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(57) ABSTRACT 

Bottom dwelling colonies of Botryococcus are stimulated to 
produce and accumulate unusually high hydrocarbon concen 
trations that make them float to the surface. When exposed to 
carbon dioxide gas at the Surface of the water, hydrocarbon 
induced flotation and growth is further enhanced with con 
comitant provision of appropriate light and available nitro 
gen. Botryococcus var. Ninsei is distinct from previously 
cultured strains of the genus in color, metabolism, and niche. 
The Ninsei variety grows green at the air-water interface. 
Metabolically, Ninsei is distinct from other varieties because 
it produces hydrocarbons in the presence of surplus ammonia 
in contrast to other varieties that shut down hydrocarbon 
production when ammonia is available. These characteristics 
are consistent with growth on the Surface at water's edge, e.g., 
in the niche characterized by a mud alga. The Surface niche 
for Ninsei is distinct because all other varieties are sub 
merged, occupying the floor, e.g., all other varieties live at the 
bottom of the culture. Flotation of green colonies based on 
concomitant production of hydrocarbons in vitro occurs 
solely in the Ninsei variety. 
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Schematic for hydrocarbon production from Botryococcus sp. 

Replace Kwik 
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METHODS AND COMPOSITIONS FOR 
GROWTH HYDROCARBONS IN 

BOTRYOCOCCUS SP. 

CROSS-REFERENCE TO RELATED 
APPLICATIONS 

0001. This application claims priority of provisional 
application Ser. No. 60/678,711, filed May 6, 2005, the dis 
closure of which is hereby incorporated by reference. This 
application is related to co-pending plant patent application 
entitled THE NINSEI VARIETY OF BOTRYOCOCCUS, 
filed May 5, 2006 under Attorney Docket No. 705P003A, the 
disclosure of which is hereby incorporated by reference. 

BACKGROUND OF THE INVENTION 

0002 The present invention is a novel and distinct process 
for commercial growth of hydrocarbons in photosynthetic 
organisms while maintaining a biologically exclusive monoc 
ultural environment, as for example, in the case of the present 
invention, from Chlorophyta, Trebouxiophyceae, and par 
ticularly Botryococcus species. 
0003 For decades, Botryococcus species have been sug 
gested as potential sources of liquid transport fuels (Wolf, et 
al. 1985). Academically, Botryococcus species have proven 
quite attractive for their natural chemistries, but the cost for 
production of a gallon of renewable transport fuel exceeded 
the sales price of fossil fuels. A number of different culture 
conditions have been investigated, but a defined system for 
competitive growth of transport fuels has not been disclosed 
previously. Humanity would benefit from development of a 
reliable system for production of petroleum-type hydrocar 
bons from a renewable energy source. 
0004 Botryococcus is a primitive colonial photosynthetic 
organism, dating from 300 million years ago, and may be 
regarded as a living fossil; as, indeed, B. balkachicus, B. 
coorongianus, B. luteus; and B. palanaensis, are true fossil 
deposits. Oil shale is populated with botryococcite fossils 
from which petroleum deposits arose. Shale originates from 
mud, and in consideration of the fossil record, the methods, 
compositions and organisms of the present invention, allow 
for expression of the mud origins of live Botryococcus spe 
cies, including the following: B. australis, B. braunii, B. 
braunii var. horridus, B. braunii var. minor, B. braunii var. 
perarmatus, B. braunii var. Showa, B. braunii var. validus, B. 
calcareous, B. Canadensis, B. comperei, B. fernandoi, B. 
giganteus, B. micromorus, B. neglectus, and B. pila. As a 
result of defining its proper niche in the course of the present 
invention, rapid growthat the water-to-air interface was made 
possible by elimination of biological competition. 
0005. At the surface of mud, water evaporates and salts 
become concentrated to the extent that crystals may accumu 
late at the surface. In the present invention, I have discovered 
that, consistent with a mud niche, a flotation mechanism 
related to hydrocarbon metabolism may have evolved in pho 
tosynthetic organisms to utilize the concentrated nutrient 
salts at moist Surfaces. That is, through natural selection, 
Botryococcus sp. became one of the most Successful photo 
synthetic eukaryotes on Earth by Survival in an environment 
intolerable to competitors. In the present invention, the envi 
ronmental tolerances that made Botryococcus sp. the fittest 
for hundreds of millions of years are defined and utilized in 
novel systems for growing hydrocarbons such as gasoline 
commercially. Based on this understanding of Darwin's con 
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cept of, “survival of the fittest, oleomic photosynthetic 
organisms were tested in nutrient salts at very high concen 
trations. Surprisingly, Botryococcus sp. thrived in hundreds 
times the concentrations of the salts in conventional nutrients. 
The present invention exploits the aforementioned discovery 
of the exclusive niche of Botryococcus sp. 

SUMMARY OF THE INVENTION 

0006. The present invention relates to methods, composi 
tions and systems for the in vitro growth of hydrocarbons in 
photosynthetic organisms while maintaining a biologically 
exclusive monocultural environment, as for example, from 
Botryococcus species. The environmental tolerances that 
made Botryococcus sp. the fittest for hundreds of millions of 
years are defined and utilized in novel systems for growing 
gasoline on a commercial scale. The present inventor discov 
ered that Botryococcus sp. thrived in many times the concen 
trations of the salts in conventional nutrients; it out-competes 
all other life forms by living in a chemically extreme envi 
ronment of high concentrations of all of its nutrient chemi 
cals. The present invention exploits the aforementioned dis 
covery of the exclusive niche of Botryococcus sp. 
0007. In certain embodiments, niche-nutrients include 
about 200 ppm to about 3% nitrogen, and about 100 ppm to 
about 15% P0s, and about 100 ppm to about 3.5% K20. In 
certain embodiments, the nutrient medium is a balanced 
nutrient salt formulary comprising phosphate salts and 
including ammonium salts, calcium salts, potassium salts, 
magnesium salts, sodium salts, phosphoric acid, pyrophos 
phates, polyphosphates, glycerophosphates, and the like; 
with Soluble potassium phosphates, most highly preferred. 
0008. In certain embodiments, the present invention 
relates to the growth of the Chlorophyta such as Botryococcus 
sp. in a nutrient medium that includes about 800 ppm to 15% 
phosphates and about 2 ppm to about 70 ppm soluble zinc. 
0009. In certain embodiments, the present invention 
relates to the growth of photosynthetic organisms such as 
Botryococcus sp. in a nutrient medium that includes soluble 
iron, manganese and magnesium at concentrations far greater 
than conventional phycological nutrients in order to further 
enhance synthesis of hydrocarbons. 
0010. In certain embodiments, the present invention 
relates to the growth of the Chlorophyta such as Botryococcus 
sp. in a nutrient medium that includes phosphate salts, includ 
ing, ammonium salts, calcium salts, potassium salts, magne 
sium salts, sodium salts, phosphoric acid, pyrophosphates, 
polyphosphates, glycerophosphates, and the like, phosphate 
buffers comprised of monobasic, dibasic, and tribasic salts; 
citrates; Krebs Cycle carboxylates; and derivatives thereof 
and the like. Suitable ranges of nutrients include 0.800 ppm to 
30% phosphates, with preferred phosphate concentration of 
from about 0.800 ppm to about 3% phosphates, about 25 ppm 
to about 250 ppm soluble magnesium, about 0.3 ppm to about 
3 ppm Soluble manganese, about 0.3 ppm to about 10 ppm 
soluble iron, preferably about 5 ppm to about 9 ppm soluble 
iron, most preferably about 6 ppm to 8 ppm soluble iron, and 
about 0.2 ppm to about 70 ppm soluble zinc (Zn). 
0011. The present invention also relates to a substantially 
pure culture of Botryococcus braunii var. Showa, strain Nin 
sei, having the ATCC Accession No. PTA-7441, its parts, and 
hydrocarbons produced therefrom. 

BRIEF DESCRIPTION OF THE DRAWINGS 

0012 FIG. 1 shows the meniscus at the top of a clear glass 
culture cylinder that is highly populated with colonies of 
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Botryococcus sp. afloat at the surface and in the thin film of 
water being drawn above the meniscus by capillary action of 
the mass aggregate of colonies. The culture was lightly tapped 
just prior to photography to release some colonies into the 
water below the meniscus to display separated colonies as 
best as possible, and, as a result, the colonies followed a sine 
wave pattern into Submergence just below the Surface. All 
colonies that were submerged by the wave, floated back again 
to the meniscus. The unit of scale to the right is in millimeters. 
The colonies can be cultured on any water-moistened solid 
Surface that can hold and Supply nutrients in an aqueous 
medium, including, paper, plastic, colloids, phycocolloids, 
agar, agarose, carrageenan, agar Substitutes, textiles, gel. 
mud, soil, earth, shale, clays, foam, ceramics, concrete, brick, 
metal foam, wovens, nonwovens, and Solid and liquid Sub 
strates of all types; 
0013 FIG. 2 illustrates a 5um breadth by 8 um height cell 
of a colony showing an ovoid cell containing nine round 
hydrocarbon vesicles, a dictyosome, a nucleolus, and a pari 
etal chloroplast; 
0014 FIG. 3 is a microphotograph of a green hydrocar 
bon-rich colony showing ovoid protuberant cells, each con 
taining five and more round hydrocarbon vesicles. At the 
perimeter are seven hydrocarbon droplets extruded from the 
colony by pressure from the glass cover slip; and 
0015 FIG. 4 is an exemplary schematic diagram of a 
hydrocarbon production process of the present invention. 

DETAILED DESCRIPTION OF THE INVENTION 

Assay 
0016 Previous investigations (Ohmori, et al. 1984; and 
Wolf, et al., 1985) verified that colonies containing greater 
than 20% of dry weight as botryococcenoid hydrocarbons 
were buoyant and that colonies containing less than 5% 
hydrocarbons remained sunken at the bottom of the culture 
vessel, providing a visual method for selecting cells with 
commercial-grade hydrocarbons. FIG. 1 shows floating colo 
nies of Botryococcus sp. with a corresponding 30% hydro 
carbon content. Additionally, the hydrocarbon-vesicle counts 
within cells, as drawn in FIG. 2, were found to be in direct 
correlation to hydrocarbon yields, providing microscopy for 
confirming selection of cells and colonies with high hydro 
carbon contents. Colonies in hydrocarbon-enhancement were 
placed in the dark without Supplemental carbon dioxide gas to 
eliminate artifacts of flotation from bubbles. Environmental 
conditions were 150 uE/m/sec PAR to 1700 uE/m/sec PAR 
at 25-37° Centigrade. Nutrient chemicals were reagent grade 
in all laboratory-scale experiments. In field-scale tests, fertil 
izergrade chemical nutrients were provided. In order to mini 
mize or eliminate ammonia, nitrates were optionally kiln 
dried prior to admixture. Supplementation with 0.1% to 
100% carbon dioxide gas or carbonate (e.g., 10 mg/ml 
Sodium bicarbonate or potassium bicarbonate) increased 
hydrocarbon synthesis Substantially, especially, when under 
the highest light intensities with soluble elements of the 
present invention. 
0017 Clones of Botryococcus sp. originated from the col 
lections from Nature. Axenic clones, from the Ninsei strain 
disclosed in provisional application Ser. No. 60/678,711, 
filed May 6, 2005 and incorporated herein by reference, 
micropropagated rapidly in light on novel carbon- and nutri 
ent-supplemented Solid media. Solids included selections 
from 0.5% to 1.5% agar, colloids, gelatin, plastic gels, cellu 
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lose, plant fibers, synthetic fibers, polymers, woven fabrics, 
nonwovens, paper, broadcloth, iron, stainless Steel, netting, 
moist glass, brick, concrete, plastic, foams, nylon, and 
ceramic Surfaces. Sunken colonies with very low hydrocar 
bon content were archived as controls in Showa nutrients, US 
Patent Plant 6169, and are incorporated by reference herein, 
to provide controls in experiments. Up to the point of experi 
mentation, the varieties were variously maintained in Showa 
media; Chu 13 (Chu 1942); other conventional phycological 
nutrient media; and were Supplemented with trace minerals, 
spring water, or soil-water extracts in aqueous Solution. Bot 
ryococcus sp. was maintained in defined iron-, Zinc- and 
phosphate-enriched media of the present invention. 
0018 Colonies of Ninsei are variably-shaped groups of 
cells held together in the cups of tough sporopollenin-like 
matrices. Depth of color depends on the light regime, density 
or culture and physiological state of the colonies. All color 
designations are made with reference to the Munsell Book of 
Color. Normal healthy colonies range from 5 GY 7/8 to 2.5 
GY 8/12 on the Munsell color chart and these Ninseicolonies, 
fully pigmented with chlorophylls, may float at the surface of 
growing cultures with high hydrocarbon content that may 
reflect golden overtones. 
0019. The Ninsei variety is characterized at an average 
green hue of 2.5GY 6/10+50% on the Munsell color chart for 
healthy colonies. In contrast, Showa is described as a yellow 
of 2.5Y 7/8 on the Munsell color chart. Vegetative reproduc 
tion resulting in increased colony count is maintained as long 
as there is chlorophyll content to reflect 2.5 GY hues. No 
growth has been observed in the Y throughYR Munsell Color 
range, but conversion of carbon Stores to hydrocarbon may 
continue up into the YR brown state of decline. Flotation is 
concomitant with growth of botryococcenes branched hydro 
carbons (C.H. n=30-37). When released from the colo 
nial matrix, cells of the colonies are 5 um to 10 um spheres 
often pressed by neighboring cells into irregular shapes. 
Within the colony, the cells are wedged into an almond-shape 
between neighboring cells. Deposits of hydrocarbon, 0.1 um 
to 1 um in diameter, are present in the cytoplasm, wall, and 
matrix. An occasional cell of Ninsei exhibits a depression at 
the outer tip of the cell that most frequently appears in cells 
with few hydrocarbon vesicles and may be a result of secre 
tion of oils. The name of the strain is, in fact, derived from the 
urn shape of cells, reminiscent of shapes of large ceramic 
wares by the artist of Kyoto, ca. 1600 AD, Ninsei. 
0020. The colonial unit is spherical and aggregates of units 
contribute to the formation of irregular grape-like clusters 
observed in large colonies. During rapid growth of the novel 
strain, colonies are generally smaller than Showa's 50 um 
colonies. In Ninsei, Smaller colonies may range from 10um to 
45um in diameter. Colonies of 100 or more cells are predomi 
nantly composed of irregularly shaped units that fragment 
into roughly rounded colonies. Ninsei is visually distinguish 
able from other strains of the variety by its deep green hue, 
small size attributable to rapid growth, cell structure, and 
niche. Botryococcus braunii var. Showa, strain Ninsei was 
deposited at the American Type Culture Collection (Post 
Office Box 1549, Manassas, Va. 20108) in March 2006 and 
assigned ATCC No. PTA-7441. 
0021 Solution culture nutrient concentrations meant for 
vascular plant crops, widely recognized by crop nutritionists 
for the past half century as defined hydroponic fertilizer for 
mulae for flowering plants, had not been previously applied to 
Botryococcus species. Generally, hydroponic culture media 
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effectively suppress protistons by being far too highly con 
centrated for unicellular organisms. In contrast, for the 
present invention, Botryococcus species were found to grow 
in full-strength Hydroponic Solutions and, to the complete 
Surprise of the inventor, in nutrient salt concentrations previ 
ously thought to be toxic to plants and to other life. 
0022. For the present invention, major modifications were 
made to Substantially increase Zinc, potassium, calcium, 
magnesium, manganese, iron, and phosphate concentrations 
well beyond those of the conventional phycological and 
hydroponic solutions. Phosphate salts provided the additional 
benefit of buffering within a range of pH 6 to pH 7. Further 
more, concentrations of soluble zinc ions (Zn) were 
increased one hundred times to two thousand times that of 
final concentrations found for Soluble Zinc in vegetable crop 
production; and soluble iron was increased up to quadruple 
the concentration used in vegetable solution culture. For 
example, in hydroponics the following final concentrations of 
nutrient elements has been widely regarded by those in the 
field for the successful solution culture of tomato crops: “119 
ppm N: 30 ppm P: 140 ppm K; 100 ppm Ca; 24 ppm Mg: 32 
ppm S; 2.5 ppm Fe: 0.25 ppm B: 0.25 ppm Mn; 0.025 ppm Zn; 
0.01 ppm Cu; and 0.005 ppm Mo, (Growing Plants in Solu 
tion Culture, in Hawkes, G. R. etal, editors, (1980), Western 
Fertilizer Handbook, The Interstate Printers and Publishers, 
Inc., Danville, Ill. Pages 185-193). 
0023 The preferred nutrient enrichment solution of the 
present invention is hereinafter denoted as Kwik (see Table 
below). Botryococcus sp. was rapidly propagated in Kwik 
and it should be noted that the preferred mild formulation of 
Kwik contains over fifty times the total phosphates and many 
times higher Zn" concentrations than Chu 13 (Table Com 
paring Media, below) and hydroponic media. 
0024. The present invention comprises trials with Tre 
bouxiophyceaen Botryococcus species; hereinafter Botryo 
coccus sp. The preferred environment for maintenance of 
colonies required buffering by appropriate concentrations of 
nutrient phosphate salts and carbonate adjusted to pH 6.3 to 
pH 6.8, preferably to pH 6.7. Colonies of Botryococcus sp. 
floated within hours when supported by the ZiP medium of 
the present invention, containing 80 mM to 150 mM total 
phosphates and up to 70 ppm Zn", in a range between pH 7.0 
to pH 8.3, and under high light intensity, and it was, there 
upon, hypothesized that the organism prefers the Surface 
niche where moisture, illumination, and high salt concentra 
tions abound. 

EXPERIMENTAL 

0025 Methods, compositions and systems of the present 
invention provide means for in vitro growth of transport fuel 
hydrocarbons. 
0026 Stock cultures were taken from bottom-dwelling 
colonies that had been maintained in conventional liquid cul 
ture media, typified by approximately 1 ppm to 10 ppm phos 
phate, 0.01 ppm to 0.3 ppm iron, and 0.01 ppm to 0.5 ppm 
Zinc, as for example, in Showa medium and other phycologi 
cal media. Aqueous nutrient solutions were placed in sterile 
culture tubes and flasks and steam sterilized twice for 60 
minutes. Following inoculation and growth, colonies were 
concentrated with overnight settling and approximately one 
million Submerged green colonies were collected from the 
bottom of culture vessels. Equal volumes were resuspended 
into replicate culture vessels with equal Volumes of enhance 
ment media in the highest light intensities available in prepa 
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ration for experiments. Control cultures were transferred into 
equal Volumes of Showa medium and placed side by side 
under identical conditions as controls. 

0027. In water with up to 300 mM phosphates, bottom 
dwelling colonies began to rise to the surface within 5 hours. 
After two weeks or more in 300 mM phosphate, the colonies 
remained floating, but cleared to amber. By analysis of a 
Subtractive matrix, eliminating individual compounds from 
each application, greater than 80 mM total phosphates, hun 
dreds of times the concentration of phosphate salts of con 
ventional phycological media, stimulated the rise of colonies 
to the surface, most rapidly when in the presence of soluble 
ions of Mg, Mn, Fe, and Zn". The same buoyant response of 
all of the colonies occurred in the presence of correspond 
ingly high concentrations of balanced equimolar phosphate 
salts, regardless of the counter-ions whether they were 
selected from ammonium, potassium, magnesium, or 
Sodium. It was also important to balance acidic with basic 
phosphate salts at equimolar concentrations because a 2 mM 
difference was found to exceed the pH-tolerance of phyco 
logical specimens. 
0028. With further testing and modifications of the highly 
concentrated salts to reflect nitrogen-phosphoric-potash, 
N P K, typical of hydroponic nutrients, and with chelated 
secondary and trace minerals, the preferred buffered enrich 
ment solution with 80 mM to 120 mM potassium phosphate 
was developed for the present invention. The solution was 
adjusted to fall within a range of about pH 6.5 to pH 7 by 
regulation of approximately equimolar mono- and di-potas 
sium phosphates (MKP and DKP) or other phosphate salts. 
Phosphates were selected because of the high-energy require 
ment of adenosine triphosphate, ATP, for metabolism of cel 
lular resources into hydrocarbons. Potassium was selected as 
the counter-ion of choice because it is a major nutrient that 
does not precipitate at high concentrations. In the present 
invention, supplementation with 1 ppm to 90 ppm soluble 
Zn" was critical to acceleration of hydrocarbon chain elon 
gation and 0.1 ppm to 10 ppm soluble iron was essential to 
photosynthesis. That is, in illuminated cultures in Kwik 
supplemented preferably with 5 ppm soluble zinc and iron, 
colonies grew hydrocarbons at an accelerated rate by provi 
sion of a controlled upwelling of Kwik power. Therefore, 
trace minerals were modified by replacing the mineral salts 
with chelated salts at 0.03 ppm to 50 ppm concentrations for 
each element in order to maintain solubility in the presence of 
high concentrations of phosphate. In the course of the present 
invention, rapid hydrocarbon production by green colonies 
was maintained in the presence of Kwik elements with the 
most highly preferred concentration of 5 ppm to 9 ppm 
soluble iron. Enrichment by Zn' end phosphate in a second 
nutrient Solution was found to enhance hydrocarbon content 
of the colonies while providing a biologically competitive 
advantage to the colonies of the present invention. The 
enriched solution for accelerated hydrocarbon production is, 
hereinafter, denoted ZiP. In the process development of Bot 
ryococcus sp., colonies from populations floating above the 
meniscus of ZiP were visually verified with high hydrocar 
bon-vesicle counts, harvested and transferred to ZiP to ripen 
with hydrocarbons. 
0029 Maintenance of cultures for long durations under 
high light intensity illumination ranging from 500 to 1700 
uE/m/sec PAR, 8-20 h light, at 25-35° C. is preferred in 
Kwik Supplemented with saturated carbon dioxide or bicar 
bonate, especially when under the highest light intensities. 
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Alternatively, carbonated water with ZiP may be metered in 
to maintain rapidly growing hydrocarbons. The buoyant colo 
nies of the present invention were characterized by high 
growth content, upwards of 5% to 50% dry weight of mixed 
lipids. The preferred environment for maintenance of the 
floating colonies requires buffering by appropriate concen 
trations of available 20 mM to 125 mM phosphates, 3 ppm to 
10 ppm Fe, and 0.1 ppm to 70 ppm Zn'', where 80 mM to 90 
mM phosphates with 0.2 ppm to 45 ppm chelated Zn' is 
preferred. Colonies tolerate a broad physiological range from 
pH 5.5 up to pH 8.3; however, under highlight intensity and 
with carbonate availability, continuous adjustment to main 
tain pH 6.8 is essential to maintain the solubility of minerals 
in high concentrations of phosphate. Organic Substrates for 
enhancement of hydrocarbons include 1 mm to 100 mM 
Krebs Cycle carboxylates, preferably with citrate as an acid 
component of citrate-phosphate buffer; mevalonates; 
methionines, preferably adenosyl-methionine, alcohols; and 
fatty acids. For rapid growth, at concentrations above 1 mM 
total phosphates, it is important to prevent precipitation, espe 
cially by calcium and magnesium, by addition of appropriate 
concentrations of sequestering agents such as disodium 
diammonium-, and dipotassium-ethylenediaminetetraac 
etates; citrate; carboxylates; and the like. Additionally, main 
tenance of acidic environments assists with solubility of 
media with high concentrations of phosphate. Agriculturally 
accepted sources of Zn' include, without exclusion of any 
other Zinc salts, Zinc sulfate, Zinc oxide, Zinc carbonate, Zinc 
chloride, Zinc citrate, Zinc oxysulfate, Zinc ammonium Sul 
fate, and Zinc nitrate, Supplemented by chelation with, for 
example, salts of EDTA, HEEDTA, NTA, DTPA, EDDHA, 
and the like. Commercially available 6% to 14% Zn" as 
diammonium EDTA may be alkaline which may be compen 
sated by addition of the monobasic phosphate salt to adjust 
the final solution to pH 7. Sources of iron include, without 
exclusion of any other iron Supplements, iron Sulfate, iron 
oxide, iron filings, ferric chloride, ferric ammonium citrates, 
ferrous salts, soil extracts, and Supplemented by chelation 
with, for example, salts of EDTA, HEEDTA, NTA, DTPA, 
EDDHA, and the like. The most highly preferred medium 
eliminates all sources of ammoniacal nitrogen in order to 
fully enhance hydrocarbon production of mass cultures. It is 
the hypothesis of the present invention that hydrocarbon syn 
thesis may be fully optimized by providing nutrients benefi 
cial to photosynthesis, including 50 ppm to 200 ppm magne 
sium as part of the chlorophyll molecule and about 5 ppm to 
10 ppm soluble iron that is essential to electron transport. 
Preferably, in for example Kwik or Zip, inclusion of 7ppm to 
9 ppm soluble ferric or ferrous ions in the media accomplishes 
the same when balanced equally by 0.2 ppm soluble Mn, and 
with provision of high light intensity illumination, carbon 
dioxide gas, and 0.2 ppm to 50 ppm Zn", the synthesis of 
hydrocarbons may be optimized. 
0030. For a population of Botryococcus colonies, 2 mM 
and greater concentrations of phosphates, 500 ppm to 1200 
ppm nitrate salt, 500 ppm potassium salt, 3 ppm to 10 ppm Fe, 
0.1 ppm to 3 ppm Mn, and 0.1 ppm to 5 ppm Zn" are required 
for long-term growth of hydrocarbons. The recommended 
and preferred upper limits are 120 mMtotal phosphates at pH 
7 and 50 ppm soluble zinc. For hydrocarbon synthesis, 
Supplementations with 25 ppm to 250 ppm soluble magne 
sium, 0.2 ppm soluble manganese, 5-9 ppm Soluble iron, and 
0.1 ppm to 50 ppm Zn', are preferred. Trace metals are 
preferably chelated. 
0031. Most preferably, for maintenance of the growth of 
hydrocarbons, the medium is Supplemented as specified in 
Kwik. The preferred method for making ZiP is to mix and 
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sterilize a solution of 160 mM to 400 mM total phosphates 
and add equal Volumes of the phosphate solution to pre 
sterilized Kwik resulting in 80 mM to 200 mM total phos 
phates ZiP solutions with chelated nutrients. The preferred 
ZiP solution at 88 mM to 150 mMbalanced phosphates with 
2 ppm to 50ppm Zn" and with 10 ppm to 20 ppm Fein Kwik 
Supports growth of hydrocarbons. 
0032. The biosynthesis of hydrocarbons is an energy-in 
tensive pathway that may be accelerated by the availability of 
very high concentrations of ferrous, ferric, Zn" and phos 
phates of the present invention. Thus, the enzymes in this 
system require phosphate-energy-complexes, such as the 
Zn-requiring farnesyl pyrophosphate synthase, as demon 
strated in the current invention. As the photosynthetic organ 
ism also responds rapidly to the uppermost concentrations of 
phosphates, commercial batch-processing of colonies is envi 
Sioned, whilst continuous processing of partial populations in 
Kwik is an open option. Notably, exposure to 200 mM to 300 
mM phosphates and to 100 ppm Zn' resulted in a color 
change of the colonies toward amber over the long duration of 
approximately two to eight weeks, implicating rapid batch 
processing as the method of choice. 

KwK Medium, adlusted to pH 7 with phosphate buffer 

Concentration 

Kwik Component Range Preferred 

KH2PO 80-800 ppm 136 ppm 
KHPO. 80-1000 ppm 174 ppm 
KNO. 500-2500 ppm 570 ppm 
Chelants 80-1500 ppm 200-1000 ppm 
MgSO 1-1000 ppm 100 ppm 
Cat-2 1-800 ppm 88 ppm 
Fe 0.3-20 ppm 5 ppm to 10 ppm 
Mn 0.1-3 ppm 0.2 ppm 
Cu 0.01-0.1 ppm 0.01 ppm 
B 0.2-2 ppm 0.2 ppm 
Zn2 0.3-50 ppm 2 ppm 
Mo 0.001-0.05 ppm 0.02 ppm 
Co 0.001-0.05 ppm 0.002 ppm 

ZIP medium, adjusted to pH 7 with phosphate buffers 

Concentration 

ZiP Component Range Preferred 

Phosphates O.1% to 3% 
Zn2 0.2 ppm to 70 ppm 

O.S90 to 0.8% 
36 ppm to 50 ppm 

Organic ZiP Medium in Spring Water 

ZiP Component Concentration 

Supplement Range Preferred 

Citrate-Phosphate Buffer O.1% to 3% 
Zn2 0.2 ppm to 70 ppm 
Potassium acetate O.1% to 3% 

O.8% to 2% 
36 ppm to 50 ppm 
O.S90 to 196 
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-continued 

Organic ZiP Medium in Spring Water 

Comparisons of Nutrient Media 

Nutrient Salt Kwik ZP Chu 13 

KH2PO 272 ppm 1.4% O 
KHPO. 348 ppm 1.7% O.OO190 
KNO. 570 ppm O.05% O.OO5% 
Zn2 2 ppm 50 ppm 0.5 ppm 

0033 Colonies of Botryococcus sp. were found to live and 
grow at the Surface of the water or on moist Substrates, 
whereas, other general methods of culture involved immer 
sion in water. 

0034) Exceedingly slow growth has been observed in the Y 
through YR Munsell Color range and conversion of carbon 
stores to hydrocarbon may continue up into the amber state of 
decline without appropriate elements. Colonies of cells are 
held together by a matrix that is rich in hydrocarbons. As 
colonies accumulate hydrocarbons, they exhibit a corre 
spondingly higher absorbance of ultraviolet light, as mea 
sured spectrophotometrically. This UV-absorbance charac 
teristic of the present invention may be applied to cell-sorting 
instrumentation attuned to selection of colonies and cells with 
maximized hydrocarbon content. The colonial unit is spheri 
cal and aggregates of units contribute to the irregular grape 
cluster formations observed in large colonies of the generic 
namesake from Latin, Botryococcus. 
0035 Colonies grow particularly well in Kwik-supple 
mented water-moistened solid media under continuous or 
periodic (e.g., 16:8 h LD) PAR light exposure, with highlight 
intensities up to direct sunlight as high as 500 to 1700 uE/m/ 
sec in high density cultures and temperatures of 20° to 37. 
0036) Defined growth media for the strains of the present 
invention include primary, secondary and trace metal plant 
nutrients. The most highly preferred formula provides bal 
anced N—P Kat many times the concentrations of conven 
tional nutrients. Balanced formulations include nitrate, phos 
phate and potash Sources of fertilizers at rates exceeding 
hydroponics of flowering plants; as well as the secondary 
nutrients, Ca", S, and Mg, and soluble micronutrients such 
as ions of Fe, Mn, Zn, Cu, B, Mo, Co, and Ni. Through 
matrix analyses in the course of the present invention, it was 
found that Supplementation with a cocktail of metal ions is 
preferred for maintenance of growth of hydrocarbons and 
preferably include 5 mM to 25 mM magnesium, 0.1 ppm to 3 
ppm manganese, 3 ppm to 10 ppm iron, and 0.01 mM--2 to 0.1 
mM Zn. Total phosphates may be in the range from 2 mM to 
150 mM phosphates. Sources oftypical solution culture nutri 
ents are, for example, selected from myriad and various avail 
able compounds as generally accepted and known by those in 
the art. 

0037. The present invention elucidates the only process 
for which the growth of transport fuel hydrocarbons in Bot 
ryococcus may be undertaken by filling a chemical niche of 
Kwik and ZiP components. Such high Fe, Zn" and phos 
phate concentrations have otherwise proven detrimental to 
lower photosynthetic organism as evidenced by the low con 
centrations of conventional formulations (as for example in 
Chu 1942; and US Patent Plant 6169). Botryococcus sp. pro 
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duces chemical structures of CH2 on 30-37; Cs to C. 
n-alkadienes and trienes; Cao Hs; carotenoids; and fatty 
acids; and isomers thereof. 
0038 Botryococcus sp. may have adapted to the chemical 
extremes of exclusive concentrations of phosphate, up to 3% 
in vitro, and as high as crystalline in Nature. Zinc and man 
ganese have long histories of being formulated into human 
medications for their germ-fighting benefits and, thus, very 
high concentrations of Mn and Zn provide clear competi 
tive advantages for Botryococcus sp. to Survive where other 
microorganisms die. Flotation enables it to be transported to 
live at the surface or edge of the exclusive moist solid 
medium. Botryococcus sp. occupies the defined niche of the 
present invention. The preponderance of mixed hydrocar 
bons, when accumulated in high cellular concentrations, 
function as naturally effective ultraviolet sunlight blocking 
agents, necessary for Survival on land; and as such, the whole 
organism as well as its extract may be utilized in topical Sun 
block formulae. 

Example 1 

0039 Hydrological shear forces are greatest at the air: 
water interface. When the liquid cultures of Botryococcus sp. 
in ZiP were placed in a shaker table (>100 rpm) cloaked in 3% 
carbon dioxide, oil was pressed out of the colonies by shear 
ing forces. When brought to a stand still, the oil floated at the 
Surface to be harvested by skimming. 
0040. In healthy sunlit water-borne cultures, colonies rose 
off the bottom to various levels up to the top half of the +2 
column in ZiP cultures supplemented with 36 ppm to 50 ppm 
Zn 120 mM phosphate and Kwik components at about pH 7. 
All control colonies in conventional phycological media 
dropped below the bottom half of the culture tube within an 
hour. 
0041 After residing in the dark for 12 hours, colonies in 
ZiP remained floating at the meniscus, while, in contrast, the 
colonies of control cultures remained sunken at the bottom of 
the culture vessels. Starting from colonies maintained for a 
week in Kwik, the time to flotation of the population was 
approximately 1 day after exposure to ZiP. Rate of flotation 
was affected by species selection. Notably, the preferred for 
mulation of ZiP contains over 300 times the phosphate and 
100 times the zinc concentrations of Chu 13 (Table Compar 
ing Media, above). 

Example 2 

0042. The process system of the present invention is sche 
matically depicted in FIG. 4, wherein the mud niche is mim 
icked by provision of a continuously moistened solid medium 
such as a fabric beltway that is sufficiently tight in its weave 
to prevent the colonies from slipping through. For example, 
25 to 50 micron Nitex R. Broadcloth is an appropriate selec 
tion. NiteX(R) Broadcloth 10 microns to 600 microns is the 
material of choice for plankton nets. The fabric belt is inocu 
lated with Botryococcus spp. and growth is maintained by 
continuous misting with carbon dioxide gas-Supplemented 
Kwik and natural Solar illumination. Initially, gas-carbon 
ation assists by Sustaining acidity that prevents loss of metal 
lic nutrients to precipitation. Different oleomic strains, vari 
eties and species may be interspersed in the culture. When 
sufficient biomass is measured by achieving growth to 1 to 10 
mm depth, the nutrient mist is replaced with a 10 mM bicar 
bonate-supplemented ZiP mist. Over time, bicarbonate raises 
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the alkalinity of the nutrient solution, thus, provision of an 
oleomic environment is dependent upon metering appropri 
ate buffering agents into the culture environment to maintain 
solubility of nutrients. The colonies are allowed sufficient 
time to ripen by visually monitoring hydrocarbon-vesicle 
counts within live cells taken through random samplings. At 
the determined time of maximum vesicle count exceeding 8 
hydrocarbon-vesicles per cell in a given plane, as per FIG. 2, 
hydrocarbons are harvested from live cells by applying aque 
ous solutions or phytobland organic solvents as 30 PSI to 100 
PSI pressurized misting sprays for 1 to 45 minutes. Applying 
pressure to exude hydrocarbons from cells was photographi 
cally recorded in FIG. 3, where exogenous droplets of oil 
droplets were visually observed in vivo. Preferably, pressur 
ized water is applied to the mat following a design that Sup 
plies sufficient hydrological shear to press hydrocarbons out 
of the colonies while keeping the cells alive; therefore, the 
least pressure that forces exudation of oils is preferred and is 
dependent on the thickness of the mat. The cycle is repeated 
until the inoculum is exhausted. 
0043. The formulations and methods of the present inven 
tion may be applied to virtually any variety of living organism 
that metabolizes hydrocarbons, most preferably photosyn 
thetic organisms. These photosynthetic organisms include 
protistans, bacteria, and plants. Plants include innumerable 
agricultural and horticultural species and varieties, known 
arts to those in the field. 
0044) The methods of the present invention are amenable 
to batch processing of captive hydrocarbon vesicles. Sheared 
botryococcenes allow the possibility of the continuous har 
vest of products. Thus, industrial mimicry of Nature's com 
petitive advantage represents an improvement on systems 
suited to the production and harvest of renewable hydrocar 
bons. Botryococcenes are the natural product of choice as a 
starting material for a number of hydrocarbon based products, 
Such as petrochemicals, pharmaceuticals, and fuels. 

What is claimed is: 
1. A method for the production of hydrocarbons which 

comprises cultivating species of the Chlorophyta in a nutrient 
medium having a phosphate content of at least about 2 mM, a 
Zinc content of at least about 0.2 ppm, and an iron content of 
at least about 3 ppm, harvesting the cultivated Strain, and 
recovering therefrom said hydrocarbons. 

2. The method of claim 1, wherein said species are selected 
from the Trebouxiophyceae. 

3. The method of claim 1, wherein said species are selected 
from the group consisting of Botryococcus species and vari 
eties and strains thereof. 

4. The method of claim 1, wherein said cultivating step 
produces a biomass, and further comprising exposing said 
Chlorophyta to a second nutrient medium having a phosphate 
content of at least about 80 mM. 

5. The method of claim 1, wherein said nutrient medium 
further comprises: 

200 ppm to 3% N: 
100 ppm to 15% P,0s; and 
ppm to 3.5% K20. 
6. The method of claim 1, wherein said nutrient medium 

comprises nutrients selection from the group consisting of 
phosphate salts, ammonium salts, calcium salts, potassium 
salts, magnesium salts, sodium salts, phosphoric acid, pyro 
phosphates, polyphosphates, glycerophosphates and mix 
tures thereof. 
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7. The method of claim 4, wherein said second nutrient 
medium comprises from about 800 ppm to about 15% phos 
phates and from about 5 ppm to about 70 ppm soluble zinc. 

8. The method of claim 7, wherein said second nutrient 
medium further comprises nutrients selected from the group 
consisting of ammonium salts, potassium salts, magnesium 
salts, sodium salts, phosphoric acid, pyrophosphates, poly 
phosphates, glycerophosphates and mixtures thereof. 

9. The method of claim 8, wherein said second nutrient 
medium further comprises phosphate buffers comprised of 
monobasic, dibasic, and tribasic salts; citrates; and Krebs 
Cycle carboxylates. 

10. The method of claim 9, wherein said second nutrient 
medium comprises 25 ppm to 250 ppm soluble magnesium, 
0.3 ppm to 3 ppm soluble manganese, 3 ppm to 10 ppm 
soluble iron, and 5 ppm to 70 ppm soluble zinc (Zn). 

11. The method of claim 1, wherein said hydrocarbons are 
cultivated on an aqueous solid Substrate. 

12. The method of claim 11, wherein said substrate is 
selected from the group consisting of paper, plastic, colloids, 
phycocolloids, agar, agarose, carrageenan, agar Substitutes, 
textiles, gel, mud, soil, earth, shale, clays, foam, ceramics, 
concrete, brick, metal foam, wovens and nonwovens. 

13. The method of claim 1, wherein said Chlorophytan is 
cultivated with a Supply of carbon dioxide and carbonates. 

14. The method of claim 1, wherein the said Chlorophytan 
is cultivated under light exposure of 100 to 2000 uE/m/sec 
PAR illumination. 

15. The method of claim 1, wherein said hydrocarbons 
comprise any of CH, where n is from 30 to 37, inclusive. 

16. The method of claim 1, wherein said Zinc content is at 
least about 5 ppm. 

17. The method of claim 1, wherein said nutrient medium 
further comprises at least 5 ppm soluble iron. 

18. A microorganism designated Ninsei, a representative of 
which having been deposited under ATCC Accession No. 
PTA-7441. 

19. Hydrocarbons produced and recovered from the Chlo 
rophytan of claim 18. 

20. A substantially pure culture of Ninsei, having the ATCC 
Accession No. PTA-7441. 

21. A method for producing hydrocarbons from the Chlo 
rophyta comprising inoculating a Substrate with said Chloro 
phytan exposing said organism to PAR in a nutrient medium 
having a phosphate content of at least about 2 mM, a Zinc 
content of at least about 0.2 ppm, a manganese content of at 
least about 0.1 ppm, and an iron content of at least about 3 
ppm, and harvesting said hydrocarbons. 

22. The method of claim 20, wherein said Chlorophytan is 
Ninsei, a representative of which having been deposited 
under ATCC Accession No. PTA-7441. 

23. A nutrient composition comprising: 
80-800 ppm. KHPO 80-1000 ppm. KHPO 500-2500 
ppm KNO.80-800 ppm Chelants, 1-1000 ppm MgSO, 
1-800 ppm Ca", 3-10 ppm Fe, 0.1-3 ppm Mn, 0.01-0.1 
ppm Cu, 0.2-2 ppm B, 0.3-50 ppm Zn, 0.001-0.05 ppm 
Mo, 0.001-0.05 ppm Co. 

24. The nutrient composition of claim 23, comprising 
about 136 ppm. KHPO, about 17 ppm. KHPO, 570 ppm 
KNO, about 200-1750 ppm chelants, about 100 ppm 
MgSO4, about 88 ppm Ca", at least about 5 ppm Fe, about 
0.2 ppm Mn, about 0.01 ppm Cu, about 0.2 ppm B, about 0.2 
ppm Zn', about 0.02 ppm Mo, and about 0.002 ppm Co. 
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25. The nutrient composition of claim 23 in liquid water 27. A phycological culture medium with at least 5 parts per 
and culture of Botryococcus sp. therein. million soluble iron. 

26. Hydrocarbons produced and recovered from parts of 
the Chlorophytan of claim 18. ck 


