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Cells and molecular biology

i ":o‘_"ﬁ Cell biology: the characteristics of
0% 2% £ 5 1?3'/ cells, e.g., their physiological
properties, structure, organelles,
Interactions with the environment,
life cycle, division and death.
Understanding cells is crucial in
comprehending life itself.
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Molecular biology: the study of

Most of cell properties & functions described at  Riology at the molecular level. Chiefly
the molecular level. Various branches of concerns itself with understanding &
biology, including biotechnology, developmental ~ Interactions between DNA, RNA &
biology, physiology, pathology, genetics, proteins, and learning how these

microbiology, etc. interactions are regulated. .




Life begins with cells

A/

*¢ The individual cells that form our bodies
can grow, reproduce, process
information, respond to stimuli, and carry
out an amazing array of chemical
reactions. These ability define life.

** We & other multicellular microorganisms contain billions or
trillion of cells organized into a complex structure.

¢ Even simple unicellular organisms exhibit all the hallmark

properties of life, indicating that the cell is the fundamental
unit of life.
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Alberts, Bruce, et al. (2014) Molecular biology of the cell Sixth edition Overview of cells video



https://www.youtube.com/watch?v=URUJD5NEXC8

Overview of cells video Question Answer
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https://www.youtube.com/watch?v=URUJD5NEXC8

All cells are prokaryotes and eukaryotes
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Eukaryotic and Prokaryotic Cells: Similarities & Differences

Prokaryotes Eukaryotes
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< Small & simple o :
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Phylogeny of the three domains of life

Plants

Fungi

Ciliates Euglena

Microsporidia EUKARYOTA
Slime molds
Diplomonads
(Giardia lamblia)

EUBACTERIA
E. coli Sulfolobus
ARCHAEA
B. subtilus Thermococcus
Thermotoga Methanobacterium
. Halococcus
Flavobacteria
Green sulfur Halobacterium
bacteria .
Borrelia Methanococcus
burgdorferi Jannaschii

. Presumed common progenitor
of all extant organisms

. Presumed common progenitor
of archaebacteria and eukaryotes

All organisms from simple
bacteria to complex mammals
probably evolved from a
common, single celled

progenitor. _
This family tree depicts the

evolutionary relations among
the three major lineages of
organisms or domains namely
Archaea, Bacteria,
Eukaryota.

All animals, plants, fungi,
and many unicellular 7
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come in an amazing variety of shapes and sizes.

Cells of The Human Body

A mass of
Eubacteria; archaebacteria
Lactococcus lactis, (Methanosarcina)

blood cells

liver cells

intestinal cells

muscle cells
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Levels of organization of the human body

The major levels of organization in the body, from the simplest to
the most complex are: atoms, molecules, organelles, cells, tlssues

organs, organ systems and f;
, Atom

Molecules (Small Organ
molecules, precursors, :,)Molecule system
intermediates, building

Macromolecule
blocks)
Macromolecules (Biological Organ
rgane"e

molecules or Biomolecules):

proteins, carbohydrates, | . s Bomsi |
lipids, nucleic acids 5 e
Cells are basic structural and 1 \(3 Tissue

functional units of all living

Araa N i crnmaoc Copyright © The McGraw-Hill Companies, Inc. Permission required for reproduction or display.



Molecules of a cell

Structural hierarchy in the molecular organization of cells

Level 4: Level 3: Level 2: Level 1:
The cell Supramolecular Macromolecules Monomeric units
and its organelles complexes

DNA Nucliotldes i)]

—_ | N
~0=P=—0~—CH:

Organ system

Macromolecule

c”zOH
H 0
1/’\ \

Cell wall

Figure 1-11
Lehninger Principles of Biochemistry, Fifth Edition
© 2008 W.H.Freeman and Company



Essential elements for humans

ESSENTIAL ELEMENTS FOR HUMANS

There are 118 elements in the periodic table, but which of them are essential for
human life? Here we zero in on the ones we can't live without and the roles they play.

THE ELEMENTAL COMPOSITION OF THE HUMAN BODY BY MASS

P imoeen |
LD 65% [318% [ 10% I3 3% 4%

alncludes Ca, P, K, S, Na, Cl, Mg, B,Cr,Co, Cu, F, |, Fe, Mn, Mo, Se, Si, Sn, V, and Zn.

BUILDING BLOCKS ENZYMES NERVES AND CONTROL

Enzyme

an I, -
» O"-@-@ P
Amino acid

Substrate

These elements (except phosphorus)

are found in amino acids, the building

blocks of proteins. With the exception
of sulfur, they all also combine to
make up DNA, our genetic code.

Metal ions help many enzymes in the
body function. Enyzmes have many
important roles in the body, including
in respiration, digestion, metabolism,
and the immune system.

Sodium, potassium, and calcium ions
play roles in transmitting nerve signals.
Chloride ions regulate fluid in and out
of cells. The body uses iodine to make
hormones that regulate metabolism.

BONES AND TEETH BLOOD RESPIRATION AND ENERGY

& egqe

Bones and teeth are mainly calcium
phosphate. Calcium is essential for
the growth of healthy teeth and
bones. Without manganese, bones
are spongier and break more easily.

PERIODIC
GRAPHlCS

Iron in hemoglobin carries oxygen
from the lungs to the body's cells. And
it carries carbon dioxide back to the
lungs. Cobalt, found in vitamin B-12, is
essential for making red blood cells.

Our cells use the oxygen we breathe
for respiration. Respiration produces
adenosine triphosphate (ATP,
shown), a molecular energy source
for our cells.

@\ © C&EN 2019 Created by Andy Brunning for Chemical & Engineering News

The human body is comprised of
several major elements, including
carbon, hydrogen, oxygen, nitrogen,
calcium, phosphorus and potassium.

Big 4 — 96%
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the backbone of life

Molecular diversity arising
from carbon skeleton

variation
« Chain length
« Branching
 Double bonds
* Ring formations

Isomers - compounds that
have the same number of
atoms of the same elements,
but different structures,
hence different properties
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Chemistry of life: key concepts
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Biomolecules

An overview
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Organelles

Organelles are specialized
structures that perform
various jobs inside cells.

cell membrane
mitochondrion

cytoplasm
nucleus

endoplasmatic
reticulum

lysosome

ribosome

Golgi
apparatus

Nucleus

Mitochondrion

Colgi apparatus

Peroxisome

Lysosome

Cell membrane

Ribosome

DNA Storage
Energy production

Protein modification
and export

Lipid destruction;
contains oxidative
enzymes

Protein destruction

Regulates the transport
of materials entering
and exiting the cell

Protein synthesis
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Bioenergetics

Heat
* C.hgzlibc:r:ye;r::trgsy | @ Chemical waste
Energy production Energy utilization ETLZ ) Sve;rtt;n dioxide
Carbohydrate Muscle contraction
Lipid Active ion transport

Biosynthesis
Detoxification
Thermogenesis

0\ /

ADP + Pi

Protein body’s energy currency

Metabolism

1 ot C e Sae | e Sy & -

<+ To obtain energy for making ATP, cells break down food molecules.

“* ATP is the most common molecule used by cells to capture and
transfer energy. 16



Metabolism

“The sum of all the reactions in a cell or the body"

Catabolism

Break down
Releases energy

Anabolism

Build
Requires energy

v

Proteins
Amino acids
Cannibalization
of muscle tissue
(starvation Protein
response) synthesis

Food intake
"4

Ny

Complex

N\

carbohydrates

N

Glycogen storage
in liver and
skeletal muscle

Triglycerides

SOLARLALO
<6630

g PSSt Sl g |

Glucose Glycerol and
fatty acids
Energ_y Lipid synthesis
production and storage
ol
Catabolic Anabolic
reactions reactions

https://www.mdpi.com/2072-6643/12/5/1265/htm

Breakdown
of stored fat
(weight loss)

Map of the human
metabolic pathway
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Different cell types (e.g. RBC and brain) require
different fuel molecules

Triacylglycerols—>
Glycerol

ADIPOSE
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Red blood cells rely on glucose for energy and convert glucose to
lactate. The brain uses glucose & ketone bodies for energy.
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How does the cell's organization of
metabolism and regulation of signaling
pathways, facilitated by membrane-
bound compartments and receptors,
contribute to cellular function?



The work of cells

Cell compartmentalization

Cholesterol head group

Eukaryotes have a compartmentalized cell
structure.

Plasma membranes separate the interior of all cells
from the outside environment that prevents the
free flow of molecules in and out.

Membrane-bound organelles sub-divide into
compartments allows for the creation of specific

You guys, be

ot microenvironments within a cell.

Each organelle can have all the advantages it needs
to perform to the best of its ability, e.g., specialized
proteins/enzymes, a certain pH, each organelle has
I organelles could falk its own assigned tasks in the overall work of the

pee et cell, 20




The work of cells

Cells build & degrade numerous molecules & structures.

Heat

< Producing an enormous co ATP
number of complex molecules A" / \

. from S|mple bmldmg blocks. Energy production Energy utilization
<+ Cells also need to breakdown | carmohydrate Muscle contraction
biomolecules into small Lipid iV
Protein Biosynthesis
molecules. Detoxification
 ATP is the most common Thermogenesis
molecule used by cells to / /

capture and transfer energy. 0, ADP + P;

Lomwng 4 2000 Somnn S Ser® | Luansst Seams 4
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The work of cells

« Animal cells produce their own external environment and glues.
Extracellular cellular matrix such as collagen, cell adhesion
molecules (CAMs) etc.

 Cells change shape and move. Cytoskeleton structure: network
of fibers extending throughout cytoplasm. Cytoskeleton
function: structural support, maintain cell shape, cell
locomotion, transport of vesicles etc.

Intermediate filaments Microtubules Microfilaments

The three types of cytoskeletal filaments have characteristic distributions within cells. 22



The work of cells

Cells sense & send information.

Surface receptors Bound signal
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Inactive enzyme

Cytosolic Receptor-hormone
receptor complex

\ //
’
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YRR
®
| Increased transcription

Nucleus of specific genes

23



The work of cells

“*Cells regulate their gene expression to meet changing needs. Gene
expression and regulation.

“*Cells grow and divide.
“*Cells die form aggravated assault or internal program (apoptosis).

Nondividing

cells
Resting

cells

Go
@@ RNA and
protein

M synthesis

Cell
division

DNA

replication ' S
RNA and
protein : : ¥ ol
: nzymatic P
synthesis digestion i T 22
G, and leakage Ay .
of cellular : { $

O™
\(#/) ) Phagocytosis
& R‘ of apoptotic cells

= &
contents 4 and fragments
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Investigating cells & their parts

% Science is the way to understand nature

¢ Choice of experimental organism matters

4 )

Human?
Cell culture?
Animal?

J

O IR

Ty oy
oA

Yeast (Saccharomyces cerevisiae)

Control of cell cycle and cell division

Protein secretion and membrane
biogenesis

Function of the cytoskeleton

Cell differentiation

Aging

Gene regulation and chromosome
structure

Roundworm (Caenorhabditis
elegans)

Development of the body plan

Cell lineage

Formation and function of the
nervous system

Control of programmed cell death

Cell proliferation and cancer genes

Aging

Behavior

Gene regulation and chromosome
structure

Planarian (Schmidtea
mediterranea)

Stem cells

Turnover of adult tissues
Wound healing
Regeneration

Pharynx

Photoreceptors

Mouse (Mus musculus), including
cultured cells

Development of body tissues

Function of mammalian immune
system

Formation and function of brain
and nervous system

Models of cancers and other
human diseases

Gene regulation and inheritance

Infectious disease

Behavior

Alga (Chlamydomonas
reinhardtii)

Structure and function of flagella
Chloroplasts and photosynthesis
Organelle movement

Phototaxis

Fruit fly (Drosophila melanogaster)

Development of the body plan

Generation of differentiated cell
lineages

Formation of the nervous system,
heart, and musculature

Programmed cell death

Genetic control of behavior

Cancer genes and control of cell
proliferation

Control of cell polarization

Effects of drugs, alcohol, pesticides

Zebrafish (Danio rerio)

Development of vertebrate body
tissues

Formation and function of brain and
nervous system

Birth defects

Cancer

Plant (Arabidopsis thaliana)

Development and patterning of
tissues

Genetics of cell biology

Agricultural applications

Physiology

Gene regulation

Immunity

Infectious disease

Bacteria

Proteins involved in DNA, RNA,
protein synthesis,
metabolism

Gene regulation

Targets for new antibiotics

Cell cycle

Signaling

Viruses

Proteins involved in DNA, RNA,
protein synthesis

Gene regulation

Cancer and control of cell
proliferation

Transport of proteins and
organelles inside cells

Infection and immunity

Possible gene therapy approaches

Each eukaryotic organism
used in cell biology has
advantages for certain
types of studies.
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