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ABSTRACT
Diatoms are regarded as useful neutral lipid sources, as liquid fuel precursors, as foods for marine culture of
zooplankters, larval and post-larval shrimp, copepods, juvenile oysters and as micromachines in nanotechnology.
Combining microscopic observation with in situ culturing has been useful in areas of taxonomy, ecology,
biomonitoring, biotechnology, etc. This communication reviews various culturing techniques of marine diatoms with
the relative merits.
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INTRODUCTION
Diatoms (Greek = "cut in half") are the major group of
unicellular, photosynthetic and eukaryotic algae. They
constitute the most speciose group of organisms
(worldwide distribution ~ 200,000 species, Bentley et
al., 2005) and are found inhabiting a range of habitats
from oceans to freshwater systems like rivers, lakes and
ponds (Armbrust et al., 2004). Importance of these
unique intricate cell patterned organisms, since then has
increased manifold in areas of taxonomy, ecology,
biomonitoring,
biotechnology,
etc
combining
microscopic observation with in situ culturing. It has
taken a long time to recognize the significance of the
ubiquity of the microscopic life, revealed by Robert
Hooke through his compound microscope, despite of the
reliance on microorganisms (Ash et al., 2002).
Microscope since time immemorial has been used to
understand many biological functions in prokaryotes and
eukaryotes. Among all the organisms, study of diatoms
was started off with microscopic observations i.e.,
taxonomy (Müller, 1786). Diatom taxonomy is based
either on the identification of ribosomal sequences
(Medlin et al., 1996) or more classically on the
morphology and the shape of frustules, the extracellular
silica cell walls (Karthick et al., 2010). Culturing of
diatoms is followed in morphometry and phylogeny
(Mann, et al., 2008) and to understand the teratological
structures in diatoms (Falasco et al., 2009, Håkansson
and Chepurnov, 1999) by herbicidal effects (Debenest et
al., 2008), etc., which can be applied in biomonitoring
practices (Debenest et al., 2009). Toxicological studies
for metal contamination and bioaccumulation of trace
metals is also done for biomonitoring applications
(Wang and Dei, 2001; Price and Morel, 1990).The
community structure (deJong and Admiraal, 1984,

Debenest et al., 2009) of diatoms could be understood to
unravel ecological intricacies by culturing them in an
artificial media, which mimic the natural condition of
diatoms.
Culturing got impetus with Cohn (1850) cultivating
unicellular flagellate Haematococcus (Chlorophyceae)
in situ. However, these attempts had setback due to the
absence of suitable culture media or maintenance
(Preisig and Andersen, 2005). Later, Famintzin (1871)
cultured algae (Chloroccum infusionum (Schrank)
Meneghini and Protococcus viridis Agardh) using a
media with a few inorganic salts that was adopted from
Knop (1865) used for vascular plants (Preisig and
Andersen, 2005).
In situ culturing helps to decipher physiological and
biological processes including enzymatic behavior,
genetics, etc. affecting growth of an organism in an in
vitro environment (except when cultured in outdoor
ponds). This requires appropriate culture medium or an
agar
medium
containing
essential
nutrients
(macronutrients, micronutrients, vitamins) and chelator
elements, etc., required for the sustained growth of cells.
This is being customized considering the requirement of
microorganism (Pelczar et al., 1993).
Culture media can be broadly grouped as marine or
freshwater culture media based on the ecology of the
diatom species. Although culturing of algae has a very
long history of as old as 1871 (Famintzin 1871),
researchers were intrigued with diatom culturing for
various reasons. The various fields in which diatom
culturing is done to unravel its mystery are illustrated in
Figure 1. Many facets of diatom biology like sexual
behavior, chloroplast and protoplast dynamics have been
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Figure 1: Applications of diatom culturing
understood with the help of in situ culturing (Edlund and
Stoermer, 1991, Mann et al., 1999, Davidovich and
Bates, 1998, Chepurnov et al., 2002, Sabbe et al., 2004,
Chepurnov et al., 2004).
Various physiological
activities (Berland et al., 1973; Lane and Morel, 2000;
Reinfelder et al., 2000) and evolution related questions
have also been understood by culturing (Armbrust et al.,
2004 and Connolly et al., 2006). The concept of barcoding was introduced to diatom taxonomy (Evans et
al., 2007; Kaczmarska et al., 2007) on the premise that
the divergence of a small DNA fragment coincides with
biological separation of species. This DNA fragment
becomes a DNA barcode for species which can be used
to flag new species, select optimal taxa for phylogenetic
studies, or to signal the geographical extent of
divergences in a population (Hajibabaei et al., 2007).
DNA bar-coding is used as an initial approach for
diverse applications, followed by larger in-depth studies
in the respective fields. Different DNA regions within
the nuclear, mitochondrial and chloroplast genomes
have been considered for testing as a universal DNA
barcode for diatoms (Moinz and Kaczmarska, 2009).
Culturing helps to isolate the specific diatom and also
isolating nuclear, mitochondrial and chloroplast
genomes for DNA barcode of a species (Moinz and
Kaczmarska, 2009)
Diatoms, in particular, were regarded as useful neutral
lipid sources, as liquid fuel precursors, as foods for
marine culture of zooplankters (Ahlgren et al., 1990),
larval and postlarval shrimp (Chu, 1989), copepods
(Bourdier and Amblard, 1989), juvenile oysters (TsitsaTzardis et al., 1993) and as micromachines in

nanotechnology (Drum and Gordon, 2003). Many
diatoms (Chaetoceros muelleri Schütt, McGinnis et al.,
1997; Thalassiosira pseudonana Hasle & Hemidal,
Pheodactylum tricornutum Bohlin., Yu et al., 2009;
Melosira varians Agardh., Stephanodiscus binderanus
(Kütz.) Krieger, Cyclotella meneghiniana Kütz., SickoGoad and Andresen, 1991) have been screened through
culturing to assess its relevance as prospective biofuel
feedstock. Gordon et al., 2005 suggest the need for
standardizing and scaling up of diatom in situ culturing
to track and prevent diatom malformations associated
with culturing. Silica being the component of diatom
cell wall, understanding its silicification process through
genetic transformation experiments, is essential in the
field of diatom nanotechnology.
In the preceding sections, we explain the evolution of
the successive marine diatom media, since Miquel
(1892-93)’s work. As a result, this deals with primitive
to a modernized isolation techniques as it forms a
defining step for any species-specific experiments. We
then focus on the significance of recipe compositions
from 19th to 21st century.
Isolation techniques:
Diatom culturing was initially done with the natural light
as the source of illumination (Miquel, 1892-93; Allen
and Nelson, 1910). Later, it was Warburg (1919) and
Hartmann (1921) who contributed significantly to use of
electric lights as a source of illumination. Use of a
screen of cold water between the lights and the cultures
to avoid heating was also contributed by them
(https://ccmp.bigelow.org/ accessed on 20th June 2011,
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19:00 hrs). To provide light which nearly matches the
natural light full spectrum, fluorescent bulbs are used
(Andersen and Kawachi, 2005).
The maintenance of sterile technique was first adapted
from microbial research (Beijerinck, 1890, 1891, 1893;
Miquel, 1890/92a-e). These were then replaced by the
Laminar Air Flow (Price et al., 1989) and sophisticated
microwave sterilization (Keller et al., 1988). “Isolation”
of an organism (or multiple organisms at a time)
describes the process by which individual cells are
physically separated from each other and/or from matrix
material, such as water, air, soil particles, or eukaryotic
tissues. Isolation therefore represents the most crucial
step during the process of obtaining pure cultures
(Zengler, 2009). Isolation based culturing gained
impetus with Pasture’s work on bacteria and fungi. A
pure culture consists of one species whose identity is
known and contains progeny of that species alone.
Attempts of Beijerinck, a Dutch microbiologist in
obtaining axenic (“pure”) culture from cyanobacteria
(Beijerinck, 1901) and diatoms (Beijerinck, 1904) were
allegedly fruitful. Miquel (1893d) was however the first
one to obtain axenic cultures of diatoms followed by
Lockwood, Karsten, Stenft, (Eppley et al., 1977),
Richter (1903) and Chodat (1904). Invariably to acquire
pure culture of diatoms, isolating techniques are very
important. Isolating specific freshwater and marine
diatoms into culture was primarily done by Miquel
(1893a-e) with contribution of Macchiati (1892a, b, c)
for obtaining axenic cultures of diatoms. The isolation
techniques are broadly grouped into:
i.
Manual isolation technique.
ii.
Automated isolation technique.
i.
Manual isolation technique:
a. Algal cells were isolated using micropipette (Miquel,
1893a-e; Preisig and Andersen, 2005). However this
method required refinement as it gave bacteria-infected
diatom cultures (Allen and Nelson, 1910; Peach and
Drummond, 1924), although of reduced population, a
detrimental factor for any pure culture. Use of Pasteur
pipettes in the isolation of specific diatoms was later
implemented by (Price et al., 1989, Allen and Nelson,
1910; Peach and Drummond, 1924). This technique
was subsequently refined to avoid bacterial
contamination by picking up single cells of filaments
with a capillary pipette (Preisig and Andersen, 2005).
An exhaustive description of the Pasteur pipette
technique is given in Algal culturing techniques
(Andersen, 2005). Micropipette method gave rise to
bacterized culture of diatoms although of reduced

population (through Pringsheim’s technique), which is
detrimental to any pure culture.
The Pasteur pipette technique could be a viable method
due to its narrow mouth and fine sized nozzle which is
useful for the passage of most of the diatoms. However,
the laborious technique has limitation in its inability to
be used for the sample which has less of
bacillariophyceae members as other members might pass
through the opening. The above three mentioned pipettes
(micropipette, capillary pipette and Pasteur pipette) have
their own role to play in eliminating bacteria or other
algal forms (except diatoms) to a certain extent.
Depending on the opening of the pipettes they can be
used for the sample ranging from a higher diatom
population to a lower one.
Therefore, use of all the three techniques in
complementary to each other could give an axenic
culture, although, automated microinjectors could be a
viable replacement of these three techniques.
b. Agar plate method combined with antibiotic
treatment: Agar plating method is used for the isolation
of diatoms infested with bacteria, algae, etc thereby
acquiring axenic culture of diatoms. Generally, higher
concentrations of antibiotics combined with short-term
incubations were more efficient than using low
concentrations for longer periods.
Algal contamination: Diatoms are first concentrated by
continuous centrifugation or sonication to avoid
clumping and then isolated by a micropipette onto an
agar plate containing the required media. This is then
followed by repeated subculturing and streaking the
colonies onto agar plates (Knuckey et al., 2002).
Streaking of smaller fast-growing diatoms (1–5 µm) on
agar plates is followed to separate the organisms without
the need of antibiotics (Bruckner and Kroth, 2009).
Bacterial contamination: Microscopic observation of the
larger benthic diatoms during exponential growth phase
is suggested due to low population of bacteria (Bruckner
and Kroth, 2009). Spreading the diatoms after
ultrasound treatment (for 10 s, at an amplitude of 40 ℅
at 0.5 s intervals) or by vortexing (10 mins) on agar
plates containing high concentration of antibiotics
(Penicillin G, Streptomycin and Chloramphenicol)
followed by removal of single cells by a suitable
micropipette is recommended.
Co-culture with E. coli is also recommended since many
diatoms in coculture with bacteria grew denser and
faster than while being axenic (Bruckner et al., 2008).
Often, such bacterial effects on diatom growth were
inducible by E. coli. This was followed by antibiotic
treatment
(Penicillin
G,
Streptomycin
and
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chloramphenicol) at higher concentration. Three diatom
cultures (Achnanthes linearis (W.Sm.), Gomphonema
clavatum Ehr., Navicula cincta (Ehr.) Ralfs.) were
purified by substituting the associated bacteria with E.
coli. Purification of diatoms from unialgal cultures
usually was more difficult and less successful than from
biofilm samples (Knuckey et al., 2002, Bruckner and
Kroth, 2009).
These methods use combinations of most of the
techniques and eliminate bacteria assuring high
susceptibility of acquiring axenic cultures.
c. Serial dilution method: Serial dilution technique was
developed in late 19th Century as an isolation technique
to obtain axenic cultures of diatoms (Miquel, 1890/92d,
e; Allen and Nelson, 1910), which later led to its
exhaustive description (Kufferath, 1930; Droop, 1969
and Throndsen, 1978). However, axenic isolates are not
often obtained with this dilution technique, because
bacteria are usually more abundant than algae (Andersen
and Kawachi, 2005).
A centrifugation technique to isolate algae was
introduced by Mainx (1927). Centrifugation was done at
1000 revolutions per minute (rpm) for 10 minutes, (Price
et al., 1978) to separate mixed cultures of diatom species
like Thalassiosira pseudonana, Skeletonema costatum
(Grev.) Cl., Cyclotella cryptic Reimann, Lewin &
Guillard, Pheodactylum tricornutum and Nitzschia
species with the help of density gradients (Peroll, silica
solution) (Price et al., 1978). Gentle centrifugation for a
short duration can be implemented for the isolation of
dinoflagellates and diatoms (Andersen and Kawachi,
2005). Centrifugation technique with minimal speed
ranging from 1000 – 1500 rpm for 10 minutes is apt as
high speed would lead to clumping of diatom cellular
mass.
ii An automated isolation technique like flow sorting
was also attempted successfully to isolate diatoms
(Reckermann and Colijn, 2000). Production of cultures
of Thalassiosira, unidentified diatoms and picoeukaryotes from mixed natural assemblages has also
been done (Reckermann, 2000). The main advantage of
the flow cytometric sorting is the simultaneous use of
multiple cell characteristics to identify the cells
enhancing much needed accuracy and speed in analysis
(Ueckert et al., 1995). If the sorting is done carefully,
purity of the sorted cells could be as high as 98℅
(Hoffman and Houck, 1998). However, the
disadvantages are the relative complexity, cost of the
instrumentation and requirement of relatively longer
time to obtain large numbers (millions) of sorted cells
(Hoffman and Houck, 1998). This is not a serious

concern in recent time due to the applications of the
isolated diatoms in various fields.
Sophisticated instrumental techniques for the analysis
and characterization of microorganisms are becoming
more common. Although these newer, often
experimental approaches will not replace traditional
methods involving cultures, microscopy, etc. in the
immediate future, their development will continue to
grow (Isolation, purification, techniques, etc).
Combining techniques like flow sorting, Pasteur pipette
and agar plating methods, would improve the possibility
of pure isolated cultures. The former technique aids in
primary isolation to quantify the diatom population from
an algal sample and the latter isolates the required
diatom species from the concentrated mass.
Combinations of various isolation techniques are
responsible for the establishment of many axenic
cultures of diatoms in collections like The ProvasaliGuillard National Center for Culture of Marine
Phytoplankton (https://ccmp.bigelow.org/), UTEX The
culture
collection
of
Algae
(http://web.biosci.utexas.edu/utex/), etc.
Diatom Media: Chronology of Evolution
“For microbes everything is everywhere, but the
environment selects” (Patterson, 2009) and the
environment being either natural or artificial. The
preceding section, explains the artificial selectable
environment. For a better understanding of the
contributions during previous years, the historical
development towards revolutionizing the diatom marine
culture media is divided into three centuries (19 th, 20th
and 21st Centuries).
Miquel (1892) in 19th century suggested media recipe
which is a stepping stone towards the success in further
developments in diatom seawater media. Table 1
provides media recipes which showed evolution in the
true sense in chronological order.
Miquel (1892) observed that the water samples (of lakes,
ponds and sea) could not sustain luxuriant growth of
algae in controlled conditions of the laboratory
environment. Analysis showed that, natural water
requires artificial enrichment of mineral salts like
nitrogen, phosphorous, sulphur, potassium, calcium,
magnesium, iron, silicon, sodium, bromine and iodine
(Miquel, 1892). This led to the in situ culture of diatoms
(freshwater and marine) with nutrient elements (Peach
and Drummond, 1924). Miquel formulated a nutrient
media (Miquel, 1890-93) for freshwater diatoms which
subsequently tried for marine benthic diatoms (Allen
and Nelson, 1910). Miquel also distinguished between
“ordinary cultivations” in which one or more species are
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Table 1: Molar concentrations of the nutrients found in different marine diatom medium
NUTRIENTS

18TH CENTURY
1892-93
1893-96

19TH CENTURY
1910
1938

1942

1948

1957

1968

(1)

(3)

(5)

(6)

(7)

(8)

(2)

(4)

1964,
1978

1993

1987

20TH CENTURY
2001
2007

(10)

(11)

(12)

(13)

(9)

MgSO4.7H2O
MgCl2.6H2O
NaCl
Na2SO4
NaNO3
Na3PO4
anhy. Na2HPO4.
12 H2O
Na2SiO3.9H2O
Na2EDTA.2H2O
NaHCO3
NaH2PO4.H2O
Na3citrate.2H2O
Na2
bglycerophosphate
H2O
NaMoO4.2H2O
NaF
Na2SeO3.5H2O
Na2CO3
Na3VO4
NH4NO3
NH4Cl
KNO3
KBr
KCl
KI
K2HPO4
K2CrO4
CaCl2.6H2O
Ca2O4Si
CaCO3
Capantothenate

8.30x10-2
1.70x10-1
3.52x10-2
2.35x10-2
1.12x10-2

3.32x10-2
1.37x10-1
2.82x10-2
1.20x10-2
-

1.12x10-2

1.12x10-2

2.35x10-2
-

1.01x10-3
3.42x10-3
-

2.03x10-3
3.08x10-2
5.88x10-5
-

4.11x10-2
-

2.00x10-2
4.00x10-1
1.01x10-3
-

8.82x10-4
-

8.82x10-4
-

4.72x10-2
3.63x10-1
2.49x10-2
5.49x10-4
-

5.46 x10-2
3.52x10-1
2.16x10-2
3.00x10-4
-

-

-

-

-

3.50x10-3
-

1.76x10-5
3.40x10-4
-

5.28x10-5
8.05x10-6
-

2.26x10-3
2.31x10-3

1.99x10-4
2.00x10-3
1.00x10-4
-

1.06x10-4
1.19x10-2
3.62x10-5
-

5.40x10-5
1.11x10-1
9.99x10-6

1.06x10-4
6.55x10-3
2.07x10-3
2.24x10-5
-

2.00x10-4
2.34x10-5
1.79x10-3
2.00x10-5
-

1.24x10-2
1.98x10-2
1.68x10-3
1.20x10-3
1.83x10-2
-

3.77x10-2
3.96x10-2
3.60x10-2
1.45x10-1
-

1.99x10-1
1.83x10-2
-

1.99x10-1
1.83x10-2
-

1.24x10-2
1.98x10-2
1.68x10-3
1.20x10-3
-

5.2x10-7
6.25x10-4
2.29x10-4
1.39x10-4
-

8.04x10-4
2.87x10-6
9.01x10-5
2.09x10-8

1.01x10-2
-

5.00x10-3
4.32x10-1
1.01x10-2
5.00x10-5

4.63x10-5
1.00x10-5
9.99x10-6
-

1.47x10-5
4.99x10-5
-

3.44x10-6
6.67x10-5
1.00x10-6
7.25x10-4
8.03x10-3
9.14x10-3
-

5.21x10-8
5.36x10-5
6.46x10-9
6.3x10-4
7.04x10-3
7.82x10-3
-
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Contd…

FeCl3.6H2O
Fe EDTA
Fe (NH4)2(SO4)2.
6H2O
MnCl2.4H2O
MnSO4.4H2O
H3BO3
H2SeO3
CuSO4.5H2O
ZnCl2
ZnSO4.7H2O
B
NiSO4.6H2O
NiCl2.6H2O
CoCl2.6H2O
CoSO4. 7H2O
TRIS
EDTA
SrCl2. 6H2O
Thiamine.HCl
Nicotinic acid
p-aminobenzoic
acid
Biotin
Inositol
Folic acid
Thymine
Cyanacobalomin
Glycylglycine
Ru
Li
I

-

3.08x10-3
-

-

-

6.17x10-5
-

8.95x10-6
-

4.93x10-7
-

3.69x10-3
4.08x10-4

1.99x10-3
2.29x10-5
2.43x10-2

1.17x10-2
-

1.17x10-2
-

6.55x10-6
-

1.53x10-7
-

-

-

-

-

3.18x10-6
6.47x10-6
1.25x10-7
-

9.1x10-9
7.87x10-7
7.65x10-7
4.62x10-6
-

9.53x10-7
9.70x10-6
8.93x10-10
1.10x10-7
2.31x10-9
1.48x10-7
8.12x10-8
7.29x10-10

7.28x10-3
1.85x10-1
7.65x10-4
1.71x10-4
4.12 x10-2
1.48x10-6
-

9.99x10-3
3.99x10-1
3.00x10-4
3.5x10-2
2.98x10-4
5.00x10-3
3.76x10-2
1.68x10-1
5.00x10-4
9.99x10-5
-

1.00x10-5
1.00x10-5
7.99x10-5
1.00x10-5
5.00x10-5
5.93x10-7
-

8.99x10-4
1.00x10-8
1.00x10-5
7.99x10-5
4.20x10-5
9.99x10-4
5.93x10-7
-

2.32x10-3
3.72x10-4
2.54x10-4
6.27x10-6
5.69x10-5
2.25x10-5
2.96x10-4
-

1.82x10-6
3.64x10-4
7.85x10-8
7.65x10-2
6.30x10-9
8.41x10-8
4.61x10-5
5.93x10-7
-

-

-

-

-

-

-

4.09x10-13
2.78x10-6
4.53x10-11
2.67x10-6
1.48x10-7
-

2.22x10-8
7.37x10-9
-

4.99x10-3
4.99x10-3
2.39x10-3
6.10x10-2
2.36x10-0

4.09x10-6
7.37x10-7
-

4.09x10-6
7.37x10-7
-

4.09x10-6
1.48x10-6
-

4.09x10-9
7.38x10-10
-

(1) Miquel, 1892-93(2) van Heurck, 1893-96(3) Allen and Nelson, 1910 (4) Ketchum and Redfield, 1938 (5) Matudaira, 1942 (6) Hunter, 1948 (7) Provosaliet al., 1957 (8) Provasoli, 1968 (9) McLachlan 1964, Goldman and McCarthy, 1978 (10) Guillard
and Hargraves, 1993 (11) Keller et al., 1987 (12) Bergeset al., 2001 (13) Gagneux-Moreauxet al., 2007
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Figure 2: The presence and absence of nutrients in the 19th century (Miquel, 1892-93) and 20th century media
(Gagneux-Moreaux et al., 2007)
cultivated together and “pure cultivations” where a
single species is made to pass through all the phases of
its existence in order to follow every modification. Pure
cultivations were found viable for artificial culture of
diatoms and also for a number of microscopic
observations (van Heurck, 1893-96). Macchiati (1892a,
b, c) published theoretical data based on the experiments
with the cultivation of diatoms. Further, Gill H. (van
Heurck, 1893-96), also designed a media for the growth
of diatoms where the salts were added into the sterilized
seawater. Miquel points out the harmful effects in
exposure of diatom cultivation to direct light (van
Heurck, 1886). Flasks were exposed to the direct
sunlight on a board, close to some glass windows which
were situated facing north direction, at the same time
care was taken to place between the glass and the flasks
a plate of pale green glass of the height of the flask and a
wooden board slightly higher than the liquid (van
Heurck, 1893-96). Diatoms cultured were Pleurosigma
angulatum W.Sm., Cymatopleura solea (Brѐb) W.Sm.
various Nitzschia, Cymbella and Navicula species (van
Heurck, 1893-96). Subsequent contributions by Allen
EJ, Nelson EW, Guillard RRL, Provasali L and
coworkers paved way for the success in seawater media.
The major contribution in the artificial seawater media
by Allen and Nelson (1910) were done with the
intention of having a suitable and a stable food in the

form of diatoms to rear marine larvae. Grave (1902)
cultivated diatoms as food for larvae of marine origin.
He obtained diatoms by placing sand collected from the
sea bottom, in aquaria. This was the first attempt to try
artificial sea water for diatoms, which was a solution
based on the molecular concentrations of sea water
(van’t Hoff, 1905). After some preliminary experiments
on Miquel’s media, Allen and Nelson (1910) found that;
potassium nitrate, sodium nitrate and ammonium nitrate
are the most important elements, resulting in the
omission of potassium bromide and potassium iodide
which did not affect much. They realized that silica was
important for diatoms, and found potassium silicate was
not
a
satisfactory
source
of
silica
(https://ccmp.bigelow.org/ accessed on 20th June 2011).
They persistently grew many of the ecologically
important diatoms Asterionella japonica Cl., Biddulphia
mobiliensis (Bail.) Grun., Biddulphia regia (Schultze),
Chaetoceros densum Cl., Chaetoceros decipiens Cl.,
Chaetoceros constrictum Grun, Cocconeis scutellum
Ehr. var. minutissima Grun, Coscinodiscus excentricus
Ehr, Coscinodiscus granii Gough, Ditylium brightwellii
(West) Grun., Lauderia borealis Grun., Nitzschia
closterium W.Sm., Phaeodactylum tricornutum,
Nitzschia seriata Cl., Rhizosolenia stolterfothii Perag,
Skeletonema costatum, Streptotheca thamensis Shrubs.,
Thalassiosira decipiens Grun) but were contaminated
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with bacteria(Allen and Nelson, 1910). They also
reported that “Miquel’s Sea-water" in addition to the
growth of diatoms also supports several other
unidentified species of Rhodophyceae, Myxophyceae,
filamentous Chlorophyceae (Enteromorpha, Vaucheria,
etc.) and even young plants of Laminaria (Provasali et
al., 1957).
Foyn's Erd-Schreiber medium (1934) is a combination
of Schreiber's medium (Schreiber, 1927) and soil
extract. Gross in the early 1930's used the modified
media (Foyn's) to cultivate pure cultures of marine
diatoms - Biddulphia mobiliensis (Bail.) Grun.,
Chaetoceros didymus Ehr., Chaetoceros pseudocritinus
Ostenfeld, Coscinodiscus excentricus, Coscinodiscus
granii
Gough,
Coscinodiscus
radiatus
Ehr.,
Coscinodiscus sub-bulliens Jörgensen, Coscinodiscus
obscurus (?), Coscinodiscus sp., Ditylium brightwelli
(West), Melosira borreri Grev., Rhiziosolenia alata
Brightw. f. indica (Pérag.), Skeletonema costatum,
Streptotheca thamensis and Thalassiosira sp.
Ketchum and Redfield’s media a modified variant of
Allen and Nelson’s media with MgSO4 to enrich media
to culture Navicula closterium and produced a
continuous supply of axenic culture. This media was
subsequently used to culture other unicellular organisms
which require physiological research (Ketchum and
Redfield, 1938). Matudaira in 1942 modified Miquel’s
solution with compounds like sodium bicarbonate,
sodium silicate, manganese chloride, boric acid and
copper sulphate to obtain the effects of inorganic
sulphides on Skeletonema costatum.
Comprehensive review of Provasali et al., (1957) on the
development of marine media to culture marine diatoms
gave a host of new recipes. This also showed that sea
water substitutes based on analyses of sea water retain
the defects of the former and are unsuitable for most
species even when enriched with essential trace
elements. Small additions of extracts of natural
substances improve the media. The ASP – 2 Medium, an
artificial seawater medium designed by Provasali et al.,
(1957), was to serve both for bacterized and pure
cultures of photosynthetic marine algae. The media had
a lower value of nitrate and phosphate to suppress
excessive bacterial growth. As the isolated marine algae
are being strict phototrophs, no carbon sources were
added. Due to these, there was no bacterial growth in the
media. The most prominent element in their S3 vitamin
mixture was Cyanacobalamin (B12) followed by
thiamine and biotin. Other elements like Nicotinic acid,
Thymine, Inositol, Ca pantothenate, p-Aminobenzoic
acid and Folic acid were added as a precautionary

measure. It allowed the growth of several diatoms,
chrysomonads, cryptomonads, dinoflagellates, bluegreen algae and chlorophytes and was a very good
medium for Phormidium persicinum Gomont.,
Gyrodinium californicum Bursa.and two other species of
Gyrodinium, Amphidinium klebsii Carter, Prymnesium
parvum Carter, Rhodomonas lens Pascher & Ruttner,
Stephanopyxis turris (Grev.) Ralfs. and Pilinia sp. It has
been found, however, that some organisms may require
more trace metals or more metal chelators or both. Their
further modification of parent media by the addition of
Nitrilotriacetic acid (ASP- 2 NTA) (Provasali et al.,
1957) was found to be useful for growing diatoms like
Chaetoceros ceratosporus Ostenfeld (Yamaguchi et al.,
2005). The media has separate component for vitamins,
while Tris and Nitrilotriacetic acid played a role as
buffers.
ASP-M media (McLachlan 1964, Goldman and
McCarthy 1978) an artificial enriched sea water medium
was derived from the Provasoli’s earlier ASP Medium
series for culturing marine macro and micro algae. The
trace metal solutions (TMS II) were derived from the S1
metal solution Provasali and Pintner (1953) alongwith a
complex vitamin solution.
The ES1/3 enrichment solution results in a third of the
ES enrichment (Provasoli, 1968) for a main part of
elements and the vitamin solution is that described by
Guillard and Ryther (1962). ES1/3 appeared to be more
suitable for H. ostrearia. Robert (1983) obtained longterm productive cultures of H. ostrearia after modifying
the enriched seawater medium ES (Provasoli, 1968).
The original artificial Aquil medium (Morel et al., 1979)
was modified by Price et al., (1989). The modifications
are as follows:
Major nutrient solutions:
The major nutrients PO43-, NO3- and SiO32- are
prepared as concentrated stock solutions.
The concentration of SiO32Π and NO3- is
increased to 10-4 and 3 Χ 10-4 respectively.
The nutrient solutions are diluted with Q-H2O
to a get a final concentration twice that of Aquil
and the chelaxed together.
Trace metal enrichment:
The concentration of Molybdenum (Mo) is
increased from 1.5 to 100 nM.
NaMoO4 is used in place of (NH4)6.Mo7O24.
4H2O.
Na2SeO3 is included in the composition at a
concentration of 10nM.
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The concentration of EDTA is increased from
5µM to 10 or 100µM to minimize the effects of
contaminating metals.
Thalassiosira pseudonana (clone CCMP 1335),
Thalassiosira weissflogii (Grunow) Fryxell & Hasle
(clone ACTIN, CCMP 1336) (Roberts et al., 2007),
Emiliania huxleyi (Lohmann) Hay & Mohler (Dupont et
al., 2004), Thalassiosira oceanica Hasle (Granger et al.,
2004) were cultured in this media. Aquil media is best
suited to study the physiological studies related to trace
metal metabolism (Gagneux-Moreaux et al., 2007).
Moreau (1996) used the artificial Aquil medium (Morel
et al., 1979; Price et al., 1989) and f/50 medium derived
from the enriched seawater f/2 medium (Guillard, 1982)
for experiments involving cultures of Haslea ostrearia
(Gallion) Simonsen.
The L1 medium (Guillard and Hargraves, 1993) a
natural seawater enriched media is a modification of the
f/2 medium. . The difference is a broader trace metal
composition in L1. L1-trace metal solution is used also
in many other media like the Ostreococcus Medium
Brian Palenik (https://ccmp.bigelow.org/ accessed on
20th June 2011). Culture collection like Scandinavian
Culture Collection of Algae and Protozoa use this media
as a standard medium for marine diatoms
(http://www.sccap.dk/media/marine/2.asp accessed on
20th June
2011).
Thalassiosira
pseudonana,
Phaeodactylum tricornutum (Ast et al., 2009).
Chaetoceros elmorei Boyer, Cyclotella quillensis
Bailey, Cymbella pusilla Grun. and Anomoeoneis
costata (Kütz.) Hust. Trace elements, vitamins and silica
were added according to the `L1' medium (Saros and
Fritz, 2002).
K medium (Keller et al., 1987) was developed for
oligotrophic marine phytoplanktons. The prominent
feature of this medium is that it uses 10-fold higher
EDTA chelation than most common marine media, and
hence availability of trace metals, thereby reducing the
possibility of metal toxicity. Drawback lies in the high
macronutrient for some ocean organisms and the
precipitation of silica. Algal culturing book prescribes of
using natural oligotrophic ocean water rather than
coastal seawater for the base. Diatoms used were
Pseudonitzschia pungens (Grun. ex Cl.) Hasle.,
Pseudonitzschia
fraudulenta
(Cl.)
Hasle.,
Pseudonitzschia
pungens
v.
pungens
and
Pseudonitzschia pungens v. multiseries Hasle
(Hargraves et al., 1993).
The artificial medium ESAW (Berges et al., 2001) is a
modified media of the Harrison et al., (1980). The
artificial medium, ESAW (Harrison et al., 1980) based

on artificial seawater medium was similar to the ionic
composition of sea water (Kester et al., 1967) enriched
with Provasoli’s ES solution to balance the
macronutrient and chelate concentrations. After the
proposed ESAW medium by Harrison et al., 1980,
numerous minor changes led to a modified ESAW
medium (Berges et al., 2001). Berges et al., 2001 found
that the modified media has improved the older one
significantly. The only modifications lie in the:
Addition of borate in the salt solution (Original:
Addition of borate in trace metals)
Inorganic
phosphate
(Original:
Glycerophosphate)
Preparing silicate stock solution at half strength
without acidification.
Additional trace elements like Na2MoO4. 2H2O,
Na2SeO3 and NiCl2. 6H2O.
Iron added as chloride (to remove ammonium)
from a separate stock with equimolar EDTA.
Filter sterilization (Berges et al., 2001)
Diatom artificial medium (DAM) was developed based
on the Aquil model (Gagneux-Moreaux et al., 2007).
The diatom artificial medium DAM allows long-term
and productive culturing of Haslea ostrearia in
controlled conditions. DAM contains the various
elements in sufficient amounts for the optimal
development of this diatom. This medium would allow
the study of the potential bioaccumulation of metals in
H. ostrearia (absorption and adsorption of metals,
kinetics) and to evaluate their impact on the growth and
the culture quality under controlled conditions.
Consequently, DAM was considered as a well-adapted
artificial medium for H. ostrearia culture. Amphora
hyaline
Kütz., Bacillaria paradoxa
Gmelin.,
Chaetoceros sp. Coscinodiscus granii, Haslea crucigera
(W.Sm.) Simonsen, Navicula ramosissima (Ag.) Cl.,
Nitzschia compressa (Bailey) Boyer, Odontella aurita
(Lyngbye)
Ag.,
Phaeodactylum
tricornutum,
Pleurosigma intermedium W.Sm. and Skeletonema
costatum, Thalassionema sp.
CONCLUSION
The micropipette, capillary tube methods still lack in
obtaining bacteria free cultures. Although sophisticated
instrumental techniques for the analysis and
characterization are newer, often these experimental
approaches will not replace traditional methods
involving culturing, microscopy and extraction. Similar
to the variety in the isolation methods, culture media
recipes are enormous. The advancement in the
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techniques over a century has
provided several
advanced culture media with diverse composition. The
evolution in the media lies in the addition of more
nutrients which mimics the natural environment.
Miquel’s (1892-93) recipe contained fewer amounts of
nutrients but included all the important nutrients; it
lacked the inclusion of the trace elements, vitamins and
some of the macro nutrients mentioned in the complex
media diatom artificial media (Figure 2). The most
“evolved” diatom culture media is important for
growing various microalgae and also to understand the
metal impact on the physiology (Gagneux-Moreaux et
al., 2007).
ACKNOWLEDGEMENT
We thank Alakananda B. and Karthick B. for their
valuable inputs during the preparation of manuscript.
We are grateful to the Ministry of Environment and
Forests, Government of India and Indian Institute of
Science for the financial and infrastructure support.
REFERENCES
Ahlgren G, Goedkoop W, Markensten H, Sonesten L
and Boberg, M (1997). Seasonal variations in food
quality for pelagic and benthic invertebrates in Lake
Erken - the role of fatty acids. Freshwater Biology, 38
555 - 570.
Allen EJ and Nelson EW (1910). On the Artificial
Culture of Marine Plankton Organisms. Journal of
Marine Biological Association U. K., 8 421-74.
Andersen RA and Kawachi M (2005). Traditional
Microalgae Isolation Techniques, Chapter 6. In: Algal
culturing techniques edited by Andersen RA (Elsevier),
83-100.
Armbrust EV, Berges JA, Bowler C, Green BR,
Martinez D, Putnam N, Zhou S, Allen AE, Apt KE,
Bechner M, Brzezinski MA, Chaal BK, Chiovitti A,
Davis AK, Demarest MS, Detter JC, Glavina T,
Goodstein D, Hadi MZ, Hellsten U, Hilldebrand M,
Jenkins BD, Jurka J, Kapitonov VV, Kröger N, Lau
WWY, Lane TW, Larimer FW, Lippmeier JC, Lucas
S, Medina M, Monstant A, Orbornik M, Parker MS,
Palenik B, Pazour GJ, Richardson PM, Rynearson
TA, Saito MA, Schwartz DC, Thamatakoln K,
Valentin K, Vardi A, Wilkerson FP and Rokshar D
(2004). The genome of the diatom Thalassiosira
pseudonana: ecology, evolution, and metabolism.
Science, 306 79–86.
Ash C, Hanson B and Norman C (2002). Earth, air,
fire, and water. Science, 296 1055.

Ast M, Gruber A, Schmitz-Esser S, Neuhausa HE,
Kroth PG, Horn M and Haferkamp I (2009). Diatom
plastids depend on nucleotide import from the cytosol.
Proceedings of the National Academy of Sciences, 106
(9) 3621–3626.
Beijerinck MW (1893). Bericht über meine Kulturen
niederer Algen auf Nährgelatine. Zentralblatt Fur
Bakteriologie, 13 781–86.
Beijerinck
MW
(1890).
Culturversuche
mit
Zoochlorellen, Lichengonidien und anderen niederen
Algen. Botanische Zeitung, 48 725–39,741–54,757–
68,781–85.
Beijerinck MW (1904). Das Assimilationsprodukt der
Kohlensäure in den Chromatophoren der Diatomeen.
Recueil des Travaux Botaniques N6erlandais, 1 28-32.
Beijerinck MW (1901). Über oligonitrophile Mikroben.
Zentralblatt Fur Bakteriologie, 7 561-582.
Beijerinck MW (1891). Verfahren zum Nachweise der
Ëureabsonderung bei Mikrobien. Centralblatt für
Bakteriologie und Parasitenkunde, 9(24) 781-786.
Bentley K, Cox EJ and Bentley PJ (2005). Nature’s
batik: a computer evolution model of diatom valve
morphogenesis.
Journal
of
nanoscience
and
nanotechnology, 5 25-34.
Berges JA, Franklin DJ and Harrison PJ (2001).
Evolution of an artificial seawater medium:
improvements in enriched seawater, artificial water over
the last two decades. Journal of Phycology, 37 1138–45.
Berland BR, Bonin DJ, Maestrini SY and Pointer JP
(1973). Étude de la fertilité des eaux marines au moyen
de tests biologiques effectuées avec des cultures
d’algues. International Review of Hydrobiology, 58
473–500.
Bourdier G and Amblard C (1989). Lipids in
Acanthodiaptomus denticornis during starvation and fed
on three different algae. Journal of Plankton Research,
11 1201– 1212.
Bruckner CG and Kroth PG (2009). Protocols for the
Removal of Bacteria from benthic Diatoms. Journal of
Phycology, 45 981-986.
Bruckner CG, Bahulikar R, Rahalkar M, Schink B
and Kroth PG (2008). Bacteria associated with benthic
Diatoms from Lake Constance: Phylogeny and
Influences on Diatom Growth and EPS Secretion.
Applied and Environmental Microbiology, 47(24) 77407749.
Chepurnov VA, Mann DG, Sabbe K and Vyverman
W (2004). Experimental studies on sexual reproduction
in diatoms. International Review of Cytology, 237 91154.

290

Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231-6345 (Online)
An Online International Journal Available at http://www.cibtech.org/jls.htm
2011 Vol. 1 (3) July-September, 50-58/Negi et al.

Research Article
Chepurnov VA, Mann DG, Vyverman W, Sabbe K
and Danielidis DB (2002). Sexual reproduction, mating
system, and protoplast dynamics of Seminavis
(Bacillariophyceae). Journal of. Phycology, 38 10041019.
Chodat M (1904). Cultures pures d'algues vertes, de
Cyanophycées et de Diatomacées. Archives des Sciences
Physiques et Naturelles, 18(8) 368.
Chu KH (1989). Chaetoceros gracilis as the exclusive
feed for the larvae and postlarvae of the shrimp
Metapenaeus ensis. Aquaculture, 83 281–287.
Cohn F (1850). Nachträge zur naturgeschichte des
Protococcus pluvialis Kützing (Haematococccus
pluvialis Flotow). Nova Acta Leop Carol, 22(2) 605764.
Connelly TL, Tilburg CM and Yager PL (2006).
Evidence
for
psychrophiles
outnumbering
psychrotolerant marine bacteria in the springtime coastal
Arctic. Limnology and Oceanography, 51 1205–1210.
Davidovich NA and Bates SS (1998). Sexual
reproduction in the pennate diatoms Pseudo-nitzschia
multiseries
and
P.
pseudodelicatissima
(Bacillariophyceae). Journal of Phycology, 34 126–137.
Debenest T, Silvestre J, Coste M and Pinelli E (2009).
Effects of pesticides on freshwater diatoms. Review of
Environmental Contamination and Toxicology, 203 87103.
Debenest T, Silvestre J, Coste M, Delmas F and
Pinelli E (2008). Herbicide effects on freshwater benthic
diatoms: Induction of nucleus alterations and silica cell
wall abnormalities. Aquatic Toxicology, 88(1) 88-94.
deJong L and Admiraal W (1984). Competition
between three estuarine benthic diatom species in mixed
cultures. Marine Ecology-Progress Series, 18 269 - 275.
Droop MR (1969). Algae. In: Methods in Microbiology
(Vol. 3B) edited by Norris JR and Ribbon DW,
Academic Press, New York, pp 1–324.
Drum RW and Gordon R (2003). Star Trek replicators
and diatom nanotechnology. Trends in Biotechnology,
21 325–328.
Dupont CL, Goepfert TJ, Lo P, Wei L and Ahner BA
(2004). Diurnal Cycling of Glutathione in Marine
Phytoplankton: Field and Culture Studies, Limnology
and Oceanography, 49(4) 991-996.
Edlund MB and Stoermer EF (1991). Sexual
reproduction
in
Stephanodiscus
niagarae
(Bacillariophyta). Journal of Phycology, 27 780-793.
Eppley RW, Harrison WG, Chisholm SW and
Stewart E (1977). Particulate organic matter in surface

waters off Southern California and its relationship to
phytoplankton. Journal of Marine Research, 35 671–96.
Evans KM, Wortley AH and Mann DG (2007). An
assessment of potential diatom “Barcode” genes (cox1,
rbcL, 18S and ITS rDNA) and their effectiveness in
determining
relationships
in
Sellaphora
(Bacillariophyta). Protist, 158 349-364.
Falasco E, Bona F, Badino G, Hoffmann L and Ector
L (2009). Diatom teratological forms and environmental
alterations: a review. Hydrobiologia, 623 1–35.
Famintzin A (1871). Die anorganischen salze als
ausgezeichnetes
hilfsmittel zum studium der
entwicklung neiderer chlorophyllhaltiger organismen.
Bulletin of the Academy of Sciences, St. Petersburg, 17
31-70.
Foyn B (1934). Lebenszyklus, cytology und sexualitat
der Chlorophyceae Cladophora suhriana Kützing.
Archiv fur Protistenkunde, 83 1–56.
Gagneux-Moreaux S, Moreau C and Cosson RP
(2007). Diatom artificial medium (DAM): a new
artificial medium for the diatom Haslea ostrearia and
other marine microalgae, Journal of Applied Phycology,
19 549–556.
Goldman JC and McCarthy JJ (1978). Steady state
growth and ammonium uptake of a fast growing marine
diatom. Limnology and Oceanography, 23 695–703.
Gordon R, Sterrenburg F and Sandhage K (2005). A
special issue on diatom nanotechnology. Journal of
Nanoscience and Nanotechnology, 5(1) 1-178.
Granger J, Sigman DM, Needoba JA and Harrison
PJ (2004). Coupled Nitrogen and Oxygen Isotope
Fractionation of Nitrate during Assimilation by Cultures
of
Marine
Phytoplankton,
Limnology
and
Oceanography, 49(5) 1763-1773.
Grave C (1902). A method of rearing marine larvae.
Science, 15 579-580.
Gross F (1937). On the life history of some marine
plankton diatoms. Philosocphical. Transactions of the.
Royal society B., 228 1-47.
Guillard RRL (1982). Culture of phytoplankton for
feeding marine invertebrates. In: Culture of marine
invertebrate animals, edited by Smith WL and Chanly
MH, Plenum, New York. pp 108–132.
Guillard RRL and Hargraves PE (1993).
Stichochrysis immobilis is a diatom, not a chrysophyte.
Phycologia, 32 234–236.
Guillard RRL and Ryther JH (1962). Studies of
marine planktonic diatoms. I. Cyclotella nana Hustedt
and Detonula confervacea Cl. Canadian Journal of
Microbiology, 8 229–39.

291

Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231-6345 (Online)
An Online International Journal Available at http://www.cibtech.org/jls.htm
2011 Vol. 1 (3) July-September, 50-58/Negi et al.

Research Article
Hajibabaei M, Singer GAC, Hebert PDN and Hickey
DA (2007). DNA barcoding: how it complements
taxonomy, molecular phylogenetics and population
genetics. Trends in Genetics, 23 167–172.
Håkansson H and Chepurnov V (1999). A study of
variation in valve morphology of the diatom Cyclotella
meneghiniana in monoclonal cultures: effect of
auxospore formation and different salinity conditions.
Diatom Research, 14 251–272.
Hargraves PE, Zhang J, Wang R and Shimizu Y
(1993). Growth characteristics of the diatoms
Pseudonitzschia pungens and P. fraudulenta exposed to
ultraviolet radiation, Hydrobiologia, 269/270 207-212.
Harrison PJ, Waters RE and Taylor FJR (1980). A
broad spectrum artificial seawater medium for coastal
and open ocean phytoplankton. Journal of Phycology,
16 28– 35.
Hartmann M (1921). Untersuchungen über die
morphologie und physiologie des formwechsels der
phytomonadinen (Volvocales). III. Archiv fur
Protistenkunde, 43 223–86.
Hoffman RA and Houck DW (1998). High speed
sorting efficiency and recovery: Theory and experiment.
Cytometry, 9 142.
The University of Texas, UTEX The culture collection
of Algae [Online], Austin, The University of Texas,
Available: http://web.biosci.utexas.edu/utex/ [Accessed
20 June 2011].
University of Copenhagen, Scandinavian Culture
Collection of Algae & Protozoa [Online], Copenhagen,
University
of
Copenhagen,
Available:
http://www.sccap.dk/media/marine/2.asp [Accessed 20
June 2011].
Bigelow Laboratory for Ocean Sciences, The
Provasoli – Guillard national Centre for culture of
marine Phytoplankton [Online], Maine, USA, Bigelow
Laboratory
for
Ocean
Sciences,
Available:
https://ccmp.bigelow.org/ [Accessed 20 June 2011].
Kaczmarska I, Reid C and Moniz M (2007). Diatom
taxonomy: morphology, molecules and barcodes, In:
Proceedings of the 1st Central-European Diatom
Meeting edited by Kusber WH and Jahn R, Botanic
Garden and Botanical Museum Berlin-Dahlem, FUBerlin. 69-72.
Karthick B, Taylor JC, Mahesh MK and
Ramachandra TV (2010). Protocols for collection,
preservation and Enumeration of diatom from Aquatic
habitats for water quality monitoring in India. The IUP
Journal of Soil and Water Sciences, 3(1) 25-60.

Keller MD, Bellows WK and Guillard RRL (1988).
Microwave treatment for sterilization of phytoplankton
culture media. Journal of Experimental Marine Biology
and Ecology, 11 7279–83.
Keller MD, Selvin RC, Claus W and Guillard RRL
(1987). Media for the culture of oceanic ultraplankton.
Journal of Phycology, 23 633–8.
Kester D, Duedall I, Connors D, and Pytkowicz R
(1967). Preparation of artificial seawater. Limnology
and. Oceanography, 12 176–9.
Ketchum BH and Redfield AC (1938). A method for
maintaining a continuous supply of marine diatoms by
culture. Biological Bulletin, 75 165–9.
Knop W (1865). Quantitative untersuchung über die
ernährungsprocess der pflanzen, landwirtsch. Ver-Sta., 7
93–107.
Knuckey RM, Brown MR, Barrett SM and
Hallegraeff GM (2002). Isolation of new
nanoplanktonic diatom strains and their evaluation as
diets for juvenile Pacific oysters (Crassostrea gigas).
Aquaculture, 211 253–274.
Kufferath H (1930). La Culture des Algues. Review of
Algology, pp 222.
Lane TW and Morel FMM (2000). A biological function
for cadmium in marine diatoms. Proceedings of the
National Academy of Sciences, USA, 97 4627–4631.
Macchiati L (1892b). Comunicazione preventiva sulla
coltura delle Diatomee. Atti della Societa dei Naturalist
di Modena, 3(11) 53–8.
Macchiati L (1892c). Seconda comunicazione sulla
coltura delle Diatomee. Bulletin Society for Botanical,
Italiana, 1892(7) 329–34.
Macchiati L (1892a). Sur la culture des Diatomées.
Journal de Micrographie, 16 116–20.
Mainx F (1927). Beiträge zur Morphologie und
Physiologie der Eugleninen. I. Morphologische
Beobachtungen, Methoden und Erfolge der Reinkultur.
Archiv fur Protistenkunde, 60 305–54.
Mann DG, Chepurnov VA and Droop SJM.
Sexuality, incompatibility, size variation and preferential
polyandry in natural populations and clones of
Sellaphora pupula (Bacillariophyta). Journal of
Phycology, 35 152-170.
Mann DG, Thomas SJ and Evans KM (2008).
Revision of the diatom genius: Sellaphora: a first
account of the larger species in the British Isles. Fottea,
8(1) 15-78.

292

Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231-6345 (Online)
An Online International Journal Available at http://www.cibtech.org/jls.htm
2011 Vol. 1 (3) July-September, 50-58/Negi et al.

Research Article
Matudaira T (1942). On inorganic sulphides as a
growth-promoting ingredient for diatom. Proceedings of
Imperial Academy. Japan, 18 107-16.
McGinnis KM, Dempster TA and Sommerfeld MR
(1997). Characterization of the growth and lipid content
of the diatom Chaetoceros muelleri. Journal of Applied
Phycology, 9 19–24.
McLachlan J (1964). Some considerations of the
growth of marine algae in artificial media. Canadian
Journal of Microbiology. 10 769–82.
Medlin LK, Kooistra WHCF, Gersonde R and
Wellbrock U (1996). Evolution of the diatoms
(Bacillariophyta). II. Nuclear-encoded small-subunit
rRNA sequences comparisons confirm paraphyletic
origin for centric diatoms. Molecular and Biological
Evolution, 13 67-75.
Miquel P (1892). De la culture artificelle des
Diatomées. C. R. Academy of Sciences. Paris, 114 780782.
Miquel P (1890-93). De la Culture artificielle des
Diatomees," 'Le Diatomiste,' pp. 73, 93, 121, 149, 165; '
Le Micro. Pieparature,'1897 69.
Miquel P (1893c). De la culture artificielle des
diatomées. Culture articielle des diatomées marines. Le
Diatomiste, 1 121-128.
Miquel P (1893e). De la culture artificielle des
diatomées. Culture des diatomées sous le microscope. Le
Diatomiste, 1 165-172.
Miquel P (1890/92e). De la culture artificielle des
diatomées. Culture des diatomées sous le microscope.
De l'avenir des cultures de diatomées. Le Diatomiste, 1
165-172.
Miquel P (1893b). De la culture artificielle des
diatomées. Cultures ordinaires des diatomées. Le
Diatomiste, 1 93-99.
Miquel P (1893d). De la culture artificielle des
diatomées. Cultures pures des diatomées. Le Diatomiste,
1 149-156.
Miquel P (1890/92d). De la culture artificielle des
diatomées. Cultures pures des diatomées. Le Diatomiste,
1 149-156.
Miquel P (1893a). De la culture artificielle des
diatomées. Introduction. Le Diatomiste, 1 73-75.
Miquel P (1892-1893). De la culture artificielle des
diatomees. Le Diatomiste, 93–99, 121–128, 149–156,
165–172. In: Reviews of foreign literature edited by
C.H.K., T.M., E.G.B., 1893. Bulletin Torrey Botanical
Club, 20 259–260.

Moniz MBJ and Kaczmarska I (2009). Barcoding
diatoms: Is there a good marker? Molecular Ecology
Resources, 9 65-74.
Moreau C (1996). Des eaux souterraines sales en baie
de Bourgneuf pour la production de microalgues en
aquaculture: l’azote ammoniacal, le fer et le manganse,
causes de la variabilit de la fertilit potentielle par trois
diatomes-tests. DSc thesis, University of Nantes, Nantes.
Morel FMM, Rueter JG, Anderson DM and Guillard
RRL (1979). Aquil: a chemically defined phytoplankton
culture medium for trace metals studies. Journal of
Phycology, 15 135–141.
Müller OF (1786). Diatomaceen (Vibrio paxillifer, V.
bipunctatus, V. tripunctatus, Gonium pulvinatum).
Animalcula infusoria fluviatilia et marina quae detexit,
systematice, descripsit et ad vivum delineare curavit
O.F. Muller. Havniae.
Patterson DJ (2009). Seeing the big picture on microbe
distribution. Science, 325 1506–1507.
Peach EA and Drummond JC (1924). On the culture
of the marine diatom Nitzschia closterium f.
minutissima, in artificial sea-water.
Journal of
Biochemistry, 18 464–468.
Pelczar JM, Chan LEA and Krieg NR (1993).
Microbiology, Concept and Application, McGraw-Hill
Inc. 847.
Preisig HR and Andersen RA (2005). Historical
review of Algal culturing techniques, Chapter 1. in:
Algal culturing techniques edited by Andersen RA,
Elsevier, pp 1-12.
Price CA, Reardon EM and Guillard RR (1978).
Collection of dinoflagellates and other marine
microalgae by centrifugation in density gradients of a
modified silica sol. Limnology and Oceanography, 23
548-553.
Price NM and Morel FMM (1990). Cadmium and
cobalt substitution for zinc in a marine diatom. Nature,
344 658–60.
Price NM, Harrison GI, Hering JG, Hudson RJ,
Nirel PMV, Palenik B and Morel FMM (1989).
Preparation and chemistry of the artificial culture
medium Aquil. Biological Oceanography, 6 443–61.
Provasoli L and Pintner IJ (1953). Ecological
implications of in vitro nutritional requirements of algal
flagellates. Annals of the New York Academy of
Sciences, 56 839–51.
Provasoli L, McLaughlin JJA and Droop MR (1957).
The development of artificial media for marine algae.
Archiv Fur Mikrobiologie, 25 392–425.

293

Indian Journal of Fundamental and Applied Life Sciences ISSN: 2231-6345 (Online)
An Online International Journal Available at http://www.cibtech.org/jls.htm
2011 Vol. 1 (3) July-September, 50-58/Negi et al.

Research Article
Provasoli L (1968). Media and prospects for the
cultivation of marine algae. In: Culture and Collection
of Algae edited by Watanabe H and Hattori A,
Proceedings, U. S.–Japan Conference. Japanese Society
of Plant Physiology, Hakone, Japan, 63–75.
Reckermann M and Colijn F (2000). Aquatic Flow
Cytometry: Achievements and Prospects. Scientia
Marina (Barcelona), 64(2).
Reckermann M (2000). Flow sorting in aquatic
ecology. Scientia Marina (Barcelona), 64 235–246.
Reinfelder JR, Kraepiel AML and Morel FMM
(2000). Unicellular C4 photosynthesis in a marine
diatom. Nature, 407 996–999.
Richter (1903). Reinkulturen von Diatomeen. Berichte
der Deutschen Botanischen Gesellschaft. 21(8) 493-506.
Robert JM (1983). Fertilité des eaux des claires
ostréicoles et verdissement: utilisation de l’azote par les
diatomées dominantes. Thèse de Doctorat d’Etat es
Sciences biologiques, Université de Nantes.
Roberts K, Granum E, Leegood RC and Raven JA
(2007). C3 and C4 Pathways of Photosynthetic Carbon
Assimilation in Marine Diatoms are under Genetic, not
Environmental, control. Plant Physiology, 145(1) 230–
235.
Sabbe K, Hodgson DA, Verleyen E, Taton A,
Wilmotte A, Vanhoutte K and Vyverman W (2004).
Salinity, depth and the structure and composition of
microbial mats in continental Antarctic lakes.
Freshwater Biology, 49 296–319.
Saros JE and Fritz SC (2002). Resource competition
among saline-lake diatoms under varying N/P ratio,
salinity and anion composition. Freshwater Biology, 47
87-95.
Schreiber E (1927). Die Reinkultur von marinem
Phytoplankton und deren Bedeutung für die Erforschung
der Produktionsfähigkeit des Meereswassers. Wiss.
Meeresuntersuch. Abt. Helgoland NF, 16(10) 1–34.

Sicko-Goad L and Andresen NA (1991). Effect of
growth and light/dark cycles on diatom lipid content and
composition. Journal of Phycology, 27 710-8.
Throndsen J (1978). The dilution-culture method. In:
Phytoplankton Manual edited by Sournia A, UNESCO
Paris, 218–24.
Tsitsa-Tzardis E, Patterson GW, Wikfors GH, Gladu
PK and Harrison D (1993). Sterols of Chaetoceros and
Skeletonema. Lipids, 28 465–467.
Ueckert JE, Breeuwer P, Abee T, Stephens P, Nebe
von-Caron G. and ter Steeg PF (1995). Flow
cytometry applications in physiological study and
detection of foodborne microorganisms. Food
Microbiology, 28 317–326.
Van Heurck H (1893-96). A Treatise on the
Diatomaceae' (translated by W. E. Baxter), London.
van't Hoff JH (1905). Zur Bildung der ozeanischen
Salzablagerungen, Braunschweig.
Wang WX and Dei RCH (2001). Metal uptake in a
coastal diatom influenced by major nutrients (N, P, and
Si). Water Research, 35(1) 315-321.
Warburg O (1919). Über die Geschwindigkeit der
photochemischen Kohlensäurezersetzung in lebenden
Zellen. Biochemische Zeitschrift, 100 230–70.
Yamaguchi H, Yamaguchi M, Fukami K, Adachi M
and Toshitaka N (2005). Utilization of phosphate
diester by the marine diatom Chaetoceros ceratosporus,
Journal of Plankton Research, 27 603–606.
Yu ET, Zendejas FJ, Lane PD, Gaucher S, Simmons
BA and Lane TW (2009). Triacylglycerol accumulation
and profiling in the model diatoms Thalassiosira
pseudonana
and
Phaeodactylum
tricornutum
(Bacillariophyceae) during starvation, Journal of
Applied Phycology, 21 669-681.
Zengler K (2009). Central role of the cell in microbial
ecology. Microbiology and Molecular Biology Reviews,
73 712–729.

294

