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What is Biology?
Study of life, living things

What is life?
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Life

Difficult to define life
Assemblage of molecules
Life is a set of processes, not a thing or an event

Can be described in terms of characteristics or features



‘Emergent’ properties: Whole is more than the sum of parts

e.g. A car is made of parts. The way the parts are assembled is what makes a car
function

Letters by themselves mean nothing, but can come together to start a
revolution!

* Similarly molecules get assembled in various ways to give rise to living things

* Hierarchical

e.g. Molecules assemble to make up parts of a cell, cells assemble into organs, organs
assemble into an individual



Characteristics of life

Features or properties
. Cellular organization
ll. Metabolism
lll. Homeostasis
IV. Response to stimuli
V. Growth and development
VI. Reproduction & Heredity
VII. Evolution

(Note: Not all biologists describe life using the above processes, some do it in slightly different ways)



I. Cellular organization

Cells — basic building blocks of all living organisms

* Contained space that isolates reactions from the surrounding
environment

* Smallest unit that can perform all the processes of life

Human sinus cells Onion cells Bacterial cells




* Unicellular (e.g. bacteria) versus Multicellular (cell specialization)
e.g. Skin cells, Muscle cells

* Cells always small* (size of organism related to cell number)

As size increases, volume increases much more rapidly than
surface area, hence diffusion time increases

*rare exceptions
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(Reading) Exercise

* Rarely, cells are so large that they can even be seen with the naked
eye. Which are the largest cells found in nature?



Cell

All cells have a cell membrane (also called plasma

membrane), which is the border between the inside of the cell
and the external environment

* Extremely important feature. Why?

* Cells contain molecules (proteins, carbohydrates, lipids,
nucleic acids, water)



* Within the cell membrane, cells have
various organelles and the cytoplasm Lo
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* Each organelle has a different function. -

Nucleolus

Mitochondria

Plasma
membrane
Ribosomes

Microtubule

Chromatin

* For e.g mitochondria are the ‘power
houses' of cells where energy is
produced from food

Lysosome

Smooth endoplasmic
reticulum

Secretory vesicle

Golgi vesicle Peroxisome

Cytoplasm Vacuole

Source:
penstax.org/books/anatomy-and-physiology/pages/preface



DNA and Genes

* Organisms have chromosomes, which contain the genetic
material, usually DNA.

* Genes are regions of the chromosome, and contain
information for all of the processes of life

* The diversity of life is due to variation in genes among
organisms



I1. Metabolism

Sum of all chemical processes in an organism

* Obtain and use energy
— for cellular processes

— for making the building blocks of the cell

 Eliminate waste



“Life is an organized state of chemical reactions”



ITI. Homeostasis

Regulation - Keep internal conditions relatively constant
under changing environmental conditions

In other words, maintenance of a stable body condition
Ex. body temperature, salt concentration

Metabolic processes are involved in these mechanisms.



IV. Response to stimulus

Respond to Changes in environment

* E.g. Amoeba moving away from light

Some animals hibernating when winter arrives



V. Growth and Development

* Growth: Result of cell division (formation of two cells from one) and
cell enlargement (cells enlarge as they mature)

* Development: Maturation

Single cell — Cell cluster — Differentiation (specialization)



VI. Reproduction & Heredity

* Reproduction, Replication

* Asexual reproduction: e.g. cell division in bacteria

* Sexual reproduction: Fusion of male and female gametes.
E.g. egg and sperm in animals
pollen and ovule in plants

— Viruses: can only reproduce in their hosts



Heredity

Transfer of genetic information from parent to offspring during
reproduction

i..e. transfer of genes

In asexual reproduction, the offspring gets the exact copies of the
parent



Some interesting reproductive strategies

* Many female birds, rabbits and reptiles can store sperm for months

* Females of many species, including some mantises and spiders,
feed on the male immediately after mating

* Some fish can switch sex in days

Photo: Nick Hobgood/Wikimedia Photo: Oliver Koemmerling/Wikimedia



VII. Evolution

* Evolution ~ change

* Biological evolution, loosely speaking, is change in groups of
organisms over the course of generations

* Adaptations are the result of evolution



Scales of biology
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Molecules



Organelles (subunits of Cells)

(e.g. Chloroplast - photosynthesis)
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Tissues - group of similar cells with a common function




Organs
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Organisms (Individuals)
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Populations - All individuals of a species living in an area)
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Community - Populations of all species in an area
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Ecosystems - Community AND non-living environment




Environment

* Biotic — living things

* Abiotic — non-living matter



The biosphere

Zone of life on earth.
Sum of all ecosystems




Scales of Life

. The biosphere
N

Organs and Cells
organ systems

Organelles

Communities

Tissues

Molecules

Populations
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Current Research

Our research is broadly focused towards
understanding the circadian clock at the
genetic, neuronal network level and how it
rhythmically regulates the behavior, physiology
and metabolism of an organism.

To this end, we use the model organism
fruit fly Drosophila that offers convenient tools
for  conducting comprehensive  genetic,
molecular and behavioral studies.
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Organisms without mitochondria include prokaryotes (like bacteria), which|
them by definition, and some eukaryotes that have lost them over time..
Examples of eukaryoic organisms without traditional mitochondria include
certain metamonads (such as Giardia and Trichomonas), which use
specialized organelles like mitosomes or hydrogenosomes for energy, and
animal parasite Henneguya salminicola, which lacks mitochondria and
‘mitochondrial DNA entirely. &

Prokaryotes «

« Bacteria: are a prime example of organisms that do not have mitochondria. They
prokaryotic cells and lack a membrane-bound nucleus and organelies like
mitochondria, but they still perform cellular respiration.

Eukaryotes

Metamonads:

‘This group of protists, which includes Giardia and Trichomonas, are known to lack
mitochondria but possess derived organelles like mitosomes or hydrogenosomes th
perform similar functions. They typically ive as parasites or in symbiotic.
relationships. &

Oxymonads:
Found in the intestines of insects and mammals, oxymonads are another group of
‘eukaryotes that can lack mitochondria. - @

Henneguya zschokkel:
‘This multicellular parasite, a type of cnidarian (like jellyfish), is an animal that
‘surprisingly lacks both mitochondria and mitochondrial DNA. It survives on an
exclusively anaerobic metabolism. &

Why they can survive without mitochondria
P
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*+ Within the cell membrane, cells have
various organelles and the cytoplasm

*+ Each organelle has a different function.

« For egmitochondria are the ‘power
houses of cells where energy is
produced from food
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		Memorization versus Understanding



		Exams/Grading



		Emphasis on understanding ‘research’









BIO 111 (and generally, courses at IISER TVM)







		Larvae of some butterflies are so highly specialized that they starve to death when given the 'wrong' plant. Some species are very general, i.e., feed on a large number of plants. One might expect generalization to be a big advantage, yet in many butterfly groups specialization is more common. Why?





		Why are there more species in the tropics?





		Why do plants produce so many more flowers than they do seeds?







Some questions in ecology and evolution





		Why do bees prefer flowers with particular colours?





		In some turtles, temperature of incubation determines the sex of hatchlings. In most organisms, this is decided by the genetic make up of the offpsring. What might be the advantage of the strategy used by turtles?





		How is climate change affecting species?





















		Why do people get cancer?



		What molecular mechanisms control cell division?



		Understand mechanisms of host switching in viruses



		What leads to mutations?







Some research questions in School of Biology
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What is Biology?



Study of life, living things





What is life?
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Life	



		Difficult to define life





		Assemblage of molecules





		Life is a set of processes, not a thing or an event





		Can be described in terms of characteristics or features











‘Emergent’ properties: Whole is more than the sum of parts



e.g. A car is made of parts. The way the parts are assembled is what makes a car function

 Letters by themselves mean nothing, but can come together to start a revolution!





		Similarly molecules get assembled in various ways to give rise to living things





		Hierarchical

e.g. Molecules assemble to make up parts of a cell, cells assemble into organs, organs assemble into an individual











Characteristics of life



Features or properties

		Cellular organization



		 Metabolism



		 Homeostasis



		 Response to stimuli



		 Growth and development



		 Reproduction & Heredity



		 Evolution



(Note: Not all biologists describe life using the above processes, some do it in slightly different ways)











I. Cellular organization



Cells – basic building blocks of all living organisms

		Contained space that isolates reactions from the surrounding environment



		Smallest unit that can perform all the processes of life













Source: https://www.khanacademy.org/science/biology/structure-of-a-cell/introduction-to-cells/a/intro-to-cells





		Unicellular (e.g. bacteria) versus Multicellular (cell specialization)

e.g. Skin cells, Muscle cells 







		Cells always small* (size of organism related to cell number)

As size increases, volume increases much more rapidly than surface area, hence diffusion time increases



*rare exceptions









Rate of diffusion of molecules will be low



https://bmcbiol.biomedcentral.com/articles/10.1186/1741-7007-10-101

Why do cells care how big or small they are? One reason cell size matters is that the basic processes of cell physiology, such as flux across membranes, are by their nature dependent on cell size. As a result, changes in cell volume or surface area will have profound effects on metabolic flux, biosynthetic capacity, and nutrient exchange. A second reason is that the basic machinery of cell division in eukaryotes relies on microtubules, both to form the mitotic spindle and position it properly relative to the cortex. Because of the dynamic properties of microtubules, they are able to probe a limited range of lengths, and if cells get too big or too small, the mitotic apparatus may have difficulty working. Very small cells could not form a proper spindle, and very large cells could not coordinate their divisions during cleavage. This idea is elaborated in essays by Frankel and by Kimura, who discuss the apparent upper and lower limits on cell size with respect to cell division machinery. Finally, in both animals and plants, cells must fit together like puzzle pieces to form tissues and organs, and that means that a cell has to have a size appropriate to its position within the overall tissue, a topic discussed by Wallingford in the context of animal development.



Volume and surface area for a sphere







3 reasons (https://bmcbiol.biomedcentral.com/articles/10.1186/1741-7007-10-101)

1) One reason cell size matters is that the basic processes of cell physiology, such as flux across membranes, are by their nature dependent on cell size. As a result, changes in cell volume or surface area will have profound effects on metabolic flux, biosynthetic capacity, and nutrient exchange.

2) A second reason is that the basic machinery of cell division in eukaryotes relies on microtubules, both to form the mitotic spindle and position it properly relative to the cortex. Because of the dynamic properties of microtubules, they are able to probe a limited range of lengths, and if cells get too big or too small, the mitotic apparatus may have difficulty working. Very small cells could not form a proper spindle, and very large cells could not coordinate their divisions during cleavage. This idea is elaborated in essays by Frankel and by Kimura, who discuss the apparent upper and lower limits on cell size with respect to cell division machinery.

3) Finally, in both animals and plants, cells must fit together like puzzle pieces to form tissues and organs, and that means that a cell has to have a size appropriate to its position within the overall tissue, a topic discussed by Wallingford in the context of animal development.



https://www.lassp.cornell.edu/sethna/SimScience/membranes/intermediate/essay/cellsize1.html

Technically, the yolk of an ostrich egg is one cell though it is rather specially adapted. All the nucleotide material is contained in a small volume at the edge of the yolk. The bulk is a supply of `raw material' that the cells of the growing embryo use to assemble the cells of the ostrich chick. 

 Single giraffe nerve cells can be the length of the giraffe, from head to toe, several meters! Of course, these cells are still extremely narrow and the diagram below is very schematic. 



Valonia ventricosa has a coenocytic structure with multiple nuclei and chloroplasts. This organism possesses a large central vacuole which is multilobular in structure (lobules radiating from a central spheroid region).



The entire cell contains several cytoplasmic domains with each domain having a nucleus and a few chloroplasts. Cytoplasmic domains are interconnected by cytoplasmic "bridges" that are supported by microtubules. The peripheral cytoplasm (whose membrane is overlaid by the cell wall), is only about 40 nm thick.



Valonia ventricosa typically grow individually, but in rare cases they can grow in groups. 



Caulerpa taxifolia "Caulerpa is a unique organism," said Chitwood. "It's a member of the green algae, which are plants. Remarkably, it's a single cell that can grow to a length of six to twelve inches. It independently evolved a form that resembles the organs of land plants. A stolon runs along the surface that the cell is growing on and from the stolon arise leaf-like fronds, and root-like holdfasts, which anchor the cell and absorb phosphorus from the substrate. All of these structures are just one cell."



		Rarely, cells are so large that they can even be seen with the naked eye. Which are the largest cells found in nature?







(Reading) Exercise





Cell



All cells have a cell membrane (also called plasma membrane), which is the border between the inside of the cell and the external environment



		Extremely important feature. Why?





		Cells contain molecules (proteins, carbohydrates, lipids, nucleic acids, water)













		Within the cell membrane, cells have various organelles and the cytoplasm





		Each organelle has a different function.





		For e.g mitochondria are the ‘power houses’ of cells where energy is produced from food











Source: penstax.org/books/anatomy-and-physiology/pages/preface



https://www.science.org/content/article/first-eukaryotes-found-without-normal-cellular-power-supply





Photosynthesis



		Organisms capable of photosynthesis: plants, some cyanobacteria and phytoplanktons



		Use solar energy and CO2 to produce organic ‘energy’ molecules such as sugars



		Photosynthesis also releases Oxygen into the atmosphere









DNA and Genes



		Organisms have chromosomes, which contain the genetic material, usually DNA.





		Genes are regions of the chromosome, and contain information for all of the processes of life





		The diversity of life is due to variation in genes among organisms







An RNA virus is a virus which has ribonucleic acid (RNA) as its genetic material.[1] The nucleic acid is usually single-stranded RNA (ssRNA) but it may be double-stranded (dsRNA).[2] Notable human diseases caused by RNA viruses include the common cold, influenza, SARS, MERS, COVID-19, Dengue Virus, hepatitis C, hepatitis E, West Nile fever, Ebola virus disease, rabies, polio, mumps, and measles.



The International Committee on Taxonomy of Viruses (ICTV) classifies RNA viruses as those that belong to Group III, Group IV or Group V of the Baltimore classification system. This category excludes Group VI, viruses with RNA genetic material but which use DNA intermediates in their life cycle: these are called retroviruses,[3] including HIV-1 and HIV-2 which cause AIDS 



II. Metabolism



Sum of all chemical processes in an organism 



		Obtain and use energy

		for cellular processes



		for making the building blocks of the cell









		Eliminate waste









“Life is an organized state of chemical reactions”







III. Homeostasis



Regulation - Keep internal conditions relatively constant under changing environmental conditions

In other words, maintenance of a stable body condition



Ex. body temperature, salt concentration



Metabolic processes are involved in these mechanisms.





IV. Response to stimulus



Respond to Changes in environment





		E.g. Amoeba moving away from light

	  Some animals hibernating when winter arrives













V. Growth and Development



		Growth: Result of cell division (formation of two cells from one) and cell enlargement (cells enlarge as they mature)





		Development: Maturation



Single cell → Cell cluster → Differentiation (specialization)









VI. Reproduction & Heredity



		Reproduction, Replication





		Asexual reproduction: e.g. cell division in bacteria



		Sexual reproduction: Fusion of male and female gametes.

E.g. egg and sperm in animals

 pollen and ovule in plants



		Viruses: can only reproduce in their hosts



















Each pollen grain is a single cell containing two male

gametes. Once mature, the anther splits open and

pollen is released. Both male gametes are involved in

fertilisation, resulting in formation of a zygote and

an endosperm. This process of double fertilisation is

unique to flowering plants

https://www.uwa.edu.au/study/-/media/Faculties/Science/Docs/What-is-pollen.pdf



Heredity



Transfer of genetic information from parent to offspring during reproduction

i.e. transfer of genes



		In asexual reproduction, the offspring gets the exact copies of the parent











Some interesting reproductive strategies

		Many female birds, rabbits and reptiles can store sperm for months



		Females of many species, including some mantises and spiders, feed on the male immediately after mating



		Some fish can switch sex in days









Photo: Oliver Koemmerling/Wikimedia





Photo: Nick Hobgood/Wikimedia





VII. Evolution



		Evolution ~ change





		Biological evolution, loosely speaking, is change in groups of organisms over the course of generations





		Adaptations are the result of evolution









Scales of biology
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Figure 1.4 Levels of biological organization





Organelles (subunits of Cells)

		



		(e.g. Chloroplast - photosynthesis)







Figure 1.4 Levels of biological organization







Source: https://www.khanacademy.org/science/biology/structure-of-a-cell/introduction-to-cells/a/intro-to-cells





Source: http://www.physicalgeography.net/fundamentals/6a.html

Cells



- basic building blocks of life





Figure 1.4 Levels of biological organization









50 µm









Tissues - group of similar cells with a common function



Figure 1.4 Levels of biological organization







Organs



Figure 1.4 Levels of biological organization











Organisms (Individuals)



Figure 1.4 Levels of biological organization









Populations - All individuals of a species living in an area)



Figure 1.4 Levels of biological organization







Community - Populations of all species in an area



Figure 1.4 Levels of biological organization







Ecosystems - Community AND non-living environment



Figure 1.4 Levels of biological organization





Environment



		Biotic – living things



		Abiotic – non-living matter













The biosphere



Zone of life on earth.

Sum of all ecosystems



Figure 1.4 Levels of biological organization





Scales of Life





The biosphere



Communities



Populations



Organisms



Ecosystems



Organs and organ systems



Cells



Organelles



Atoms



Molecules



Tissues



Figure 1.4 Levels of biological organization





Ecology



		Scientific study of the interactions between organisms and the environment





		Remember that the environment includes both biotic and abiotic components









Subjects of typical ecological studies



		Molecules



		Organelles and Cells



		Tissues



		Organs



		Whole organism (individual)



		Population (of a Species)



		Community



		Ecosystem



		Biosphere



		Earth













In its broadest sense, Ecology also includes 



Ethology/Behavioural Ecology (study of animal behaviour), and



Evolutionary Biology/Evolutionary Ecology



'Pure' ecology, Animal Behaviour and Evolution are all inter-related and it often impossible to assign a study strictly into one category.
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