beta-Caryophylene

Pharmacological Characteristics

Beta-Elemene

O-oxo-delta-6a

Alpha-Pinene

Compounds
Alpha-cis-Bergamontene

etrahydrocannabinol (OTHC)

Beta-Myrcene

TABLE 1-continued

Grossamide
Cannabisin-A
Cannabisin-B
Cannabisin-C
Cannabisin-D
Cannabisin-E
Cannabisin-F
Cannabisin-G

Phenylpropanoids and Flavonoids (FIG. 4)
Apigenin
Luteolin
Kaempferol

Quercetin
Orientin
Vitexin

Cannflavin A

Anti-inflammatory, bronchodilator,
stimulant, antibiotic,
antineoplastic, AChE inhibitor
Anti-inflammatory, cytoprotective,
antimalarial, CB2 agonist

Cannflavin B

Inhibit prostaglandin E2 in

human rheumatoid synovial cells
Inhibit prostaglandin E2 in
human rheumatoid synovial cells
Stilbenoids (FIG. 3)

Delta-3-Carene

Pulegone
Trans-gamma-Bisabolene
Trans-alpha-Farnesene

AChE inhibitor, sedative,
antipyretic

Cannabistilbene-IIa
Cannabistilbene-IIb
Cannithrene-1
Cannithrene-2

Beta-Fenchol
Beta-Phelland rene

Alpha-Humulene
Guajol
Alpha-Gualene
Alpha-Eudesmol
Terpinolene
Alpha-Selinene
Alpha-Terpineol

Cannabispiran
Isocannabispiran

Sedative, antibiotic, AChE
inhibitor, antioxidant, antimalarial

Acetyl cannabispirol
Alpha-cannabisporanol
Canniprene
Cannabispirone

Fenchone

Camphene
Cis-Sabinene hydrate

TABLE 2

Cis-Ocimene
Beta-Eudesmol
Beta-Selinene

Alpha-trans-Bergamolene
Gamma-Eudesmol
Borneo
Cis-beta-Farnescene
Gamma-Curcumene

Cis-gamma-Bisabolene
Alpha-Thujene
Epi-alpha-Bisabolol
Ipsdienol
Alpha-Yiangene

(Starting Materials)
Sugar based concentrates (High Hemicellulose Glycerol
Fructose Corn Syrup, Molasses)

Glucose

Xylose

Whey

Sucrose
Cellulose

Methanol
Lactic Acid

Biodiesel
Citrate

Ethanol

Lignin

Fructose

Succinic Acid

Arabinose

Biofuels

Biomass

Saccharose

Starch based products

Agricultural residue

Water hyacinth Aquatic biomass
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SEQUENCE LISTING
<16O is NUMBER OF SEO ID NOS: 36
<210s, SEQ ID NO 1
&211s LENGTH: 60
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

223s OTHER INFORMATION: Primer

<4 OOs, SEQUENCE: 1

gtacattt ca tagcc catct tcaacaacaa taccgacitta ccc.gtacgct gcaggtogac

6O

<210s, SEQ ID NO 2
&211s LENGTH: 60
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

223s OTHER INFORMATION: Primer

<4 OOs, SEQUENCE: 2

Cagattgacg gagagagggc cacattgttt gtcggcaata aatcgatgala titcgagctcg

6O

<210s, SEQ ID NO 3
&211s LENGTH: 22
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

223s OTHER INFORMATION: Primer

<4 OOs, SEQUENCE: 3

atgggtaaaa agcctgaact Ca

22

<210s, SEQ ID NO 4
&211s LENGTH: 23
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

223s OTHER INFORMATION: Primer

<4 OOs, SEQUENCE: 4

ttatt cottt gcc ct cqgac gag

23

<210s, SEQ ID NO 5
&211s LENGTH: 22
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

223s OTHER INFORMATION: Pimer

<4 OOs, SEQUENCE: 5

agatgctagt caatggcaga ag

22

<210s, SEQ ID NO 6
&211s LENGTH: 22
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

223s OTHER INFORMATION: Pimer

<4 OOs, SEQUENCE: 6

tgcttacaca gagtgaacct gc
<210s, SEQ ID NO 7

22
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- Continued

LENGTH 19
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 7

Ctcgtggaag tacgcaac

19

SEQ ID NO 8
LENGTH: 32
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 8

cgggat.ccag tittat catta t caatact cq cc

32

SEO ID NO 9
LENGTH: 31
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 9

gggg.cggc.cg cgagct cagt titat catt at C

31

SEQ ID NO 10
LENGTH: 42
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 1.O

gggg.cggc.cg caaaacaatgttgtcacgac ttitt.ccgitat gc

42

SEQ ID NO 11
LENGTH: 37
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 11

gact agttca agctgactitc ttggtgcacg titccttg

37

SEQ ID NO 12
LENGTH: 25
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 12

atgtctgctg ttaacgttgc acctg
SEQ ID NO 13
LENGTH: 22
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

25
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223s OTHER INFORMATION: Primer

SEQUENCE: 13
ttalaccaatc. alacticaccala ac

22

SEQ ID NO 14
LENGTH: 38
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 14

cgggat.ccct cagttgttc gctgctgaca gcgataac

38

SEQ ID NO 15
LENGTH: 44
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 15

cgggat.ccgc tagcgg tacc acatgggtco titt at attga cacg

44

SEQ ID NO 16
LENGTH: 23

TYPE

DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 16

atcagaacaa ttgtc.cagta ttg

23

SEQ ID NO 17
LENGTH: 21
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 17

aatgtact at acaagcct to c

21

SEQ ID NO 18
LENGTH: 4 O
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 18

gggg.cggc.cg Caaaacaatig gagatgctitc gctggggagt
SEQ ID NO 19
LENGTH: 31
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 19

4O
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gact agttta gct cotcaat t cqtcaaagg t

31

<210s, SEQ ID NO 2 O
&211s LENGTH: 42
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

223s OTHER INFORMATION: Primer

<4 OOs, SEQUENCE: 2O

gggg.cggc.cg caaaacaatig gacatgttca gggat.cgc.ca gg

42

<210s, SEQ ID NO 21
&211s LENGTH: 31
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

223s OTHER INFORMATION: Primer

<4 OOs, SEQUENCE: 21

gact agticta atcgc.catct tccagcaggc g

31

<210s, SEQ ID NO 22
&211s LENGTH: 60
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

223s OTHER INFORMATION: Primer

<4 OOs, SEQUENCE: 22

cgggat.ccat aactitcgitat agcatacatt atacgaagtt atgtggaata titt cqgatat

6O

<210s, SEQ ID NO 23
&211s LENGTH: 56
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

223s OTHER INFORMATION: Primer

<4 OOs, SEQUENCE: 23

gcatacaatc aactaagcta agctaaaa.ca atggg taagg aaaag actica cottt c

56

<210s, SEQ ID NO 24
&211s LENGTH: 56
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

223s OTHER INFORMATION: Primer

<4 OOs, SEQUENCE: 24

gaaacgtgag totttt cott acc cattgtt ttagcttagc titagttgatt gtatgc

56

<210s, SEQ ID NO 25
&211s LENGTH: 53
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

223s OTHER INFORMATION: Primer

<4 OOs, SEQUENCE: 25

catttgatgc ticgatgagtt tttctaaatc. c9ctic talacc gaaaaggaag gag
<210s, SEQ ID NO 26

53
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LENGTH: 53
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 26

citcc titcc tt titcggittaga gcggatttag aaaaact cat cqagcatcaa atg

53

SEO ID NO 27
LENGTH: 60
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 27

ggggctagoa taactt.cgta taatgitatgc tatacgaagt tat ctitcgag cqtcc caaaa

6O

SEQ ID NO 28
LENGTH: 30
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 28

cgggat.ccag tittat catta t caatact cq

3O

SEQ ID NO 29
LENGTH: 31
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 29

gggctic gagg agc gacct catctatacct g

31

SEQ ID NO 3 O
LENGTH: 22
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer

SEQUENCE: 3 O

ttagaaaaac to atcgagca to

22

SEQ ID NO 31
LENGTH: 55
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

OTHER INFORMATION: Primer, OLS 5'
SEQUENCE: 31

gCatagcaat Ctaatctaag tittaaaatga at catttgag agcagaaggg cctgc
SEQ ID NO 32
LENGTH: 56
TYPE: DNA

ORGANISM: Artificial Sequence
FEATURE:

55
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<223> OTHER INFORMATION: Primer, CB 5' FWD
<4 OOs, SEQUENCE: 32

Caccagaact tagttt cac ggataaaatg gaalaccggitt tdt CCtcggit ttgcac

56

<210s, SEQ ID NO 33
&211s LENGTH: 58
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

<223> OTHER INFORMATION: Primer, ALL REV
<4 OOs, SEQUENCE: 33

catalactaat tacatgattit aacct taaac atcagattica atagagcc.gc ct c cactg

58

<210s, SEQ ID NO 34
&211s LENGTH: 8933
&212s. TYPE: DNA

<213> ORGANISM: Artificial Sequence
22 Os. FEATURE:

<223> OTHER INFORMATION: Codon Optimized
<4 OOs, SEQUENCE: 34

ggittaaatca totaattagt tatgtcacgc titacatt cac gcc ct coccc cacatcc.gct

6O

ggittaaatca totaattagt tatgtcacgc titacatt cac gcc ct coccc cacatcc.gct

12 O

ctaaccalaa aggaaggagt tag acaacct gaagttctagg tocct attta ttitttittata

18O

gttatgttag tattaagaac gittatttata tittcaaattt ttcttitttitt totgtacaga

24 O

cgcgtgtacg catgtaac at tat actgaaa accttgcttg agaaggttitt gggacgctcg

3OO

aaggctittaa tittgcggc cc ct cacctgca cqcaaaatag gataattata citc tatttct

360

Caacaagtaa ttggttgttt ggc.cgagcgg totaaggcgc Ctgattcaag aaat atcttg

42O

accgcagtta actgtgggaa tact Caggta t cqtaagatg Caagagttctgaatct Cttag

48O

caac catt at ttttitt cotc aacataacga gaacacacag giggcgctatic goacagaatc

54 O

aaattic gatg actggaaatt ttttgttaat titcagagg to goctogacgca tatacct titt

6OO

t caactgaaa aattgggaga aaaaggaaag gtgaga.gc.gc cqqaaccggc titt to at at a

660

gaatagagaa gogttcatga citaaatgctt gcatcacaat acttgaagtt gacaat atta

72 O

tittaaggacc tattgtttitt to caataggt gigttagcaat cqtct tact t t ctaacttitt

78O

cittaccttitt acattt cago: aatatatata tatatatttic aaggatatac cattctaatg

84 O

tctgcc ccta agaagat.cgt. c9ttittgcca ggtgaccacg ttggt caaga aat cacagcc

9 OO

gaagcc atta aggttcttaa agctatttct gatgttcgtt coaatgtcaa gttcgatttic

96.O

gaaaat catt taattggtgg totgctato gatgctacag gtgttcc act tccagatgag

O2O

gcgctggaag cct coaagaa ggctgatgcc gttttgttag gtgctgtggg toggtc.ctaaa

O8O

tggggt accg gtagtgttag acctgaacaa ggttt actaa aaatc.cgitaa agaacttcaa

14 O

ttgtacgc.ca acttaaga cc atgta actitt gcatc.cgact citcttittaga cittat ct coa

2OO

atcaa.gc.cac aatttgctaa agg tactgac titcgttgttgtcagagaatt agtgggaggt

26 O

attt actittg gtaagaga aa ggaagatgat ggtgatggtg tcgcttggga tagtgaacaa

32O

tacaccgttc cagaagtgca aagaat caca agaatggc.cg ctitt catggc cct acaacat

38O

gagccaccat tdoctatttg gtc.cttggat aaa.gctaatgttittggcct c ttcaagatta

44 O
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1) Process of biosynthesis of compounds of interest
(Table 1); using a cheap and readily available starting
materials in any organism or cell-free expression system
(Table 2).
2) Process of genetically engineering micro-organisms
that produce compounds of interest in large/industrial-scale
quantities.
3) Process of altering genes in organisms to allow better
yields for compounds of interest.
4) Process of genetically engineering food plants that are
optimized for production of compounds of interest.
5) Using S. cerevisaie, e coli, p. pastorisis, n. Crassa, S.
pombe, r. palmatum, C. longa, O. Sativa, a. arborescens, a.
terrus, C. sativa, S. griseus, S. erythera, S. coelicolor; S.
toxytruini, S. cellulosum, p. floresceus, a. Orientalis, S. live
dans, a. vinelandii, b. subtilis, m. tuberculosis, m. xanthus,

a. Oryzae, a.. niger; r. palmatum, h. Serrata, r. rubra, l.
erythrhizon, l. acetobutylicum, C. utilis, a.. niger; c. glutami
cum, b. spp., and other large-scale biotechnology organisms
to biosynthesize a total pathway using cheap and readily
available starting materials to make our compounds of
interest.

6) Process of claims 1 to 5, wherein the products are those
listed in table 1.

7) Process of claims 1 to 6, wherein the starting materials
are those listed in table 2.

8) Process of claims 1 to 7, wherein certain steps are
performed outside or inside an organism or cell free expres
sion system using various techniques, while other steps may
use biosynthesis techniques.

9) Producing compositions (e.g. tinctures, balms, cap
Sules, tablets, concentrates, edibles, topicals) that use claims
1 to 8, whether they are classified as pharmaceuticals or not.
10) Producing compositions that contain combinations of
certain compounds for certain therapeutic and non-therapeu
tic applications, as listed in table 1.
11) To claim 10, compositions that have added cofactors
for better efficacy, absorption, etc., for our compounds of
interest. These include terpenes, sequiterpenes, Vitamins,
and other cofactors.

12) cDNA sequences of enzymes and organisms in the
pathways and processes listed in FIGS. 1-7 for biosynthesis
of compounds of interest using cheap and readily available
starting materials, including mRNAs, tRNAs, vectors, and
other genetic coding molecules needed for process of claims
1 to 8.

13) A method for the efficient and cheap biosynthesis of
CBGA, THCA, CBDA, CBCA, CBDVA, THCVA, CBGVA,

and CBCVA utilizing manipulation of any ERG, IDI,
gal80p, upc2-1, HMGR, thMGR, ALD6, DPP1, and ADH2
genes that result in exogenous sterol mutations for the
uptake of exogenous sterols, more permeable cell membrane
for easy inward flow of exogenous materials while easy
outward flow of our compounds of interest, and carbon flux
manipulation and blocking of other pathways for many fold
higher yields in S. Cerevisiae and P. Pastoris.
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