Cell Overview



Basophilic

* Basophilic structures are
stained by basic dyes:
— Basic dyes are positive

— Basophilic structures are
negative (ex. DNA, RNA,
ribosomes, RER)

* Mnemonic:
Basophilic = Blue




Acidophilic (Eosinophilic)

* Acidophilic structures are
stained by acid dyes:

— Acid dyes are negative

— Acidophilic structures
are positive (ex.
Proteins, collagen,
cytoplasm)

e Eosinophilic = Pink
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THE CELL

e |tlsthe structural &
functional unit of all
living tissues.

* Cells have different
shapes & sizes.

e THE CELL is made of:

1- Nucleus

2- Cytoplasm




NUCLEUS

* Formed of:

1. Nuclear
envelope

2. Chromatin
. Nucleolus -
4. Nucleoplasm

Nucleus Nucleolus
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1. Nuclear Envelope

A double membrane
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Nuclear laminais a meshwork
of intermediate filaments proteins
Called lamins

Nucleoporins is a protein
complex associated with

the nuclear envelope, make up
the nuclear pore complex
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2. Chromatin

e Formed of DNA.

e 2 Forms:

— Euchromatin: extended active
chromatin (pale).

— Heterochromatin: condensed
inactive chromatin (dark)
* Functions:
— Carries genetic information.
— Directs protein synthesis.




Sarr body or sex chromatin : inactive X chromosome in a
female somatic cell appears as small dense mass of
heterochromatin




3. Nucleolus

* Itis aspherical dark
basophilic mass

e Usually one.

* Function: formation and
assembly of ribosomal
RNA (rRNA), which is
responsible for protein
synthesis in the
cytoplasm.




4. Nucleoplasm

e |tisaclear fluid medium in
which all the contents of the
nucleus are embedded.

Function:

* Provides a medium for
movement of 3 types of RNA
(ribosomal, messenger and
transfer RNA) from the nucleus
to the cytoplasm.




Functions of the Nucleus

1- Itis essential for the
vitality and division
of the cell.

2- ltis the site of

storage of genetic
information.

3- Itis the site of
formation of the
three types of RNA.



CYTOPLASM

is formed of:

1- ORGANELLES: They are specialized
structures, ESSENTIAL for vital
processes of the cell.

2- INCLUSIONS: They are not
essential for vitality of cells. may
be present or absent. Examples are
lipids, glycogen and pigments like
melanin & lipofuscin.

3- CYTOSKELETON




CYTOPLASMIC ORGANELLES

A. Membranous:

1. Cell membrane.
2. Mitochondria.

3. Endoplasmic reticulum
(rough & smooth).

4. Golgi apparatus.
5. Lysosomes.
6. Secretory vesicles.

B. Non-membranous:

1. Ribosomes.

2. Centrioles.

Microvillus Microfilament

Centriole
Nucleus

Ribosomes

Smooth
endoplasmic
reticulum

Mitochondrion

Rough

endoplasmic

reticulum Plasma
membrane

Golgi apparatus Lysosome




Cell Membrane

A very thin membrane
that surrounds the
cell.

LM: Not visible.

EM: appears as 2 dark
lines, separated by a
light one (trilaminar
appearance).

Function: selective
barrier.

7.5-10 nm in thickness




Three-layered

(trilaminar)

Unit Membrane
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2-

Cell Membrane

Phospholipid molecules:

arranged in 2 layers.

Protein molecules:

a) Peripheral protein

b) Integral protein

Carbohydrate molecules:

attached to either proteins
or lipids (glycoproteins and
glycolipids), forming the

surface or cell coat (Glycocalyx):

a) Protection of the cell.

b) Cell recognition and adhesion.

A Carbohydrate chains bound to lipids and proteins

Sugar chain



Polar head group Nonpolar fatty acid chains
(hydrophilic) (hydrophobic)
| l

Saturated
fatty acid
(straight)

Unsaturated
fatty acid
(bent)

General structure of a phospholipid Cholesterol

Sugar chains of a glycolipid

Hydrophilic surface
Hydrophobic region

Hydrophilic surface




Cell Membrane (glycocalyx)

EM LM (PAS stain)

Intestinal Epithelium
Extracellular Glycocalyx



http://www.google.jo/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Ffaculty.pnc.edu%2Fpwilkin%2Fsaladinch3.html&ei=YrjTVJyhI4yzUZKag6AK&bvm=bv.85464276,d.d24&psig=AFQjCNEpR05H2zGxZvq1HAOnLGGe6JaVEA&ust=1423247765336160
http://www.google.jo/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Ffaculty.pnc.edu%2Fpwilkin%2Fsaladinch3.html&ei=YrjTVJyhI4yzUZKag6AK&bvm=bv.85464276,d.d24&psig=AFQjCNEpR05H2zGxZvq1HAOnLGGe6JaVEA&ust=1423247765336160
http://www.google.jo/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Ffaculty.pnc.edu%2Fpwilkin%2Fsaladinch3.html&ei=YrjTVJyhI4yzUZKag6AK&bvm=bv.85464276,d.d24&psig=AFQjCNEpR05H2zGxZvq1HAOnLGGe6JaVEA&ust=1423247765336160
http://www.google.jo/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=http%3A%2F%2Ffaculty.pnc.edu%2Fpwilkin%2Fsaladinch3.html&ei=YrjTVJyhI4yzUZKag6AK&bvm=bv.85464276,d.d24&psig=AFQjCNEpR05H2zGxZvq1HAOnLGGe6JaVEA&ust=1423247765336160

* The type of hydrocarbon tails in phospholipids
— Affects the fluidity of the plasma membrane

(b) Membrane fluidity
Fluid Viscous

Unsaturated hydrocarbon

tails with kinks Saturated hydro-
Carbon tails




* Review: Passive and active transport compared

Active transport. Some transport proteins

Passive transport. Substances diffuse spontaneously down act as pumps, moving substances across a

their concentration gradients, crossing a mer_nbrane with no use membrane against their concentration
of energy by the cell. The rate of diffusion can be greatly di E for thi Ki I
increased by transport proteins in the membrane. gra '?nts' nergy for this work 1s usuaily
supplied by ATP.,




Extracellular fluid

IHRNNAN e e gl e membrane

Vacuole

Cytoplasm

a Phagocytosis

Figure 2-6



b Pinocytosis

Figure 2-6
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¢ Receptor-mediated endocytosis

Figure 2-6



Mitochondria

* Each mitochondrion is rod-shaped .

* The wall is composed of 2 membranes.

* The outer is smooth, the inner is folded
to form

* The cavity is filled with mitochondrial
matrix, which contains enzymes. Also
contains its own

tif04.mov

Functions:
1- Generation of ATP which is the source

of energy for the cell. They are called Mitos: thread

the power-house of the cell. Chondros: granule
2- They can form their and

undergo



Mitochondria

* LM

Can not be seen under LM ( except by special
stains to its enzymes)

If the cells have a high number of
mitochondria, it appears as acidiophilia of
the cytoplasm

* EM

It has two membranes, outer smooth and
inner folded into cristae



Endoplasmic Reticulum (ER)

* |tis asystem of
communicating
membranous tubules,
vesicles, and flattened
vesicles (cisternae).

* There are 2 types:
— Rough (rER).
— Smooth (sER). —




Rough Endoplasmic Reticulum

Membranous sheets of
flattened tubules & vesicles
with ribosomes on the
surface.

Functions:

1. Synthesis of proteins by
ribosomes on its outer
surface.

2. Transfer vesicles transfer
the formed protein to
Golgi.



Rough Endoplasmic Reticulum

e LM

Intense basophilia

e EM

Appears as interconnected flat cisternae and




Smooth Endoplasmic Reticulum

* Membranous tubules and vesicles, with
no ribosomes on the surface.

* Functions:
1. Synthesis of lipids & cholesterol.
2. Metablism of lipids and glycogyn

3. Synthesis of steroid hormones, e.g.
cortisone.

4. Helps muscle contraction, by actmg
as a calcium pump.

5. Detoxification of drugs & toxins.




e LM
can not be seen under LM

* EM

v Appears as interconnected tubules with
various shapes and sizes and not stack of
flattened cisternae

v not associated with ribosomes



Golgi Apparatus

* The secretory apparatus of the
cell.

* Consists of stacked saucer-
shaped flattened vesicles.
* Each vesicle has two faces:
, receives

transfer vesicles.

, forms

secretory vesicles.
Functions:

1. Sorting, modification &
packaging of proteins.

2. Secretory vesicles formation.
3. Formation of lysosomes.

- Goigh maturing face.




Golgi Apparatus

* LM

> It is not seen in HE stained sections

In high active cells, it appears as empty space
called negative Golgi image
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Secretory granules

* Originate as condensing vesicles in the
Golgi apparatus

* Found in cells that store a product until its
release by exocytosis

 They contain a concentrated form of the
secretory product



Secretory granules

 LM: intense eosinophilia concentrated in
apical region prior to exocytosis

 EM: several electron dense secretory
granules in association with condensing

vacuoles






Lysosomes

The digestive apparatus of the
cell.

Contain hydrolytic enzymes.

Originate from mature surface
of the Golgi apparatus, while
their hydrolytic enzymes are
formed in the rough
endoplasmic reticulum.

Function: intracellular digestion
of ingested material or old
organelles.




Phagocytosis of
bacteria or debris
- (by neutrophils)

Endocytotic
vesicles

» 8"
@ -

> »
Secretionof
hydrolytic enzymes
into special
microenvironments
(eg, by osteoclasts)

Figure 2-17



Lysosomes

= LM : not seen
= EM:
» Primary: Uniformly granular

electron dense
appearance
» Secondary: Larger with

heterogenous appearance

(particulate content)



Ribosomes

e 20-30 nm

* Consists of
1- large subunit |

2- small subunit

 Composed of:
v rRNA ( 4 types)
v’ Proteins (80 associated different types)



Ribosomes

e 2forms:
1- scattered in cytoplasm

( synthesize proteins designed for use within the cell
like hemoglobin in erythrocytes)

2- to ER

(synthesize proteins secreted by the cells as
pancreatic and salivary enzymes or stored in the
cells as lysosomal enzymes like macrophages and
neutrophils)



Ribosomes

Basophilic cytoplasm is due to
numerous ribosomes.

Formed of 2 subunits.

Free in the cytoplasm (may form
polyribosomes) or attached to

reR.

Formed in the nucleolus.

Function:
Protein synthesis

A Free polyribosomes, whose proteins
remain in the cytoplasm

Cisternal —
membrane

Segregated —
protein in

endoplasmic
reticulum

~00000000, L'T’ “ )
\ g 2 \
, \ mRNA—"
\. 2 i Free protein in
gy cytoplasm

B Bound polyribosomes, showing protein
synthesis and segregation into the rough
endoplasmic reticulum

Cisternal e

membrane

Segregated il & T 4 %y, 9
protein in

endoplasmic
reticulum

e mRNA/

>Free protein in
cytoplasm
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FREE POLYRIBOSOMES

\ Misfolded & #——

Proteins of cytosol
& cytoskeleton

Specific proteins imported to

<IN

Mitochondria Peroxisomes Nucleus

3/

mRNA
Ribosome

Cisterna of
rough ER

denatured proteins

v

Conjugated to ubiquitin
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Proteasome
Protein degradation

ER-BOUND POLYRIBOSOMES

3[

Golgi apparatus processing & sorting

P

Secretory vesicles

7\

Proteins secreted
from cell

Proteins of cell
membrane

Lysosomes

Figure 2-9
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Cytoskeleton

Acts as skeleton

Provides shape and microtubules
ST SRR TR D
structure ST TPy e
M OVE m e ﬂt actin filaments -
::: : diameter

Helps move organelles
intermediate filaments

within the cell/ ——————— 10-5m
“ ﬁ diameter
transport

Made of three types of
filaments
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A Isa hollow
cylinder, about 24 nm in diameter.

Along the microtubule axis, tubulin
heterodimers join end-to-end to
form , With
alternating oo & 3 subunits.

Staggered assembly of
protofilaments yields a
arrangement of tubulin
heterodimers in the cylinder wall.




Cells use microtubules to provide structural support

move vesicles and other
complexes along the
microtubule surface



https://www.google.jo/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https%3A%2F%2Fwww.ebiomedia.com%2Finside-the-cell-microtubule-trackways.html&ei=f8DTVOTEHMj8UNndgvgI&psig=AFQjCNGAGB5P-JgomRgCmfWTkdbQ4QkC3A&ust=1423249578132497
https://www.google.jo/url?sa=i&rct=j&q=&esrc=s&source=images&cd=&cad=rja&uact=8&ved=0CAcQjRw&url=https%3A%2F%2Fwww.ebiomedia.com%2Finside-the-cell-microtubule-trackways.html&ei=f8DTVOTEHMj8UNndgvgI&psig=AFQjCNGAGB5P-JgomRgCmfWTkdbQ4QkC3A&ust=1423249578132497

Centrioles:

generally appear in animal cells
they look like two cylinders at right angles to one another

*when viewed with an electron microscope, the cylinders show up as
nine bundles of tiny microtubules arranged in a circle

they help to form the fibers that move chromosomes around when the
cell is dividing

«as animal cells prepare for cell division these two centrioles separate
and go to opposite ends of the cell.

o1




Microtubule triplet
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Cell inclusions

 Temporary non living components of the
cytoplasm

* Types:

1- stored metabolic products

- Carbohydrates ( glycogen particles)
- Lipids ( lipid droplets)

2- pigments (melanin, lipofuscin and
hemosiderin)



hemosiderin granules
! i - oA Vel |

Figure 2-28




