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About this book

This edited book provides a comprehensive and a reliable source of information on all
major areas of diatom research. It addresses research advances in the key areas of diatom
biology, morphology, systematics, phylogeny and ecology along with their
interdisciplinary applications. Diatoms are the world’s most diverse group of algae
populating the freshwater and marine ecosystems of the world. They are unicellular,
photosynthetic, eukaryotes having ornate silicified cell walls. Diatoms contribute around
25% of annual global carbon fixation, which is more than all of the terrestrial rainforests
combined. Diatoms underpin major aquatic food webs and drive global biogeochemical
cycles and have several ecological and interdisciplinary applications. This book targets a
wide range of audience including researchers, academicians, teachers and students of
varied disciplines such as biology, environmental sciences, ecology, evolution,
nanotechnology and other related disciplines. It is useful read for beginners as well as

advanced researchers.
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Foreword

The diatoms are algal forms that are known for creating a castle of glass. They have a
unique type of cell wall composed of silica. But for Leeuwenhoek, who devised a
model of microscope with 300-fold magnification, it would not have been possible to
see these minute organisms and their beautiful ornamentation. These ubiquitous
organisms are the major primary producers in all aquatic ecosystems and moist
places, and hence form the base of food web on which the higher trophic levels are
dependent. They are well-known surrogate for the past climatic events because they
settle at the bottom of lakes and oceans after death and remain intact because cell
walls are readily preserved well along with their intricate microscopic details owing
to their siliceous nature. As consumers of 20-25% of the global CO, they are
important for the study of present climate.

Of recent, the science around diatoms has been concentrated mostly in Europe,
Russia, North America, and Japan. As more and more samples were examined the
workers left reference slides, material and publications as a record of their work.
These are preserved in museums and institutions around the world. Major collections
from the nineteenth century can be found in Philadelphia, Vienna, Berlin, Antwerp,
Stockholm, Edinburgh and London. Diatom flora and taxonomy has been the major
area of interest In India. Other perspectives have received scarce attention.

The initiative Diatoms: Biology and Applications is indeed an effort to generate
interest in this less explored organism. This volume contains valuable information
on the fundamentals of diatom biology and its multifarious applications to current as
well as general issues. The included chapters throw a panoramic view of the world of
diatoms touching upon biological aspects such as pigment composition and ecolog-
ical and environmental facets such as climate change, ocean acidification and impact
assessments. The book also takes into account varied applications of diatom research
prevalent around the world such as nanobiotechnological utilization and forensic
applications. I congratulate the editors for their collective wisdom in selecting a
suitable theme for this volume. The information emerging from this volume will
create interest in the young minds pursuing research as a career in national and
international research institutes, universities and colleges. It will also attract research
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laboratories looking for fresh areas of research or unique organism models. It will be
equally handy for planners, policymakers and managers of water for domestic and
industrial use, be it rivers, lakes, lagoons and reservoirs.

I am quite convinced that the effort will spark and ignite minds when it reaches
the bookshelves and e-books of individuals and libraries. It is a beginning to reach
out and probe the scientific minds.

Aquatic Biodiversity Unit, Department Prakash Nautiyal
of Zoology, Hemwati Nandan Garhwal

University (A Central University),

Srinagar-Garhwal, Uttarakhand, India



Preface: The World of Diatoms

We often come across partially or completely submerged rocks in streams and rivers
covered by golden brown slimy films. These biofilms are composed of microscopic
eukaryotic organisms commonly known as the diatoms. These wonderful organisms
though are not only restricted to streams and rivers but are abundant in most aquatic
ecosystems such as lakes, ponds, wetlands, oceans and even in soils with adequate
moisture content.

The word diatom comes from the Greek dia, meaning “through”, and temnein,
implying “to cut”, literally meaning *“‘cut in half”, as they consist of two overlapping
and interlocking units of their frustules. Diatoms are eukaryotic, unicellular and
autotrophic organisms which are characterized by unique cell walls made up of silica
(hydrated silicon dioxide). The frustules of diatoms are intricately sculptured and
ornate. It is due to their enchanting beauty of their cell walls that these organisms
have been labelled as “jewels of the sea”. They have been systematically placed in
the stramenopile clade of the SAR supergroup and are recognized as members of
Bacillariophyceae or Bacillariophyta.

The chloroplasts of diatoms contain chlorophylls a and ¢ along with carotenoids
such as fucoxanthin: the pigment responsible for the characteristic golden brown
colour. These tiny organisms are the major component of the phytoplankton com-
munities of the oceans and constitute approximately half of the organic material
found in the oceans. They are responsible for the production of roughly 25-30% of
oxygen globally which equals the contribution of the rainforests combined. They are
known to be more energy efficient than their counterparts with organic cell walls.
Moreover marine diatoms essentially sequester considerable amount of carbon
dioxide from the atmosphere.

Fossil evidences trace back the origin of diatoms to early Jurassic Period though
molecular clocks indicate the appearance of diatoms to Triassic period. The emer-
gence of diatoms caused a major shift in the ocean carbon cycle with increased
carbon locking in dead diatom cells. Genome sequencing of diatoms such as
Thalassiosira pseudonana and Phaeodactylum tricornutum has thrown light on
the unique secondary endosymbiotic origin of diatoms. These genomic studies
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also revealed several biochemical features of diatoms which are similar to that of
organisms of the animal kingdom.

Diatoms have been extensively used in the water quality estimation of aquatic
ecosystems such as lakes, rivers, wetlands, etc. and also in paleolimnological
reconstructions. They are robust ecological monitors and have been used in assess-
ment purposes throughout the world. The Water Framework Directive has
recommended the utilization of diatoms in water quality monitoring programmes.
The widespread use of diatoms for ecological health assessment of ecosystems has
led to the generation of indicator and sensitivity value of several diatom species.
Diatom indices are increasingly being used to evaluate the state of aquatic ecosys-
tems. Recently the potential of terrestrial diatoms for ecological monitoring has also
been explored.

Commercial applications of diatoms have a long history. Diatomaceous earth, the
fossilized remains of diatoms, has been used in explosives, filtration systems, pest
control, agriculture, etc. The unique way of deposition of silica by diatoms in their
frustules has widespread applications in nanotechnology such as biosensors,
bioimaging, drug delivery, etc. Diatoms have been extensively used in forensics
and biofuel production.

The domain of diatom research has tremendous potential. From unravelling
secrets of evolution to climate change mitigation, insights into the world of diatoms
are expected to uncover evolutionary enigmas and enhance their commercial appli-
cations.

Prayagraj, Uttar Pradesh, India Prateek Srivastava
Noida, Uttar Pradesh, India Ambrina Sardar Khan
Prayagraj, Uttar Pradesh, India Jyoti Verma

Nagpur, Maharashtra, India Shalini Dhyani
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Chapter 15 M)
Biofuels from Diatoms: Potential Check o
and Challenges

Jyoti Verma, Akriti, Hemlata Pant, and Ambrina Sardar Khan

Abstract Biofuel is the hope of this planet to ensure safe and sustainable use amid
increasing rate of pollution and global warming. The term biofuel may be misleading
for some that it is only substitute of fossil fuels, which is not true. Biofuel is a broad
term including bio-oil, biodiesel, bioethanol, biogas, etc. finding its use in transporta-
tion, cosmetics, cooking, nutrient supplements, etc. The generation of biofuel from
diatoms is third-generation biofuel production. Either the lipid from diatoms is
extracted as bio-oil or the whole biomass of diatoms is used as biocrude. Apart from
the mainstream uses of biofuel, the diatom culture produces many by-products which
find their use in multiple fields. The public authority of India reported Biofuels Policy
in 2008 to advance its production and utilization. The main obstacle on the way 1s
economic production of biofuel from diatoms, to make it worth choosing over other
options. Diatoms grow fast but they produce lipids slow, and the process of extraction
is even more tedious. However, with the use of recent technologies, proper manage-
ment and planning, this method proves to be the most efficient and environment
friendly way of biofuel production. Diatoms don’t have a large number of cells in the
body to support, they use carbon dioxide and other nutrients from waste, or eutrophied
water bodies produce biofuel and clean their nearby environment in return. It is high
time we develop this method to make it feasible for greater good.
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15.1 Introduction

Biofuel is a kind of fuel (liquid or gaseous), produced over a short time span from the
biotic component of our environment rather than very slow natural processes
involved in the formation of fossil fuels. It could be derived from plant, algae
material or animal waste. These materials could be replenished readily, making
biofuel a source of renewable energy. The word fuel associated with biofuel could
lead to assumptions, that it could be used only for transportation purposes. Biofuel’s
advantage is not limited to one field only but also extended to energy generation,
heat production, charging electronics, clean oil spills and grease, lubrication,
removal of paint and adhesive, as cooking oil and there are many yet to be
discovered to utilize their full potential.

15.1.1 Diatoms

Diatoms, a significant component of phytoplankton, are microalgae. They contain
silica-based tiny shell walls. The lineage is traditionally divided into two orders:
radially symmetrical centric diatoms, or centrales, and bilaterally symmetrical pen-
nate diatoms, or pennales. The first order is further classified into polar and non-polar
centrics, whilst the latter order comprises the classes Bacillariophyceae and
Fragilariophyceae based on the presence or absence of a raphe; each group emerged
and developed progressively over the Mesozoic era when CO , levels decreased.
Diatoms displaced a substantial amount of other algae (mostly cynobacteria and few
green algae) in the ocean throughout the Mesozoic era, according to the fossil record
(Hildebrand et al. 2014). They evolved around the Jurassic Period. They have the
ability to biosynthesize a variety of commercially valuable chemicals.

Each year, living diatoms generate 20% to 50% of the oxygen produced on the
Earth, absorb about 6.7 billion metric tons of silicon from the waters in which they
dwell and account for nearly half of the organic material present in the seas (Treguer
1995). Diatoms are natural nanotechnology factories that have been discovered in
the fossil record for over 100 million years. Diatoms are less sensitive to turbulence
in the ocean than any other phytoplankton (Wyatt 2014).

Diatoms also produce other useful items such as semiconductors, health foods
(glucosamine) and chitin fibres. These incredible microscopic algae will be able to
absorb some of the cheapest, most abundant elements on Earth—like silicon and
nitrates—and make a steady stream of affordable products with nothing more than
sunlight, practically any sort of water and carbon dioxide (Rorrer 2012).
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