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Botryococcus braunii var. showa has the largest ceJls and colonies of the genus. Rapidly growing 
colonies are typicaJly smaJl and shaped like peanut pods， but slowly growing colonies form large 
irregular aggregates. Only vegetative reproduction has been observed. This new variety is distin-
guished by production during growth of botryococcene hydrocarbons which comprise up to a third 
of its dry weight. A 32・carbonbotryococcenoid which bears a cycJohexyl moiety occurs only in this 
vanety. 

KりIIndex Wordr;・ Axe，胸 culture-botryococcene.ー均ydrocarbons-t，仰即吻I--varie砂ofBotryococcus 
braunii. 

Of seven described species of the genus， 
Botヮococcusbraunii Kutzing has been the 
only one used for physiological investiga-

tions. With rare exceptions， observations 
have been based on strains with origins 

企oma single common isolate (BERKALOFF 

and ROSSEAU 1984; WOLF et al. 1985) 
deposited in 1950 by Droop at the Center 

for Culture of AIgae and Protozoa (CCAP; 

AsHER and SPALDING 1982). Investiga-
tions on the CCAP isolate and its c10nes 
consistently showed slow growth rates and 

low hydrocarbon production (CHlRAC et al. 

1986) as compared with field observations 
(WAKE and HILLEN 1980; 1981) of blooms 

with high lipid contents， an ambiguity 
that has been a source of concern to those 

seeking renewable sources of hydrocarbons 

from algae (WOLF 1986; HILLEN et al. 
1980). A resting phase in the life history 
was considered to be necess紅 yfor accu・

mulations of large quantities of hydrocar-

bons (BRO附 etal. 1969)， since it could be 
used to trigger accumulation of linear hy-

drocarbons in the CCAP isolate and branch-

ed hydrocarbons in some other isolates 

(BERKALOFF and ROUSSEAU 1984; AARON-

SON and PATNI 1986). Different from all 

other reported isolates， the present new 
variety， previously referred to as the Ber-
keley strain (OHMORI et al. 1985; WOLF et 

al. 1985a; WOLF et al. 1985b)， shows rapid 
metabolism of carbon into branched-mo-

lecule hydrocarbons during active growth 

(WOLF et al. 1985b) and is morphologically 

and chemotaxonomically distinct from other 

B. braunii. 

Materia1s and Methods 

This new variety was originally isolated 

inJune 1980 from culturing tanks for flower-
ing aquatic Menyanthes plants located in a 

greenhouse on the fifth floor of the Life 

Sciences Building of the University of Cal-
ifornia， Berkeley， CA 94720. The aquatic 
plants were from a tropical African collec-

tion made by R. Ornduff， maintained with 
tapwater at ambient room temperature (15-

300C). 
Whole soil-water extract (ASHER and 
SPALDING 1982) was steam sterilized and 
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buffered with phosphate at pH 7. The 
soil extract was supplemented with Pro-
vasoli's enrichment solution at 0.25 nor-
mal strength with an equal volume of 1-
μm-sterile-filtered lily-cultur巴 water. Two 
thousand sterile disposable test tubes (12 x 
75 mm) with friction-fit clear plastic caps 
were each given 1.5 ml of the medium. 

Floating orange colonies were collected 
from the water in the plant culturing tank， 
and the suspension was diluted with an 

equal volume of sterile enriched medium. 
Single colonies were selected by micropi-
pette. Single orange colonies selected by 
means of an inverted microscope at low 

power (40 x) magnification were transferred 
to test tubes containing enrichment medi-
um. 

The test tubes were enclosed in plastic 
bags which were deftated and then filled 
once with carbon dioxide :nitrogen gas 1: 1. 
The cultures were maintained under 150 
μE・m-Z・S-1cool white ftuorescent illumina-
tion at 300C. Cultures were continuously 
illuminated. When numerous colonies were 
observed in the tubes， additional medium 
was added. Within two weeks， cultures 
that were contaminated were removed. 
Approximately 200 unialgal cultures re-
sulted from the 2000 single colony isolates. 
One culture that was tested contained high 
levels of botryococcenes. This culture was 
originally called the Berkeley strain is the 

present new vanety. 
Ma必in叫l此t巴nanc巴ofthe new isolate is under-
taken in Bold'、sbasal medium (ASHER and 
SPA工LDING 1982) without NaCα1. The pH 
was maintained by providing a cloak of 
carbon dioxide since slow growth was ob-
served when Tris buffers were added. 
Axenic cultures were isolated by gentle 
homogenization of the colonies to shake off 
contaminants. Colonies were washed with 
several volumes of sterile medium. Re-
maining colonies were resuspended in sterile 
water and spread on agar plates with nu-

trient medium for growth. Clean colonies 
were transferred to yeast extract agar plates 
to test for presence of bacterial contamina-

tion. Final colonies were placed in aqueous 
media as above， but with the addition of 0.1 
mM  sucrose and 10 mM  HEPES buffer to 
replace the carbon dioxide. 

Diagnoses and Observations 

Botワococcusbraunii var. showa Nonomura 
var. nov. 
Chlorococcales， Chlorophyta 
Coloniae huius varietatis virides， ftavae， 
aurantiacae aut brunae secundum regimen 
lucis aut statum physiologicum culturae. 

Coloniae ad superficiem culturarum quiet-
arum ftuitant. Coloniae forma magnitu・
dine a 25 ad 300μm variant， et ex una ad 
aliquot aggregationes cellularum irregulares 
ad sphericas constituant. Coloniae cellu-
larum matrice hydrocarbones abundantes 
continente cohaerent. Coloniae rapide 
crescentes forma leguminis Arachis砂Itogaeae，
e duarum submonadum fere sphericarum 
constitutae. In colonis tarde crescentibus 

in culturis veteribus， aggregationes coloni-
arum multiplicarum forma irregularum 
vulge repertae. 
Cellulae constitutentes colonias 10-30μm 
long.， forma ovoideae， cuneatae， pyriformes 
aut irregulares. Cellulae in poculis matri-

calibus， quae elementa membranae cellu-
laris atque strata hydrocarbonis continent. 
Deposita hydrocarbonis intracellulariter et 
in matrice et in superficie colonarium ad-
sunt. Me巴mbr悶.ヨanacellulae cαr悶.乱as鈴sa偽， e s坑tra司at旬o 

interiore polysacchari 
t旬erior問.屯et旬enuit甘ri也i臼lamellariconsti託tut切a. Cel-

lulae nucleum， unum dictiosoma anterius 
atque chloroplastum poculiformem， pyre-
noide basali praeditum， continent. Organ-
ella insolita nulla. Deposita hydrocarbones 
0.5 ad 20μm diam. in cytoplasmate et in 
membrana et matrice adsunt. Reproductio 
tantummodo fissione binar包 e佐cta. Post 
cytokinesem poculum novum matricale cir-
cum omnem cellulam formatur. Frag-
mentio propagationem coloniarum efficit. 

Coloniae in aqua dulci ad quasi subsalsam 
nutrimento locupletam sub luce continua 
aut periodica (e.g. 16:8 h LD) crescunt. 
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Colonia巴rigoreslucis magnos tolerant (e.g. 
150ー250μE・m-2・sec-1).
Varietas nova a Botヮ'ococcusbraunii typica 
(e.g. isolata e Collectione Culturarum in 
loco Cambridge dicto) di能rt 町 uctura
coloniae atque biochima. Coloniae in B. 
braunii typica plus minusve planae， et e 
cellulis radiatim ordinatis unico in strato 
periferam versus conpositae， quandoquidem 
coloniae varietatis novae globosae， cellulis 
in stratis multiplis ordinatis. Varietas nova 
plures hydrocarbones botryococcinas (30% 
vel plus ponderis secci) ， quam B. braunii 
typica 1.5-20% producit. Hydrocarbones 
a varietate nova producti insignes， praeben-
tes illam CaHM compositionem C6 anulo 
ter凶 nali praeditam (Mu貼 KAMI et al. 
1988). Physiologice， varietas nova ab aliis 
gentibus metabolismo rapido carbonis nu-
trientis in hydrocarbones tempore crescent-
iae activae insignita. 

Locus typi: Cisternae pro culturea Men-
yanthes in caldaris ad contignationem quin-
tam sedificationis pro scientiis vitalibus U-
niversitatis Californicae locum Berkeley， 
CA 94720， U凶tedStates of America dic-
tum. 
Epitheton huius varietatis e “Showa" e lit-
teris Japonicis， 昭和，“Pacemnitentem" 
significante derivatum. 

Axenic and unialgal cultures are mor-
phologically identical. The alga is colonial 
and floats at the surface of still cultures. 
Colonies range from 25-300μm and consist 
of one to several irregular to spherical ag-
gregates of cells. The colonies are held 
together by a matrix that is rich in hydro-
carbons. Rapidly growing colonies are 
shaped like peanut pods (Fig. 1)， being 
composed of two approximately hemispher-
ical subunits approximately 25-50μm long. 
In slowly growing colonies or in old cul-
tures， large multiple-colony aggregates of 
irregular shape are common. 
Cells composing the colonies are 1ι30 
μm long and are ovoid， cuneate， pyriform 
or it・regularin shape. They are individual-

Iy embedded in matrix cups that comprise 
cell wall components and layers of hydro-

25μm 

Fig. 1. Camera lucida drawings showing the 
peanut-pod shape of the colonies of Botり10COCC出 braunii
var. shou旭andsome cell shapes in matrix cups 

carbon. Hydrocarbon deposits are present 
intracellularly， in the matrix and on the 
surface of colonies. The cell wall is thick， 
composed of an inner polysaccharide layer 
and a thin outer trilamellar structure. 
Cells contain a nucleus， one anteriorly 10・
cated dictyosome and a cup-shaped chloro-
plast with a basal pyrenoid. No unusual 

organelles are present. Deposits of hydro-
carbon 0.5 to 2.0μm in diameter are pre-
sent in the cytoplasm and in the wa11 ma-
trix. Binary fission is the only form of re-
production. A new matrix cup is formed 
around each cell folIowing cytokinesis. 
Fragmentation causes propagation of the 
colonies. 
Colonies grow in nutrient-enriched fresh 
to slightIy brackish water (0.1 M NaCl) 
under continuous or periodic (e.g. 16: 8 h 
LD) photoperiod. They are tolerant of 

high light intensities， growing welI， for ex-
ample， under direct sunlight or under fluo・
rescent lamps at 150ー250μE・m-2.s-1.
The new variety is distinguished by 10-
cality， colony structure and biochemistry. 
Other varieties of the species are flattened 
and composed of celIs that are arranged 

radiately in a single layer towards the pe・
riphery， whereas， those of the new variety 



288 NONOMURA， A.M. 

町 eglobular， often with a median constric-
tion， with cells arranged in multiple layers. 
The new variety produces more botryococ-
cene hydrocarbons， 30 % or more of the dry 
weight， than culture types of Botり10COCCUS
braunii (e.g. AsHER and SPALDING 1982) 
which produced less than 5% botryococ-
cenes under identical conditions. A hydro-
carbon produced by the new variety is dis-
tinctive， showing a C32H54 compound with 
a terminal C6 ring (MURAKAMI et al. 1988). 
Physiologically， the new variety is distin-
guished from other strains by its rapid me-
tabolism of nutrient carbon into hydrocar-
bons during active growth (WOLF et al. 
1986). Hydrocarbon droplets are often 
observed surrounding the colonies and are 
released into the growth medium. 
Morphologically， the new variety is dis-
tinguished 企omother strains by large colony 

and cel1 size and peanut (Arachis) pod shape 
of the colonies. 
This new variety Showa is from ]apanese， 
昭和， meaning brilliant peace， referring to 
flames that arise from ignition of the biomass. 
A dried type specimen is deposited UCB 
having accession no. UC147504. 

DiscussioD 

HIROSE and OGASAWARA (1977) co凶 rm-

ed the position of B. braunii in the Chloro-
phyceae ultrastructural1y. Botヮococcusspe-
cies (Table 1) have been described accord-
ing to colony and cell sizes. The largest 
colonies of previous description are of B. 
giganteus REINSCH (1877) and B. protuberans 
WEST and WEST (1905) at 218--220μm 
diam. far smal1er than the new variety at 
300μm diam. Botryococcus calcareus WEST 
(1892) is described from limestone pools 
and was distinguished from other species 
by loosely packed cells shaped di貸erently，
from subglobose to cubical. 1n B. proωber-
ans WEST and WEST (1905)， the cells pro-
trude conspicuously beyond the cell sheath. 
The cells and colonies of B. protruberans var. 

minor SMITH (1918) are smaller (6.5 x 9.5μm 
max. cell diam.) than the type species. 

Table 1 Extant species and Varieties of Botヮ'ococcus

Botryoco~叫sbraunii KUTZING 1849 
Botryococcωhraunii var. horridus HANSGIRG 1905 
Botヮ'ococcusbraunii var. perarmatus VIRIEUX 1912 
Botrvococcus braunii var. showa var. nov. 
Botryodoccus braunii var. validus HANSGIRG 1905 
Botヮ'ococcuscalcareωW. WEST 1892 
Botryococcus giganteusP .F. REINSCH 1877 
BoりococcωmicromorusW. et G.S. WEST 1897 
Botり10印ccusprotuberans W. et G.S. ，内{EST1905 
Botryococcus protruberans var. minor G.M. SMITH 1918 

Botワ0印刷prot訪問nsvar. nanyohensis ]AO 1940 
Bolヮ'ococcuspusillus V AN GOOR 1924 
Botワ'ococcusterricola KLEBS 1883 

Those of B. protuberans var. nanyohensis ] AO 
(1940) are also smal1er (9.0 x 18μm max. 
cel1) than the type species， but our strain 
differs企omB. protruberans var. minor by larger 
number of cel1s and dimension of the colony 
and wider gelatinous envelopes. The cel1s of 
B. gigan肌 rREINSCH (1877) are larger (27.8 
μm long) than previously described species 
and nearly as large as the new variety. 1n 
contrast， the smallest cells are described for 
B. micromorus W. et G.S. WEST (1897) (3-
4.5μm) and B. pusillωVan GOOR (1924) 
(2-2.5μm). Zoospores were observed in 

Botワococcω terricolaKLEBS (1883)， but it 
was not certain that this form was Botり10COC-
C臥 Notably，a species was misplaced: 
Botワ'ococcω su似たusLemmerman (1896) is 

now Botヮφ'haerellaSILVA (1970). 
Colonies of Botヮococcusaggregate to form 
water flowers and are generally described as 
being composed of more or less spherical 
aggregates of cel1s (FRITSCH 1935). Medi-
an constriction in colonial morphology was 

used to distinguish Botワococcuspωillus Van 
GOOR (1924). Other species in which ap-
pressed hemispheres are illustrated include 
B.仰ωeransW. et G.S. WEST (1905) and 
B. calcareus WEST (1892). The peanut 
shape of basic colonies caused by budding 
is a characteristic of the new variety. 
Within the species， the peanut shape is not 
described for B. braunii， although charac-
teristics of the colony are. The colonies 
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of B. braunii var. perarmatus VIRIEUX (1912) 
are simple or split nearly completely across 

the diameter; colonies are loosely connected 

by a mucous strand rather than being ap-
pressed， the distinguishing characteristic 
being long mucous strands. Descriptions 

of B. braunii var. validus HANSGIRG (1905) 
and B. braunii var. horridus HANSGIRG (1905) 
were distinguished from each other by the 

latter variety being equipped with colorless 

spiny processes over the surface of the col-

ony. One variety of B. braunii was named， 
but B. braunii var. minor (KALMUS et al. 
1864) lacks a description. 

Five Botワococ，ωspp.are fossils (Table 2). 

Deposits of boghead coals， coorongite， 
torbanite and balkaschite were attributed 

to B. balkachicus ZALESSKY (1914; 1926) and 
B. coorongianωTHIESSEN (1925). These fos-
sil deposits were ascribed to a common algal 

source by BLACKBURN (1936) and BLACK-

BURN and TEMPERLEY (1936) upon demon-
stration of the interconnection between the 

coals and realization that the alga was com-

mon to living examples of B. braunii. Other 
fossil species， including B. luteus TRAVERSE 
(1955)， might also be considered conspecific 
based on similarities of descriptions to B. 

braunii. A Latin diagnosis is lacking for B. 
palanaensis SAH and KAR (1974). 
The major physiological distinction of 

the new variety is rapid metabolism of 

carbon into botryococcene (WOLF et al. 
1985)， during exponential growth. This is 
the only reported B-form (branched bo-

tryococcene hydrocarbon) isolate of the 

genus that synthesizes botryococcenes while 

it is growing. Previous investigations based 

on other isolates of B. braunii (AARONSON 

and PATNI 1986; BROWN et al. 1969; 
BELCHER 1968; CHIRAC et al. 1985) show 

Table 2 Fossil Species of Botryococcus 

Botryococcus braunii KtlTZING 1849 
Botryococ，印sbalkachicus ZALESSKY 1914 
Botワ'ococcuscoorongianus THIESSEN 1929 
BotりIOCOCCUSluteus TRA VERSE 1955 
Botryococcus talanaensis SAH et KAR 1974 

that hydrocarbons are produced in large 

quantity when growth has ceased or is sub-

stantiaIly reduced; several isolates (BER臥・
LOFF and Ro邸 AU1984) were designated L-

form (Linear Hydrocarbon) synthesizers 

(WOLF et al. 1985a). The production of 
the hydrocarbon fraction identifiable to the 

new variety (MURAKAMI et al. 1988) w出
observed in the earliest unialgal isolates and 

five years later in axenic cuItures. The sta-
bility of algal strains and the chemotaxono・

mic value of lipids is supported by HOWARD 

et al. (1983) where chemistries in algae 
were observed to remain the same under 
various field and culture conditions. 

This variety has secretory features that may 

be exploited for production of hydrocarbons 

by means of immobilized systems. 
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Ar也町 M.NONOMURA:カリフォルニア パークレイ産緑藻 Botryococ，α'8

braunii var. showa (新種)について

Botryococucs braunii var. shoa凹は，乙の属lt最大の細胞で最大の集落を形成しれ}る。成長速度のはやいときは

特徴ある小さなピーナツ殻状の集落を形成するが，成長速度のおそいときは，不定形の大きな細胞凝集体を形成

する。有性生殖は認められない。乙の新変額は成長期!C乾燥量の%に及ぶ botryococcenehydrocarbonを産生

する。ジクロヘキサン環を一つもった炭素数32からなる botryococcenoidはとの変磁のみにみられる。

(Scrips Institution of Oceanography， University of California). 




