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The Diatoms
Big Significance of Tiny Glass Houses
Aditi Kale and Balasubramanian Karthick
Diatoms are unique microscopic algae having intricate cell
walls made up of silica. They are the major phytoplankton in
aquatic ecosystems and account for 20–25% of the oxygen
release and carbon fixation in the world. Their most characteristic features are mechanisms they have evolved to utilize
silica. Due to their distinctive adaptations and ecology, they
are used in various fields like biomonitoring, paleoecology,
nanotechnology and forensics.
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Diatoms (Class: Bacillariophyceae) are unique microscopic algae containing silica and having distinct geometrical shapes.
They are unicellular, eukaryotic and photosynthetic organisms.
Their cell size ranges between 5 µm–0.5 mm. They occur in wet
or moist places where photosynthesis is possible. Diatoms are
either planktonic (free-floating) or benthic (attached to a substratum) in Nature (Figure 1). The individuals are solitary or sometimes form colonies. Diatoms are mostly non-motile; however,
some benthic diatoms have a specialized raphe system1 that
secretes mucilage to attach or glide along a surface. They are also
known to form biofilms, i. e., layers of tightly attached cells of
microorganisms. Biofilms are formed on a solid surface and are
often surrounded by extra-cellular fluids.
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1

Diatoms are a major group of organisms in terms of diversity,
abundance and productivity of marine and freshwater ecosystems
[1]. Diatoms are solely responsible for about 20–25% of global
oxygen production, i.e., approximately every fourth breath of
oxygen we inhale. Diatoms alone account for around 40% of the
phytoplankton on Earth which implies 20–25% global net primary production. This is more than the primary production of all
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Figure 1. Living cells of pennate diatoms a) free-floating
Amphora species and b)
Gomphonema species attached to a substratum with a
stalk (Scale bar measures 20
µm).

tropical rainforests combined! They also play a significant role in
silica cycle and also contribute to other biogeochemical cycles,
especially in carbon fixation in the carbon cycle by converting
CO2 into biomass in a large proportion [2].
The Unique Silica Wall
Diatoms have a characteristic siliceous cell wall known as frustule. Very few living organisms can utilize silica. As silica
present in these transparent frustules is in the same form as glass,
diatoms are referred to as ‘algae in glass houses’. The frustule is
bipartite, i.e., comprising of two valves. The valves overlap. A
single frustule consists of a larger valve – epivalve, a smaller
valve – hypovalve and girdle bands that hold both valves together.
The epivalve fits over the hypovalve like a lid of a box (Figure 2).
Frustules have a distinct shape and intricate sculpturing with
pores, spines, and elevations. They show bilateral or radial symmetry.

Figure 2. Illustration of the
structure of a diatom frustule.
(Redrawn from Zurzolo C and
Bowler C, 2001).
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Taxonomists classify diatoms into two major groups on the basis
of symmetry: 1) Centrics – circular; radial symmetry (Figure 3a),
and 2) Pennates – elongate; bilateral symmetry (Figure 3b).
Diatom taxonomy is based on morphological characters like size,
shape, and patterns of frustules [1].
Diversity and Distribution
Diatoms are one of the most successful extant taxa of photosynthetic eukaryotic unicellular organisms. Diatoms are an extremely
diverse group with around 200 genera comprising of around 10–
12 thousand known species. However, different studies escalate
the estimated number of species to 0.2–10 million. This huge
variation in the estimation is due to limited knowledge about their
diversity. In particular, diatoms from tropics are the least documented. Diatoms occur in diverse habitats and are found across
marine, freshwater as well as some terrestrial habitats (Figure 4).
There are also very few heterotrophic diatom species that survive
in dark conditions. Some also live as endosymbionts in some
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Figure 3. Scanning electron
micrograph of diatom.
a) Centric diatom
b) Pennate diatom.
Arrow marks refer to areolae
on both a and b. Arrow mark
with ‘R’ refers to the raphe
system. (Scale bar measures
2µm)

Figure 4. Diverse habitats occupied by diatoms a) Attached to exposed rock surface and b) Attached to submerged plants in a lake.
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Diatoms are an
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thousand known
species. However,
different studies
escalate the estimated
number of species to
0.2–10 million.

organisms or non-invasively on the body surface of organisms.
Foraminifera host endosymbiotic algae like diatoms and
chlorophytes.
Each diatom species exhibits a specific environmental tolerance.
Thus, diatoms form species assemblages corresponding to the
habitat condition. Several diatom species show a global distribution. The species showing global distribution are mostly pollution
tolerant species. However, a large number of endemic taxa have
been reported from various regions across the world, mostly from
ancient lakes like African Rift Valley lakes, lake Baikal, etc., and
mountains from the tropics [3].
Diatoms in India have been studied since the nineteenth century.
Many researchers from India and other countries have studied
marine, freshwater and fossil diatoms of the Indian subcontinent.
The Indian subcontinent accounts for approximately 7000 diatom
taxa from freshwater, brackish, marine environment and fossils
(see Box 1). Diatom taxonomic studies in the Indian subcontinent
suffer from misidentification of native flora with temperate taxonomic guides due to the erstwhile theory of ‘everything is everywhere’. In recent years, many novel diatom species and genera
have been reported from all over the world and especially from
the tropics. Recent studies from Western Ghats streams have
yielded many new species of diatoms to science. However, many
regions in India are yet to be studied for baseline information of
diatom diversity [4].
Box 1. H P Gandhi

Hemendrakumar Prithviraj Gandhi (1920–2008) worked extensively on diatoms
in India. His major work was focused on freshwater diatoms across western India.
However, he also explored fossil and estuarine diatom diversity. He described
almost 300 new species from the Indian subcontinent. These represented many
endemic diatom species, especially from Western Ghats. He was in correspondence with contemporary well-known diatomists of his time and published on
various aspects of diatom studies. H P Gandhi mainly studied diatom taxonomy
along with ecology, biomonitoring and biostratigraphy. His work is the most
widely-referred literature for diatom research in the Indian subcontinent.
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Evolutionary Relationships
Diatom chloroplasts are derived by endosymbiosis from those of
red algae (Rhodophyta); rather than directly from prokaryotes as
in the case of plants. However, recent studies show that nuclear
genes in diatoms and few closely-related algal groups are derived
from green algae (Chlorophyta). About 16% of the diatom nuclear
coding potential genes2 are similar to green algae. It is hypothesized that they were introduced by a cryptic endosymbiont
related to green algae. Thus, it is now assumed that diatoms have
recruited genes from both of these major existing algal groups.
Several bacterial endosymbionts have also been reported from
diatoms. For example, spheroid bodies present inside diatoms are
endosymbionts closely related to a cyanobacterium [3].
2 Nuclear

The ornithine urea cycle (OUC), similar to that in metazoans was
recently reported in diatoms. It links them evolutionarily to
animals! Although it is involved in nitrogen metabolism in both
taxa, it’s role is different. The OUC is involved in the removal of
fixed nitrogen in metazoans, whereas, it helps in the distribution
and repackaging of inorganic carbon and nitrogen in response to
nitrogen availability in diatoms. This cycle was earlier thought to
have evolved in metazoans. It is absent in green algae and plants.
This discovery is significant as it provides evidence that the cycle
appeared several hundreds of millions of years before the appearance of metazoans (see [5] for detailed information on the OUC).

coding potential genes

are multiple sequences from an
entire nuclear genome which are
potentially protein-coding.

Life of Diatoms
The Cell
The surface of the diatom frustule has species-specific pores,
known as areolae (Figure 4). These areolae allow the exchange of
gases and material between the cell and the environment. The
nucleus is present in a central cytoplasmic bridge. It is surrounded
by a large vacuole, which usually accounts for 70% of the total
cell volume. Chloroplasts are attached to this vacuole and deposit
photosynthetic products into the vacuole. Other organelles like
silica deposition vesicles (SDVs) are closely associated with the
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Chlorophyll 'a' is an essential

pigment f or photosynthesis
found in plants, algae, and
cyanobacteria. It absorbs energy from wavelengths of violetblue and orange-red light and
reflects green light, hence the
most plants are observed in
green.
4

Chlorophyll 'c' is a golden to

brownish color accessory pigment found in diatoms, brown
algae and dinoflagellates.

golgi complex and, in some species, mitochondria may be found
in proximity to both.
Chlorophyll a3 and c4 carry out photosynthesis in diatoms. The
relative proportion of these and the accessory pigments, fucoxanthin and E-carotene, give them a characteristic golden-brown
color. Diatoms store energy as unique polysaccharide
chrysolaminarin or various lipid molecules. Some groups of
diatoms are capable of producing lipids almost upto 70% of their
body volume; hence, they are being explored as a source for
biofuels. Some species are known to stay afloat by regulating
intracellular lipids. Diatoms also produce extra-cellular polysaccharides to form trail material for locomotion or structures like
stalks, capsules and tubes [1].
Lifecycle

5

A diploid cell has two set of

chromosomes (n = 2); one set of
chromosomes from each parents.
6

A haploid cell has single set of

chromosomes (n = 1). It is characteristic to gametes.

All diatoms exhibit diplontic lifecycle which means that the
diploid5 form is dominant over the haploid6 form in the lifecycle.
This lifecycle occurs very rarely in algae. Diatoms mostly undergo vegetative (asexual) reproduction. In vegetative reproduction, daughter cells are formed within the parent cell by mitosis.
Each parent valve acts as an epivalve inside which a hypovalve is
synthesized. Thus, each daughter cell contains the valve from the
parent as epivalve and a newly-synthesized hypovalve. Interestingly, this means that one daughter cell from the parent epivalve

Figure 5. Schematic representation of lifecycle of diatoms with asexual and sexual
reproduction.
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retains the same size; while the other synthesized from hypovalve
is slightly smaller than the parent. Therefore, for a given species,
the average cell size usually decreases with successive divisions
in a population (Figure 5, asexual reproduction). As a consequence of cell size (particularly, length) reduction, the relative
cell dimensions change. The entire range of variation in size and
shape in a population is termed a ‘size diminution series’ (Figure
6). Macdonald and Pfitzer documented this phenomenon independently in 1869; hence it is referred as the MacDonald–Pfitzer
hypothesis. This unique phenomenon also affects success in
undergoing mitotic division (Box 2).

Figure 6. Size diminution
series in Epithemia sorex
Kützing (scale bar measures
10µm) [4].

The size diminution occurs only until a minimum viable size,
beyond which the cell is unable to survive. Diatoms regain their
Box 2. The Favorite Daughter
In a study conducted on mitotic division in a marine diatom Ditylum brightwellii (T West) Grunow, it was
observed that after the division of a diatom cell into two daughter cells, the smaller daughter cell divides faster
than its larger sister cell. This can be attributed to a greater proportion and better quality of the parents’ cellular
material being transferred to the smaller cell. Thus, a diatom favors its younger daughter. This strategy is
helpful because model predictions suggest that investing more in replication of one daughter cell leads to
higher population growth rates as compared to investing equally in both daughter cells. It is known that higher
population growth rates increase chances of survival [6].
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They have
specialized structures
called silica
deposition vesicles
(SDVs) which
polymerize silicic
acid.

maximum size by the formation of an auxospore – a specialized
cell also called as the perizonium. It is linked to meiosis and
sexual reproduction in the diatom lifecycle. The auxospore is
formed after the fusion of male and female gametes. The basic
shape of each diatom species is formed during the expansion of
the auxospore. (Figure 5; Sexual reproduction). An auxospore
possesses silica bands (perizonia) rather than a rigid silica cell
wall. It allows the cell to expand to its maximum size and produce
a frustule of the basic shape. Diatoms also form resting cells in
adverse conditions such as lack of nutrients and very low temperature. These are physiologically different from vegetative cells.
Silica Harvesting
Diatoms use silicic acid present in the environment for silica
formation in frustules. For this, they have specialized structures
called silica deposition vesicles (SDVs) which polymerize silicic
acid. Two types of SDVs, i.e., valve and girdle band SDVs, work
at different stages of the cell cycle. The nucleus of each daughter
cell moves nearer to the microtubule centre (cytokinesis). The
microtubule centre lies below the plasma membrane where the
hypovalve is eventually synthesized. The valve SDV involved in
valve formation aligns between the microtubule centre and the
plasma membrane forming a region called the pattern centre. The
SDV then synthesizes a hypovalve in an organized fashion, using
silica and biomolecules, by gradual expansion. The hypovalve
then fuses with the plasma membrane giving rise to 2 daughter
cells by exocytosis.
Since the siliceous cell walls cannot expand, the daughter cells
are smaller than the parent and undergo cell growth. The distance
between the rigid valves needs to be increased before mitotic
division. Therefore, several succeeding lateral girdle bands are
formed in girdle band SDVs and are released (exocytosis) synchronously with cell growth during interphase. As this prevents
gap formation in the frustule, cell components never get directly
exposed to the environment (Figure 7) [7].
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Applications

Figure 7. Diatom cell division
and the SDV mechanism.

All the above characteristics make diatoms important as well as
unique organisms. Besides this, developing an understanding of
the ecology and lifecycle of diatoms has helped in utilizing them
for various purposes [2]. They show potential uses in nutrient
supplements, antibiotics, anticancerous drugs and nanobiotechnology. As diatom cells repeatedly and reliably produce frustules
of different shapes and sizes with micro- or nano-scale structures,
they can be used for designing various nano devices. Diatom
frustules are so intricate and ornamental at the nanoscale that
they have inspired architects as well as nanotechnologists who
have applied the structural principles used to build frustules for
the design and construction of buildings and biologically-inspired designs.

(Redrawn from Zurzolo C and

Diatoms in Bioprospecting
Diatoms produce different lipids, polysaccharides, amino acids,
and vitamins. Some diatoms are known to yield pharmacologically-active compounds, which display antibiotic activity, enzyme inhibition, toxicity, etc. The most commercially important
among these are lipids. The most-studied molecule in diatoms is
eicosapentaenoic acid (EPA), a polyunsaturated fatty acid (PUFA)
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As they are sensitive
to changes in
environmental
conditions, a diatom
community at a given
place at given time
can provide
information of the
water quality using
statistical models.

which also constitutes a major part of codliver oil. EPA intake is
considered to be a preventive measure for coronary disorders. It
has high demand all over the world and overfishing causes
population decline of difference species of cod. Diatoms are one
of the primary producers of PUFA in the aquatic food chain and
they can act as the alternative sustainable source for supply of
PUFA. Further, studies have shown that the EPA is less expensive and more stable when obtained from a marine diatom
Phaeodactylum tricornutum Bohlin than from the liver of codfish. The high production of lipids in many diatom species has
created great interest in diatoms as a possible source of biofuels
[8].
Indicators of Past and Present Ecological Conditions
Diatoms have been successfully used in water quality assessments across temperate and tropical countries. Diatom species
are very particular about their local environmental conditions
ranging from habitat to water quality. Individual species have
specific ranges and tolerance for environmental variables like
aeration, conductivity, pH, nutrient availability and concentration. As diatoms are sensitive to changes in environmental conditions, a diatom community at a given place at a given time can
provide information about the water quality using statistical
models. Various diatom indices have been developed to assess
water quality. Diatom collection, enumeration, and archiving are
very easy compared to other commonly used bioindicators. Due
to theseadvantages, diatoms are extensively used for biomonitoring
in aquatic ecosystems across the world. The specificity of diatoms to their environment is used in forensics as well (Box 3).
As silica cell walls do not decompose, diatom fossils are well
preserved in the sediments. Fossil diatoms also have significant
economic importance as stratigraphic indicators for mineral exploration, particularly petroleum. It is known that diatom deposits
can occur in layers that correspond to environmental cycles. Due
to their known environmental preferences, they can be used to
interpret ecological conditions in the past. Thus, diatom fossils
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Box 3. Detective Diatoms
The primary goal of diatoms in forensics is in linking suspects and victims to crime scenes in or around a water
body. Diatoms are primarily used in drowning cases. They do not occur naturally in the human body but will
be inhaled with water while drowning. 3 possible scenarios after identification of diatoms from lung tissues in
the corpse are as followsi.

If species found in the corpse are same as water where it is found, then it is a case of drowning at that
place.

ii.

If species are different than the water body where it’s discovered, assuming diatoms are habitat-

iii.

If diatoms are absent in the lungs, then the victim was likely dead before drowning.

specific, then actual drowning site is different.

Since frustules do not readily decay, diatoms can be detected even in heavily decomposed bodies.

are useful tools in paleoecology. In paleoecology, scientists use
knowledge about habitat preferences of current taxa to interpret
the historical conditions from the fossil record. Certain environmental conditions favor mass deaths of diatoms. These dead cells
sink and get deposited forming layers of sediments called diatomite. The diatomite gives an indication of prehistoric climate in
that region.
Diatomite or diatomaceous earth is also widely used in industries
as filters, mild abrasives, insulators, mineral fillers, mechanical
insecticides, anti-caking agents, etc. [2].
Conclusion
Diatoms are an important taxa not only in terms of diversity and
ecology but also due to their applications in environmental monitoring, nanotechnology, biofuels, medicine, agriculture, and food
industry. Their characteristic siliceous cell walls make them
unique and a beautiful group to be studied. Despite their small
size, they play significant ecological roles due to sheer abundance
and productivity. Their unique physical adaptations and physiological processes, adapted to limitations of the inflexible cell
wall, and the diversity of habitats they occupy have always
attracted interest in the scientific community. However, many
aspects of diatom ecology are not well understood yet; especially
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their distribution from tropical regions like India. Exploring
diatom diversity from unexplored regions will not only help in
developing a better understanding of their distribution but also
for obtaining novel compounds for various commercial purposes.
The study of diatoms, referred to as diatomology, has advanced
along with developments in science and involves a vast array of
subjects including molecular biology, phylogeny, ecology, geology, biophysics, genetics and evolutionary biology. The increase
in knowledge about these organisms has given rise to more
intriguing questions in all the above subjects.
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