What is a cell?

cell (Latin cellula = small loculus)

Robert Hooke

A cell is the smallest part of any living
thing. There are many parts of a
cell. Each part of a cell completes a certain
function for the cell.
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Cell theory:

Classical interpretation

1.) All organisms are made up of one or more cells.
2. )Cells are the fundamental functional and structural unit of life.

3.) All cells come from pre-existing cells.

4.) The cell is the unit of structure, physiology,
and organization in living things.

5.) The cell retains a dual existence as a distinct entity
and a building block in the construction of organisms
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Cell theory:

Modern interpretation

1.) The cell is the fundamental unit of structure and function in living things.
2.) All cells come from pre-existing cells by division.
3.) Energy flow (metabolism and biochemistry) occurs within cells.

4.) Cells contain hereditary information (DNA) which is passed from cell to cell
during cell division

5.) All cells are basically the same in chemical composition.
6.) All known living things are made up of cells.
7.) Some organisms are unicellular, i.e., made up of only one cell.

8.) Others are multicellular, composed of a number of cells.

9.) The activity of an organism depends on the total activity of
independent cells.

(U)20) 19w 15) 9id
A2 o el 1) Dgx g0 (o)l ¢ (s0bis sl )5 gl
ol o3l 3325 4 L3 o ] Jsbo oY
(oo Comnj g (somdgalio Cllb)udl oo BT Jobo o (5551 b=

g 50 550 Jgbs 4 ol | sk wous i &5 Cul DNA) 5 oMol (gl Jobom¥
) Sl S 5 plend )bl lolol b Jglu—d

Sl oads disle Jolw 5l oy cbgrge (6 den—F

(Jolw SO)Sl o aidleo Jolw S 5l 5] an—V

(Jsho izl a4l Jsbo sz 5| e A

Al GBS )b ol sle Jshe Jitue la)lS" gg00me 4 (S B So 554
(8 e ol oo 3] s 55 05518 Ysbo o) &Siazla Jsbo (slo IS g30m0



Type of cell

Prokaryotic Cell
Bacteria and Archaea

Eukaryotic Cell
Animal, Plant, Fungal, Protozoa
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Difference between Pro and

Eukaryotic Cell

Organisms:

Cell wall:

Centrioles:

Cilia and Flagella:

Golgi Complex:

Lysosomes:

Peroxisomes:
Nucleus:

Plasma membrane:

Chromosomes:

Prokaryotic Cell

Plants, animals and fungi
have eukaryotic cells.

No (animals); Yes (plants)

Yes (all animals and some
lower plant forms)

Yes, simple

Yes

Common in animals; Not
present in plants

Yes
Yes

Yes

Several chromosomes

Eukaryotic Cells

Only bacteria and
cyanobacteria have
prokaryotic cells.

Yes

No

Yes, complex
No

No

No
No

Yes

One long DNA strand
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Cytoplasma

*The cytoplasm is the part of a cell that is enclosed within
the plasma membrane. In eukaryotic cells the cytoplasm
contains organelles.

*The cytoplasm is the site where most cellular activities occur, such
as many metabolic pathways and processes such as cell division.

The part of the cytoplasm that is not held within organelles
is called the cytosol. The cytosol is a complex mixture of
cytoskeleton filaments, dissolved molecules, and water that
fills much of the volume of a cell. The cytosol is a gel, with a
network of fibers dispersed through water.
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Nucleolus

- also called nucleole

- non-membrane bound structure

- The ribosomal RNA is transcribed within
the nucleolus
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Nukleus

*Also sometimes referred to as the "control center”

*It contains most of the cell's genetic material, organized as multiple long linear DNA
molecules in complex with a large variety of proteins.

*The genes within these chromosomes are the cell's nuclear genom

*a double membrane that encloses the entire organelle and separates its contents from
the cellular cytoplasm, and the nuclear Lamina.

*nuclear purse are required to allow movement of molecules across the envelope.

*The movement of larger malecules such as proteins is carefully controlled, and
requires active transport regulated by carrier proteins.

*RNA molecules, are building and transport it to the Cytoplasma.
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Ribosome

*Ribosomes (from ribonucleic acid and "Greek: soma (meaning body)") are complexes
of RNA and protein that are found in all cells.

*The ribosome functions in the expression of the genetic code from nucleic acid into
protein, in a process called translation. Ribosomes do this by catalyzing the assembly
of individual amino acids into polypeptid chains; this involves binding a messenger RNA
and then using this as a template to join together the correct sequence of amino acids.

* This reaction uses adapters called transfer RNA molecules, which read
the sequence of the messenger RNA and are attached to the amino
acids.
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ER; Reticulum endoplasmicum

*The endoplasmic reticulum (ER) is a eukaryotic Organell.

*protein translation, folding and transport of proteins to be
used in the cell membran

*secreted (exocytosed) from the cell

*equestration of calcium

*production and storage of glycogen, steroids and
other macromolekuls

*3 Type
- Rough endoplasmic reticulum
-smooth endoplasmic reticulum
-Sarcoplasmic endoplasmic reticulum
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Golgi-Apparat

*The Golgi apparatus (also called the Golgi body, Golgi complex, or
dictyosome) is an Organell found in most eukaryotic cells.

*The primary function of the Golgi apparatus is to process and package
macromolecules, such as protein and lipids, after their synthesis and before
they make their way to their destination; it is particularly important in the
processing of proteins for secreation.
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Cytoskeleton

*The cytoskeleton (also CSK) is a cellular “scaffolding" or “sekton" contained
within the cytoplasma.

*The cytoskeleton is present in all cells; it was once thought this structure was
unique to eukaryots.

*It is a dynamic structure that maintains cell shape, protects the cell, enables
cellular motion .

*plays important roles in both intracellular transport (the movement of
vesicals and organelles, for example) and cellular division.
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Mitochondrion

Mitochondria structure :
1) Inner membrane

2) Outer membrane

3) Criata

4) Matrix

*The number of mitochondria in a cell varies widely by Organism and tissue type. Many cells
have only a single mitochondrion, whereas others can contain several thousand mitochondria.

*The organelle is composed of compartments that carry out specialized functionsthe
mitochondrion has its own independent genome. Further, its DNA shows substantial similarity
to bacterial genome.

*Mitochondria are sometimes described as "cellular power plants" because they generate
most of the cell's supply of adenosin triphosphat(ATP), used as a source of chemical energy.

* Endosymbiotic theory
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endoplasmic reticulum exocyfosvs and

Lysosome [

cy(oolasm

Golgi

*Lysosomes are Organeels containing
digestive enzyme

*The lysosomes are used for the
digestion of macromolekuls food particies

endocytosis

digestive
vacuole

© 2003 Encyclopadia Britannica, Inc. foptiyui
*Other functions include digesting
foreign bacteria (or other forms of waste)
that invade a cell and helping repair damage
to the plasma membran by serving as a membrane patch, sealing the wound.

In the past, lysosomes were thought to kill cells that were no longer wanted, such
as those in the tails of tadpoles or in the web from the fingers of a 3- to 6-month-
old fetus. While lysosomes digest some materials in this process, it is actually
accomplished through programmed cell death, called apoptosis.
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Griffiths A., Miller J., et al. (1996) An Introduction To Genetic Analysis, 318

P

3.4A

A simplified model showing the helical structure of
DNA. The sticks represent base pairs, and the ribbons represent the
sugar-phosphate backbones of the two antiparallel chains. The vari-
ous measurements are given in angstroms (1 A =0.1nm).
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Griffiths A., Miller J., et al. (1996) An Introduction To Genetic Analysis, 318
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The DNA double helix, unrolled to show the sugar-
phosphate backbones (blue) and base-pair rungs (red). The backbones
run in opposite directions; the 5’ and 3’ ends are named for the orien-
tation of the 5’ and 3’ carbon atoms of the sugar rings. Each base pair
has one purine base, adenine (A) or guanine (G), and one pyrimidine
base, thymine (T) or cytosine (C), connected by hydrogen bonds (dot-
ted lines). (From R. E. Dickerson, “The DNA Helix and How It Is
Read.” Copyright © 1983 by Scientific American, Inc. All rights re-
served.)
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Klug W. S., Cummings M.R. (1994) : Concepts of Genetics, p.276
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FIGURE 10.12 (a) The linkage of two nucleotides by the formation
of a C-3-C-5'(3"-5") phosphodiester bond, producing a dinucleotide. (b) A

shorthand notation for a polynucleotide chain.
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2 molecules each of
H2A, H2B, H3 and H4
A

Structure of a chromatosome The
nucleosome core particle consists of
146 base pairs of DNA wrapped 1.75
turns around a histone octamer con-
sisting of two molecules each of H2A,
H2B, H3, and H4. A chromatosome
contains two full turns of DNA (166
base pairs) locked in place by one mol-
ecule of H1.
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Chromatin fibers The packaging of DNA into nucleosomes yields a chromatin
fiber approximately 10 nm in diameter. The chromatin is further condensed by coil-
ing into a 30-nm fiber, containing about six nucleosomes per turn. (Photographs
courtesy of Ada L. Olins and Donald E. Olins, Oak Ridge National Laboratory.)

Nucleosome
core particle

¢ 30 nm

10 nm fiber

30 nm fiber

!f“ L

100 nm 100 nm
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nach Alberts et al. (1997) Essential cell biology, p.253
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Watson J. et al.(1992): Recombinant DNA, p.72
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rephcctlng DNA polymerase Il ol

active sites RNA primer Ligase
DNA polymerase |

FIGURE 5-8

The enzymes involved in DNA replication in £ ¢oli. Several enzymes have been found to be

necessary for DNA replication in £ coli DNA polymerase cannot initiate chains de novo, but

requires a primer. This is provided by an RNA polymerase called a primase, which in

association with the primosome complex of proteins synthesizes a short stretch of RNA. DNA

polymerase Il can then take over and use this RNA as a primer to continue the synthesis of

DNA. A protein called helicase (originally called rep) is necessary to unwind the DNA helix

to allow replication. A single-stranded DNA-binding protein (ssDNA-binding protein) is also

necessary to stabilize the single-stranded regions of DNA that are transiently formed during

the replication process. Finally, since DNA polymerase can synthesize DNA in only the 5'-

to-3' direction, one of the strands must be synthesized discontinuously (the lagging strand).

This leads to a series of short stretches of DNA with gaps in between. These gaps are filled

by the action of DNA polymerase I and sealed with DNA ligase.
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Cooper G.(1997),The Cell p.148

Figure 4.14

Human metaphase chromosomes (A) A light micrograph of human chromo-
somes spread from a metaphase cell. (B) Human chromosomes are arranged in
pairs numbered from the largest (chromosome 1) to the smallest. The chromo-
somes shown are from a female, so there are 22 pairs of autosomes and two X

chromosomes. (Craig Holmes/Biological Photo Service.)
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Types of chromosome
abnormalities

* Numerical
— Aneuploidy (monosomy, trisomy, tetrasomy)
— Polyploidy (triploidy, tetraploidy)

« Structural
— Translocations
— Inversions
— Insertions
— Deletions
— Rings
— Isochromosomes
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Trisomie 13

Baraitser M., et al. (1983) : A Colour Atlas of Clinical Genetics, p.21

Chromosome disorders
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Trisomie 18

Baraitser M., et al. (1983) : A Colour Atlas of Clinical Genetics, p.22
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pseudogenes

R Cieliae 1.) Duplication

2.) Retransposition
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transcription

1.) initiation
2.) elongation
3.) termination
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Mutation

1.) Genome Mutation

Chromosomal Mutation (Insertion, Deletions
Translocation,

Example Monosomie, Trisomie,

2.) Gene Mutation (intragene Mutation)
2.1) spontaneously
2.2.) induced

7

genome mutation
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The first tumor suppressor gene identified:
the retinoblastoma gene (Rb)

Retinoblastoma is a rare
(5/100,000) childhood cancer
of the eye.

Pedigree analysis showed that
40 % of the cases involved an
inherited (familial) mutation.

Inherited cases : occur at younger ages and affects both eyes.

Sporadic cases : occur later and are usually localized in one
eye only.
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Hutchinson—Gilford progeria
syndrome (HGPS)
is @ premature aging disorder,

commonly caused by a point
mutation in the lamin A gene

that results in a protein lacking
50 aa near the C terminus,
denoted LAA50

‘HGPS
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1.) DNA Replication

2.) UV

3.) mutagenesis agent

4.) ionize irradiation
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Genetic Testing

*Phenotype
‘Hereditary

*Gene
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-PCR sp5lar
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A DNA template (target) is elongated in vitro,
from a
)% in presence of

The resulting fragments are separated (by size) on
(at a single nucleotide resolution)
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Polymerization Of N O duce terminated

products. We can labeetiNs with THaorescent ENENOreasy detection of
these products
[TC GAATGCAAG GIGTTT GAG —
DNA polym
dATP, dd:

Primer

DNA polymerase
dATP, dCTP, ddCTP, dGTP, dTTP

Primer
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36



Each dideoxy chain-terminator Al four dideoxy chain-terminator
reaction is loaded into a separate reactions are loaded into the

.in COLOR ... | [iTi N

e

Each dideoxy chain-
terminator is tagged with a
different fluorescent
marker.

l

Thus only one well
(as opposed to four)
1s needed...
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10 20 30 40 50 60

| | I | | |
TCACAGTTCTCAGCTTCCT TCCTCACAACATCAAGCACAGAATCAATCAACTCAGCTCCCTCCGTGT,|

i

(c)

Copyright 2000 John Wiley and Sons, Inc

Automation become possible and computerized, and
with it, the sequence of complex organisms

(such as human) is achievable.
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