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PHYSIOLOGY

FACULTY OF PHARMACEUTICAL SCIENCES
DR. AMJAAD ZUHIER ALROSAN -

LECTURE 2, PART (1): CELLULAR LEVEL OF ORGANIZATION




Objectives

1.Discuss  cellular level  of
organization.  (Continue  the
previous lecture)---Part (1)

2.Describe transport processes of
solutes and water .---- Part (2)

(Pages 60-84 of the reference)




- Cytoplasm consists of all the cellular contents between the plasma
membrane and the nucleus.

- It has two components:

- (1) the cytosol, is the fluid portion of the cytoplasm that surrounds
organelles.

- (2) organelles, are tiny structures that perform ditfferent functions
in the cell.



- Cytosol:

1. Contains 75-90% water plus various dissolved and suspended
components (i.e. glucose, amino acids, fatty acids, proteins, lipids,
ATP, and waste products).

2. It is the site of many chemical reactions required for a cell’s
existence (i.e. glycolysis, maintenance of cell structures and for cell
growth).



- The cytoskeleton is a network of protein filaments that extends
throughout the cytosol (microfilaments, intermediate filaments,
and microtubules).

ﬂ ) Microtubules \
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- Microfilaments:

1. Are the thinnest elements of the cytoskeleton.
2. They are composed of the proteins actin and myosin.

3. They have two general functions: help generate movement (muscle
contraction, cell division, and cell locomotion) and provide mechanical
support (basic strength and shapes of cells).

- Intermediate filaments:
1.  Are thicker than microfilaments but thinner than microtubules.
2. They are found in parts of cells subject to mechanical stress.

3. They help stabilize the position of organelles such as the nucleus and help
attach cells to one another.



- Microtubules:
Are the largest of the cytoskeletal components.

. They are composed mainly of the protein tubulin.

1
2
3. They help determine cell shape.
o

. They also function in the movement of organelles.



THE ORGANELLES

Organelles are specialized
structures within the cell
that have  characteristic
shapes, and they perform
specific functions in cellular
growth, maintenance, and

reproduction. They often
cooperate to  maintain
homeostasis.

Organelles of the Cell

Cytoskeletal
filaments <~

~ Golgi
“apparatus

Nucleolus-— Cytosol
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Peroxisome reticulum
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THE ORGANELLES

feforhanal j‘?‘-'a chitechon )\ Quars Y555 l‘w/‘-’_)‘?" él)a':'f-Cf]l'a
5 1 .. . . .
’_r%eo'rlf“‘}‘*”c—’afp-’fwv{' ...leoj._c,_n\_,oo_,auc lads o b
| . S 9. - ' * - 5 -
A ks S eilia N5 b S C{J/%,;Q\A,U e AL Bk 59 |

mucus N of Jlust

cgtopbindh yb < free < SGrian . psleins I e Wl 58
onml 35 see Jodails o &
eﬂcjd p)aSm e Tehculm
sle bes v B0 cmedh U s b
npuah endop\asmfc ehculum 2
5o the main Fmchon of

emlop]aSMl'c (e-‘\'culum
é & prodeins N oboil
Gibosome J| ‘S.V_,L g—s W_‘i
Pwah ER M da..u g5t

) Finchion N O;J?

&f\'ﬂa Yy ﬁ’o«sk LR c?'?_-\-"'-‘
next N 0.5 G Lis ploteins N
Golgy compler P eel mganel]cs
b 2b Golgi complex 3 Al
[Rugh LR N e preteins 3
wodiParhens N oosy grols )29
(ghucke e W) sof\ma N

h €
,Z ch \Smw‘- ij—j ) 3o- Fhe main 'ﬂ‘"cl""" 02 GC VS -
p ey - ' haahon o (
Corbohycliotes ' 9 ) "‘”!"ﬂ“’j‘ p Glerns
Digidd 2 5039 3lCs 9. sorking
b’.l“‘/el" 3. Packaj,-,g insi a‘e  vesecles

s
b\dSm memhfo\ne M)
ot Ca™ 21 S o275 v

skelekal Y conlackim JI &5
mus ')e

vesecles 3 Q("Z;u’;:’ L
(= Golg,'campfex N9
d_: (91 L_Zz):-ig Sacs 2

)

6. lc/so somes ar

;/. pefo ¥) Some S of”

oncimes (3{593}3’ <« 4. ‘PﬂJleaComeS

pro ns

) N
ibebunal 0555 A

Ls éJgd‘Aﬁ,f-ent‘{mt’SJ\@ﬁ

\L_/J;ﬂ

1
2
3
4
D.
6
7
8
9
1

[ ol (243 951 50) Gk e 15
Lo s 95 (28:al byd) spindle fibers

_mehn —ﬁ-h’)c%bﬂ — ¢l diuision . o025 5 Blas 2 Tord farsns Q)
Centrosome. ittt S
~ 2|y }“_,2\ \')\_;,lj_“é) Cud cmsis" of ,_& 1
° L] - ) m,'do\-u\)u 4
Cilia and Flagella-> «— - coldes 3¢5
P(Okdﬂj"“fc' bu ka{'/s}'.c. Cfo centfosome |}
. -?\agellq nals e I : 295 plotein N\ 5 -
Ribosomes. e vgi by, s
Eo}‘\"\‘)'oﬂdl mavemen J Jubular
l:__—-J .ﬁmc){u :
_cel) deiwsy'em

Endoplasmic Reticulum. s .

Rl ysubg:
O(S?Ql

\-:a

€ 23505 —v,gu %

(SPe(m) menl Wios

_ cell movemenk

Golgi Complex.

Lysosomes. BEATE 0D .G sl SQ b »
y ™7 plleins 3 JI8 b g fQ & engymes Vo
. enzymes - subsjrq ceos
Peroxisomes. = 9 |olgeshn of umecded 2077
digehe IO U Gy polein L
Proteasomes. 2. cclophagy 5 <sle gt cel Gibo

CQ" N §[9J ’;BJJ \780 Snmed‘g@ 63;\9 \9\3
G 5 gl oleshis 22

enzyme

Mitochondria.

’L) ()i { Y aL(“(’Yl‘m

v

Coﬂ}fb/ce/l}@foe lee cell
envelope <o lis (wf,‘g&%;w’\
65705 vey dhick 4595 (Slsy)
35 4l sk gl Slds
- 2l

-

Y. outolys's

Power house of fl cdll
L§S§;%_J9 (AT\O )& [A) 9aepd o

S ¢

_ Calalase — mney
°‘:‘:°Cf(’, o0 9»:(-,9@‘3 Oxdoze enzyme nucJeus | Aol Y‘QL, £ outer mem blomee
hr prterns I W o | enzyme 05e Hao, ofs edl S o membiane oV £ e
f\f‘% = P ~ | : ,,-,2 Yon'c atom 595 H‘zC"L‘_. g:\'(l/C'l'lMIQ _]l) fC;CU LJ‘ 1 ‘ = o - &'5 .
— ! [) 2ol s Yie g2 ol ow el i Poth'x {u‘f sSpace =
E{oJ-eawse CE enzymes 'SP H“O“J\J'-"‘g’;&di?’jc:t‘;{/:ntj -ﬁmcl"'o"‘ A9 Srl"afe s Quik o
SEP O oMo Lubys 'A[VL;A S - 1
T " . 0 Jl TP e quﬁ - sl YYh-]ﬂ(‘}lono(ff‘a A J\,_C\'
S e protein Il S5 aQJ‘boSomeS muscles I s - 8fru cAur®d) s
Stlifon e “es by 450 581 TP Ay z0ln 5
ji%iiﬁm ot NS 19 2l ST mibochendltia



Centrosome

Is located near the nucleus and it consists of
two components: a pair of centrioles and
pericentriolar material.

The centrioles are cylindrical structures
(microtubules). Surrounding the centrioles is
pericentriolar material which contains the
tubulin complexes.

These complexes organize centers for growth
of the mitotic spindle (cell division).
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Cilia

= Microtubules are the  dominant
components of cilia and flagella. Both are
motile projections. However, cilia is
present throughout the surface of a cell,
but flagella is present at both the ends or
all over the surface.

Direction of motion

= Hair-like structure.

(b) Cilia

= The main function of motile cilia is to
keep the airways clear of mucus and
dust.




Flagella

= Flagella are similar in structure to cilia
but are typically much longer.

= Flagella usually move an entire cell
(i.e. sperm).

(2) Flagella = The motion of cilia is rotational, very
fast moving. The motion of flagella is
rotary movement in prokaryotes
whereas it is bending movement in
eukaryotes. Cilia beat in coordination
or one after the other. Flagella beat
independent of each other.

Direction of motion
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Ribosomes

Are the sites of protein synthesis.

The name of these tiny structures reflects their

high content of one type of ribonucleic acid
(ribosomal RNA, or rRNA).

“Scattered throughout cytoplasm”: Some
ribosomes are attached to the outer surface of
the nuclear membrane and to an endoplasmic
reticulum. Ribosomes are also located within
mitochondria. Other ribosomes are “free” or
unattached to other cytoplasmic structures.

Amino

Growing peptide e

chain

Ribosome
large
subunit

tRNA

Ribosome
small
subunit



Endoplasmic Reticulum

The endoplasmic reticulum (ER) is a
network of membranes in the form of
flattened sacs or tubules.

The ER extends from the nuclear
envelope (membrane around the
nucleus), to which it is connected and
projects throughout the cytoplasm.

Cells contain two distinct forms of ER
(rough ER and smooth ER), which
differ in structure and function.

Endoplasmic reticulum

nuclear envelope

nuclear pore

cisternae

© 2010 Encyclopaedia Britannica, Inc.

smooth endoplasmic reticulum

rough endoplasmic reticulum
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Endoplasmic Reticulum

The outer surface of rough ER is studded with ribosomes (membrane-bound
ribosomes). Proteins synthesized by ribosomes enter spaces within the ER for
processing and sorting. Thus, rough ER produces secretory proteins,
membrane proteins, and many organellar proteins.

Unlike rough ER, smooth ER does not have ribosomes on its membrane.
However, smooth ER contributes to lipids and carbohydrates synthesis,
making phospholipids bilayer for cell membranes as well as it stores and
releases calcium ions that trigger contraction in muscle cells.




Golgi Complex

Golgi apparatus

incoming transport vesicle

/

cis face

= Most of the proteins synthesized
by ribosomes attached to rough
ER are ultimately transported to
other regions of the cell (ie.
Golgi complex).
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/ ) trans face | ’
newly forming vesicle \
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Golgi Complex

Functions of Golgi Complex:

. Modifies, sorts, packages, and transports proteins received from the
rough ER (through face or cis entry). Enzymes in the middle site of the
Golgi complex modity the proteins to form glycoproteins, glycolipids,
and lipoproteins.

. Forms secretory vesicles that discharge processed proteins via
exocytosis (through exist or trans face) into extracellular fluid and
forms transport vesicles that carry molecules to other organelles, such
as lysosomes.




Lysosomes

Lysosomes are membrane-
enclosed vesicles that form from
the Golgi complex.

They can contain as many as 60
kinds of powerful digestive and
hydrolytic enzymes that can
break down a wide variety ot
molecules.

LYSOSOME

Membrane

Hydrolytic enzyme
mixture

Transport proteins



Lysosomes

Functions of lysosomes:

. Digest substances (within the cell) that enter a cell via endocytosis and
transport final products of digestion into cytosol.

. Carry out autophagy, the digestion of worn-out organelles.
. Implement autolysis, the digestion of an entire cell.

. Accomplish extracellular digestion.




Peroxisomes

Peroxisomes contain several oxidases, enzymes that can oxidize (remove hydrogen atoms
from) various organic substances.

They protect the cells from oxidative damage.
They protect other parts of the cell from the toxic effects of potentially toxic compounds.

Peroxisomes are very abundant in the liver, where detoxification of alcohol and other
damaging substances occurs.

Peroxisomes also contain the enzyme catalase, which decomposes by-product of the oxidation
reactions which is hydrogen peroxide (H202); thus, it decomposes hydrogen peroxide to water
and oxygen.




Proteasomes

Cytosolic proteins require disposal at certain times in
the life of a cell. Continuous destruction of
unneeded, damaged, or faulty proteins is the
function of tiny barrel-shaped structures consisting of
four stacked rings of proteins around a central core
called proteasomes.

Proteasomes were so named because they contain
proteases, enzymes that cut proteins into small
peptides. Once the enzymes of a proteasome have
chopped up a protein into smaller chunks, other
enzymes then break down the peptides into amino
acids, which can be recycled into new proteins.

26S proteasome

19S lid - recognizes
and tags proteins and
transfers them to the
core

20S hollow core

G—— Where proteins are
degraded

G 195 lid



Mitochondria

Mitochondria generate most of the ATP through aerobic
(oxygen requiring) respiration, (“powerhouses” of the cell).
The enzymes that catalyze the chemical reactions which are
part of the aerobic phase of cellular respiration are located in
the mitochondria.

Active cells that use ATP at a high rate—such as those found
in the muscles, liver, and kidneys—have a large number of
mitochondria.

A mitochondrion consists of an outer mitochondrial
membrane and an inner mitochondrial membrane with a
small fluid-filled space between them (mitochondrial
matrix.).

Mitochondria Structural Features

Inner
Membrane

Outer
— Membrane




Nucleus

The nucleus is a spherical or oval-shaped
structure that usually is the most prominent
feature of a cell.

The Nucleus

. Chromatin
Most cells have a single nucleus, although some, ”

such as mature red blood cells, have none. Other .
types of cells have multiple nuclei. & He ) e

A double membrane called the nuclear envelope | Nucleolus
separates the nucleus from the cytoplasm. Many
openings called nuclear pores extend through
the nuclear envelope.

Nuclear envelope

The complex of DNA, proteins, and some RNA is
called chromatin. The total genetic information
carried in a cell, or an organism is its genome.




Nucleus

Functions of nucleus:

. Controls cellular structure.

. Directs cellular activities.

. Produces ribosomes in nucleoli.

. Nuclear pores control the movement of substances between the
nucleus and cytoplasm.




