


Gells join smaller organic molecules ( ) together to form p 4
|urger molecules (mocromalecules) ( ), which may be composed e
of thousands of molecules pa= y
N N Sy

Macromolecules are organic molecules that weigh more than 100,000
daltons ( ).

The four major closses of macromolecules are: + Monomers are connected by COVAIRNT ) ouyaion eacion synthsiing s pymr

1) - Carbohydrates, bonds through o dehydration reaction °‘9h‘:;};“ ‘“I’}f
I])-Lmul_s, — One monomer provides o hydroxyl e
- meg'"s_' group and the other provides a W W W\

d) - Nucle ocds hydrogen atom to form water (H20). it

—This process requires energy and s
nided by enzymes

The covalent bonds connecting monomers in a polymer can be disassembled

by hydration (hydrolysis) reaction A kg s
~ In hydrolysis as the covalent bond is broken, o Q- --@—
hydrogen atom and a hydroxyl group from a split
water molecule attaches where the covalent :Yﬂkt'sz:né -@
hond used to be.
- Hydrolysis reactions dominate the digestive R W W WA JjH

- process, guided by specific enzymes.

A Polymer: is a long molecule consists of a chain of
similar building molecules (monomers) covalently

bonded together.
/
/
— 1. Monosaccharides:
are the simplest form of carbohydrates (simple sugars). I __Polymers principles -~
\ @ % contain o single sugar molecule. (rbobygraes, ld, Prosne s it
2 N 2. Disaccharides:
contain two monosaccharides joined via dehydration |
[ SV"[hESiS \Mono-mer‘ ‘ Di-mer ‘ ‘ Poly-mer ‘
/ . té‘ o o .
L) 9. Polysaccharides: ¢ o e

are polymers of many monosaccharides.



Carbohvdrates is suga
Carbo = carbon
hydrate = water
Used as animmediate eneray source
The molecular formula is CnH2n0n means that, carbon, hydrogen and oxygen are found

~N
N

—

inthe ratio =1:2:1

Monosaccharides:

are the simplest form of carbohydrates (simple

sugars).
contain a single sugar molecule.
Clussification of monosaccharides:

Bused on the location of the carbonyl group, C=0

1) Aldoses: are the monosaccharides with the carbonyl
group (C=0) at the end of Carbon chain (e.g. Glucose,

Galuctose)

7) Netoses: are the monosaccharides with the C=0
carbonyl group within the Garbon chain (e.g. Fructose)

Bused on the number of C in the skeleton

1) Triose (30): e.g. Blyceraldehyde.
7) Pentose (5C): e.g. Ribose.

3) Hexose (Bc): eq. Blucose, Fructose and Galactose

Disaccharides

contain two monosaccharides joined via dehydration

synthesis.

consist of two monosaccharide molecules joined during
0 dehydration reaction.

Sucrose (table sugar): consists of Glucose + Fructose.

The covalent bond formed between Glucose & Fructose

is called “glvcosidic linkage.
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Polysaccharides

. are polymers of many monosaccharides.
« they consist of few hundreds to few thousands of monosaccharides joined by
0 dehydration reaction.
. Two types of polysaccharides:
:Storoge*

Provide sugar for cell by hydrolysis.
1) Starch (Source is plants) :

- A storage polysaccharide of plants (within plostids).

« It consists of thousands of o glucose molecules.

« [t gives glucose when hydrolysed by special enzymes in humans.
- Potatoes ond grains are the major sources of starch.
7) Glycogen (in animals)
« Stored in animal cells (e.g. liver and muscle calls in Human).
 Itis consisted of thousands of glucose molecules.
« [t gives glucose when hydrolysed.
*Structural:
Serve as building materials for the organism.
1) Cellulose:
« Itis the building material of plant cell wall.
« Forms the micro-fibrils and cell wallin plants.
 Itis consisted of thousands of B glucose molecules.
- Humans cannot digest it, but some bacteria and protozoa can (e.g. in Termites and
Cows
stomach).
7) Chitin
« Itis the building material of the cuticle in insects.
« It is consisted of thousands of glucose molecules with a N atom at one end.
 Itis used to manufacture the surgical threads.
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Carbohydrates -

No. of sugarl molecules; <«
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Protains are polymers of amino acids (constructed from 20 amino ocids

There are six functions of proteins:

o

1. Storage: albumin (egg white)
2. Transport: hemeoglobin
3. Regulatory: some hormones
4. Movement: muscles
5. Structural: membranes, hair, nails
6. Enzymes: cellular reactions
Tyapes of Amino acids
Differences inthe R groups produce the 7! different amino acids.
. - the amino ocids that have hydrophobic R groups (non-polar).
. - the omino acids that have polar R groups, making them
hydrophilic.
. - the amino ucids with functional groups that are charged (jonized) at

cellular pH (7). So, some R groups are bases, others are acids

Amino acids ore joined together when o dehydration reaction
removes a hydroxyl group from the carboxyl end of one amino acid
and a hydrogen from the amino group of the other. The resulting
covalent bond is called “peptide bond”.
« The repeated sequence isthe hackbone.
« Attached to the backbone are the various - groups.
» Polypeptides range in size from o few monomers to thousands

|
Postide L i i< e v c | side

: Itis the general term for compounds which are not soluble in water.
1. Fots: store lorge amounts of energy
2.  0re major components of cell membranes
J. :include cholesterol and certain hormones

Functions and structure of lipids:

Long term energy storage

Protection against heat loss (insulation)
Protection against physical shock

Protection against water loss

Chemical messengers (hormones)

Major component of membranes (phospholipids)

S oew NS

The components of amino ocid
include a hydrooen atom, a carboxyl
0roup, an omino group, and a
variable R group (or side chain)

General Formula
of the Amino Acid:

T

N—C—C

3 ,
~ H / OH =
mino Carboxyl
group “ils group

Side chain

P d

The peptide bond is formed between the

of one and the uiino oroup of
the other by dehydration

Peptide bond

There are four levels of protein structure:
0. Primary Structure (
h. Secondary Structure
. Tertiary Structure
. Quaternary Structure

\



« |n o fat, three fatty acids are joined to a single glycerol by
an . creatinga
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« Thus, the fat molecule is constructed from two kinds of smaller molecules: glycerol

and
« Henca, lipids are the one cluss of large biological molecules that

Ester linkage
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(b) Fat molecule (triacylglycerol)

Saturated Fatty Acid
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Unsaturated Fatty Acid
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A Triglyceride -- the form in which fat is stored in fat cells (and in seeds)
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Saturated: all of the Carbon atoms
have Hydrogen atoms on them

many Hydrogen atoms as possible

or protective functions
have two fatty acids attoched to o
glvcerol molecule and o
ot the third position.
- The phosphate group carries o :
: ire the major components of
cell membranes
« The 2 fatty acid toils are :
hut the phosphate group and its
attochments form o head.
« Thus, it is : has both
and regions
: (2.0. Cholesterol) are
hydrophobic molecules. Some of them
are forming hormones (Sex Hormones)
: ire hydrophobic molecules
used for waterproofing (protection).

Summary

Lipids
Include -~

Y P I

Phospholipids || | Steroids | [ Waxes I
The major component  SeX Hormones
of the cell membrane & Cholesterol
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- What are viruses?
. % At the boundary of life, batwaen the macromolecules (which are not alive) and the prokaryotic cells

[ (which are alive), lie the viruses and bocteriophoges (phages).
‘e « These creatures are porosites responsible for causing many diseases in living things (HIV in humans,
05 on example).

« \liruses are found everywhere.
« \liruses consist of a core of nucleic acid, either DNA or RIA, and a protective coat of protein.
« \liruses do not show any of the expected signs of life.
« \liruses do not respond to stimuli, do not orow, do not do any of the things we normally associate with
life.
« \liruses are not considered "living" organisms. However they do show

one of the most important signs of life: the ability to reproduce in o host cell.

000000 0:0 000000

What are viruses? . Virus is a genome enclosed in a protective coat
- Viiruses are much smaller ¢ o
than bucteria < "
. K X
0’0
[}

4- Avirus is o genome
ginenclosed coat protective
d- Viruses are not cells =
2- Vlirus is about 20nm in

Ll et () {0

o [0psomeres: Are the protein units that form capsid.

diameter
00000 0:0 OO0 0000 ®»OGOOEOEOSOSOO 0:0 000000
B- Envelope ,-..s
A- Capsid . : .
A protein shell that encloses the viral genome. . Some viruses have vl
« Itis rode-shaped, helical, polyhedral or more complex. < g""gl[!"gs' mpmhrupes
: cloaking their capsids.

Capsomeres » These envelopes are derived

(proteins) Capsid from the memhrﬂne of the host
Sometimes further wrapped ° Gel.
in 0 membranous .

envelope (Viral envelope ( eg. Influenza virus

Capsomere: .
(proteins) S
(Sl s) olasedll Capsid

(ot i) pilaz e

Membranous envelop
(viral envelope)




Types of Viral Genome:

(Hereditary material “=i_ 5 54-41)

Viral oenomes may consist of:
- double-stranded DNA (dsDNA),
- single-stranded DNA (ssDIlA),
- double-stranded RNA (dsRiA), °
- single-stranded RNA (ssRilA). /2
depending on the specific type of g """

{a)The structure of HIV, the
virus that causes AIDS

Viral envelope
Glycoprotein

(two identical
strands)

The viral genome is usually organized
0s a single linear or circular molecule
of nucleic acid.

The smallest viruses have only
, While the lurgest have

2)- lysogenic cycle (4l 2 5,
Phage lambda (a)
The phage genome replicates without
destroying the host cell.
- Temperate phages, like phoge lombda (190! joj ogpiicl), >
may use both [viic and [ysooenic cycles.
« Within the host, the virus' circular
DNA engages in either the [viic or lysooenic cycle.
« During a Ivtic cycle, the viral genome immediately turns
the host cell into o virus-producing foctory, and the cell
soon lyses and releases its viral products

apsid

Bacteria infecting Viruses |

« \liruses that infect bacteria,
are called or

« Ithas o 7 (-sided copsid-head
that encloses their DNA and
nrotein toil piece that attaches
the phaoe to the host and
injects the phage DNA inside.
« Phages reproduce hy

) and/or

Bacteriophages (on E. col)
Phages reproductive cycles within bacterio:

Ivtic cycle -(i
The phage reproductive cycle results in the death of the host.
- Inthe lust stage, the bacterium - (breaks open) and
releases
the phaoes produced within the cell to infect others.
. reproduce only by a lytic cycle.

© The T4 phage uses its tail fibers to
stick to specific receptor sites on
the outer surface of an E. coli cell.

@ The sheath of the tail contracts,
thrusting a hollow core through
the wall and membrane of the
cell. The phage injects its DNA
into the cell.

€ The empty capsid of the
phage is left as a “ghost”
outside the cell. The cell’'s
DNA is hydrolyzed.

* S/ i
G

@ The phage then directs production of
I an that di he

ysozy Y g
bacterial cell wall. With a damaged
wall, osmosis causes the cell to swell
and finally to burst, releasing 100 to
200 phage particles.

@ The cell's metabolic machinery,
directed by phage DNA, produces
phage proteins, and nucleotides from
the cell’'s degraded DNA are used to
make copies of the phage genome.
The phage parts come together. Three

sets of p i ble to
form phage heads, tails, and tail fibers.

—
Head Tail Tail fibers



2)- Lysogenic cycle (Liiatl , §,94)

* Prage - 2): Lysogenic cycle (Wlial 1 $.93)
gnmm|ﬁm Occasionally, a prophage exits

Gpageis injects DNA,
Gl AL, 2001 3ot
sl anal i 5y

A ) Q
The cell I releasi Pl DNA
phages. v..:::'m\ £ «unlgdm S Ihr:l?l:rlm

Gasdll panall g s
il 3l Slinly

“koilueb Now phage DNA and
proteins are synthesized and
assembled into phages.

/ Bacterial At Bacteria infecied
chromosome S \; *.ml sigaysSl] with prophage.
- J 6 prs S /

) Lz
=S = —

e, .._,_\M‘ »su The bll:brll.lm nproduels

the bacterial chromosome,
initiating a Iytic cycle. o ot s

Many cell divisions
roduce a colony of

DNA Phage J(Si
Phage DNA integrates into ~ *~5.5ns. *
the bacterial chromosome,

becoming a prophage.

Summary

Tdei (1) 1ao¥ @i

Phage T4 Phage lambda (2)

R ONEE Burg

0000
Q00000

ol G e sl Ladésaaly L3 Sl
Many tail fibres Only 1 tail fibre
(virulent virus) Temperate virus
Cuaa g Ulal Cua g ag i
lytic cycle Lysogenic cycle
(Rllaill 5, 501 (Rlladl) e 5 )5a)
&
lytic cycle 18
(Ballaill 5, all)

Viruses are host specific

Sy puill cluadd fpadle

Sum MArYy: characters of viruses

m«,mn Dl Slig e JEL 5 oo Ene Tl il Sl @ long b pins palgs

. l?;. T e Y T TSR TY PR PTRC TR O gpe gy ves i g g e ) i ’ln.mvj
Most vnruses o eul'(aryotes attack specific tissues. eg. Human cold viruses

infect only the cells lining the upper respiratory tract, and AIDS virus binds

only to certain white blood cells (Immune system).
(Lol g5l isle « Glaa) (oidie s iy
- DNA enclosed in a protein coat (somet|mes membranous envelope also)

- Can be crystallised sk oo
- They lack i enzymes for metabolism o/ gl ide slasyl ol oo

- Have no ribosomes for makmg their own proteins e iol! sl sial abisesm) ped ol
) s dade Lla Jals Lid 5SS
- Reproduce only within a Ilvmg host cell (obligate parasitism ¢kl Jiki).
Ciuall 3lal) Zauall Wall oo Fgaae B loug il a 53 S qasamns =

- Each type of a virus infects a limited range of host ceIIs (host range abay) s4)

Daro Linade &g il

S QB Buryg
%

a protein on the surface of
the virus has a shape that
matches a molecule in the
plasma membrane of its
host, allowing the virus
recognize the host ceII

sl e e i
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The Cell: Discovery of the Cell
* The first person to see ’

cells was Robert Hooke in
1665.
* He was looking at a thin slice

of cork through o microscope
* He found what he described as
"tiny rooms" that he called

The Cell Theory

* |n 1838, the German botanist Matthias Schleiden
concluded that all plants were composed of cells
* [n 1839, Theodor Schwann concluded the same
thing
for onimals
* |n 1855, Rudolf Virchow noted that all cells come

from
cells other cells
, The cell theory states that:
Types of cells 1) all living organisms are made of one or more cells,
mkaryoti c Eukaryotic 2) cells are the basic units of structure and function,
Bocteria and related All other forms and
MiCro-organisms of life 3) cells come only from pre-existing cells.
A cell is the smallest unit that can carry
on all of the processes of life
Domains of life Prokaryotic and eukaryotic cells
A)- Prokaryota differ in size and complexity
Contains 2 Kingdoms: , PP
A — Similarities <« Differences -y«

_ _ | All cells are surrounded by a
2. Bacterio (Eubacteria),

B)- Eukaryota
Contains 4 Kingdoms:

. plasma membrane
| The semi-fluid substance
within the cell is colled
“cytosol”, containing the cell
organelles ..
| All cells contain
chromosomes which have
genes in the form of DNA.
| All cells have tiny organelles
called “Ribosomes” that
make proteins.

1. Eukaryotes have a nucleus, while prokaryotes do not.
2. Eukaryotes have membrane-bound organelles, while prokaryotes
do
not.
3. Eukaryotic cells are, on average, ten times the size of prokaryotic
cells.
. The DNA of eukaryotes is much more complex and therefore much
more extensive than the DNA of prokaryotes.
5. Prokaryotes have o cell wall composed of peptidoglycan. Many
types of
eukaryotic cells also have cell walls, but none made of
peptidoglycan.
6. The DNA of prokaryotes floats freely inside the cell; the DNA of
eukaryotes is held within its nucleus and associoted with histones
(proteins)
7. Eukaryotes undergo mitosis and meiosis; prokaryotes divide by
binary
fission (simple cell division) ~
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Nucleus

Prokaryotes
Endoplasmic reticulum QR

wwf Plasma membranel T FTPFFeT T
trons ( Ribosomes ’Lysosomos
o Cytosol Vacuoles

oy Cell wall Mitochondria
Cytoskeleton

A)- Prokaryotes:

| Prokaryotes are sinole-celled (Unicellular)
organisms that do not have @ membrane-bound true
nucleus, and can live in nearly every environment on
earth.
| Although tiny, prokaryotes differ greatly in their
genetic traits, their modes of nutrition, however,
their hobitats are similar.

| Based on genetic differences, prokaryotes are

grouped into two Major Domains: Domaoin Archoeo
and Domain Bacterio.

‘ 1. Domain: Archaea ...

o) Liond 5 Zunelil] Sl S Zanali SELS b S0
Archaea are extremophiles, “ <kl cas
4.4l of extreme environments and can

be classified into:
1 13 S T ST s Ll iall o 30020 3l - (1

a)- Extreme halophiles 4 slall cai:
e live in such saline places as the

) Comparison and Contrast >

| = +
o |5







2. Domain: Bacteria
Bacteria occur in many shapes and
sizes. Bacteria are of four shapes: rod-

e

shaped, sphere-shaped, spiral-shaped, -

or filamentous-shaped

Shapes of Bacteria
*Bacteria have one of three basic shapes:

A. Spiral shaped bacteria in the form of
(singular, spirillum)
or vibrio (comma like).
B. Sphere-shaped bacteria are called
(singular, coccus). An
example of cocci is Micrococcus luteus.
Cocci are single or
aggregate cells in different shapes.
C. Rod-shaped bacteria are called
(singular, bacillus). An
example of bacilli is Escherichia coli.
Bacilli are single or
aggregate cells in different shapes also

Summary of Gram'’s stain: ;s e
Gram Stain

are classified into two

Prokaryotic Cell

Plasma
membrane

Cell Wall Capsule

Ribosomes  nycleoid  Cytoplasm
(Cytosol)

The Gram’s stain: s 4ue
Developed by the Danish

physician “Hans Christian

Gram”in 19th-century

1 It is a tool for identifying bacteria,
based on differences in

their cell walls.

. Their cell walls have large

amounts
of peptidoglycans that react with
Gram’s stain

(appear violet-stained)

(a) Gram-positive bacteria

«

cell | PI‘”’““'
wall {9"“"
_layer
Plasma | (SRS R
membrane | UL N

Peptidoglycan traps crystal violet,
which masks the safranin dye.

categories based on the structure of their cell

walls as determined by a technique called the

have a thi

peptidoglycan in their cell wall, and they appear

violet under a microscope after the Gram-staining

procedure.

peptidoglycan in their cell wall, and they appear
under a microscope after the Gram-

staining procedure

(€98

Summary of Gram’

have a thin layer of

1 their cell walls have small amount
ck layer of of peptidoglycan. So,
they do not react (or very weakly
react) with Gram'’s stain (appear
- ( stained-red

glycan layer
Plasma membrane<

8 stain: »» 4

Gram +ve bacteria: have Large amount of peptidoglycan that stained violet.

Gram —ve bacteria: Have small amount of peptidoglycan stained
Gram-negative species are pathogenic ( more
threatening (than gram-positive species.

Gram-negative bacteria are commonly more resistant than gram-positive ones to antibiotics



| - Bacterial capsule
*Many prokaryotes (bacteria) secrete a sticky protective layer called

capsule outside the cell wall.
*Capsule has the following functions:
. bacterial cells to their substratum <Jus Adhere .1
. Increase bacterial resistance to host defenses .2
.Stick ( ( bacterial cells together when live in colonies .3

.Protect bacterial cell .4

Il - The bacterial cell wall

_ Reproduction of Bacteria
1 In all prokaryotes, the functions of the cell wall are as

%
follow: Prokaryotes

1. maintains the shape of the cell, ) reproduce

2. affords physical protection only asexually by

3. prevents the cell from bursting (in a hypotonic fission binary

. *A single cell
. environment

*Most bacterial cell walls contain peptidoglycan produces a

(a polymer of modified sugars cross-linked by short polypeptides). seloiny GrEfP g

*The walls of Archaea lack ( peptidoglycan

Nutrition of Prokaryotes

Nutrition of Prokaryotes B o) ity (A A
Bl ity A 8 . : Organisms that
*Nutrition refers to how obtain energy from light
an organism obtains . : Organisms that
energy and a carbon obtain energy from chemicals
from the environment to in their environment..
build . : Organisms that
the organic molecules of use CO2 as a carbon source.
its cells. . : Organisms that

use organic nutrients as a

carbon source

Photoautotrophs: use light energy as an energy source, and CO2 as a
carbon source to synthesizeuse light energy as an energy source, and

CO2 as a carbon source to synthesize

Chemoautotrophs: use chemical inorganic substances as an energy
source, and CO2 as a carbon source
Photoheterotrophs: use light as an energy source, and organic /

substances as carbon sources

Chemoheterotrophs use organic substances as a source for both 4

energy and carbon.






B- The Eukaryotic Cell

Eu = True
Karyon = Nucleus
Animal Cell Plant Cell

Compare Animal and Plant cell
Witat are the functions of cell organelles ?

&)

/
N

Comparison: Plant & Animal Cells
- Similarities
— Both are eukaryotic cells
— Both contain similar organelles
— Both are surrounded by cell membrane
*Differences

— Plants have

Eukaryotic Cell Organization Cell wall — provides strength & rigidity and is

not found in animal cells.
. f\'m«(r‘:;;‘llwm o o
- Have chloroplasts that is photosynthetic and

are not found in animal cells.

THE CELL L =g

— Animals have

- Lysosomes, centrioles and flagella are not

found in plants.

- Centrioles have important role in cell division.

Introduction
- An eukaryotic cell has internal membranes, which

partition
the cell into compartments.
- These membranes also participate in metabolism as
many

enzymes are built into membranes.

- The general structure of a biological membrane is a g g P
double z
layer of phospholipids and diverse proteins.

- Each type of membrane has a unique combination

of lipids

and proteins for its specific functions.

Irtermediate
filaments CYTOSKELETON

ox y 2l i
— - 11 N Chicroplast
i wall
Sl \ Notin plant colls
— Wall of adjacent cell L s e

Cent
Flagella (In some plant sperm)
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1)- The nucleus: %
Contains the cell’s genetic library M

The nucleus contains most of the genes in —~
an eukaryotic cell as it is the repository for
. . The nucleus contains the * " which are mad
genetic material. up
- The nucleus is separated from the of and _
cytoplasm by a double membrane called » When the cell prepares to divide, the chromatin fibers coil t

and condensed to be seen as “chromosomes”.
nuclear envelope.

: - - Each eukaryotic species has a characteristic number of
- [t directs activities of the cell.

chromosomes.
- The nuclear membrane contains pores that - A typical human cell has 46 chromosomes, but sex cells o1
allow macromolecules and particles to pass gametes (eggs

and sperms) have only 23 chromosomes.
through. . . N : o
- The nucleus directs protein synthesis by synthesizing
« The nuclear membrane is maintaining the messenger RNA ( ).
shape of the nucleus. — The mRNA travels to the cytoplasm and combines with

ribosomes

to translate its genetic message into the primary structure of

Nucleolus Nyclear
Nuclear, - envelope

pores Nuclear
N a { g pore
s, J { (7

Inner
membrane
Nucleoplasm

specific protein.

- Nucleolus is a dark region and produces ribosomes.

(a) Outer

membrane

2)- Ribosomes:
The protein-making machine
- Ribosomes: are RNA-protein complexes, and composed of two subunits (large and small) that joi:

and attach to mRNA to carry out protein synthesis. Q

subunit

- So, it is the site of protein synthesis. So S
- Ribosome assembly begins in the nucleolus and is completed in the cytoplasm
*In the nucleus, is transcribed, then binds to special proteins to form the subunit
in the

- The subunits pass out through the nuclear pores to the cytoplasm where they combine to form
Functional Ribosomes when they attach to an mRNA molecule.

- Cells that synthesize large quantities of proteins (e.g., pancreas) have large numbers of ribosome
E i' Large st
- ot st

1) Free ribosomes are suspended in the cytosol and synthesize proteins

- Types of Ribosomes:-

that function within the cytosol.
2) Bound ribosomes are attached to the outside of the endoplasmic
reticulum.
— These synthesize proteins that are either included into

membranes or for secretion outside the cell.







A)- The endoplasmic reticulum (ER)
(Intracellular highway)

« Largest internal membrane, composed of lipid __,..
bilayer Y,
* Serves as a system of channels from the (
nucleus
 Functions in storage and secretion
* There are two types of those are
different in structure and function.
1. Smooth ER looks smooth because it
lacks ( does not have ) ribosomes.
2. Rough ER looks rough because ribosomes
(bound ribosomes) are attached to its outside.

< X
%

The endoplasmic reticulum

*The smooth ER:
e Itis smooth as it
* It is rich in enzymes and plays a role in metabolic
processes.
» Its enzymes synthesize (oils, phospholipids and
steroids).
including the sex hormones.
» Extensive in the , it helps in

*The rough ER:
* It is “rough” because of the associated ribosomes
(sites of protein
synthesis)
* It is especially abundant in those cells that secrete
proteins such as
digestive glands and antibody-producing cells.
» These secretory proteins are packaged in transport
vesicles that
carry them to their next stage.
C)- Lysosomes:
are digestive components
* The lysosome is a membrane-
bounded sac of enzymes that
digests macromolecules.
» Lysosomal enzymes work best at pH
= 5 (acidic).
» The lysosomal enzymes are
synthesized by rough ER and then
transferred to the Golgi then to

lysosomes.
-~ @ Fusion forms
A ey
7 ~ S; ,o Primary lysosome
A\ = -
\® = 2

B)- Golgi apparatus:
finishes, sorts, packages and ships cell pr¢
* Collect, package, and distribute molecules
synthesized at one location in the cell and utilized
at another location
» Many transport vesicles from the ER travel to the
Golgi apparatus for modification of their contents.

» The Golgi body’s function is manufacturing,
warehousing, sorting (Packaging), and shipping
materials to outside the cell.

» The Golgi also manufactures polysaccharides.

* It correctly send proteins to their respective address.
* If the Golgi makes a mistake in shipping the proteins
to the right address,
certain functions in the cell may stop.

» The Golgi apparatus is more abundant in secretory

cells.

Functions of Lysosomal enzymes

1) They hydrolyse proteins, fats, polysaccharides,
and nucleic acids.
2) Can destroy the cell by auto-digestion
(autophagy).
3) Can fuse with food vacuoles to digest food,
(when a
food item is brought into the cell by Phagocytosis).
4) Can also fuse with and digest another organelle
or part of the cytosol. This process is called
recycling which renews the organelle and/or the
cell.
5. They digest unwanted particles.

6. They help white blood cells to destroy bacteria.

Plasma
membrane
Rough ER

& Transport vesicle

Food
2
N

-,
Food O &
vacuole \"J \
'

o =X
Qmomu e, Autophagy
9

Phagocytosis

Digestion



\ D)- Vacuoles:
have diverse functions In cell maintenanc
}/ » They are membrane-bound sacs with

varied functions such as storage,
J > digestion, and waste removal.

\ \ ‘}_/ » Contain water solution and help plants

maintain shape.
There are different types of vacuoles
“ including:
1. Food vacuoles, from phagocytosis, fuse
with
lysosomes for digestion.

2. Contractile vacuoles, found in
freshwater protists (e.g. Paramecium) to
maintain water balance (osmoregulation)

i

by
— / /\\\, pumping excess water out of the cell.
= , o 3. Central vacuoles (in mature plants)
K= store
T wastes, maintain the cell shape.

Other Membranous Organelles

A)- Peroxisomes
» Peroxisomes are similar in appearance to
lysosomes, but the two have different
origins:
» Lysosomes are generally formed in the
Golgi complex,
* Whereas peroxisomes are self-replicating

themselves.
» Contain enzymes for

These reactions produce a
toxic hydrogen peroxide; ( )as a
byproduct of cellular metabolism

Functions of peroxisomes

1- Hydrogen peroxide ( )is a
poison, but the peroxisome has

enzymes that converts

(H20).

2- Some peroxisomes break fatty acids
down to smaller molecules that are
transported to mitochondria as fuel

(cellular respiration).

3- They detoxify alcohol and other
harmful compounds. Thus, it exists
extensively in the liver cells.

4- Initiate the production of

, Which are typically used
in the formation of membranes.

to water

Other Membranous Organelles

They are rod-shaped organelles
that convert oxygen and nutrients
into ATP (adenosine triphosphate)

during aerobic respiration.
* Mitochondria are the sites of
cellular respiration,
» Generating from the
catabolism of sugars,
fats, and other fuels in the
presence of oxygen.

» Mitochondria are mobile and
move around the cell
along tracks in the cytoskeleton .

*

have a smooth
outer membrane and a highly

folded inner membrane forming the

cristae.
» The inner membrane encloses
the , a fluid-
filled space

with the mitochondrial DNA,
ribosomes, and enzymes.
The number of mitochondria
present in a cell depends upon the
metabolic requirements of that cell,
and may range from a single large
mitochondrion to
thousands.
The mitochondrion is different
from most other organelles
because it has its own circular
DNA (similar to the DNA of
prokaryotes) and reproduces
independently of the cell in
which it is found.







The Cytoskeleton g gga
Microtubules and filaments
A network of fibres that provides structural support to

the

cell. The cytoskeleton also functions in cell motility
and

regulation.
. It is made up of 3 types of fibers

. It has 3 main functions:

Cytoskeleton

Microtubule

Cell membrane Actin filament

Cytoskeleton
Cytoskeleton
|
L ! b
. (;a/icrzglirg‘ents %

Reinforcing the cell
shape and fixing
position of
organelles.

Responsible for cell
motility, and
separation of

chromosomes during
cell division.

Support cell
motility and
transport materials
within the cell.

(Actin protein) (Fibrous protein)

(Tubulin protein)

The cytoskeleton is dynamic, dismantling in one part ¢
and
reassembling in another to change cell shape.
* The cytoskeleton plays a major role in cell motility by
interacting with
» Motor proteins are able to move along the surface of
a suitable
substrate (powered by ).
» Motor proteins are the driving force behind most
active transport of
proteins and vesicles in the cytoplasm.

— In cilia and flagella motor
proteins pull components
of the cytoskeleton past

other each
— This is also true in muscle — wes e oy
cells.

A
/

Ve

Motor proteins /

are a class of
molecular motors that are able
to move along the
surface of a suitable substrate.
They are powered by the
hydrolysis of and convert
chemical energy into
mechanical work.

Transport -
vesicle

ATP  ADP+P;
Motor proteins. 4
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Motor proteins Ly Wy

Motor molécule  Microtubule

* Interactions of motor proteins and the
cytoskeleton circulates
materials within the cell.
* The cytoskeleton may transmit mechanical
signals that
rearrange the nucleoli and other structures.
» Motor molecules also
carry vesicles or organelles
to various destinations
the by provided
cytoskeleton.

O

!
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Microtubules functions as tracks
that guide motor proteins carrying
organelles to their destination.
*They move chromosomes during
cell division

Motor proteins and movement of organelles
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Centrosome

In many cells, microtubules grow out from a ¢
.centrosome near the nucleus

* In animal cells, the centrosome has a pair of
, each
with 9 triplets of microtubules
arranged in aring
* During cell division the centrioles replicate .

Centrosome &

Centricles

Cilia and Flagella

* Microtubules are the central structural
supporting both cilia and flagella.

— Both can move unicellular and small
multicellular organisms by
propelling water outside the organism.

. usually occur in large numbers on the
cell surface.

. usually occur in just one or a few
per cell.

. move more like oars with alternating
power and recovery
strokes.

. have an undulatory movement .
* So, they differ in their beating pattern

Cilia of Paramecium

(b) Motion of cilia

25 um

Cilia of Parame
'»}g{:'. .vt:- '(}}_

Flagellum of sperm

() Motion of flagelia

Flagellum of sperm

v Both cilia and flagella have the ultrastructure

same
v Both have a core of microtubules sheathed by ~
the plasma membrane. n
v arranged
microtubules of around a pair at the center. ¢+
v Flexible “wheels” of proteins connect "@ od
outer doublets to each other and to o
the core.
v The outer doublets are also connected by motor E_ =
proteins. W) .-

v Thus, the structure of the cilium and
flagellum is different from that of the centriole.

Movement of Cilia and Flagella
. and have arms of a
motor protein .( dynein(

— Dynein arms alternately grab, move,
and release the outer microtubules.
— Protein cross-links limit sliding and |

the force is expressed as bending

Cell membrane : 7=
The plasma membrane functions
as a selective barrier that LD

allowspassage of
oxygen,nutrients, and wastes for
the whole volume of the cell.

Srvctursi Componmats

Cell membrane
Composed of a kind of lipids

Lipid layer contains hydrophilic
and hydrophobic regions

Comparison between
Prokaryotes and Eukaryotes

Term

Prokaryotes

Eukaryotes

Size

1-10 pm in diameter

10-100 pm in diameter

Cell wall

Existed

In plant cell (not animal cell)

nucleus

No nuclear envelope but
Nucleoid

True nucleus exists with
nuclear envelope

DNA

As fibre in the nucleoid

region (plasmids in some cases,

)

As Chromatin (DNA and
protein)

Specialized
Organells

Most of them are absent

All are existed

Cell
division

By Binary Fission

Meiotic and/or Mitotic







B)- The plasma membrane has a unique
collection of proteins

Peripheral protein

Phospholipids
amphipathic molecules.
Amphipathic molecules have both hydrophobic regions and
hydrophilic regions

Integral protein

hydrophilic phosphate groups

Transport

mm?%m major cell motions. j‘%

(channel proteins): are transport proteins that

Aguaporins
function by having a hydrophilic channel that facilitate the
passage of water molecules through the membrane in

In this fluid mosaic model, the hydrophilic regions of certain cells. Without aquaporins, only a tiny fraction of water
molecules would pass through the cell membrane.
proteins and heads phospholipids are in contact with Carrier protein (glucose transporter): in the plasma
. . . . membrane of red blf)od cells transports glucose across the
water, while the hydrophobic regions are in a non- heerstie 54000 M Saes Ko iccns oo s Kouge
aq u eOUS e nVi rO nm e nt. Nonpolar molecules, such as hydrocarbons, CO,, and O,

are hydrophobic and can therefore dissolve in the lipid
bilayer of the membrane and cross it easily, without the aid of
membrane proteins.

Thus, the selective permeability of a membrane depends
on both the discriminating barrier of the lipid bilayer and the
specific transport proteins built into the membrane

Selective permeability -1
*To work properly
with permeability,
membrane must
be fluid about as fluid as oil.

C)- Functions of cell membrane

0,

Selective Permeability

The cell is able to take up iz particular molecules
and exclude —sssothers

Thus membrane proteins assist and regulate the transport
of ions and polar molecules.




C)- Functions of cell membrane

Involves the movement of molecules across the cell
membrane
without the need of energy by the cell.
is required to move substances across

membrane
(water, lipids, and other lipid soluble substances).
Rather, the GRADIENT
represents
Types of Passive transport:
I. Diffusion
II. Osmosis

I1l. Facilitated Diffusion

(The passive transport of solutes molecules)
Is the tendency of molecules of any
substance to spread out in the available
space randomly.

» For example, a permeable membrane
separating a solution with
from , sugar molecules will cross
the barrier randomly.
» The sugar molecules will cross the
membrane until both solutions have equal
concentrations of the sugar (

e A substance WI|| dn‘fuse from where it is
d to where
it is , down its

OSMOosis 159 ! the passive transport of wi
(Principal of water imovenient)

It is the passive transport in which water diffuses
across a selectively permeable membrane from the
hypotonic solution to the hypertonic solution until

the solutions become
Types of solutions.
*» The solution with the higher concentration of
solutes is hypertonic.
* The solution with the lower concentration of
solutes is hypotonic.
* Solutions with equal solute concentrations are

(= M__:_isgtonic.

. Po

ol no 0%
o .t
o0 Tany

ummary:
rpes of solutions and Osmosis

*Hypertonic solutio: L \ )
ccontains high concentration of solute molecules.
*Hypotonias solutio:
contains low concentration of solute molecules
*isotonic solution:
contain equal concentrations of solute molecules.

Osmoregulation g9 o0
*Thecellina environment
will loose water, shrivel , and die.
«Acellin a solution will gain water, swell,
and burst.
* Nothing will happen for a cell in an
solution
. Organisms without rigid walls have
osmotic problems in either a
hypertonic or hypotonic environment
and must have adaptations for
osmoregulation to maintain
their internal environment.

. Example, Paramecium has a € o i
specialized organelle (the contractile
vacuole), that functions as a pump to

force water out of the cell.

Osmoregulation: in Paramecium
The contractile vacuole

?:,e?ﬁ

N"'

- Faellitated Diffusion:
Specific proteins facilitate 2<a passive transport

* Many polar molecules and ions diffuse passively
through the lipid bilayer
with the help of gated
channels .(
» The passive movement of molecules down its
concentration gradient via a transport protein is
called

» Many transport proteins
simply provide allowing a specific
molecule
or ion to cross the membrane.

(,\xx\xxx.\/ ;xomx;
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against

against
their concentration gradient less
concentrated
energy ATP

transport protein (T. protein).

1)- Transport of small molecules (ions)

proteins

i Small La
Diffusion Osmosis | Facitated Moleculeslions molocules

(Solute molecules) (Solvent molecukes) (. proteln) (T. protein) (Membrane)

Endocytosis Exocytosis

[ Pinocytoss I Recpeier st

Cellular eating Cellular drinking Selective eating

polysaccharides
lipoprotein particles

cellular eating







AN INTRODUCTION TO METABOLISM

Enzymes
Protein molecules with catalytic properties due to
their power of specific activation

Hydrolysis of sucrose (table sugar)
Hydrolysis of sucrose in the presence of Sucrase results
in its two monosaccharide components. This process include:
1- Breaking the bond between Glucose and Fructose;
2- Then, forming new bonds with H+ and OH- to from water.
This process consumes energy (Activation Energy; EA)

Dehydration

Glucose + Fructose NSNS Sucrose

Hydration (H,0)
Sucrase

Enzymes speed up metabolic reactions
by lowering energy barriers ww s
*Chemical reactions between molecules involve both bond
breaking and bond forming.
*To hydrolyze (hydration) , the bond between glucose
and fructose must be broken via hydrolysis in the presence of
(the catalyst)
cHy CH,0M

CHOH OH CH,0H
" M O M Ly " H
OH H H HO . e OH H . H HO
10 °Qn,on "o HO o 0o CH,OH
H H OH

| Sucrase
H OH OH OH H

CotuOy CHads Caas
Sucrose Glucose Fructose
Enzymes and Activation Energy
Activation Energy:

It is the minimum amount of energy needed to start a reaction. It is
the amount of energy needed for the reaction (between enzyme &
substrate) to complete (to break the bonds).

Raising the temperature for these reactions to complete will either
denature the compounds or kill the cell.

Thus, organisms must therefore use a catalyst
Catalyst:

It is a chemical agent that accelerate the reaction without being

Enzyme is a catalytic protein sw=— .
consumed by the reaction.
An enzyme is a specific catalyst for specific
reactants at any time in the cell (e.g. Sucrase for only Sucrose)
ANNNANNNNNNNANNNNNS

Summary:
K Active site of enzyme and Catalytic Cycle

Sucrose

Summary:
Active site of enzyme and Catalytic Cycle

k "l

Activation energy

Activation energy: is the amount of
energy necessary to push the
reactants over an energy barrier.
At the transition state, the molecules
are at an unstable point.

The difference between free energy
of the products and the free energy

of the reactants is the
Enzyme can increase the rate of
reactions by lowering
The transition state can then
be reached even at moderate
temperatures.

Progress of Da seacron >

NNNNNNNNNNANNNNNANS
Enzymes are substrate specific

The substrate is a reactant which binds to *
.an enzyme
* When a substrate binds to an enzyme, the
enzyme catalyzes the
conversion of the substrate to the product.
— Sucrase (catalyst) is an enzyme that binds
to sucrose (substrate) and
breaks the disaccharide into fructose and
glucose (products).

Enzyme (a cataiyst)
Substrate £ 4
Sucrase
+

Specificity of enzyme refers to the shape of
its
Active Site into which fits the surface of the
substrate.

The active site is an enzyme’s catalytic center
the active site of an enzymes is the groove**
on the
surface of the enzyme into which the substrate
fits.
» The specificity of an enzyme is due to the fit
between the
active site and that of the substrate.
. As the substrate binds, the enzyme
changes shape to fit the
substrate, bringing chemical groups in position
= @ to catalyze the




Summary:
Active site of enzyme and Catalytic Cycle

1- The substrate binds to the active site of enzyme.
2- This forms an -Substrate complex (via weak
hydrogen bonds).

3- The active site catalyzes the conversion of the
substrate to final products (to its original components) by
breaking bonds.

4- The resulting products release from the enzyme.

5- The enzyme starts another reaction over and over
again.

6- Thus, the enzyme can have a huge metabolic effect in
the catalytic cycle.

7-An enzyme§ has catalytic properties due to its power of hydrolytic

activities
——

Summary:
Some characters of enzyme
« A single enzyme molecule can catalyze thousands or

more reactions a second.
Enzymes are un-affected by the reaction and are
reusable
Most metabolic enzymes can catalyze a reaction in
both the forward and reverse directions.
*The actual direction depends on the relative
concentrations of products
and reactants.
*Enzymes catalyze reactions in the direction of
equilibrium.

The rate that a specific number of enzymes converts
substrates to products depends in part on substrate
concentrations.

At some substrate concentrations, the active sites on
all enzymes are saturation enzyme called , engaged

Cellular factors affecting enzyme activity

» Changes in shape of the enzyme molecule influence the
reaction rate.

» Some conditions lead to the most active conformation
and lead to optimal rate of reaction. These factors are:
1. Temperature: has a major
impact on reaction rate.

v As temperature increases,

i

Rate of reaction —»

R A ST S S0
H—>

Cellular factors affecting enzyme activity
2. pH also influences the reaction rate, each enzyme
has
an falls between pH 6 - 8 for most
enzymes.
* However, digestive enzymes in the
stomach are designed to work best
a while those in the intestine
are optimal at , both matching
their working environments.
Cofactors. 3
A non-protein helpers for catalytic activity of
enzymes. They bind
permanently to the enzyme and include two types:-
a)- Inorganic cofactors, include zinc, iron, and copper.
b)- Organic cofactors, include vitamins or molecules
derived
from vitamins (coenzymes).

Enzyme inhibitors: <l iy cilgis
* Inhibitors are chemicals that reduce the rate of
enzymatic reactions.

» The are usually specific and work at low concentrations.
» They block the enzyme but they do not usually destroy
it.

* Many drugs and poisons are inhibitors of enzymes in
the nervous system.

Competitive inhibition: the inhibitor binds to the same
site as
the substrate, thus prevent the enzymatic reactions.
Non-competitive inhibitione
the inhibitor binds somewhere
other than the active site, resulting
in changing enzyme shape. Finally,
deactivate the active site

reaction between substrate and
active sites occur faster.
v However, at some point thermal
increase begins to denature the
enzyme.

ampersture (') —»> - =
(n) Optimal bemperature for bwo eeczymes |—Z/—‘> i

v Each enzyme has an optimal temperature

Some benefits of enzyme inhibitors
The insecticide DDT is an inhibitor for key enzymes of nervous system in insects results in death.

Many antibiotics (e.g. Penicillin) inhibits enzymes that help bacteria to make their cell walls.
In the next lecture we will explain that:







The Control of Metaholisim _ #=

« In many cases, the molecules that naturally regulate enzyme __ -
activity behave like reversible noncompetitive inhibitors. 7.'“%;«;
» These molecules often bind weakly to an allosteric site which ==
is a specific receptor on the enzyme that is not the active Site s mam —
» These molecules can either inhibit or stimulate enzyme
activity.
:Regulation Allosteric)- 1
» Most allosterically regulated enzymes
are constructed of two or more polypeptide chains.
» Each subunit has its own active site.
The allosteric sites are often located where subunits are
joined.
» The whole protein exists in two conformational shapes, The
, and the

It stabilizes the conformation that
has a functional active site.

2
P O

Active form tasctive form
B
on siiosiensd

It stabilizes the conformation that lacks an actlvqﬂggé‘;mm =
* In many cases, both inhibitors and activators are similar B
enough in shape that they compete for the same allosteric

sites.
» These molecules may be products and substrates of a
metabolic pathway.
It is one of the common methods of metabolic control
in which a metabolic pathway is turned off by its end
product .

The production of
from by

=
* The end product acts as an ﬂm
inhibitor of an enzyme in the
pathway.
* When the product is abundant
, the pathway is turned off, when rare the
pathway is active.

regulation Cooperativity)- 2
* It occurs in enzymes with
multiple catalytic subunits.
Lending a substrate to
one active site stabilizes
favorable conformational
changes at all other
subunits, a process called cooperativity
» This mechanism amplifies the
response of
enzymes to substrates, making the
enzymes accept
.Substrates additional

Substrate
@ {l\
. E:%
Inactive form Active form stabilized
of enyme by a substrate molecule

Summary of metabolic control

1)- Allosteric Regulation
Regulatory molecules that bind weakly to
an Alosteric site of the enzyme
(Allosteric Enzymes) in order to inhibit or
stimulate the enzyme activity
A)- Allosteric activation.

B)- Allosteric inhibition
C)- Feedback inhibition.

2- Cooperativity
Stabilizes favorable conformational
changes at all other subunits to
make the enzyme more efficient






Overall process
a) Organic compounds + O, — CO, + H,0 + energy
b) Food is the fuel for cellular respiration.
¢) Cellular respiration Is a catabolic pathway: it releases
energy by breaking down complex molecules.

d) Cellular respiration involves movement of electrons
(gain or loss).

@) Wae will study the breakdown of glucose as an
example.

Cellular Respiration
Cellular Respiration

o ummm'
AN
ICnIIuInIAcﬂvmeﬂ é‘

Organic compounds + O, - Energy + CO, + H,0

Cells recycle the ATP they use for work
* ATP (Adenosine Tri-Phosphate) is the important
molecule in cellular energetics .
— The attachment of three negatively-charged phosphate
groups (P) is unstable an
, energy-storing arrangement.
— Loss of the end phosphate group release energy.
— Thus, it can diffuse to any part of the cell and release
energy.
« The price of most cellular work is the conversion of ATP
to ADP and phosphate (P).
* An animal cell regenerates ATP from ADP by adding P
via the catabolism of organic molecules.

Adenosine Tri-Phosphate (ATP)

Adenosine
Q- + H0
Triphosphate \\

Y/
< Energy <

20

Adenosine Di-Phosphate

How dose ATP drive cellular work ?

W é
ON
iy

Importance of ATP

The transfer of the terminal phosphate group from ATP to
is molecule another phosphorylation

 This changes the shape of the receiving molecule in order to work

(transport, mechanical, or chemical).

Catabolic pathways relocate the electrons stored in food molecules, releasing energy ¢

.that is used to synthesize ATP
» Reduction-Oxidation reactions (Redox reactions):

Are reactions that result in the transfer of one or more electrons from one reactant to

another
* Oxidation: Is the loss of electrons.
» Reduction: Is the addition of electrons.

R Vo st K. b W

Electrons “fall” from organic molecules to
oxygen during cellular respiration
* In cellular respiration, glucose and other fuel molecules are oxidized,
releasing
energ
* Glucose is oxidized, oxygen is reduced, and electrons lose potential
energy.
* H is the source of electrons that transfers to O.
» Thus, molecules that have an abundance of hydrogen are excellent
fuels
because their bonds are a source of electrons that “fall” closer to oxygen.
» Enzymes lower the barrier of activation energy, allowing these fuels to
be
oxidized slowly.
« When H moves to O, it leaves bonds which degenerated to release
encigy.
. Thq\f'ggglting energy is used by the cell to synthesis ATP .

Z « Cellular respiration does not oxidize glucose in a single step that transfers all the hydrogen in glucose to oxygen

at one time.

* Rather, glucose and other fuels are broken down gradually in a series of steps, each catalyzed by a specific

enzyme.

« At key steps, hydrogen atoms move from glucose and passed first to the coenzyme NAD+ (Nicotinamide

Adenine Dinucleotide).

Poin * Dehydrogenase enzymes strip two hydrogen atoms from the fuel (e.g., glucose), pass two electrons to NAD+
and release H+.
Motor ) * This changes the oxidized form, NAD+, to the reduced formNADH. Thus, NAD+ is oxidizing agent as it accepts
electrons.
N — NAD+ functions as the oxidizing agent in many of the redox steps during the catabolism of glucose.
H-C-OH + NAD* —2ehydrogenase C=0 + NADH + H*

As electrons “fall” from NADH to oxygen, their energy is used to synthesize ATP.

Electron transport chain
. Cellular respiration uses an electron transport chain to break the fall of electrons to O2 into several steps ¢
 The electron transport chain, consisting
of several molecules (primarily proteins), is built into the inner membrane of a mitochondrion.
* NADH takes electrons from food to the “top” of the chain.
* At the “bottom”, oxygen captures the electrons and H+ to form water.
« Electrons are passed by the chain until they are caught by oxygen (the most electronegative)

- Then from

Summary of electron “Fall” steps

- Falling of all H atoms from glucose to

- It occurs in steps, each step is catalyzed by an enzyme.

- H atoms of glucose pass first to the co-enzyme

H to electron transport chain, and finally to
releases energy to form

on Fall
Elects _____Mitochondrion

is gradually not at once.

ramsport chain = Oxygen '\

)
ATP «———ADP J»::«?':‘

n
he Coyy

to form
and






Phosphorylation

I- Substrate-level phosphorylation:

» Some ATP is generated in glycolysis and in Krebs cycle
by Substrate-level phosphorylation. Phosphate group is

-

transferred from -
an organic molecule (the substrate) to ADP, forming 10%

2. The Krebs cycle completes the energy-yielding
oxidation of organic molecules (in mitochondrial matrix
of the total ATP (4 ATP). |utimately, 35 »

lI- Oxidative phosphorylation: 19 2ndH:0 by respiration.

P are produced per each

glucose molecule that is degraded to
* As electrons passed along the chain,
their energy stored in the mitochondrion

It is the process of producing some of the remaining
energy (ATP) from the Pyruvate molecules. It occurs

in a form that can be used to synthesize
the rest 90% of the ATP (34 ATP).

* via Oxidative phosphorylation.

(splitting glucose): harvests chemical
energy by oxidizing glucose to

mainly in mitochondrial matrix if oxygen is present.

« If O2 is present, pyruvate enters the mitochondrion

where enzymes of the

Krebs cycle complete the oxidation of this organic fuel
to CO2.

* As pyruvate enters the mitochondrion which modifies
* During glycolysis, glucose (a six carbon-sugar) is split into two

pyruvate to
acetyl-CoA which enters the Krebs cycle in the matrix.
— A carboxyl group is removed as CO2.
molecules (each is
three-carbon sugar).

— A pair of electrons is transferred from the remaining
» These smaller sugars are oxidized and rearranged to form two
molecules of pyruvate.

two-carbon fragments to NAD+ to form NADH.
— The oxidized fragment, acetate, combines with
» Each of the 10 steps in glycolysis is catalyzed by a specific enzyme

coenzyme A to form

cycle is called Pre-Krebs cycle vuss s pamatis,m
» These steps can be divided into two phases:

The Krebs cycle Occurs in 2 steps:
1)- Energy investment phase:
ATP is consumed to provide activation energy by phosphorylating

It is the main source for preparing most of the
glucose (this requires 2 ATP per glucose).

cellular NADH (storing
energy molecule), and for producing some more of

the cellular ATP.

2)- Energy payoff phase:
ATP is produced by substrate-level phosphorylation and NAD+ is

It includes two cycles :
The Pyruvate is the substrate for this cycle
Pre-Krebs cycle « i ¢
reduced to NADH. The acetyl-CoA is the substrate for this cycle
* 4 ATP and 2NADH are produced per glucose.
* Thus, the net yield from glycolysis is 2 ATP and 2 NADH per
glucose.

A)- Pre-Krebs cycle

Summary of Glycolysis (Splitting of glucose)
It is the process of breaking a glucose into 2

Pyruvate is converted into acetyle CoA in the
It is a source for some

presence of O2 through 3 steps.
a)-

group of pyruvate is released as
b)- The remaining two-

& H.
It occurs in the CYTOSOL (cytoplasm).

A)- Eneray investment phase

fragments are oxidized
It has two phases

(releasing e-) into

acetate and the resulting e- transform NAD+ into
1)- Glucose is phosphorylated twice by adding 2

NADH.
c)- The coenzyme-A ( ) transform acetate
compound into
acetyle- , which will be ready for Krebs Cycle for
coming from further
(substrate-level phosphorylation). It has two phases
2)- Thus, Glucose (6-C) splits into two small sugar molecules (each
with 3-C).
B)- Energy pay-off phase

oxidation.
B)- Krebs cycle

Ry sh

4ATP are formed by adding 4P to 4ADP molecules.
The net yield of this process is the formation of 2 NADH,
2 ATP and 2 pyruvate molecules.

It has eight steps starting with 2 acetyle-
CoA compunds. They are summarized as shown in the figul
This cycle begins when acetate from each acetyl-
CoA combines with oxaloacetate (4 C atoms) to form citrat
(citric acid).
« Ultimately, the oxaloacetate is recycled and the acetate i
broken down to CO2.
 Each cycle produces one ATP by substrate-level
phosphorylation, three NADH, and one FADH2 (another
electron carrier) per acetyl CoA. Thus, the outcome of the tv
cycles is
(for the 2 Acetyle-CoA molecules):

2ATP
Output 6 NADH
2 Qu,

Flavin Adenine Dinucleotide
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3- Electron transport chain:

(oxidative phosphorelation)

» Only 4 of 38 ATP ultimately produced by respiration of glucose are
derived from substrate-level phosphorylation (2 from glycolysis and 2
from Krebs Cycle).

» The vast majority of the ATP ( ) comes from the energy in the
electrons carried by NADH and FADH2.

» The energy in these electrons is used in the electron transport
chain to power ATP synthesis
» Thousands of copies of the electron
transport chain are found in the extensive
surface of the cristae (the inner membrane of
the mitochondrion).

* Electrons drop in free energy as they pass
down the electron transport chain.

Electron transport chain _
« ATP-synthase, in the cristae actually makes ATP from ADP and Pi.

» ATP used the energy of an existing proton gradient to power ATP synthesis.
— This proton gradient develops between the inter-membrane space and the
matrix.
— This concentration of H+ is the proton-motive force.
» The ATP synthase molecules are the only place that will allow H+ to dlffuse
back to the matrix (exergonic flow of H+).
* This flow of H+ is used by the enzyme to generate ATP in a process called
“Chemiosmosis”.
e Chemiosmosis: (osmos = puch)lt is the oxidative phosphorelation that
results in ATP production in the inner membrane of mitochondria

Energy carried by NADH and FADH2 give a maximum yield
of 34 ATP is produced by oxidative phosphorylation.

Cellular respiration generates many ATP
molecules for each sugar molecule it oxidize

* During respiration, most energy flows from glucose >NADH >electron
transport chain> proton-motive force> ATP.
» Some ATP is produced by substrate-level phosphorylation
during glycolysis and the Krebs cycle, but most ATP comes from
oxidative phosphorylation (through electron transport chain).
» Energy produced in Glycolysis and Krebs cycle gives a
maximum yield of 4 ATP by substrate-level phosphorylation.
 Energy produced in electron transport chain gives a maximum
yield of 34 ATP by oxidative phosphorylation via ATP-synthase.
« Substrate-level phosphorylation and oxidative phosphorylation
give a bottom line of 38 ATP
- Glycolysis occurs in the cytosol and breaks glucose into two pyruvates
- Krebs Cycle takes place within the mitochondrial matrix, and breaks
a pyruvate into CO2 and produce some ATP and NADH.
- Some steps of Glycolysis and Krebs Cycle are Redox in which dehydrogenase
enzyme reduces NAD+ into NADH.
- Electron Transport Chain accepts e- from NADH and passes these e- from one
protein molecule to another.
- At the end of the chain, e- combine with both H+ and O2 to form H20 and release
energy.
- These energy are used by mitochondria to synthesis 90% of the cellular ATP via
ATP-synthase, a process called Oxidative Phosphorylation, in the inner membrane of
mitochondria.

Summary of cell respiration
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Definitions: <

Chemiosmosis: a process via which oxidative
phosphorylation
takes place at the end of the Electron
Transport Chain to produce
90% of ATP via ATP-synthase.
« Or, is the process in which ATP synthesis
powered by the flow of H+
back across ATP synthase.
» ATP-synthase: an enzyme presents in the
inner mitochondrial
membrane and used in making ATP by using
H+ (protons).
* NAD+: Nicotinamide adenine dinucleotide,
which is a co-enzyme
that helps electron transfer during redox
reactions in cellular
respiration.
* FAD: Flavin adenine dinucleotide, which is
an electron acceptor
that helps electron transfer during Krebs
Cycle and Electron
Transport Chain in cellular respiration.

Fermentation: enables :ss some cells to
produce ATP without the help of OXygen

» Oxidation refers to the loss of electrons to any
electron acceptor, not just to oxygen.

— In glycolysis, glucose is oxidized to 2 pyruvate
molecules with NAD+ as the oxidizing agent (not O2).
— Some energy from this oxidation produce 2 ATP.
— If oxygen is present, additional ATP can be generated
when NADH delivers its
electrons to the electron transport chain.

* Glycolysis generates 2 ATP when oxygen is absent
(anaerobic .(

« Anaerobic catabolism of sugars can occur by
fermentation.

e Fermentation can generate ATP from glucose by
substrate-level phosphorylation as long as there is a
supply of NAD+ (the oxidizing agent) to accept
electrons.

— If the NAD+ pool is exhausted , glycolysis shuts
down.

— Under aerobic conditions, NADH transfers its
electrons to the electron transfer chain, recycling
NAD+.

» Under anaerobic conditions, various fermentation
pathways generate ATP by glycolysis and recycle
NAD+ by transferring electrons from NADH to pyruvate



Fermentation ( .

* Alcohol fermentation:
the pyruvate is converted to ethanol in two steps.
— First, pyruvate is converted to acetaldehyde by the removal of CO2.
— Second, acetaldehyde is reduced by NADH to ethanol.
— Alcohol fermentation by yeast is used in wine-making.
* Lactic acid fermentation:
the pyruvate is reduced directly by NADH to form lactate (ionized form of lactic acid).
— Lactic acid fermentation by some fungi and bacteria is used to make cheese and yogurt.
— Muscle cells switch from aerobic respiration to lactic acid fermentation to generate ATP
when lack of O2 (O2 is scarce( -8
» The waste product, lactate, may cause muscle fatigue, but ultimately it is converted back — o
to pyruvate in the liver.

Examples of anaerobic respiration:
A)- During exercise our bodies require a lot of energy
» The body can only supply a limited amount of oxygen for
cellular respiration.
* Energy is not produced at the rate required.
* Cells will use anaerobic respiration to release extra energy
« This produces lactic acid (a waste product).
B)- We use yeast to make bread
» CO2 produced causes bread to rise by creating air pockets
 The ethanol (alcohol) produced is evaporating during baking

Fat and Protein Breakdown

A. Fats
* have more energy per gram than carbohydrates or proteins. - gt
« fatty acid chains are oxidized and broken into smaller 2 carbon chains.
« the 2 carbon chains are converted into acetyl CoA to enter the Kreb’s cycle.

B. Proteins =
» must be converted into individual amino acids. (S (\?@\Q
. . . . q . I
e excess amino acids are converted by enzymes into intermediated of glycolysis 1}

and Krebs cycle.

» amino acids go through deamination (amino groups are removed)
* nitrogenous wastes from the amino groups are released as wastes.
» new compounds enter glycolysis or Krebs

Some organisrljs (Vfacu‘lt‘ative Proteins and fats, can also enter the
;naorpbos Gaa! A5l 52001, respiratory pathways, including
including yeast and many bacteria, glycolysis and the Krebs cycle, like
can survive using either carbohydrates.
fermentation or respiration. " —

« Ata cellular level, human muscle Il
cells can behave as facultative A Same Giysaret ro
anaerobes, but nerve cells cannot. M L ]
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