Lecture 1
Introduction to the Study
of Cell Biology

The discovery of cells

/ZBecause of their small size, cells can only be observed with the

aid of a microscope.
ASpectacles were first made in Europe in t|

A T h e compounsl {doubkens) light microscopes were constructed by the end of
the sixteenth century.

ABy t H690snaihahdful of pioneering scientists had used their handmade
microscopes to uncover a world that would never have been revealed to the naked

eye.

ARobert Hooke, an English microscopist dis:
awarded the position of curator of the Royal Society of London.

AHe took a dead piece of cork and observed
microscope, and named thewgllc

AAnton van Leeuwenhoek examined a drop of
he observed the crawling microscopic entit

AHe was also the first to describe various
water n which pepper had been soaked and from scrapings of his teeth.

Aln 1838, Matthias Schleiden, a German bot
cells and that the plant embryo arose from a single cell.



Aln 1839, TheodoroSkcbwiasn, amd Geomheague of
published a comprehensive report on the cellular basis of animal life.

AsSchwann concluded that the cells of plant:
proposed these two views of the cell theory:

1.All organisms are composed of one or more cells.

2.The cell is the structural unit of life.

e (b) (2)One
of Robert Hookeds morlee ms)n amiec rcoosrpoopuensd. ((Idnosuebtl )e Ho o k
slice of cork, showing theoneycomd i ke net wor k of fAcells. o

(b) Singlelens microscope used by Anton van Leeuwenhoek to observe bacteria and other
microorganisms. The biconvex lens, which was capable of magnifying an object approximately 270
times and providing a resolution offapximately 1.35 m, was held between two metal plates.

Basic properties of cells
., Cells Are Highly Complex and Organized

Cells Possess a Genetic Program and the Means to Use It

Cells Are Capable of Producing More of Themselves



CellsAcquire and Utilize Energy

Cells Carry Out a Variety of Chemical Reactions

Cells Engage in Mechanical Activities

Cells Are Able to Respond to Stimuli

Cells Are Capable of SeRegulation

Lecture 2

Introduction to Molecular Biology

MolecularBiology

(BIO-302)

An the broader termslefinition of moleculabiology includes alhspects of the styd
of life from a moleculaperspective.

AViore precisely, the teri Mo | e ¢ u | a neferdto the bmlggy othe molecules
related togenesgene productand heredity.

An other words, the termmolecular biology isften substituted for more appropriate
term,Molecular Genetics.

AS0 molecular biologgrew out of thalisciplines of geneticand biochemistry.

An the present age, worlg in the midst of twoscientific revolutions.One is
informationtechnology and the othes Molecular Biology.

ABoth deal with thdnandling of largamounts of information.

Avolecular Biology hagevolutionized thebiological sciences awell especially in
thefields of Health Scienceand AgriculturalSciences.



Lecture 3
Introduction to Prokaryotic and Eukaryotic
Cells

Two fundamentally different classes of cells

On the base of their size and the types of internal structures, or organelles, cells are

divided into two classes.

The structurally simpler, prokaryotic cells include bacteria

The structurally more complex eukaryotic cells include protists, fungi, plants,

and animals.

A Comparison of Prokaryotic and Eukaryotic Cells

Features held inommon by the two types of cells:

1. Plasma membrane of similar construction

2. Genetic information encoded in DNA using identical genetic code

3. Similar mechanisms for transcription and translation of genetic information,

including similar ribosomes

4. Shared metabolic pathways (e.g., glycolysis and TCA cycle)

5. Similar apparatus for conservation of chemical energy as ATP (located in the
plasma

membrane of prokaryotes and the mitochondrial membrane of eukaryotes)



6. Similar mechanism of photosynsie (between cyanobacteria and green plants)

7. Similar mechanism for synthesizing and inserting membrane Proteins

8. Proteasomes (protein digesting structures) of similar construction (between

archaebacteria and eukaryotes)

A Comparison of Prokaryotic and Eukaryotic Cells

Features of eukaryotic cells not found in prokaryotes:

1 .Division of cells into nucleus and cytoplasm, separated by a nuclear envelope

containing complex pore structures

2. Complex chromosomes composed of DNA assbciated proteins that are

capable of compacting into mitotic structures

3. Complex membranous cytoplasmic organelles (includes endoplasmic reticulum,

Golgi complex, lysosomes, endosomes, peroxisomes, and glyoxisomes)

4. Specialized cytoplasmic orgalesl for aerobic respiration (mitochondria)

and photosynthesis (chloroplasts)

5. Complex cytoskeletal system (including microfilaments, intermediate

filaments, and microtubules) and associated motor proteins

6. Complex flagella and cilia

7. Ability to ingest fluid and particulate material by enclosure within plasma



membrane vesicles (endocytosis and phagocytosis)

8. Cellulosecontaining cell walls (in plants)

9. Cell division using a microtubulsontaining mitotic spindle that separates

chromosomes

10. Presence of two copies of genes per cell (diploidy), one from each parent

11. Presence of three different RNA synthesizing enzymes (RNA polymerases)

12. Sexual reproduction requiring meiosis and fertilizatio
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Composition of Matter

Atomic Structure

Hydrogen Atom

electron &

Molecular hydrogen: H,

Carbon Atom
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Electronegativity

The tendency of an atom to attract electrons towards itself.

Water
Molecule

Polarity of H20

Results in Hydrogen Bonding
Copyright © The McGraw Hill Companies. Inc. Permission requir red for reproduction or display.
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Lecture 5
Molecules of life

Composition of Life

Four kinds of macromolecules
are present in roughly the same
proportions in all living things.

Living tissues are
70% water.

Large
molecules

Proteins

(polypeptides)

Nucdleic
acids

Carbohydrates
(polysaccharides)

lons and

small molecules Lipids

Building Blocks of Life

R Rgroup m‘.
o CsH1205

|

Amino group Carboxyl group

Phosphate

Hydrophilic head
o

Hydrophobic tails

Polymers &Monomers



Macromolecules are polymers of smaller monomers molecules

Condensation reactions:

Monomers join H20 Removal

Hydrolysis reactions:

Use water to break polymers into monomers.

Condensation & Hydrolysis

(@) Condensation

O e R e
Water is removed
H-ou + 1 [Niomomer}- o
A covalent bond forms
between monomers.

(b) Hydrolysis

H—{Monomer|-{Monomer] OH

HO Water is added
in hydmtys.s

}-ou
Acovalent bond between HO
monomers is btoken
H-{ {Monomer (-OH H }oH

Lecture 6
Unit of Life

Cell Structure

Cellular compartments

Organelles

Structure & Function

All organisms are composed of cells the basic unit of life and all cells come from
preexisting cells.

ENDOPLASMIC \ S Chromatin
RETICULUM (ER) N

Nucleolus 1 NUCLEUS
Nuclear envelope J

‘Rough ER Smooth ER
\



Not a random collection of molecules

Life

Collection of macromolecules that can f@m unique functions because the are
enclosed in structural compartment that provides consistency (homeostasis).

Lecture 7

Journey into the Cell

Unit of Life

View animation

Lecture 8

Size Matters



Cell Structure

Cells are small to maintain large surface area to volume ratio

There is a smaller surface
area compared to velume.

There is a larger surface \\

area compared to volume,

1-mm cube 2-mm cube 4-mm cube
Surfacearea  6sidesx 1’ 6sides x 22 6 sides x 42

=6 mm? =24 mm? =06 mm?
Volume P=1mm’ 2°=8mm’ 4'= 64 mm’
Surface area-  6/1 3/1 1.5/1

to-volume ratio

Prokaryotic Cells

No membrane enclosed internalcompartments.

Plasma membrane regulates traffic (barrier).

Nucleoid region contains DNA.

Most have cell wall.

Cytoplasm —_—

el {Pepl:idugh'l:an

wall
Cruter membrane -

21K nm



Prokaryotic Cells

Special Features

Cyanobacteria Chlorophyll containing have folds of plasma membrane, other have
mesosomes (energy).

Some have actin like filaments and other have Flagella made Flagellin.
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Plasma Membrane

Introduction

The cells are separated from the external world by a thin, fragile
structure called plasma membrane.

It consists of a lipid bilayer with embedded proteins.

Itis only 5to 10 nm wide.

The basic function of the cell membrane is to protédwt tell from its

surroundings.

The cell membrane controls the movement of substances in and out of
cells and organelles. In this way, it is selectively permeable to ions and
organic molecules



The cell membrane controls the movement of substances in ahdfo

cells and organelles. In this way, it is selectively permeable to ions and
organic molecules.

In addition, cell membranes are involved in a variety of cellular
processes

such as;

1.Cell adhesion

2.lon conductivity

3.Cell signalling

4.Serve as the attachment surface for several structures, including

the cell wall, glycocalyx, and cytoskeleton.

Glycoprotein: protein with Glycolipid: lipid with
[ewe  carbohydrate attached // carbohydrate
attached

Phospholipid

Peripheral bilayer

membrane Integral membrane \ Cholesterol

protein proteins Protein channel

Cytoskeletal filaments
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An overview of membrane functions

1. Compartmentalization



It allows specialized activities to proceed without exteriné&rference
and also enables cellular activities to be regulated independently of one
another.

2. Scaffold for biochemical activities

Membranes provide the cell with an extensive framework or scaffolding
for effective interactions between reactants ofeaction

3. Providing a selectively permeable barrier

Membranes prevent the unrestricted exchange of molecules from one
side to the other.

4. Transporting solutes

¢CKS YSYONIyYySQa UNIYALRZNIL YI OKAYSNE
ions, thereby estalishing ionic gradients across itself. This capability is
especially critical for nerve and muscle cells.

5. Responding to external signals

The plasma membrane plays a critical role in the response of a cell to
external stimuli, a process known signal transduction.

6. Intercellular interaction

1



The plasma membrane allows cells to recognize and signal one another,
to adhere when appropriate, and to exchange materials and
information.

7. Energy transduction

Membranes are intimately involved indlprocesses by which one type
ofenergy is converted to another type through chloroplasts and
mitochondria.
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A Dbrief history of studies on plasma membrane structure

The first insights into the chemical nature of the outer boundary layer of
a cellwere obtained by Ernst Overton of the University of Zurich during
the 1890s.

The first proposal that cellular membranes might contain a lipid bilayer
was made in 1925 by two Dutch scientists, E. Gorter and F. Grendel.

In the 1920s and 1930s, cell physmists obtained evidence that there
must be more to the structure of membranes than simply a lipid bilayer.

In 1935, Hugh Davson and James Danielli proposed that the plasma
membrane was composed of a lipid bilayer that was lined on both its
inner and ouer surface by a layer of globular proteins.

Davson and Danielli revised their model in the early 1950s to account for
the selective permeability of the membranes they had studied In the
revised version.



They suggested that, in addition to the outer ander protein layers,
the lipid bilayer was also penetrated by protdined pores, which could
provide conduits for polar solutes and ions to enter and exit the cell.

Protein molecule 5 Polar pore

fifiifi= S

L Lipid molecjile

M= I

A revised 1954 version of the Davsbanielli model showing the lipid bilayer.

1148

Fluidmasaic model proposed in 1972 by S. Jonathan Singer and Garth

Nicolson of the University of California, San Diego.

Inthe fluidy2al A0 Y2RSfY ¢gKAOK Kl a aSNIBSR |

membrane biology for more than three decades, the lipid bilayer
remains the core of the membrane, but attention is focused on the
physical state of the lipid.
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Chemical composition of membranes

Membranes are lipigprotein assemblies in which the components are
held together in a thin sheet by nezovalent londs.

The core of the membrane consists of a sheet of lipids arranged in a
bimolecular layer.



The lipid bilayer serves primarily as a structural backbone of the
membrane and provides the barrier that prevents random movements
of water-soluble materials into and out of the cell.

Each type of differentiated cell contains a unique complement of
membrane proteins, which contributes to the specialized activities of
that cell type.

The ratio of lipid to protein in a membrane variegpegnding on;

1.The type of cellular membrane (plasma vs. endoplasmic reticulum
vs. Golgi).
2.The type of organism (bacterium vs. plant vs. animal).

3.The type of cell (cartilage vs. muscle vs. liver).

Oligosaccharide Glycoproteins

Hydrophobic ~ proteins
o helix

A current representation of the plasma membrane shuythe same basic organization as that
proposed by Singer and Nicolson. The external surface of most membrane proteins, as well as a small
percentage of the phospholipids, contain short chains of sugars, making them glycoproteins and
glycolipids. Those ptions of the polypeptide chains that extend through the lipid bilayer typically
occur as helices composed of hydrophobic amino acids. The two leaflets of the bilayer contain
different types of lipids as indicated by the differently colored head groups.

Lecture 13

Membrane Lipids



Membranes contain a wide diversity of lipids, all of which are
amphipathic; that is, they contain both hydrophilic and hydrophobic
regions.

There are three main types of membrane lipids:

1.Phosphoglycerides
2.Sphingolipids

3.Cholesteroal.
Phosphoglycerides

Most membrane lipids contain a phosphate group, which makes them
phospholipids.

And most membrane phospholipids are built on a glycerol backbone,
they are calledphosphoglycerides.

Membrane glycerides ardiglycerides only two of the hydroxyl groups
of the glycerol are esterified to fatty acids; the third is esterified to a
hydrophilic phosphate group.

Phosphate
i1 9
~N—CH,~CHzr 0-P=0—CH,
CH, 0
- QT H R R R EE B E R R E R
Choline HC-0-C- G- G- G- (-0-C-C—6-C- '
H

Polar Glycerol Fatty
head group backbone acid chains

Phospholipid phosphatidylcholine



The molecule consists of a glycerol backbone whnyskoxyl groups are covalently bonded to two
fatty acids and a phosphate group. The negatively charged phosphate is also bonded to a small,
positively charged choline group. The end of the molecule that contains the phosphorylcholine is
hydrophilic, wherea the opposite end, consisting of the fatty acid tail, is hydrophobic.
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Sphingolipids

A less abundant class of membrane lipids, called sphingolipids.

These are derivatives of sphingosine, an amino alcohol that contains a
long hydrocarbon chain

Sphingolipids consist of sphingosine linked to a fatty acid by its amino
group. This molecule is a ceramide.

Various sphingosinbased lipids have additional groups esterified to the
terminal alcohol of the sphingosine moiety.

If the substitution is phosphorylcholine, the molecule is sphingomyelin,
which is the only phospholipid of the membrane that is not built with a

glycerol backbone.

If the substitution is a carbohydrate, the molecule is a glycolipid.

If the carbohydratas a simple sugar, the glycolipid is called a
cerebroside;

If it is a small cluster of sugars, the glycolipid is called a ganglioside.



Since all sphingolipids have two long, hydrophobic hydrocarbon chains
at one end and a hydrophilic region at thther, they are also
amphipathic

These are basically similar in overall structure to the phosphoglycerides.

The structures of sphingolipids

HoH
Sphingosine HO=CH~ & — (— CH= CH— (CH,), CH,
et, OH
WM
Ceramide HO—CH;~C — C—CH=CH— (CH), ,CH;
NHOH
0=t—R

0 H H

Sphingomyelin  {CH,J,N-CH;CHz 0-P-0-CH; G — G— CH=CH— [CH,J,,CH,
0 NH OH
0-C—R

A cerebroside @

reviesic G 4G
(&) 9

Sphingomyelin is a phospholipid; cerebrosides and ganghesice
glycolipids. The green portion of each lipid, which represents the
hydrophobic tail(s) of the molecule, is actually much longer than the
hydrophilic head group
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Membrane Lipids (Cholesterol)
Cholesterol
Lipid component of certain membmnas is the sterol cholesterol.

In certain animal cells cholesterol may constitute up to 50 percent of the
lipid molecules in the plasma membrane.



Cholesterol is absent from the plasma membranes of most plant and all

bacterial cells.

Cholesterol molecules are oriented with their small hydrophilic hydroxyl
group toward the membrane surface and the remainder of the molecule
embedded in the lipid bilayer.

The hydrophobic rings of a cholesterol molecule are flat and rigid, and
they interfere with the movements of the fatty acid tails of the
phospholipids

Cholesterol

HO

Cholestrol molecule
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Membrane Carbohydrates

Depending on the species and cell type, the carbohydrate content of the
plasma membrane rangdmtween 2 and 10 percent by weight.

az2NB GKIFYy dn LSNOSyd 2F G0KS YSYONI yS:
linked to proteins to form glycoproteins

Remaining 10 percent carbohydrate is covalently linked to lipids to form

glycolipids.



All of the carbohydratef the plasma membrane faces outward into the
extracellular space.

The addition of carbohydrate, or glycosylation, is the most complex of all
types of protein modifications.

The carbohydrate of glycoproteins is present as short, branched
hydrophilic oli@saccharides, typically having fewer than about 15 sugars
per chain.

In contrast to most higimolecularweight carbohydrates (such as
glycogen, starch,or cellulose), the oligosaccharides attached to
membrane proteins and lipids can display considerabtelsdity in
composition and structure.

The carbohydrates of the glycolipids of the red blood cell plasma
YSYONIYS RSGSNN¥YAYS 6KSOGKSNI I LISNB2Y Q.

A person having blood type A has an enzyme that adds an

N-acetylgalactosamine to the end of the chain, whereas a person with
type B blood has an enzyme that adds galactose to the chain terminus.
People with AB blood type possess both enzymes, whereas people with
O blood type lack enzymes capable of attachingegiterminal sugar.

@@@@& T

0 antigen

@g@@@””

A antigen

ag@0@“$

B antigen



Blood-group antigens Whether a person has type A, B, AB, or O blood is determined by a short chain
of sugars covalently attached to membrane lipids and proteins of the red blood cell membrane. The

oligosaccharides attached tnembrane lipids (forming a ganglioside) that produce the A, B, and O
blood types are shown here. A person with type AB blood has gangliosides with both the A and B
structure.

(Gal, galactose; GlcNAcaNetylglucosamine; Glu,
glucose; Fuc, fucose; GalNAc,

O-acetylgalactosamine.)
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Membrane proteins

The structure and functions of membrane proteins

Depending on the cell type and the particular organelle within that cell,
a membrane may contain hundreds of different proteins.

Each membrane proteinds a defined orientation relative to the
cytoplasm, so that the properties of one surface of a membrane are very
different from those of the other surface.

The asymmetry of membrane proteins is referred to as membrane
GaARSRYSaaode

In the plasma membrandor example, those parts of membrane
proteins that interact with other cells or with extracellular substances
project outward into the extracellular space, whereas those parts of
membrane proteins that interact with cytoplasmic molecules project
into the cytosol.



Membrane proteins can be grouped into three distinct classes
distinguished by the intimacy of their relationship to the lipid bilayer;
These are

1.Integral Protein

2.Peripheral protein

3.LipidAnchored Protein

Integral proteins

Integral proteins are transmembrane proteins; that is, they pass entirely
through the lipid bilayer and thus have domains that protrude from both
the extracellular and cytoplasmic sides of the membrane.

Some integral proteins have only one membrapannng segment,
whereas others are multispanning.

Genomesequencing studies suggest that integral proteins constitute
20¢30 percent of all encoded proteins.

Peripheral proteins

Peripheral proteins that are located entirely outside of the lipid bilayer,
on dther the cytoplasmic or extracellular side, yet are associated with
the surface of the membrane by noncovalent bonds.

Lipid-anchored proteins



Lipidanchored proteins that are located outside the lipid bilayer, on
either by the extracellular or cytoplasesurface, but are covalently
linked to a lipid molecule that is situated within the bilayer.

Peripheral membrane protein

(@) (b)

(a) Integral proteins typically contain one or more transmembrane helices.

(b) Peripheral proteins are noncovalently bonded te folar head groups of the lipid bilayer and/or
to an integral membrane protein.

(c) Lipidanchored proteins are covalently bonded to a lipid group that resides within the membrane.
The lipid can be phosphatidylinositol, a fatty acid, or a prenyl grolgm¢pchain hydrocarbon built
from five carbon isoprenoid units).

I, inositol; GIcNAc, #cetylglucosamine; Man, mannose; Etn, ethanolamine; GPI,
glycosylphosphatidylinositol.
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Membrane lipids and membrane fluidity

The physical state dhe lipid of a membrane is described by its fluidity
(or viscosity).

If the temperature of the bilayer is kept relatively warm (e.g., 37C), the
lipid exists in a relatively fluid state.

If the temperature is slowly lowered, a point is reached where the
bilayer distinctly changes .



The lipid is converted from a liquid crystalline phase to a frozen
crystalline gel in which the movement of the phospholipid fatty acid
chains is greatly restricted. The temperature at which this change occurs
Is called the trasition temperature.

@)

The structure of the lipid bilayer depends on the temperature.

(b)

(a)Above the transition temperature, the lipid molecules and their hydrophobic tails are free
to move in certain directions, even though they retain a considerabigese(a) (b) of order.

(b)Below the transition temperature, the movement of the molecules is greatly restricted, and the
entire bilayer can be described as a crystalline gel.

Importance of Membrane Fluidity

1.Membrane fluidity provides a perfecompromise between a rigid, ordered
structure in which mobility would be absent and a completely fluid, nonviscous
liquid in which the components of the membrane could not be oriented and

structural organization and mechanical support would be lacking.

2.Fluidity allows for interactions to take place within the membrane.

3.Fluidity also plays a key role in membrane assembly.

Following cellular processes depends upon movement of membrane

components;

1. Cell movement

2. Cell growth



3. Cell division
4. Formation ofintercellular junctions
5. Secretion

6. Endocytosis

Lecture 19

Diffusion

The movement of substances across cell membranes

In a sense, the plasma membrane has a dual function.

1. On one hand, it must retain the dissolved materials of the cell so that theyptlsimply
leak out into the environment,

2. while on the other hand, it must allow the necessary exchange of materials

into and out of the cell.

The lipid bilayer of the membrane is ideally suited to prevent the loss of charged

and polar solutes from eell.

There are basically two means for the movement of substances through a

membrane:

1.Passively by diffusion

2.Actively by an energgoupled transport process.

Both types of movements lead to the net flux of a particular ion or compound.



The term ret flux indicates that the movement of the substance into the cell

(influx) and out of the cell (efflux) is not balanced, but that one exceeds the

other.

Diffusion

Diffusion is a spontaneous process in which a substance moves from a region of high
conceriration to a region of low concentration, eventually eliminating the
concentration difference between the two regions.

A membrane may be permeable to a given solute either

(1) because that solute can pass directly through the lipid bilayer

(2) because that solute can traverse an aqueous pore that spans the membrane.

It is evident that the greater the lipid solubility, the faster the penetration.

Measure of the polarity (or nonpolarity) of a substance is its partition

coefficient, which is theatio of its solubility in a nonpolar solvent.

Another factor determining the rate of penetration of a compound through a
membrane is its size. If two molecules have approximately equivalent
partition coefficients, the smaller molecule tends to penetrte lipid bilayer

of a membrane more rapidly than the larger one.
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Diffusion of Water through Membranes



Water molecules move much more rapidly through a cell membrane than do
dissolved ions or small polar organic solutes, which are essemitaily

penetrating.

Because of this difference in the penetrability of water versus solutes,

membranes are said to be semipermeable.

Water moves readily through a semipermeable membrane from a region of
lower solute concentrate on to a region leigher solute concentration. This

process is called osmosis.

The compartment of higher solute concentration is said to be hypertonic (or
hyperosmotic) relative to the compartment of lower solute concentration, which

Is described as beirtgypotonic (or hypoosmotic).

When a cell is placed into a hypotonic solution, the cell rapidly gains water by

osmosis and swells.

Conversely, a cell placed into a hypertonic solution rapidly loses water by osmosis

and shrinks.

Once the internal solute cwentration (which includes a high concentration of
dissolved proteins) equals the external solute concentration, the internal and

external fluids are isotonic (or isosmaotic).

The effects of differences in the concentration of solutes on opposite sidethefplasma membrane.



(a) Hypotonic solution (%) Hypertonic solution (<) Isotonic solution

Net water gain Net water loss No net loss or gain
Cell swells Cell shrinks

(a)A cell placed in a hypotonic solution (one having a lower solute concentration than the
cell) swells because of a net gain of water by osmosis.

(b)A cell in a hypertonic solution shrinks because of a net loss of water by osmosis.

(c)A cell placed in an isotonic solution maintains a constant volume because the inward flux
of water is equal to the outward flux.
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The Diffusion of lons through Membranes

The lipid bilayer of biological membranes is highly impermeable dogeiul

substances, including small ions such as Na, K, Ca2, and CI.

In 1955, Alan Hodgkin and Richard Keynes of Cambridge University first

proposed that cell membranes contain ion channels.

lon channels are openings in the membrane thatgeeneable to specific ions.

Three major categories of gated channels are distinguished:

1. Voltagegated channels



2. Liganegated channels

3. Mechanegated channels

1.Voltagegated channelsvhose conformational state depends on the

difference in ionic charge on the two sides of the membrane.

2. Ligandgated channelsvhose conformational state depends on the binding of a
specific molecule (the ligand), which is usually not the solute that passes through the

channel.

For example, newtransmitters, such as acetylcholine, act on the outer surface of
certain cation channels, while cyclic nucleotides, such as cAMP, act on the inner

surface of certain calcium ion channels.

3. Mechanogated channelsvhose conformational state depends orechanical
forces (e.g., stretch tension) that are applied to the membrane. Members of one family
of cation channels, for example, are opened by the movements of stereocilia on the

hair cells of the inner ear in response to sound or motions of the head.
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Facilitated Diffusion

Substances always diffuse across a membrane from a region of higher
concentration on one side to a region of lower concentration, but they do not

always diffuse through the lipid bilayer or through a channel.

In manycases, the diffusing substance first binds selectively to a

membranespanning protein, called a facilitative transporter, that facilitates the



diffusion process.

Because they operate passively, that is, without being coupled to an
energyreleasing systenfacilitated transporters can mediate the

movement of solutes equally well in both directions.

The direction of net flux depends on the relative concentration of the

substance on the two sides of the membrane.

Facilitated diffusion

A schematic model for the facilitated diffusion of glucose depicts the alternating
conformation of a carrier that exposes the glucose binding site to either the inside or
outside of the membrane.

Glucose

Dissociation

S~
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Active Transprt

The endergonic movement of ions or other solutes across the membrane against a
concentration gradient is coupled to an exergonic process, such as the hydrolysis
of ATP, the absorbance of light, the transport of electrons, or the flow of other

substances down their gradients.

Like facilitated diffusion, active transport depends on integral membrane proteins.
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Coupling Active Transport to ATP Hydrolysis

In 1957 Jens Skou, a Danish physiologist, discovered amhpdmBlyzing enzyme in

the nerve cells of a crab that was only active in the presence of both Na and K ions.

Skou proposed, that this enzyme, which was responsible for ATP hydrolysis, was the
same proteirthat was active in transporting the two ions; the enzyme was called the

Na/K-ATPase, or the sodiutpotassium pump.

The ratio of NaK pumped by the NaM Pase is not 1:1.

For each ATP hydrolyzed, three sodium ions are pumped out as two potassium ions are
The Na/kATPase.

Smplified schematic model of the transpasycle. Sodium ions

(1) bind to the protein on the inside of tmembrane. ATP is hydrolyzed, and fitesphate is transferred to
the protein(2)changing its conformation (3) and allowing

sodiumions to be expelled to the externgpace. Potassium ions then bind to the protél), and tte
phosphate group is subsequelibt (5), which causes the protein to snap btaxks original conformation,
allowing thepotassium ions to diffuse into the it€6). Thecation binding sites are located deep within the

transmembrane domain, which consists ofrh@mbranespanning helices.

pumped in.
Extracellular space @
s, )
(A i va ‘:WU‘\&? | insene o
(A AN ETEICTER (IR
W3R [ Ve - VAR il
o @ ‘ ADP @ g
, ';,‘W 1 Cytoplasm /
n E} conformation Ep conformation @
IHERILY oy T NG 1 (i
VABAE { ) T (I % JIATAIMIATA MY
° v VARRARE < OB o

. °



Lecture 24

Endocytosis

The material to be ingested is progressively enclosed by a poréithn of the plasma
membrane, which first invaginates and then pinches off to form an endocytic vesicle

containing the ingested substance or patrticle

Phagocytosis involves the ingestion of large particles microorganisms or dead cells via large

vesiclegalled phagosomes (>250 nm in diameter)

Pinocytosis involves ingestion of fluid & solutes via small pinocytic vesicles (about 100 nm in

diameter)

Most eucaryotic cells are continually ingesting fluid and solutes by pinocytosis; large
particles are mostfficiently ingested by specialized phagocytic cells

In mammals, three classes of white blood cells act as professional phagocytes macrophages,

neutrophils, and dendritic cells

These cells develop from hemopoietic stem cells and they defend us agé@tiian by

ingesting invading microorganisms.



Macrophages also scavenge senescent cells and cells that have died by apoptosis.

In quantitative terms, the latter function is by far the most important: our macrophages

phagocytose more than 1011 senescesd blood cells every day.

Particles first bind to the surface of the phagocyte.

Phagocytes have a variety of specialized surface receptors that are functionally linked to the

phagocytic machinery of the cell.

Phagocytosis is a trigger@docess, requiring that receptors be activated that signal the cell

interior and initiate the response

Bestcharacterized triggers are antibodies, which protect us by binding to the surface of
infectious microorganisms to form a coat in which the taiieagf each antibody molecule,
called the Fc region, is exposed on the exterior

This antibody coat is recognized by specific Fc receptors on the surface of macrophages and
neutrophils, whose binding induces the phagocytic cell to extend pseudopods that

engulf the particle and fuse at their tips to form a phagosome.

Apoptotic cells lose the asymmetric distribution of phospholipids in their plasma membrane
as a consequence, negatively charged phosphatidylserine, which is normally confined to the
cytosolic éaflet of the lipid bilayer, is now exposed on thétside of the cell, where it

triggers the phagocytosis of the dead cell
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‘Bacterium

Lowdensity lipoprotein (LDL) particle

Each particle contains a core of about 1500 cholesterol moleeskesified to longchain
fatty acids

LDL-binding site LDL clathrin

Cholestrol

% olecule

m
4

LDL receptor
protein

coated-pit- |

binding site clathrin-coated pit

monolayer

molecule

plasma
membrane

Surface protrusion LDL receptor protein with
on protein molecule

defective coated-pit-binding site

‘LDL LDL receptors Plasma brane
CYTOSOL
-y - / B
pit UNCOATING Recycling endosome ety
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vesicle

4 BUDDING
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ENDOSOME TRANSPORT
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Free
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Phagocytosis
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Uptake of relatively large particles (0.5 m diameter) from the environment.

Many singlecelled protistssuch as amoebas and ciliates, trap food particles and

smaller organisms and enclosing them within folds of the plasma membrane.

The folds fuse to produce a vacuole (or phagosome) that pinches off inwardly from

the plasma membrane.

The phagosoméuses with a lysosome, and the material is digested within the

resulting phagolysosome.

In most animals, phagocytosis is a protective mechanism rather than a mode
of feeding.

al YYIfta LRraasSaa | OFENASGe 2F GaLINRPFHaarA2yl f &
neutrophils.

Once inside the phagocyte, microorganisms may be killed by lysosomal

enzymes or by oxygen free radicals.

The engulfment of particulate material is driven by contractile activities of the-actin
containing microfilaments

Some bacterial spées hijack the phagocytic machinery to promote their own survival in the
body.

LJ



If the phagosome does become highly acidic, the bacterium is able to maintain its own
physiological pH despite the lowered pH of its surrounding medium.

Examples

The bacteriunresponsible for Q fever, Coxiella burnetii, becomes enclosed in a phagosome
that does fuse with a lysosome, but neither the acidic environment nor the lysosomal

enzymes can destroy the pathogen.

3. Listeria monocytogenes, a bacterium that causes meningitigluces proteins that
destroy the integrity of the lysosomal membrane, allowing the bacterium to escape into the
OSttQa Oeidzazft o

A summary of the phagocytic pathway.

*+,.,-.. Exocytosis
Phagocytosis B

Resldual body

@

</
Lipofuscin %
Phagolysosome pigment granule
\ Lysosome
./Transport vesicle
\®/ with lysosomal enzymes

J Golgi
s Mm

% § ”’”““‘i‘\.
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Cytoskeleton

Shape & Function



Flasma membrane

Rib0SOM 5 e

Rough
endoplasmic
reticulum

filament

l Plasma
membrane e

d

7 nm

f

Actin monomer

—
20 pm

Microfilaments are made up of strands
of the protein actin and often interact

with strands of other proteins, They
change cell shape and drive cellular
mation, including contraction,
cytoplasmic streaming, and the “pinched”
shape changes that occur during cell
division. Microfilaments and myosin
strands together drive muscle action.

Actin (cortical)

Mitochondrion

Microtubule

o

a e e

=12 nm

—

10 pm

Intermediate filaments are made up of
fibrous proteins organized into tough,
ropelike assemblages that stabilize a cell's
structure and help maintain its shape.
Some intermediate filaments help to hold
neighboring cells together. Others make
up the nuclear lamina,

Actin

Stabilizes cell shape.

Generates movement

local.

Muscle contraction.

Constriction ring in

cell divission (Cytokinesis).

Cytoplasmic strreaming.

Actin for Support

et}
Tubulin f-Tubulin - @-Tubulin
dimer MONGMer  monomer

[—

10 pm

Microtubules are long, hollow cylinders
made up of many molecules of the protein
tubulin. Tubulin consists of two subunits,
o-tubulin and f-tubulin. Microtubules
lengthen or shorlen by adding or sub-
tracting tubulin dimers. Microtubule
shortening moves chromosomes. Inter-
actions between microtubules drive the
movement of cells. Microtubules serve

as “tracks” for the movement of vesicles,
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Cytoskeleton 2

IF stabilize cell structur@old organelles).

Stabilize and maintain tissue Rigidity (desmosomes).

Lamins in nucleus. Resist tention.

IF

keratin filameants desmosome

basal lamina hamidesmosome

Microtubules

Rigid internal skeleton resist compression.



Tracks along for motor proteins.

Tubulin is a dimer of
h -tubulin and

I -tubulin.

The two ends different plus (+) end & ming$ €nd (cat Tail & dynamic)

Microtubules 13

a

p-Tubulin @
a-Tubulin @

Tubulin dimer
bound to GTP.

Tubulin dimer
bound to GDP

OROQ
i

Capping
proteins

Centrosome

Microtubuleorganizing center
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Types of cytoskeleton

The cytoskeleton is composed of three wadifined filamentousstructures

1.Microtubulesare long, hollow, unbranched tubes composed of subunits of



the protein tubulin.

2.Microfilamentsare solid, thinner structures, often organized into a branching

network and composed of the protein actin.

3.Intermediate filamentsare tough, ropelike fibers composed of a variety of

related proteins.

Each of the three types of cytoskeletal filaments is a polymer of protein subunits
held together by weak, noncovalent bonds.

Properties of Microtubules, Interradiate Filaments, and Actin Filaments

Microtubules

Intermediate
filaments

Actin
filaments

Subunits incorporated
into polymer
Preferential site
of incorporation
Polarity
Enzymatic activity
Motor proteins
Major group of
associated proteins
Structure

Dimensions
Distribution

Primary functions

Subcellular distribution

GTP-ap-tubulin heterodimer
+ End (B-tubulin)

Yes
GTPase
Kinesins, dyneins

MAP;s
Stiff, hollow, inextensible tube

25 nm outer diam.

All eukaroytes

Support, intracellular transport,
cell organization

Cytoplasm

~T0 different proteins
Internal

No
None
None
Plakins

Tough, flexible, extensible filament
10-12 nm diam.
Animals

Structural support

Cytoplasm + nucleus

ATP-actin monomers
+ End (barbed)

Yes

ATPase

Myosins
Actin-binding proteins

Flexible, inextensible
helical filarment

8 nm diam.

All eukaryotes

Motility, contractility

Cytoplasm

Overview of the major functions of the cytoskeleton

1.1t provides structural support that can determine the shape of the cell and resist

forces that tend to deform.



2.1t is responsible for positioning the varearganelles within the interior of the

cell.

3.1t direct the movement of materials and organelles within cells.

4.1t helps in movement of cells from one place to another. Sioglied organisms
move with the aid of specialized, microtubtdentaining bcomotor organelles

(cilia and flagella).

pePLG aASNWSa a [y SaaSyidAialt O2YLRySyda 27F 0
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MICROTUBULES

Structure and Composition

Microtubules are hollow, relatively rigid, tubular structures.
They occur imearly every eukaryotic cell.
They have an outer diameter of 25 nm and a wall thickness of approximately 4 nm.

The wall of a microtubule is composed of globular proteins arranged in longitudinal
rows, termed protofilaments.

Microtubules are consist of 13@ofilaments.
91 OK LINRPOG2FAf I YSYyd Aa aaSYoftSR FTNRBY RAYSN.
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The two types of globular tubulin subunits have a similar tkdigeensional
structure and fit tightly together.

All of the potofilaments of a microtubule have the same polarity. Consequently, the
entire polymer has pollarity.



Electron micrograph of a cross section Longitudinal section of through
of a microtubule of a juniperus microtubule

root tip cell revealing the 13 subunits
arranged within the wall of

the tubule.

Functions

In animal cells, microtubules extend in a radial array outward around the nucleus,

giving these céd their round, flattened shape.

Microtubules serves as skeletal elements which is obvious from its role in cilia

and flagella and the axons of nerve cells.

In plant cells, microtubules play role in maintaining cell shape.

They help imaintaining the internal organization of cells.
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Intermediate Filaments

Introduction

The term "intermediate filaments" refers only to the diameter of the

fibers, and bears no relationship to position or function.



Intermediatefilaments are about 11 nm in diameter.

Intermediate filaments are strong, flexible ropelike fibers that provide

mechanical strength to cells.

IFs are a chemically heterogeneous group of structures that, in humans,

are encoded by approximately 70 diffeteyenes.

Structure

The structural subunit of an intermediate filament is a dimeric fibrous

protein which makes it fairly rigid.

These are noipolarized, in contrast to the polarized nature of
microfilaments and microtubules. Thirgermediate filaments do not

possess (+) of)(ends, but are symmetrical.

To make an intermediate filament, these tetramers lengthen, and eight
join laterally to form the 11 nm intermediate filament. The length may be

very great.

’\\\\\n Two monomers form a paralie! dimer. 1 _34
N
o B3 Two dimers (in side-by-side antiparaliel afignment)
% = = \ form a tetramer. Note that the polarity is lost on the
OO g for i th rali "
< S formation of the antiparaliel alignment

E S

Eight
e B Few protofibrils wind
up to form a ropelike 10-nm-
thick intermediate filament

El Tetramers align end to
end to form a protofilament

n Pairs of protofilaments
associate laterally to form a protofibril




Functions
The tightassociation between protofilaments provide intermediate
filaments with a high tensile strength, therefore found in particularly

durable structures such as hair, scales and fingernails.

Intermediate filaments is to create cell cohesion and prevent theeacu

fracture of epithelial cell sheets under tension.
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Microfilaments

Introduction

Microfilaments are approximately 8 nm in diameter and composed of globular

subunits of the protein actin.

In the presence of ATP, actin monomers polymerizetmfa flexible, helical

filament.

An actin filament is essentially a tvatranded structure with two helical grooves

running along its length.

The terms actin filament,-&ctin, and microfilament are basically synonyms for this

type of filament.

Functions

Microfilament functions include;



1.Cytokinesis

2.Amoeboid movement
3.Cell matility in general
4.Changes in cell shape

5.Endocytosis and exocytosis

7. Cell contractility and mechanical stability.
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Membranes

More Than Barriers

(@) Information processing (b} Energy transformation

B Signal binding | 1

Outside oroell Signal binding induces Outside of cell | A membrane pigment
achange inthe 2 absorbs energy.
Signal receptor protein... | Outside

molecule 5 energy source

N Signal I gsuch as light)
binding W\ Vi Energy-rich

& /

)

1 p)xgmsm

Inside of cell

7Y
ov.+@‘\

The membrane pigment transfers the
energy to ADP to form ATP, which the
cell can use as an energy source.

Inside of cell

F) ... causing some effect
inside the cell.

(¢} Organizing chemical reactions

Outside of cell

Each protein carries outa
single chemical reaction.

0 OU%% 6|0 0 6
Inside of cell

The membrane organizes
The product of the first reaction the twa reactions so that
must diffuse to reach the site of they occur at the same
the second reaction. time and place.

Fatty acid legth:1424Cs

One tail Unsaturated Cis

Spontaneous Assembly



Aqueous environment

hydrophilic
» head
hydrophobic
ils

The nonpolar, hydrophobic fatty acid
“tails” Interact with one another in the
interior of the bilayer. o

The charged, or polar, hydrophilic
"head” portions interact with
polar water.

Free Energy Dictates

ENERGETICALLY UNFAVORABLE

planar phospholipid bilayer
with edges exposed to water

sealed compartment
formed by phospholipid
bilayer

ENERGETICALLY FAVORABLE

Features

Phospholipids coexist with water formb#ayer

Dynamic structures:

parts move & change.

Vital physiological roles:

cell cell & cell interaction with environmental

Physical integritylipids,



create a barrier to hydrophilic materials such as water and ions
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Membranes Component

¢
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proteins do not penetrate
the bilayer at all.
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Each membran has a set of proteins suitable to the specialized function of the cell or
organelle it surrounds.

Carbohydrates attached either to lipids/protein molecules

Fatty acids interact witkeach other & the polar regions face aqueous environment
outside



Movement

A phospholipid molecule travels from one end the other in about 1 second

Phospholipid molecule flip overs seldom (polar part of molecule hardly ever moves
through the hydrophobicterior

Inner and outer halves of the bilayer have different phospholipids

lateral diffusion

-—
" \
{1 f (1' !5‘ [”l ” \
AXANY l:, \ f% /1 ‘,nip-fmp
arpl i\ {\ | s f‘{!‘ | (rarely occurs)
1/ i ! . p
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Lipid Rafts
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lipid composition (very long fatty acid chains)

Longer Transnembrane domain

| —
lipid raft
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Recognition & Adhesion

Tissue Formation



Cell recognition:

One cell specifically binds to another cell

Cell adhesion:

wStldA2yaKALl 0Si¢SSy GKS @

intercellular spac
rows of tight-junction proteins form a
seen ot the bottom of the freeze-ct tehed

Dissolved molecules
cell 1o the other through the
tending from adjacent cells,

Tight Junctions

(a)Prevent the passage wfolecules through
the spaces between cells

(b)Restricting the migration of lipid molecules

& membrane proteins

Passive Transport

Does not require any input of energy to drive the process

O

(0p))

ax

ax

O«
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Active Transport

Requires input of energy to drive tipgocess
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Transport Across

Membrane

Aquaporins

Water molecules move through membranes By Osmosis (diffusion).

Number of solute particles not on the kinds of particles.

The Two Domains

on the outside than the inside of the cell. itz @ el

L J PY ° o b Binding of a stimulus molecule
® L J causes the channel to open... ® e
Stimulus ~ \ [
molecule \O ® ® L \.\\ ® ° ® 9
@ [
Plasma
membrane

IEA polar substance is more concentrated

Binding —__
site

L ] Inside of cell

...and the polar substance can
diffuse across the membrane.

Polar amino acids and water on the inside of therofel pore (to bind to the polar
or charged substance and allow it to pass through)



Nonpolar amino acids on the outside of the macromolecule (to allow the channel
protein to insert itself into the lipid bilayer)

Primary active transportATP required directly.

Secondary active transporATP not used directly; ion con

~
Uniport transports
one substance in
one direction.

different substances in different substances in

AN
Symport transports two Antiport transports two
the same direction. J Lopposite directions.

Sl

O @ \Transportéi \
(/]

Inside

>
of cell Coupled transport
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The Endoplasmic Reticulum

RER + SER




fll Protein-containing vesidles from the

endoplasmic reticulum transfar substances
to the cis reglon of the Golg| appacatus.

Inside of cell
Rough endoplasm
reticulum B The Golgi chemically modifies
proteins i 1s fumen...

Golgi

apparatus Bl and "targets”
B
comect addresses.
7

RER

Segregates newlysynthesized Proteins

A

Rough ER

Ribosomes of the rough
endoplasmic reticulum are
sites for protein synthesis.
They produce its rough

appearance.

smooth endoplasmic
reticulum is a site for lipid
synthesis and chemical

Smooth ER maodification of proteins.

[——
0.5pm

RER

Chemically modifies Proteins (Glycosylation address)

Ribosomes of the rough
endoplasmic reticulum are

sites for protein synthesis. > Rough ER

They produce its rough
appearance.

Smooth endoplasmic
reticulum is a site for lipid
synthesis and chemical

maodification of proteins. Smooth ER

SER

Glycogen hydrolysis secreting cells have abundant SER



Protein-containing vesicles from the
endoplasmic reticulum transfer substances
to the cis reglon of the Golgl apparatus.

Rough endoplasmic
reticulum T

g =320 Proteins for use
_ 55 tsiche the cell

membrans Oratside of cell
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ER Transport

Introduction

The Endoplasmic Reticulum

Smooth ER

Regions of ER that lack bound ribosomes are called smooth endoplasmic reticulum,
or smooth ER in thgreat majority of cells, such regions are scanty and are often
partly smooth and partly rough

Smooth ER contains ER exit sites from which transport vesicles carrying newly
synthesized proteins and lipids bud off for transport to the Golgi apparatus

Smooth ER

In hepatocytes smooth ER doubles in surface area during detoxification of both lipid
soluble drugs and various harmful compounds produced by metabolism
e.g.phenobarbital



ER in most eucaryotic cells stores Ca2+ e.g. Muscle cells, habaradant
ALISOAIEAT SR aY220K 9wz aal NO2LJX FaYAO N
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cytosol

inner nuclear membrane ER membrane

The ribosome that is synthesizing the protein is directly attached to the ER

membrane creating regions termed rough endoplasmic reticulum

All eucaryotic cks have an endoplasmic reticulum (ER) which is organized into a
netlike branching tubules and flattened sacs throughout the cytosol

The tubules and sacs are interconnected the ER membrane encloses a single internal
space

This highly convoluted spacecalled the ER lumen or the ER cisternal space.

The ER membrane separates the ER lumen from the cytosol, and it mediates the
selective transfer of molecules between these two compartments

The ER captures selected proteins from the cytosol as they arg bgnhesized

Two types:

1)transmembrane proteins, partly translocated across the ER membrane and
become embedded in it,

2)water-soluble proteins, which are fully translocated across the ER membrane and
are released into the ER lumen

[N

O«



Some of tharansmembrane proteins function in the ER, but many are destined to
reside in the plasma membrane or the membrane of another organelle, water
soluble proteins are destined either for the lumen of an organelle or for secretion.

All of these proteins, haveame kind of signal sequence & are translocated by similar
mechanisms

ER protein import is a ewanslational process the import of proteins into
mitochondria, chloroplasts, nuclei, and peroxisomes, is posttranslational processes

One end of the proteirsiusually translocated into the ER as the rest of the
polypeptide chain is being made, the protein is never released into the cytosol and
therefore is never in danger of folding up before reaching the translocator in the ER
membrane
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ER Transport

Signal Sequences Were First Discovered in Proteins Imported into the Rough ER



SignatRecognition Particle (SRP)

The ER signal sequence is guided to the ER by 2components:

1) SRP which cycles between the ER membrane and thgoty binds to the signal
sequence,

2) SRP receptor in the ER membrane
The SRP consisting of six different polypeptide chains
bound to a single small RNA molecule

signal-sequence-
SRP RNA molecule bi?‘ding pocket

translational
pause domain

GTPase and SRP receptor
binding site

The SRP binds to the ER signal sequence as soon as the peptide has emerged from
the ribosane causes a pause in protein synthesis, ensuring that the protein is not
released into the cytosol

This is safety mechanisim especially for lysosomal hydrolases that could wreak havoc
in the cytosol

tRNA

BINDING OF SRP
TO SIGNAL
PEPTIDE CAUSES
A PAUSE IN
IRANSLAYION

SRP-BOUND RIBOSOME
ATTACHES TO SRP
RECEPTOR IN

ER MEMBRANE

ER LUMEN

protein plug SRP receptor protein
translocator in rough ER membrane

mRNA

signal sequence
on nascent
polypeptide

the pause presumably gives the ribosome enough time to bind to the ER



SRRAibosome complex binds to the SRP receptor, this interaction brings the SRP
ribosome complex to a protein translocator SRP & SRP receptor are then released,
and the growing polypeptide chain is transferred across the membrane
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The Translocator

The translocator Sec61 complex forms a wdiked pore in the membrane thragh
which the polypeptide chain traverses the membrane, it consists of 4 protein which
assemble into a donut like structure

small ribosomal subunit
— ~
-

protein-conducting
channel in large
_~ribosomal subunit

large ribosomal
subunit
,/

protein translocator
in ER membrane

)

iB)

When a ribosome binds, the central hole in the translocator lines up with a tunnel in
the large ribosomal subunit through whichetlygrowing polypeptide chain exits from
the ribosome

The bound ribosome forms a tight seal with the translocator, such that the space
inside the ribosome is continuous with the lumen of the ER and no molecules can
escape from the ER

The pore in the transkator cannot be open permanently, however; if it were, Ca2+
would leak out of the ER when the ribosome detaches



A lumenal ER protein serves as a plug or that the translocator itself can rearrange to
close the pore when no ribosome is bound

Thus, the poras a dynamic structure that opens only transiently when a ribosome
with a growing polypeptide chain attaches to the ER membrane

The signal sequence in the growing polypeptide chain triggers the opening of the
pore: after the signal sequence is releasemhf the SRP and the growing chain has

reached a sufficient length, the signal sequence binds to a specific site inside the
pore itself, thereby opening the pore

An ER signal sequence is therefore recognized twice: first, by an SRP in the cytosol,
and thenby a binding site in the ER protein translocator

This may help to ensure that only appropriate proteins enter the lumen of the ER

Some proteins, however, are imported into the ER after their synthesis has been
completed, demonstrating thatanslocation does not always require ongoing
translation
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Golgi & Lysosomes

Golgi Apparatus

Receives materials from the rough ER and modifies them.
Concentrates sorts and packages proteins and sends them to other destinations.

Manufactures polysaccharides for the plant wall



The primary lysosome
is generated by the Golgi.

Insicde of oell

Colgs
apparatus

Primmary
= Iysoscome

I COutside of o=l

Lysosomes

Garbage Disposal Contain many digestive enzymes.
Fuse with phagosomes (autophagy).

Secondary lysosomes, where engulfed materials are digested phagocytosis.

Insice of cell

Golgs
apparatus

ER The hrsosome fuses
wvith a phagosome.

e
. 1 -
Flasma
it Undigested ma
e the dige s
Outside of cell the plasma rme
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Vesicle Tansport

Golgi Apparatus



The Golgi complex is a major site of carbohydrate synthesis, as well as a sorting and

dispatching station for the products of the ER.

Many of the cell's polysaccharides are made in the Golgi, including the pectin and
hemicelluloseof the cell wall in plants and most of the glycosamgtgcans of the
extracellular matrix in animals

Golgi apparatus also lies on the exit route from the ER, and a large proportion of the
carbohydrates that it makes are attached as oligosaccharide balasto the many

proteins & lipids that ER sends

A subset of these oligosaccharide groups serve as tags to direct specific proteins into
vesicles that then transport them to lysosomes

Most proteins and lipids, after acquiring th@ppropriate oligosaccharides in the
Golgi, are recognized in other ways for targeting into the transport vesicles going to

other destinations

Proteins that enter the ER and are destined for the Golgi apparatus are packaged
into small CORfoated transpor vesicles which, bud from specialized regions of the
ER called ER exit sites whose membrane lacks bound ribosomes

Some cargo proteins are actively recruited into such vesicles, where they become
concentrated, these cargo proteins display exit (transpsighals on their surface

that are recognized by complementary receptor proteins that become trapped in the
budding vesicle by interacting with components of the COPII coat

Cargo proteins display exit (transport) signals on their surface that are reeddnyz

complementary receptor proteins that become trapped in the budding vesicle by
interacting with components of the COPII coat, some ER resident proteins without
such exit signals can also get packaged in vesicles .



forming ER transport vesicle
r 1

subunits of
— COPII coat

exit signal on
cargo receptor

exit signal on
cargo receptor

soluble cargo
protein

chaperone proteins bound to
unfolded or misfolded proteins

subunits of
COPII coat

exit signal on
cargo receptor

The ERGIC53 protein

To exit from the ER, proteins must be properly folded and completely assembled

Misfolded or incompletely assembled are retained in the ER, where they are bound
to chaperone proteins

The ERGIC53 protein serves as a receptqrdokaging some secretory proteins into

COPlHcoated vesicles

Its role in protein transport was identified because humans who lack it owing to an

inherited mutation have lowered serum levels of two secreted blotwdting factors
(Factor V and Factor VIdind therefore bleed excessively

The ERGIC53 protein is a lectin that binds mannose on Factor V and Factor VIl

proteins, thereby packaging the proteins into transport vesicles in the ER
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Mitochondria

Make ATP Breakdown fuel

Someprotists have one, liver more than a thousand and egg a few hundred
thousand MT.

Mitochondria and chloroplasts contain their own DNA and ribosomes for making
some of their own proteins

Endosymbiosis

Mutual benefits permitted this symbiotic relationship

Photosynthesis

Detoxification of O2

Membrane of .
lar. I Double membranes may have ariginated when
ger ce
one cell engulfed another.
@)
Membrane of Double
smaller cell membrane

Protein Transport into Mitochondria

Mitochondria Structure



outer matrix space

membrane .
intermembrans

spaca

inner
membrane

Mitochondria is doublanembraneenclosed organelle

It contains its own DNA, ribosomes, and other components required for protein
synthesis, mostf its proteins are encoded in the cell nucleus and imported from the

cytosol

There are two subcompartments in mitochondria: the internal matrix space and the
intermembrane space

Mitochondrial Import
Proteins imported into the matrix ohitochondria are usually taken up from the

cytosol within seconds or minutes of their release from ribosomes.

Mitochondrial proteins are first fully synthesized as precursor proteins in the cytosol
& then translocated into mitochondria by a posttranslaiz mechanism

Mitochondrial precursor proteins have a signal sequence at their N terminus that is
rapidly removed after import by a protease (the signal peptidase) in the
mitochondrial matrix

The signal sequences are both necessarysaifficient for import of the proteins
that contain them genetic engineering signals linked to cytosolic protein to direct the
protein into the mitochondrial matrix

Targeting Sequence
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positively charged residues are clustered on one side of the helix, while uncharged
hydrophobic residues are clustered on the opposite side

This configuration rather than a precise amino acid sequends recognized by
specific receptor proti|s that initiate protein translocation

Signal sequence

NH ™
1
Lt;:u
[ser

A signal sequence for mitochondrial protein import
2 KSy G(GKS aAraylrf &aSljdsSyoO0S Aa F2ftRSR a |y n
(red) are seen clustered on one face of helix, while the ntarpesidues (yellow)
FNBE Of dZAiSNBR 2y 2L aA0GS FFOS | YLKALI GKAO
proteins on mitochondrial surface

Signal Sequence

Mitochondrial precursor proteins do not fold into their native structures after they
are synthesized; stead, they remain unfolded through interactions with other
proteins in the cytosol.
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Lysosomal Transpot

Lysosomes are membrasmnclosed compartments filled with hydrolytic enzymes
that are used for the controlled intracellular digestion of m@nolecules



They contain 40 types of hydrolytic enzymes, including proteases, nucleases,
glycosidases, lipases, phospholipases, phosphatases, and sulfatases they are all are
acid hydrolases

For optimal activity they require an aahvironment, and the lysosome provides
this by maintaining a pH of about 5.0 in its interior

The contents of the cytosol are doubly protected against attack by the cell's own
digestive system

Lysosomal hydrolases and membrane proteins are synthesizhd nough ER and
transported through the Golgi apparatus to the lysosome.

The transport vesicles that deliver these proteins to lysosomes bud from the trans
Golgi network

These vesicles incorporate the lysosomal proteins & exclude other proteins being
packaged into different transport vesicles for delivery elsewhere

Lysosomal proteins are recognized and selected in the trans Golgi network with the
required accuracy

Lysosomal hydrolases carry a unique marker in the form of mannpse$phate
(M6P) groups

mannose 6-phosphate
(M6P)

®)-o—cm,

o

H (0]

N-linked
oligosaccharide

M6P is added to Ninked oligosaccharides of the soluble lysosomal enzymes in the
lumen of the GGolgi



The M6P groups are recognized by tramsmbrane M6P receptor proteins, which

are present in the -Golgi

Receptors bind to lysosomal hydrolasestioa lumenal side of the membrane and to
adaptins to assemble clathrin coats on the cytosolic side

Lysosomal hydrolase
FromER [ [)

RECEPTOR-DEPENDENT
TRANSPORT

BINDING TO
M6P RECEPTOR

ADDITION OF
PHOSPHATE
Manose 6-
jru y REMOVAL OF
i Vesicle DISSOCIATION PHOSPHATE
Clathrin coat el

Mature

’ \\‘ o lysosomal

N _hydrolase
........... M6P receptor in MQ'MOM )
buddimg vesicle : ‘

RECEPTOR RECYCLING

Receptors help package the hydrolases into clathaated vesicles that bud from
the T-Golgi network Vesicles contents are subsequently delivered to ayssss

Lysosomal hydrolase

BINDING TO
M6P RECEPTOR

ADDITION OF
PHOSPHATE
Manose 6-
-l o , REMOVAL OF
i Vesicle DISSOCIATION PHOSPHATE
Clathrin coat ety

(M6P)
Mature
lysosomal

_ hydrolase

, \- i
MGP receptorin | [ato endosome
buddimg vesicle . .

RECEPTOR RECYCLING

M6P receptor binds its specific oligosaccharide at pH 6.5 in-tBeldi network &
releases it at pH 6, late endosomes M6P receptors are retrieved into transport

vesicles from late endosomes the receptors are returned to H#@olgi for reuse.

Lysosome function



Phagocytosis

Early endosome

T %_. = ‘
Endocytosis

Late Lysosome
Endosome

Mitochondria

B s géqmmm

Autophagy

Inclusioncell (kcell) Disease

In this disease almost all of the hydrolytic enzymes are missing from the lysosomes
of fibroblasts, and their undigested substrates accumulate in lysosomes, which

consequently form largég A y Of dz& A 2 y & €

In kcell disease patients, all the hydrolases missing from lysosomes are found in the

blood

Because they fail to be sorted properly in the Golgi apparatus, the hydrolases are
secreted rather than transported to lysosomes.

TheRetrieval Process
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Peroxisomes & Glyoxysome

Perox *

%

\

Mito

" Mito

Introduction

Electron micrograph of a section of a rat liver cell, showing peroxisomes.
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Peroxisomes also called as microbodies are simple,memkraned vesicles.

They have a dmeter of 0.1 to 1.0 m.

It may contain a dense, crystalline core of oxidative enzymes.

Peroxisomes are multifunctional organelles containing more than 50 enzymes.
These are involved in oxidation of vdong-chain fatty acids.

¢KSaS 2NBIYyStHSHNR pBANBYFasSRSal dzas (GKSe
and degradation of hydrogen peroxide (H202), a highly reactive and toxic oxidizing
agent.

Hydrogen peroxide is produced by a number of peroxisomal enzymes, including
urate oxidase, glycolate oxidase, amtiino acid oxidases, that utilize molecular

oxygen to oxidize their respective substrates.

The H202 generated in these reactions is rapidly broken down by the enzyme
catalase, which is present in high concentrations in these organelles.

Glyoxysome

Plant seedlings contain a specialized type of peroxisome, called a glyoxysome.

Pant seedlings rely on stored fatty acids to provide the energy and material to form
a new plant.
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Glyoxysome localization within plant seedlings.

Functions

One of the primary metabolic activities of glyoxisomes in germinating seedlings

- NB



is theconversion of stored fatty acids to carbohydrate.

Following steps are involved in this conversion;

1.Disassembly of stored fatty acids generates acetyl CoA

2.Acetyl CoA condenses with oxaloacetate (OAA) to form citrate

3.Citrate is then converted intogiose by a series of enzymes of the

glyoxylate cycle localized in the glyoxysome.
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Ribosome

Protein & RNA

Free or attached to ER involved in protein synthesis.

Mitochondria & Chloroplasts.

R T o -
AR -
A
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The Nucleus

Nuclear EMs



Nucleolus

- Chromatin

~Nuclear
lamina

- Nuclear F
envelope l
- Nuclear

pore

~

Inside of cell
Protein("f Mot
fibrils b

An octagon of protein
complexes surrounds each
nuclear pore. Frotein fibrils
on the nuclear side form a
cagelike structure.

Inside of nucleus

Chromatin

Euchromatin
Hetrochromatin

Chromosome
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Nuclear Transport



outer

nuclear
nuclear membrane
envelope | inner

nuclear
membrane | ER membrane

nuclear
lamina

perinuclear

space
P nuclear

pore complex

Nuclear envelope encloses DNA & defines nuclear compartment

Envelope consists of 2 concentric membranes that are penetrated by

nuclear porecomplexes

The inner & outer membranes are continuous & maintain distinct protein
compositions.

The inner nuclear membrane contains specific proteins that act as binding sites for
chromatin & protein meshwork of the nuclear lamina that provides structural
support.

The inner membrane is surrounded by the outer nuclear membrane, which is
continuous with the membrane of the ER

The outer nuclear membrane is studded with ribosomes engaged in protein
synthesis

Many proteins that function in nuclewsincluding hstones, DNA and RNA
polymerases, gene regulatory proteins, & RpAcessing proteins are selectively
imported into the nuclear compartment from the cytosol, At the same time, tRNAs
and mRNAs are synthesized in the nuclear compartment and then exported to
cytosol



Bidirectional traffic between the cytosol and the nucleus

Like the import process, the export process is selective; mRNAs, for example, are
exported only after they have been properly modified by Ri¥écessing reactions
in the nucleis

Ribosomal proteins, are made in the cytosol, imported into the nucleusere they
assemble with newly made ribosomal RNA into particlasd are then exported
again to the cytosol as part of a ribosomal subunit

Nuclear pore complexes

cytosolic
fibnil

outer nucloar
membrane

annular

nucloar

/ lamina inner nuclear
/ M membrane
ring subunit nuclear baskeat
: | }
nuclear Hibeit 50 nm

Eukaryotic nucleaenvelope is perforated by large, elaborate structures called
nuclear pore complexes which selectively facilitate nuclear transport

Each pore complex contains one or more open aqueous channels through which
small watersoluble molecules can passively digé

Each complex has a molecular mass of about 125 million & is composed of aprox 50

different proteins, called nucleoporins, arranged octagonal symmetry

Small molecules (5000 daltons or less) diffuse in so fast that the nuclear envelope
can be consideretb be freely permeable to them, a protein of 17,000 daltons takes
2 minutes to proteins larger than 60,000 daltons are unable to enter the nucleus.



size of proteins size of proteins
NUCLEUS that enter nucleus that enter nucleus
by free diffusion by active transport

50 nm

Nuclear pore contains a pathway for free diffusion 9 nm in diameter & 15 nm long,
this channel ocupies a small fraction of total volume of the pore complex.

The more active the nucleus is in transcription, the greater the number of pore
complexes

The nuclear envelope of a typical mammalian cell contains GOUID pore
complexes

Cellssynthesizing DNA, need to import about 106 histone molecules from the
cytosol every 3 minutes to package DNA into chromatin, ie each pore complex needs
to transport about 100 histone molecules/minute

Rapidly growing cell need to transport about 6 largenéab ribosomal
subunits/minute from nucleus, where they are produced, to the cytosol.
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Chromosome

Anatomy

Chromatin fibers consist
of DNA and proteins.

Chromatid

The centromere is visible

as a constricted region. Chromosome

Chromatid

A chromosome is an organized structure of DNA and protein

[l A DNA malecule binds with
histones, forming a vast
number of nucleosomes.

 E Nucleosomes form beads on
— DNA “string.”
-

€ Hucleosomes pack into a coil
that twists into another larger
cail, and so forth, producing
condensed, supercoiled
chromatin fibers,

300 nm

700 nm



@ Kinetochore microtubules attach to the
kinetochores and to the spindle poles.

Kinetochore

Ko %}k:ﬁ\ ]
Mitotic center-\( / % </>\

g

(centrosome) /‘ "\
/]

Centriole /ﬁk\

Paolar

microtubule

Polar microtubules extend from
each pole of the spindle.

Kinetochore
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Nucleic Acids

DNA & RNA
H

O
o m 152 pm Iﬂ )
H\O/ \“"'O

Nucleotide 7o\ O—H

TheBases



The base may be either
a pyrimidine or a purine.
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3 3 Distinguishing RNA from DNA
L[]
NUCLEIC ACID SUGAR BASES
RNA Ribose Adenine
Cytosine
Guanine
Uracil
DNA Deoxyribose Adenine
Cytosine
Guanine

Thymine




DNA Uniform Width

Information in Sequence not Shape

their attached red oxygen atoms
form the two helical backbones.

center of the coil (blue nitrogen
atoms and gray carbon atoms).

[The yellow phosphorus atoms and

{The paired bases are stacked in the

Chicken vs. Egg: What Cami# 1

Protein or DNA

Genetic information codes for enzymes

Enzymes are required to decipher genetic informatma replicate it

RNA Genetic Material & Enzyme

Many viruses use RNA as their hereditary material

RNAs can achieve chemical catalysis, like enzymes:

ribosome the active site is composed entirely of RNA (peptide bond formation)

RNA:Information in Sequence and Shape

Why Then DNA?
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Chemical composition of DNA

DNA is a polymer of Deoxyribonucleotides.
Deoxyribonucleotide is composed of three components:
Meoxyribose
ANitrogenous Base

Ahosphoric acid

Deoxyribose (a petose sugar derivative)

.
HOCH, ~O~_ OH

OH OH OH H
Ribose 2-Deoxyribose

Nitrogenous bases



4’; B )

purine pyrimidine

Purines

Adenine (A) Guanine (G)
Pyrimidines
(0]
— I
C
4 A CH3
C 4 s
P TN HN C
U o
2 6CH
c2 , eCH A0
oF e o N
H H
Cytosine (C) Thymine (T)

Phosphoric acid

(PH

O=FI’—OH
OH
HaPOy
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Nucleoside & Nucleotide



A moleculecontaining all these three components is called a nucleotide.

While a molecule without the phosphate group is called a nucleoside.

Nucleotide = Nucleoside Phophoric acid

&

Nucleoside = NucleotidePhoshoric acid
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Types of Deoxyribonucleotides

There are four types of Deoxiponucleotides.
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OH H H H
Deoxyadenosine Deaxythymidine
Deoxyadenylate Deoxythymidylate

Deoxyguanosine ‘Deoxycy‘tidine
| |

Deoxyguanylate Deoxycytidylate

These four deoxyibonucleotides make the structural units of DNA
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How doDeoxyribonucleotides Join?

The successive nucleotides of DNA are joined together through phasipkter

linkages.
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Structure of DNA

Work of Chargaff

(Late 1940s)

The discovery of the structure of DNA is one of the greatest ewenlbe history of

science.

Erwin Chargaff and his colleagues provided a most important clue to the structure of
DNA.
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1.Base composition of DNA varies from @pecies to another.

2. The DNA isolated from different tissues of the same species have the same base
composition



3. The base composition of DNA in a given species does not change with an
2NBFYyAaAYQa |3Ss ydziNAGA2YIE adlFadSs 2N OKIy.

4. InDNA, the number of adenosine residues is equal to the number of thymidine
(A=T) and the number of guanosine residues is equal to the number of cytidine
(G=C).

It means that the sum of the purine residues equals the sum of the pyrimidine
residues (AG=TC).
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Work of Watson & Crick

James Watson and Francis Crick postulated a three dimensional model of DNA
structure in 1953.

The major features of this model are as follew:

1. DNA consists of two helical polynucleotide strands which are wound around the
same axis to form a right handed double helix.

2. The hydrophilic backbones of alternating deoxyribose and phosphate groups are
on the outside of the double helix, facing the surrounding water.



3. The nitrogenous bases of both stramate stacked inside the double helix lying
perpendicular to the long axis of the helix.

<~ Hydrogen bonds -

4.The pairing and coiling of the two strands create a major groove and minor groove on
the surface of the helix.

36A

4. Each nucleotide base of osgrand is paired in the same plane with a base of the other
strand

6. They also found that G pairs with C and A pairs with T due to the reason that they fit best
within the structure.




5. They also found that G pairs with C and A pairs with T duestoethson that they fit best
within the structure.

6. The two strands in DNA are present in antiparallel orientation i.e; their 5,3
phosphodiester bonds run in the opposite directions

7. The two antiparallel strands of doubleelical DNA are complementary to eauther.
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Chemical composition of RNA

RNA (Ribonucleicacid) is a polymer of ribonucleotides.

Each ribonucleotide is composed of three components;

1. A ribose sugar
2. A Nitrogenous Base
3. A Phosphoric aci

Ribose (a pentose sugar)
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Adenine (A) Guanine (G)
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I =N NH
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H H
Cytosine (C) Uracil (U)
Phosphoric acid

O
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HO—I;’—OH
OH

A Ribonucleotide

(P] BASE
HO—IT—O
0 0
OHOH
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Types of Ribonucleotides

There are mainly four types of ribonucleotides depending upon the types of
nitrogenous bases present in RNA.
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Types of RNAs

There are mainly three types of Ribonucleic acids (RNAs) present in the cells of living
organisms.

Messenger RNA (MRNA)

Transfer RNA (tRNA)

Ribosomal RNA (NA\)
Messenger RNA (MRNA)

It is the type of RNA that carries genetic information from DNA to the protein
biosynthetic machinery of the ribosome.

It provides the templates that specify amino acid sequences in polypeptide chains.

The process dbrming mRNA on a DNA template is known as transcription.

It may be monaocistronic or polycistronic.



The length of MRNA molecules is variable and it depends on the length of gene.

Transfer RNA (tRNA)

Transfer RNAs serve as adapter molecules in the psogEprotein synthesis.

They are covalently linked to an amino acid at one end.

They pair with the mRNA in such a way that amino acids are joined to a growing
polypeptide in the correct sequence.

tRINA

Ribosomal RNA (rRNA)

Ribosomal RNAs are componentsibbsomes.

rRNA is a predominant material in the ribosomes constituting about 60% of its
weight.

It has a number of functions to perform in the ribosomes.
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Structures of RNAS



MRNA is always single stranded when it is formed from DNA.

Butthis single strand assumes a double helical conformation soon after its
formation.

This confirmation is achieved mainly due to base stacking interactions.

Selfcomplementary sequences may occur in the RNA molecules which produce
more complex stratures.

So RNA can bagmir with complementary regions of either RNA or DNA.

RNA has no any regular secondary structure that serves as a reference point.

The threedimensional structures of many RNAs are complex and unique.

Breaks in the helix causeg mismatched or unmatched bases in one or both
strands are common and result in bulges or internal loops.

Hairpin loops form between nearby selbmplementary sequences.



base } HAIRPIN

paired =
region = | |
= INTERNAL
small —~ LooP
BULGE H ———
— ;: DOUBLE i
— HELIX

A BULGE
LOOP

~

single stranded
o~ Teglons

Transfer RNA (tRNA)

¢

amino acid
attached here

5" cnd@ —

anticadan

Lecture 61

Nature of Genetic Material

After establishment bthe fact that genes are the physical units located on the
chromosomes. A major problem for the biologists was to find out the molecules
responsible for carrying the hereditary information.

Characteristics of Genetic Material

Genetic material must contaicomplex information.
Genetic material must replicate faithfully.

Genetic material must encode phenotype.

Three sets of experiments provided a pivotal evidence that DNA rather than protein,
is the hereditary material.



DNAFTFAGKQE 9ELISNRAYSyila
(1928)

| JSNE Q& 9ELISNRYSyYy(a
(1944)
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experiments (1952)
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Organization of Genetic Material in Bacteria

Bacteria typically have a single circular chromosome consisting of a single circular
molecule of DNA with associated proteins.

Thebacterial chromosome is a very long (up to 1mm).

It is looped and folded and attached at one or several points to the plasma
membrane proteins.

Bacterial Plasmid
chromosome

Specific proteins interact with the bacterial DNA to form a highly condensed
nucleoprotein complex called theucleoid.

Bacterial chromatin can be released from the cell by gentle lysis of the cell.

Electron micrograph of the chromatin reveals that it consists of multiple loops which
emerge from a central region of the chromatin.



Some of the loops are supeoiled while some are relaxed.

Relaxed loops are formed as a result of a nick introduced into stgked loops by a
cellular DNase.
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If a supercoiled DNA molecule receives a nick, the strain of wvdading is
immedately removed, and all the supenoiling is lost.

Studies confirm that continued nuclease treatment increases number of relaxed
loops.

___ Supercoiled domain

;;'““;';;fi%

Protein

The bacterial DNA is arranged in supeiled loops that are fastened to a central
protein matrix, so that each loog topologically independent from all the others.

So a nick that causes one sujpailed loop to relax would have no effect on other
supercoiled loops.

The supercoiled loops are dynamic structures which change during cell growth &
division.



An Ecoli chromosome is estimated to have about 400 supaled loops.
Each loop has an average length of abouR0&bp.

The DNA compaction in a bacterial cell is contributed by sap#ing of loops,
macromolecular crowding and DNinding proteins.
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Organization of Genetic Material in Bacteria

Bacteria typically have a single circular chromosome consisting of a single circular
molecule of DNA with associated proteins.

The bacterial chromosome is a very long (up to 1mm).

It is looped and foldedrad attached at one or several points to the plasma
membrane.

Bacterial Plasmid
chromosome

Specific proteins interact with the bacterial DNA to form a highly condensed
nucleoprotein complex called the nucleoid.

Bacterial chromatin can be released from the cell by gentle lystseatell.

Electron micrograph of the chromatin reveals that it consists of multiple loops which
emerge from a central region of the chromatin.

Some of the loops are supeoiled while some are relaxed.

Relaxed loops are formed as a result of a mtdoduced into supercoiled loops by a
cellular DNase.



¢ S
g ZTN { . }
N Ty
g (tl\\, Fg’f’g f} GQ;

If a supercoiled DNA molecule receives a nick, the strain of wwdading is
immediately removed, and all the supeoiling is lost.

Studies confirm that cdimued nuclease treatment increases number of relaxed
loops.

____ Supercoiled domain
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Protein

The bacterial DNA is arranged in supeiled loops that are fastened to a central
protein matrix, so that each loop is topologically independent from all the others.

So a nick that causes osapercoiled loop to relax would have no effect on other
supercoiled loops.

The supercoiled loops are dynamic structures which change during cell growth &
division.
An E. coli chromosome is estimated to have about 400 sopid loops.

Each loop has aaverage length of about 3P0 kbp.



The DNA compaction in a bacterial cell is contributed by sapding of loops,
macromolecular crowding and DNoding proteins.
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Organization of Genetic Material in Eukaryotes

The genetic materigDNA) of eukaryotic organisms is organized in the form of
chromosomes.

LY,

The chromosomes of eukaryotic cells are larger and more complex than those of
prokaryotes.

Each urreplicated chromosome consists of a single molecule of DNA.

If stretched out, soméuman chromosomes would be several centimetres long.

To package such a tremendous length of DNA into this small volume, each DNA
molecule is coiled again and again and tightly packed around histone proteins.

As eukaryotic chromosomes are not circularirstead of supecoiling, the
mechanism of packaging involves winding the DNA around special proteins, the
histones.

DNA with bound histones in the eukaryotes is called as chromatin.

Chromatin consists of roughly spherical subunits, the nucleosomels ceataining
approx. 200 bp of DNA and nine histones.



A condensed mitotic chromosome is about 50,000 times shorter than fully extended
DNA.

Highly condensed chromatin is known as heterochromatin.

The more extended form is known as euchromatin.

Chromosome Nucleosome
-

DNA
double

helix
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Histone Proteins

Most abundant proteins in the chromatin are histones.

There are nine types of histones including two each of H2A, H2B, H3 and H4 and one
of H1.

These histones fall in five major classes i.e., H1, H2A, H2B, H3 and H4.

Atypical human cell contains about 60 million copies of each kind of histone.

All histones have a high percentage of arginine and lysine but the fisiagyinine
ratio differs in each type of histone.



The positively charged side chairfdysine and arginine enable histones to bind to
the negatively charged phosphate groups of the DNA.

The electrostatic attraction is an important stabilizing force in the chromatin.
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The Nucleosome

The uncondensed chromatin resembles beads striag when viewed under the
electron microscope.

Each bead is a nucleoprotein complex called nucleosome.

Each nucleosome is formed by winding DNA fibre around a protein assembly
consisting of eight histone molecules.

The DNA connecting two nucleososnis called linker DNA.

The size of the linker DNA between the nucleosomes varies among different
organisms and even different organs of the same organism.

The length of DNA wrapped around nucleosomes also varies from one organism to
the other ranging fom about 176240 bp.

Prolonged nuclease digestion of chromatin cleaves additional nucleotides.


http://bioinfosu.okstate.edu/MG/MGW1/MG11226.html#Info

The structure that remains is the nucleosome core patrticle.

The nucleosome core particle consists of an octameric protein complex (two copies
of each H2A, H2B{3 & H4) with a 146 bp DNA fragment wound around it.

NUCLEASE
DIGESTS
LINKER DNA

nucleosome
core particle
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Cell Division

Life Span & Continuity

All living organisms have a limited life span.

The essence of life is to propagate.

Cells are the basic unit of life.

Cell division is thbeasic process that ensures the continuity of life.
The Necessity

Unicellular organisms propagate by splitting into two cells.

Multicellular organismsteplace damaged or senescent cells.

Billions of cells die each day in humans, (blepidhelia)

Meiosis Organisms shuffle genes



Even the Prokaryotes Do It

Plasma membranes have completely
formed, separating the cytoplasm of one §
cell from that of the other. Only a small

gap of cell wall remains to be completed,

Favorable Conditions

20-40 min

(1)

[} The bacterial chromosome is
attached to the plasma membrane
at the chromosome's orf region,

Extracellular matrix
Plasma membrane
Chr

The attachment points separate as
the cell grows.

| o)
(2 @)

[) Fission is complete; two
new cells are formed.

3
(=) (=)
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Cell Cycle



Nuclear jon occurs
during mitosi:

Mitosis Cell division—cytokinesis—
(M) s distinct from nuclear

division and occurs at the
end of the M phase.
Gap2
(G2
Interphase
DNA synthesis Cells that do not divide
) are usually arrested in

the G1 phase,

DNA is replicated during the

S phase, between the G1
and G2 phases.

:
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29 Cyclin DandE
and ek and
2phosphorylate
R inactivating t.

[ colz simulates DNA 1/
replication.

st be passed for the
ealleyele to procesd,
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Mitosis

@ Kinetochore microtubules attach to the
kinetochores and to the spindle poles.

Kinetochore
Kj:netnchore —N l R, Chromatin fibers consist
microtubule . 5 of DNA and proteins.
N N— = ;
Mitotic center\g /% // . :
(centrosome) =g/ - 4
A
Centriole k\ - Chromtd
Polar The centromere is visible 3
microtubule asa constricted region. "/ Chromosome

Polar microtubules extend from
each pole of the spindle.

Chromatid




Developing
spindle

envelope

Kinetochore
2.7 microtubules

Nuclear
envelope

Chromatids of
chromosoimes.

During the 5 phase of interphase, the The chromatin coils and supercoils, The nuclear envelope breaks down. Kineto-
nucleus. its DNA and becoming more and more compact and chore microtubules appear and connect the
eventually condensing into visible to the
chromosomes. The chromesomes consist centers.
of identical, paired sister chromatids.
Metaphase Anaphase Telophase

chromatids) become aligned in a plane at the new daughter chromosomes begin to Telophase passes into the next interphase as
the cell's equator. move toward the poles. the nuclear envelopes and nucleoli re-form

T]’he centromeres (regions connecting paired ] T The paired sistar chromatids separate, and J The daughter chromosomes reach the poles.
and the chromatin becomes diffuse.

The Glue

Prophase Metaphase Anaphase

Chromatids Daughter
chromosomes

t securin,
an inhibitery subunit

Atr

cohesin is removed,

the two chromatids

are held together except for some at of separase, is hydro-
by the protein the centromere. lyzed. Separase
cohesin. hydrolyzes the

remaining cohesin.

Cytokinesis



The division furrow has completely
separated the cytoplasms of these
twao daughter cells, although their
surfaces remain in contact,
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Mitosis
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Meiosis |

Karyotype
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