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1
CROSS-REFERENCE TO RELATED
APPLICATIONS

This application claims priority of provisional application
Ser. No. 60/678,711, filed May 6, 2005, the disclosure of
which 1s hereby incorporated by reference.

LATIN NAME OF GENUS AND SPECIES OF
PLANT CLAIMED:

Botryococcus genus, spcies braunii.
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BACKGROUND OF THE INVENTION

The present invention 1s a novel and distinct variety pro-
vided as a potential source of hydrocarbons.

For decades, Botrvococcus braunii has been suggested as a
potential source of liquid transport fuels and although the
hydrocarbon content has been as high as 30% of biomass,
such high hydrocarbon content occurs during a period of
dwindling green pigmentation, the loss of chlorophyll con-
comitant with a resting phase of exceedingly slow growth
rates. In the practice of solar irradiated mass culture, optimi-
zation of green chlorophyll pigmentation would be beneficial
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tfor the efficient capture of light for continuous rapid growth
and may be accomplished by vegetative breeding to increase
pigmentation. The novel variety of the present ivention 1s
anatomically distinguished by the presence of an apical
depression 1n cells of 1ts colonies.

BRIEF SUMMARY OF THE INVENTION

In the present imnvention, I have discovered, 1solated and
grown a novel variety of Botryvococcus braunii with a deeper
hue of green pigmentation and physiological and morpho-
logical distinctions from its mother variety. The features of
the novel variety are suitable for culture 1 vitro under illu-
minated environments typical of mass production.

Stock cultures were taken from bottom-dwelling colonies
of Botryococcus braunii variety ‘Showa’, claimed by U.S.
Plant Pat. No. 6,169, maintained on standard phycological
enhancement media known by those 1n the art. Sterile test
tubes (20 mmx 150 mm) with friction fit stainless steel caps
were each filled with up to 20 ml of media and steam sterilized
twice for 60 minutes. The cultures were stepped up to larger
volumes until approximately 1 million submerged green
colonies were collected from the bottom of 1 liter glass flasks.
Harvested colonies were concentrated mto 5 ml with over-
night settling. The supernatant was decanted and colonies
were resuspended m 15 ml of aqueous culture medium.
Transtierred cultures were produced i 10 replicates and
placed in the dark. Control cultures were transferred into
equal volumes of conventional phycological media.

Single colonies were 1dentified visually for hydrocarbon-
vesicle content and selected manually with micropipettes.

Maintenance of cultures for long durations under high light
intensity illumination ranging between 500 to 1700 pE/m~/
sec PAR, 8-20 h light, at 25-35° C. was preferred 1n any of a
number of conventional maintenance media, preferably, Chu
13 that was designated to Botryococcus based on limnologi-
cal analyses (Chu, S. P. 1942. J. Ecol. 30:284-325); however,
it was found to lack a full complement of definable trace
mineral nutrients. ‘Showa’ nutrients from U.S. Plant Pat. No.
6,169 are incorporated by reference herein, and provided as a
control in experiments. Supplementation with 1% to 3% car-
bon dioxide or bicarbonates (e.g., 10 mg/ml blended potas-
sium bicarbonate and ammonium bicarbonate) enhanced
growth rates under the highest light intensities. Phycocolloids
were infused with 1% to 20% calcium carbonate. On replica-
tion of colonies, additional ‘Showa’ medium was metered
into maintenance cultures as nutrients were exhausted. The
floating colonies of the strain of the present invention are
characterized by greater than 22% content of mixed botryo-
coccenoid branched hydrocarbons (C, H,, _,,, n=30-37) prei-
erably when under the previously identified requirements of
exposure to high light intensities and carbon dioxide.

As the variety of the present invention also sheds o1ls from
the colonial matrix when 1nduced with mild pressure, as for
example, from hydrological shear, the colonies are suited for
continuous harvest of botryococcenes from reusable biom-
ass.

BRIEF DESCRIPTION OF THE DRAWINGS

FIG. 1 illustrates a 5 um breadth by 8 um height cell of a
colony showing an ovoid cell containing nine round hydro-
carbon vesicles, a dictyosome, a nucleolus, and a parietal
chloroplast;

FIG. 2 illustrates the apical pit observable 1n a cell of a
colony; and
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FIG. 3 1s a microphotograph of a green hydrocarbon-rich
colony showing ovoid protuberant cells, each containing five
and more round hydrocarbon vesicles. At the perimeter are
seven hydrocarbon droplets extruded from the colony by
pressure from the glass cover slip.

DETAILED BOTANICAL DESCRIPTION

Description of Processes for Selection

The present invention comprises the novel and distinct
‘Ninse1’ that was deposited at the American Type Culture
Collection (Post Office Box 1549, Manassas, Va. 20108) 1n

March 2006 and assigned ATCC No. PTA-7441. This Tre-
bouxiophyceaen 1s hereinafter referred to as ‘Ninser’.

Ninse1 was 1solated as a mutagenized clone by 1rradiating
colonies on 1% agar supplemented with minerals 1n sterile
plastic Petr1 dishes at LD, 15 watt UV, 1 cm, for 10 minutes.
This period of UV exposure killed all other organisms on the
plates. Survivors were selected for depth of green hue, toler-
ance to 50 ppm zinc nmiche, and hydrocarbon content. The
single originating clonal 1solate replicated rapidly under 24

h/d light with buffered nutrients to fall within a range of pH
7+0.5.

Colonies of ‘Ninse1’ were archived in sterile test tubes with
stainless steel caps, each filled with up to 10 ml of media and
stecam sterilized for 30 minutes. Single colony replicates
were, thereatfter, re-selected for growth 1n 50 ppm to 70 ppm
Zn** and visually identified for high hydrocarbon-vesicle
content through micromanipulation and selection with
micropipettes. Colonies on Zn** were isolated for hydrocar-
bon production by placing selections 1n the dark to eliminate
artifacts of flotation from oxygen bubbles. A single colony
selection was visually confirmed to contain over a dozen
hydrocarbon-vesicles and was deemed suitable for micro-
propagation. Culture conditions provided up to 1500 uE/m?/
sec PAR, 824 h light at 20-30° C. Supplementation with
nutrients and a source of assimilable carbon such as 1% to 5%
carbon dioxide gas or carbonate (e.g., 10 mg/ml potassium
carbonate or potassium bicarbonate), increased growth with
hydrocarbon synthesis substantially, especially, when under
the highest light intensities. The preferred environment for
maintenance of ‘Ninse1’ required bullering by approprate

concentrations of nutrient salts and carbonate adjusted to pH
7.

Colonies of ‘Ninse1’ are variably-shaped groups of cells
held together 1n cups of tough sporopollenin-like matrices.
Depth of color depends on the light regime, density of culture
and physiological state of the colonies. All color designations
are made with reference to the Munsell Book of Color. Nor-
mal healthy colonies range from 5 GY 7410 2.5 GY %12 onthe
Munsell color chart and these ‘Ninsei” colomes, fully pig-
mented with chlorophylls, may float at the surface of growing
cultures with high hydrocarbon content that may reflect
golden overtones.

The ‘Ninse1’ variety of the present invention 1s character-
1zed at an average green hue of 2.5 GY ©10+£50% on the
Munsell color chart for healthy colonies. In contrast, ‘Showa’
1s described as a yellow hue of 2.5Y 74 on the Munsell color
chart. Vegetative reproduction resulting 1n increased colony
count 1s maintained as long as there 1s chlorophyll content to
reflect 2.5 GY hues. No growth has been observed 1n the Y
through YR Munsell Color range, but conversion of carbon
stores to hydrocarbon may continue up into the YR brown
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state of decline. Flotation 1s concomitant with growth of
botryococcenes branched hydrocarbons (C H, ., n=30-
37).

When released from the colonial matrix, cells of the colo-
nies are S um to 10 um spheres often pressed by neighboring,
cells mto irregular shapes. Within the colony, the cells are
wedged 1nto almond shapes between neighboring cells. Nei-
ther ‘Showa’ nor ‘Ninse1i” has a sexual phase in their life
cycles. Deposits of hydrocarbon, 0.1 um to 1 um in diameter,
are present 1n the cytoplasm, wall, and matrix. An occasional
cell of ‘Ninse1’ exhibits a depression at the outer tip of the cell,
the apical pit (see FIG. 2), that most frequently appears in
cells with few hydrocarbon vesicles. The depression may, 1n
fact, be an opening from which results the secretion of oils.
The name of the strain 1s, 1n fact, derived from the urn forms
of cells with open tops, reminiscent of shapes of large ceramic
wares by the artist of Kyoto, ca. 1600 AD, Ninsei.

The secretion of oi1ls may have a protective function, for
when the colonies dwells at the surface, they are fully exposed
to ultraviolet radiation. Hydrocarbon-rich colonies effec-
tively block UV and a film of hydrocarbon floating at the
surface would function as a sun block. The hydrocarbons may
block suificient PAR to prevent photoinhibition and 1s thus
consistent with occupation of the superficial mud niche.

The colonial unit 1s spherical and aggregates of units con-
tribute to the formation of wrregular grape-like clusters
observed 1n large colomes. During rapid growth of the novel
strain, colonies are generally smaller than ‘Showa’s’ 50 um
colomies. In ‘“Ninse1’, smaller colonies may range from 10 um
to 45 um 1 diameter. Colonies of 100 or more cells are
predominantly composed of irregularly shaped units that
fragment 1nto roughly rounded colonies.

‘Ninse1’ 1s visually distinguishable from other strains of the
variety by 1ts deep green hue, small size attributable to rapid
growth, cell structure, and niche. Defined growth medium for
the strain of the present invention will usually include major
and secondary and trace metal plant nutrients. The preferred
formulae provide balanced primary fertilizers, nitrogen,
phosphoric, and potash; secondary nutrients, Ca, S, and Mg;
and micronutrients such as, Fe, Mn, Zn, Cu, B, Mo, Co, and
Ni. Suitable chelants for these nutrients include EDTA,
HEEDTA, NTA, DTPA, EDDHA, citrate, and the like. Con-
sistent with culture practices of the present invention, the
most highly preferred medium that originated from the
present inventor for maintenance with rapid growth of hydro-
carbons 1s KwiK, listed below, a highly concentrated nutrient
formulation from the patent application entitled “Methods
and Compositions for Growth of Hydrocarbons in Botrvococ-
cus sp.”, now Ser. No. 11/429,536 and filed simultaneously
herewith and imcorporated herein by reference. ‘Ninse1” was
found to grow hydrocarbons best under at least about 500
uE/m*/sec light intensitzy and tolerate unusually high concen-

trations of soluble Zn™* ranging from 0.08 mM to 0.36 mM
Zn*.

KwiK Medium, Adjusted to pH 7 with Phosphate Butfer

Concentration Archival
Component Range Concentration
KH,PO, 80—K00 ppm 272 ppm
K5HPO, RU—1000 ppm 348 ppm
KNO;, 500-2500 ppm 800 ppm
Chelants 80—800 ppm 200750 ppm
MgS0, 1-1000 ppm 125 ppm
Ca*? 1-800 ppm 88 ppm
Mn 0.1-3 ppm 0.1 ppm
Fe 0.3—10 ppm 0.5-9 ppm
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-continued
Concentration Archival
Component Range Concentration
Cu 0.01-1 ppm 0.02 ppm
B 0.2-2 ppm 0.2 ppm
Zn*? 0.3-50 ppm 0.2 ppm
Mo 0.001-0.05 ppm 0.02 ppm
Co 0.001-0.05 ppm 0.002 ppm

Colonies grow particularly well in the above supplemented
solid media, such as when dissolved 1n an aqueous 0.5% to
1.5% agar gel; cloaking with 0.5% to 3% carbon dioxide;
under continuous (24 h light per day) or periodic (e.g., 16:8 h
LD) PAR light exposure; under 500 uE/m*/sec to 1700
uE/m*/sec light intensity in high density cultures; and tem-
peratures up to 35° C. Exposure of ‘Ninse1’ to high intensity
light, nutrients for optimal photosynthesis, 2 mM to 100 mM
phosphates, at least about 3 ppm Fe, and 0.2 ppm to 45 ppm
7Zn** nutrient concentration with 1% to 3% carbon dioxide,
accelerated metabolism of hydrocarbons and 1s a character-
istic of ‘Ninser’.

‘Ninse1’” 1s 1dentifiable by 1ts mixed botryococcenoid
branched hydrocarbons (C H, ,,, n=30-37); likewise, an
unusual C,,H., cyclic 1soprenoid distinguishes ‘Showa’ to
U.S. Plant Pat. No. 6,169. The ‘Ninse1’ strain 1s identifiable by
its content of several hydrocarbon structures including, brau-
nicenoids, wolficenoids, and showacenoids; the biochemaical
fingerprint analyses understood by those in the art. The pres-
ence ol the collected C,, to C,, botryococcenoid series within
‘Ninse1’ 1s uniracial, providing a consistent source of quick
power as the chemistry of choice for renewable transport

fuels.

‘Ninse1” 1s further distinguishable from other Trebouxio-
phyceans by its buoyant response 1n the presence of ammo-
nium salts; 1n contrast, ‘Showa’ stopped synthesis of hydro-
carbons when exposed to 1 mM ammonium chloride. When
transterred from KwiK and into the defined preferred ZaP
hydrocarbon enrichment medium, an original medium given
below, the colonies of ‘“Ninsei’ rose to the meniscus overnight.
The preterred ZaP formula was derived from 50 mM ammo-
niacal nitrogen. Consistent with culture practices of the
present invention, the most highly preferred medium for
buoyant growth of hydrocarbon-rich colonies 1s by ZaP, an
ammoniacal variation of ZiP, both original media from the
above-referenced patent application Ser. No. 11/429,336.
‘Ninse1” was found to tolerate unusually high concentrations
of soluble Zn™~ ranging from 0.08 mM to 0.36 mM Zn™~. The
preferred method for making Zi1P 1s to mix and 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 phosphates ZiP
solutions with chelated nutrients.

ZaP Competitive Enrichment Medium, Adjusted to pH 6.8
with Phosphate Builer

Concentration Preferred

Component Range Concentration
KH,PO, 0.136 ppm - 2% 1.36%
(NH,)>HPO, 0.132 - 2% 1.32%
KNO; 0.1% to 1% ppm 0.8%
Chelants 80—800 ppm 200-750 ppm
MghO, 1-1000 ppm 125 ppm
Ca*? 1-880 ppm 88 ppm
Mn 0.5-10 ppm 0.2 ppm
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-continued

Concentration Preferred

Component Range Concentration

Fe -10 ppm 73 ppm to 8 ppm
Cu 0.01-1 ppm 0.02 ppm
B 0.2—2 ppm 0.2 ppm
Zn+? 2—70 ppm 36 ppm
Mo 0.001-0.05 ppm 0.02 ppm
Co 0.001-0.05 ppm 0.002 ppm

Other species of Botryococcus have been described as
aquatic, whereas, ‘Ninse1” occupies the mud niche, showing
its most rapid growth at the surface of nutrient-supplemented
solid media. When common major elements of its niche, N, P,
K, Fe, Mg, Mn, Ca, and Zn, were presented to ‘Ninse1” at up
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15

8

to about 10-fold and greater concentrations than in conven-
tional hydroponic media, an exclusive environment was cre-
ated 1n the present invention for the competitive advantage
requisite for mass culture of the singular strain. ‘Ninse1’,
thereby, was artificially selected to be the fittest to survive in
an environment that would be otherwise too harsh for other
life. Physical separation of one population from another by
occupation of a niche to the exclusion of another lends to the
biological definition of speciation; therefore, ‘Ninse1’ repre-
sents a novel strain that occupies a niche at the water’s edge
that had not previously been defined 1n culture.

What 1s claimed 1s:

1. A new and distinct variety of Botrvococcus braunii algae
plant named ‘Ninse1’, as herein 1llustrated and described.



T K FTCC m  FE W -

e - S
L L __‘*ﬂ‘.l.t Ll . d
ety T U R ML FA T s apt
L LR ] .l.ﬁi.i.i.ih‘:.' g + " b P oy -
. a " - -
. L] h L + - . * \'. _.m.l....l r..“.ll. n - |l|ﬁ . - .r..r iy
. S W - l.___:-lma.n P i._-_"l-.n . _&F
- . LF R a .l.u._..ﬁ.-_-.-.lu. _ . Lo .-l..] N wrl...u - FrII_h. " .
e . ™ _Jl.-.‘._l -y == =" * r ...-_I..i' ..ﬂ.l.n_. o -
1 r...-.- ¥ to T ' r = - + ru L ar L - *a n1 . |-.".-.H-L
- . " [ -t [ ] " -l_ " v Ty
. ....fu_t-. . L3 Yo MR - .l....ﬂ._”__m___.____—.r S T,h._.._.q._.q._ﬁi L T L LI L b ‘__._....l.._._.. o L Y.
' ..l.:..f. . -
Al catt . g " ‘_._.______.h.u.t___,__.F _.aihﬁit....!i._..i&! T u_..._f___t.._. {.ﬂtttﬁrhf bty P e !4 T o o,
\ [ LA ! - 4 -4 .
- 1_1. LI oy i Yoo e et R S Ml JXCF e .__......_._..I_W...-.___ﬂ..ﬂ
= o

., -
FYTTR L L FL PP R

e

US PP21,091 P3

Sheet 1 of 3

Jun. 22,2010

drocarbon ./

y

R Mt

.nl
..__.-.1...1_." r
3K T T

. - | el LR -

'
4

. L}
A ....-r...tv.ﬁhl.. Iy .___Ej__ui.tq..f e .n.:.r...w.f.al_-_h..-_.-.r i_tvrl..._..i_.?i.__-.-..—“_....._....i.

. .ili.r.-..-.l- L
T ks R e T . -

U.S. Patent

FIG. 1



US PP21,091 P3

Sheet 2 of 3

Jun. 22,2010

U.S. Patent

FIG. 2



U.S. Patent

Sheet 3 of 3

Jun. 22,2010

-i-.'#'#1;1i'
.
e l-' e
Gt
L e
e
. X oa .
P
- . -
5 | » HHH"HII = roa
L e it
Nk N iy "':"‘f.".:; .
- ity ol RN, o
C e e aTa T P MO
T " T ) o aTa .
“Taa NN R A
._;kr‘#‘-b'#‘i‘#.l » ll :x" o .
A A WA AA I-?!
I L, et ey
AR AT A N e
A MR
; Pl A
A
L
v.w
b:q.
'

L
X

A
]
::_!:u
]
A,
.
.
A
A
o
s v
M i
Hn:x lr:i-"
o e
ot W A
A A
| o
A e e e '
A e ol W e W AN
A X N R N
A L)
: l.?l. Pl
e N

H:l!:!xu
L i
WA A
oA A N N A
XA N AN N
Moo A A M A W
‘!_“I A ]

*

r ; A
E O e e A »
A ¥ Sy
L ) L] i .
iy N | )
LN oA A A
AW WA A N N ) o x
et . ) AN
"

‘- HH-IHFHH"HH Fl!xii!’?!

. I‘. I-l.ﬂx?l-ﬂxﬂx?d ,
D ot e e
TR . .

"
et \-T b: "
v ™

O e el o

Ty U Sy oy

‘i:l i*-b‘t‘-b"-b'r-l'. . :

"
oo Fd

" "-'-:.: i":M;":"

4 B & F & F ik b il M_x & A

ok k i i e Nl

R e o

: L A
ey
"
“rtah
t. L
e -
. -:a- x:x:al'
g et
K o
" "y
L] g, |
e o ¥
a-*q-*q-' P!?:!H’HEI H.x?:xx!x' il
l-'a- _.4- "x"'n"'x a-l'ann"xna.n |
» aannal‘%: e
| e |
. - i i iy | l.hli!i!il -%.lill
i | AN N A M A m_A_A
i i o e A
A e W W A AW A
i e i B AA NN A X
- i [N A N
.- A e e WA A WM
Lol o m A MR AN A
-l L Fel o
e Pl » I-IHH"I:I
- o dr »
. i ) gt ]
'l_. .I' A
L i
et o o e ot o
| ) i e
B~ i i
LA A ey
. . .
E Y
- L)
l" .

P e

y b & i

L LI B

US PP21,091 P3

LEC N N A
'r"l

- ..-*: - - .

B F RS
-

.- .
X uom = .
e e

A M LI B g i r

¥ I
. -

»
»

N

i

AN A
A i -
el vl N -:;I-.
I e
R e

»

l!?!xﬂ'-l AA

'x"n:a:x:xﬁx:x:x: o
L

"H;‘HIP"HHH" >

o




	Front Page
	Specification
	Claims
	Drawings

