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Biochemistry Is the science of the
chemical basis of life i
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Eukaryotic Cell

* Nucleus

* Membrane bound organelle
* Cytoskeleton

* Complex

* No Nucleus
. Cytoplasm | * No Membrane bound Organelle
«  DNA * No Cytoskeleton
« Plasma * Simple
Membrane



The outer membrane of
cell that protects and
controls movement In &
out

- Double layer
(phospholipid bilayer)
- Selectively permeable
e Boundary between the
cell and the environment
- All cells have this!! Intracellular

Cell membrane

Extracelular




Directs cell activities

e Separated from cytoplasm by
nuclear membrane

e Contains genetic material —
DNA

Nuclear Membrane:
e Surrounds nucleus
« Made of two layers
e Openings allow
material to enter and
leave nucleus
Nucleolus:
 Inside nucleus
e Contains RNA to build proteins

Nucleus




e Gel-like mixture

e Surrounded by cell
membrane (the area
outside the nucleus)

e All of the organelles are
suspended (float) in it

Cytoplasm

Cytoplasm =
everything between
the plasma membrane
and the nuclear
compartment




A system of tubes & sacs _
formed by membranes Endoplasmic

(an enclosed space) Reticulum
It has 2 types:

* Smooth ER: lacks

rilbosomes

- Lipid synthesis, drug
detoxification, carbohydrate
metabolism

 Rough type: “‘*d\m Db

rilbosomes embedded In
surface
- Transports proteins to the Golgi body




 Sorts proteins and Golgl Apparatus

packs them into
vesicles to be sent fg\“‘ '
to appropriate i
destinations (like _ o
mail being sorted a 9@/ 4

the post office) ¥ ey e
Transport vesicle w \“ 50 frany fice
-

Transport vesicle
froam rough ER

W (& Cisternae

R Mew vesicles
forming

S Trans face—

from the Gelgi



Vesicles move from ER to Golgi




e Lysosome = Digestive sac for
proteins, fats, &carbohydrates LYySOSOMes

that contains digestive enzymes

a merges with vesicles mm
containing food particles,
Invading bacteria

b. harsh chemicals and

enzymes degrade the food or
bacteria, without harming rest

whd oy bo

Of CeII £ 2003 Encyclopmdia Britannics, ke,
c. Transports undigested

material to cell membrane
for removal

food waouwole



Mitochondrion
major source of cell’s energy

a. energy Istaken from
sugar, stored in molecule

caled ATP (adenosine
triphosphate)
b. reguires oxygen to
make this exchange
(aerobic metabolism)

C. Cristae — inner membrane
Matrix — inner membrane space

Mitochondria

Mitochondria Structural Features

Figure 1



Cytoskeleton

* Network of protein fibers
supporting cell shape and .- =
anchoring organelles st R

e Microfilaments e o~ N

Microtubules S

Forms cilia, flagella,

centrioles




* Ribosomes are the
protein synthesizers of
the cell.

* They look like little dots
on the nucleus, ER and
In the cytoplasm

Where the cell
produces proteins

« They are not true
organelles

Ribosomes




Membrane-bound Vacuoles

Sacs for storage, -
digestion, and  waste Q
removal |

e Can take up to 90% & @

of the volume of a plant __ ... éj

cell

- Contains water solution

- Help plants maintain
shape-

FFFFF



Cell Parts Chart

30L

Cell Parts Chart

MName What does it do? Ficture
Directs all the
e beus activities of the
cell
Cell Pratects the cell
Membrare | and allows i
nutrents o come
into the cell.
The gel-like fluid T
Cytoplasm | that holds the }
organelles. -
: Produces proteins
Ribosomes | that helps the cell | 3"
grow.
Endoplasmic | Passages that
E-EficFllJlum TT"I:II"ISI:I-I:'II'"TE
materials.

Mitochondria Producess energy %
Packages materials

Golgi bodies | to be sent or \
received.
Breaks down food

Lysosomes and waste ®
materials.
Stores food, water,

Vocuoles and nutrients, =
Provides shape for

cell Wall plant cells. -
Uses sunlight %

Chioroplasts | ¢ to make
frm; Ir:glur:uﬂﬂ}.

31R
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Energy Is defined as the ability to do work.
Organisms take In energy and transduce it to
new forms.

Bioenergetics Is the quantitative study of
energy transductions (transfer and utilization)
In living cells.
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Basic Types of Energy

.'KI-.

: h"\.l

Kinetic -Ener_gy in
NEevAl motion

o Chiiz1Me Stored
ChEe)Al energy




Free Energy

The amount of energy actually available to break
and subsequently form other chemical bonds =
Free Energy of the molecule. Free energy Is defined
as the energy available to do work.

Caloric value of food Is the amount of free energy
derived from complete oxidation of food

entropy
) Mechanical exampie
e AGO = AHO - TASO

Gibbs free energy | enthalpy Fm:emture (K) J
(J or k1)
= Endergon Eorrgaa B




Enthalpy, is the heat content
of the reacting system.

When a chemical reaction
releases heat, It 1s said to be
exothermic —

enthalpy decreases

heat Snergy in heat CTCTEy ol

Reacting systems that take up
heat from their surroundings
are endothermic- and have
positive value of AH

Units of AH - joules/mole

Entropy, is a quantitative

expression for the
randomness or disorder of a
system.

When the products of a
reaction are more
disordered than the

reactants, the reaction is
said to proceed with a gain
In entropy

Units of AS - 3/mol

Entropy: randomness or
disorder in a system

e < ) < [
S I g



Afa: CHANGE IN FHEE ENERGY

= Energy available 1o do work

« Approaches zero as reaction
procesads to eguilibrium.

« Predicts whether a reaction is
favorable.

AH: CHANGE IN ENTHALPY

& Heat releassd or absarbed
durirng a reaclion.

& Does not predict whathear 3
reaction is Tavorable,

AG = AH-TAS

AS: CHANGE IN ENTROPY

« Measure of randomness.

# [koes not predict whether a
reaction is favorable.

Relationship between
changes in  free
energy (G), enthalpy
(H), and entropy (S).
T i1s the absolute
temperature IN
degrees Kelvin

(0K): oK =0C + 273
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1- An exergonic
reaction refers to a reaction Exergonic Reactions
temperature and pressure.

where energy is  released.
Because the reactants lose energy
reactants
AG <O
These reactions wusually occur E
spontaneously. @ s

(G decreases),

Gibbs free energy (AG) is
negative under constant

Gibbs Free Energy

products

Example of exergonic reactions » Reaction is spontaneous
IS cellular respiration: C6H1206 + Energy is released
(glucose) + 6 O2 -> 6 CO2 + 6 e AG < 0

H20



2- An Endergonic reaction is
a honspontaneous reaction.

Endergonic reactions absorb Endergonic Reactions
energy from their surroundings.

=
« The free energy of the system "ﬁ-,"l
increases. The change in E
- o products
the Gibbs Fre_e Energy_ (G) c_)f £ st
an endergonic reaction is 2
- - L
pOSItlve 5:3 reactants
- Examples of  endergonic @ Thme
reactions include endothermic
reactions, such as * Reaction is not spontaneous
photosynthesis and the * Energy is absorbed

melting of ice e



dJaada

AG (without the superscript “0”), represents:

- the change In free energy and, thus,

-the direction of a reaction at any specified
concentration of products and reactants.
The standard free energy change, AGo (with the
superscript “0”), which is

- the energy change when reactants and products are at
a concentration of 1 mol/L.

when you try to understand
Biochemistry

AG = AGo + RT In(B). /(A)




A

Activation
Energy

Gibbs Free Energy
AGo
(Negative = exothermic)

Energy

' Free Energy _ .
i e, If AG =0, thg _rea_ctants are in
AAEB) e —— equilibrium
Free Energy
Products
C+D
, > Gibbs Free Energy
Reaction PTOQFGSS AGO
T (Positive= endothermic)
Activation
Energy
>
2
m -----------------
Lﬁ Free Energy
Products
- IIH-'---'I(E-:-'D'H-FI
Free Energy
Reactants
(A+B) >

Reaction Progress



ATP AS AN ENERGY CARRIER

adenine

-

o~ o '.I:l_
O—P—0

I I

O O

o
Qo
0

three ph;sphates
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ATP

Adenosine triphosphate (ATP) Is considered to be the
energy currency of life. It i1s present in the cytoplasm
and nucleoplasm of every cell, and is essential for all the
physiological mechanisms that require energy! ATP Is
remarkable for its ability to enter into many coupled
reactions.

ATP forms Mg 2+ complex in the cell. ATP cannot be
used as a storage form of energy due to its high turnover
rate (the amount of ATP that Is formed and broken
equals the body wt daily)

ATP hydrolysis produces ADP. This

IS an extremely crucial reaction. Just the
cutting of one bond is sufficient to liberate about 7.3
kilocalories per mole = 30.6 kJ/mol


http://hyperphysics.phy-astr.gsu.edu/hbase/Biology/atp.html
http://hyperphysics.phy-astr.gsu.edu/hbase/Biology/atp.html

el
Other High Energy Phosphate

compound
KJ/mol Kcal/mol

phosphoenolpyruvate -61.9 -14.8

| Carbamoyl phosphate -' -51.4 | -12.3

-60 k | 1,3-bisphosphoglycerate : 493 | B
(to 3-phosphoglycerate) | .

~-50F ' Creatine phosphate | -43.1 -10.3

| ATP — AMP +pp, | 32.2 7.7

=2 ATP — ADP + P, . -30.5 , 7.3

%*m : Glucose-1-phosphate | -20.9 ' -5.0

pp; -19.2 -4.6

3 ~20 ¢ Fructose-6-phosphate -15.9 -3.8

3 il | Glucose-6-phosphate | -13.8 -3.3

Glycerol-3-phosphate | -9.2 -2.2

ol T auguall adbo)l aoalll ols axgasll clawgdll s o JAas; aaalal dyksall Gl aslal



10l i 1189 Galusll Jguall dhualia ;6 ATP gi <&

dcgaza adlbicl 0 High Energy Phosphate (Joaall 8 ATP 1 glai il LS yall ©
T
ATP a1 Gaj3Ul 2115 (pa puS] Gya &l 2llaT LasY =

.Energy Phosphate
ol SLSyall GuSe Sle) ATP (il alal ¥ Jgaadl 8 ATP—II (o wiin VI SliSyall ©
[ogl=i

~32.2 Kj/mol gl il g alu<iiil dajdlf A8lalf (o (J5] Aol 2lla% LasY =

( Olawgd (bl ga ATP (i) puuall aude aoie Ll o oal gl +\



Pl Olawgag uilys vl (galbwgal) Olawgs GuilySl aalay ¢
LADP JI go l@alasly ATP JI LSl ©lawgall pgés ¥
1 Jgaal cuwn (30.5-) l@yad adla capny ADP (Ul ATP clfar ol jlicbg <
(30.5+) (nl luwas aslall (ates dwsleoll ddos)l yUlilo<—
adlll alano gl Bhall (ATP JI Jufils g Olawga guby<l aolas) cuialeall gaxig
(-12.6 kj/mol) ynag adlw oyl
.&9aal (bla g (exergonic) §lial pul ;_ﬂ.liﬂ Jelaill gi _-E_J X
Creatine phosphate — creatine + phosphate :AG® = —43.1 kj /mol
ADP + Pi — ATP :AGY = 4+30.5 kj/mol +

Creatine phosphate + ADP — creatine + ATP :AGY = —12.6 kj /mol
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| CYTOSOL
Glucose

2 Qi Glycolysis
_—) 2

Pyruvate

_2

Acetyl-CoA
l

Krebs
Gyclu) ——) 6

. Substrate level phosphorylation
[] oxidative phosphorylation Total net ATP yield: 36




|
Energy Carriers

« ATP
temporary energy storage molecule in

all cells

= NADH

HY and ¢ carmer molecule
NAD* 4+ H* 4+ 8 —> NADH

= FADH-
H* and & carrier moleculs
FAD + ZHY 4+ & —= FADH,

Think of NADH and FADH., as taxi cabs!



e
£ 1>,Vlg 3.uwS VI

Reduction gl Oxidation 6awsDI
OUgpSIUl s OlguIUl 2aa

(gain of electron) (removal of electrons)

J1awSl adpl galaasl UWLg| (nawsll syl glas)l g
uile angall dindll glads (il | (le dagoll diadidl abajl (il

gii ol (Fer— Fe*?) pniall | cuws gl( Fe*2— Fe®3) jnisll
.09l s ol gl L guagpnall gji 9l cuaus D

Baws] dalac asle 5paig o si5ja gay (@aall Jaloll e
£ dalac aile gpalg o c(sia wauShs :amSall Jaloll e




R
&ugu=e)l dauwuSVI g (sl

sl g ATP ) il 5 a8l e Jseasdl s (uisill Caa ()

cal g il O e 320V e lds (e A8l ) At m

I NAD+ Jie 4o 53 405 58 dal sa e shuttled <l SV Jais =
Q)JﬁﬁY\ Jay alla

Glycolysis Link Rin Krabs Cycle:  Chemiosmosis

p— ———— i
’ — )
SV I B o




Electron transfer occurs in 4 different

ways

= 1, Directly as electrons.

= 2. As hydrogen atoms.

= 3. As hydride ions.

= 4. Through direct combination with oxygen.



NAD* - the coenzyme of dehydrogenases
(nicotinamide adenine dinucleotide)

It acts as an oxidant that takes off two atoms of hydrogen from the
substrate.

One atom plus one electron (hydride anion H) is added to the para-
position of the pyridinium ring, the remaining H* binds to the enzyme.

=
H*+H H
H H ,
> __CcOoNH: CONH, +H
| +2 H | f
e =
Ne adenine 2H N Ed'l'“"“
rihLﬂE rihlns,g ﬁthﬂ ribose
“Bod

Oxidized form NAD* Reduced form NADH + H*
(aromatic ring, {guinoid ring,

posilive charge) no charge)



FAD - the coenzyme of dehydrogenases
(flavin adenine dinucleotide)

2H
Mg H
ek N N ks NH
A b, A
H.C
H,C l.lq 0 +2 H 3 ri,‘ H O
B T 2H G,
H-C—OH ' H-C—OH
H-C-OH ﬂ“l"'““ H-C-OH  adenine
[ | I
FAD H-C-CH ribose FADH. H-G-OH ribose
| 2
Oxidized form &1 _0(F)-0(F) Reduced form CH-0E)0®)

Oxidized form of coenzyme FAD takes off two hydrogen atoms.



AH,

AH2 is
oxidized,
NAD+ is
reduced

NAD+

ﬁ&———zﬂf \\ T

Reduction

I CONH,

Oxidation

lactate
COO =
HO-C-H Hﬁﬂ

nﬁdatlun reductmn lactate
dehydrogenase

H.H:I'I"i+H

pyruvate



Oxidation-reduction enzymes

= Enzyme responsible: OXIDO-REDUCTASE

—
e

Ox H;;es Dehydrogenases Hydroperoxidases Oxygenases
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Redox Enzymes
1. Oxidase

= |Jse oxygen as hydrogen acceptor
= Reaction product: H.O, H.O,

= Some contains copper
= Example: Cytochrome oxidase / Cytochrome a,
= Other oxidases are FLAVOPROTEIN

EAD EMN

AH 1120, AH; o,
(Hed)
OXIDASE OXIDASE
A A
f(Chn H L 5.0,

L-amino acid oxidase, Xanthin oxidase, aldehyde dehydrogenase



2. Dehydrogenase

= Doesn't use oxygen as hydrogen acceptor

= Contains large no. of enzymes in this family
= Nicotinamide-dependent

= NAD-linked dehydrogenase

= NADP-linked dehydrogenase

= 2 major functions:

1. Transfer of hydrogen from one substrate to ancther
2. Transfer of electron in respiratory chain ftrom substrate to oxygen.



Other dehydrogenases

= Depends on Riboflavin.
= Similar to FMN and FAD.

= Examples:
= NADH-dehydrogenase.
= Succinate dehydrogenase
= Acyl-CoA dehydrogenase
= Mitochondrial glycerol-3-phosphate dehydrogenase.



Hydroperoxidase

= Accumulation of peroxidases = generation of free
radicals = leads to atherosclerosis, cancer.

= Peroxidases

= Originally considered plant enzyme

= Milk, Leukocytes, platelets and in tissues involved in Eicosanoid
metabolism)

= Heduces peroxides using various electron acceptor.



Oxygenase

= (Catalyze the incorporation of O, into substrates In 2 steps
151, Oxygen is bound to the active site of the enzyme
2™, Bound Q, is reduced or transferred to the substrate

Consists of two sets of enzymes

1. Dioxygenases : incorporate both atoms of oxygen into the
substrate ;A + O, — AD,

2. Monooxygenases : incorporates one atom of oxygen into the
substrate & the other is reduced to water

A-H+0,+ZH,—A-OH+H,0 + 2



OXIDASES

JCatalyze the removal of hydrogen from a substrate
with the involvement of oxygen asa H —

acceptor, forming water or hydrogen peroxide.

JExist in two different forms:
“*some of them are copper containing such
as, Cytochrome oxidase , the terminal component of

ETC which transfer the e - finally to O,.

“*Other are flavoproteins such as, L — amino acid
oxidase (FMN linked) and Xanthine oxidase (FAD
linked)

1120, 0,

=

OXIDASE OXIDASE

H,O H,0,

Biochemistry For Medics  9/3¢/2012




DEHYDROGENASES

Perform 2 main functions:

WU Transfer hydrogen from one substrate to another in a
coupled Oxidation /Reduction reaction

(JAs components of Electron transport chain such as
cytochromes

Dehydrogenases use coenzymes — nicotinamides &
riboflavin - as hydrogen carriers

 Nicotinamides can be in the form of NAD * or NADP*

] Riboflavin can be — FMN or FAD same as oxidases

Carrier
(Ox)

Carrier - HP_

(Ox) (Red)

Biochemistry For Medics  9,/30/2012




HYDROPEROXIDASES

d Includes 2 sets of enzymes : catalases and

peroxidases
J Peroxidases reduce H,0, at the expense of
several other substances

H,O,+AH, —» 2H,0+A
J Catalases uses H,0O, as electron acceptor &
electron donor

2H,0, — 2H,0
Peroxisomes are rich in oxidases and catalases

Biochemistry For Medics  9/30/20132




OXYGENASES

Catalyze the incorporation of O, into substrates in 2
steps

1 Oxygen is bound to the active site of the
enzyme

J Bound O, is reduced or transferred to the
substrate

Consist of two sets of enzymes

1. Dioxygenases :incorporate both atoms of
oxygen into the substrate ; A+ O, — AO,
Monooxygenases : incorporates one atom of
oxygen into the substrate & the other is
reduced to water

A-H+0,+ZH,>A-0OH+H,0+2

Biochemistry For Medics  9/30/2012
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Redox-potential
oxidation reduction gla ¥ sauSY) (saSy Lyl oy

wileelide ;
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Oxidation

Energy-rich
gy-n Product

mnle-cuie Reduction

Enzyme M

¢ e

MNADY
. Enzymaes that use NAD" . In an oxidation—reduction 3. NADH diffuses away
as a cofactor for oxidation reaction, 2 electrons and and can then donaie
reactions bind NAID* and the a proton are transferred electrons 1o other
substrate. to ALY, forming MNADH. molecules.
A sacond proton is
donated to the solution.

Always a 2-electron reaction transferring 2 e- and 2 H*

Biochemistry For Medics  9/30/2012




THE FLAVIN COENZYMES /
FLAVOPROTEINS

?H ?{H CIJH ? Always a 2-electron

(l}I]-I]Z— CH—CH—CH—CH;~0O— Fl"‘— OH reaction

N N0 OH transferring 2 e
- ribeflavin menephesphats and 2 H*
SN N filavin monenuclsofids, FMN)

N“-m.h
] s W )
qu CH— CH—CH— CHE—D_F‘_D_F’_D_

1 e_0
:O/ Y flavin adenine dinucleotide (FAD)
OH OH




61



62



&S 70 w39 &L oz pow> LSy

%Content geinall Material aulall

% 61.6 L1

% 0.7 Al iaguae il roLal

%5.b 313 pud Bagune il rLef
%16 (g

% 13.5 TG 2350 S pcsca i
%2.D ASLEE pgnd

% 1.5 OilaySan

% 0.3 §985 e




EEEEEEE————————
&=l d3lod) @gasl awlwVl SlgSoll
Al 9660 (o SSI Lhay ) 3 S A S5, cslalle
(JUkY) 2ie 9670 I Al oda o yi5 ¢l
Canad ) alaall s G dgisnall Z3Y) e
Na, K, Ca, P A )l falaall -
Fe, Cu, | : 322 31 alaal) -
) Lediial (S Ay gudand) LS jall o
alaall (i YIS KT A0S l) Al JSE8 g 0 LlSis LS o -
C, H, O, Nidwud ) palic LS 5 & Jang o e g G liaall

LSy ks o) Aalill e Ay pa Ay (LS e LS o -
Ol g Q\.’\}A)@J\ cL"_iLA..g.LJY\S Ao gl Aalill e Al Pr=




&) e e usE dal) il ol Gl Jaall e gl
‘macromolecules 5 =Sl 4 ¢l gl il o) avdy i s

Lo Lana sl il o (e O 5S35 aaal) 3 S 4y sume LS ja A
il ol g S Al s Cile gada gl () Bl il ) asudd ol

4

e —— [ AG Jead) Je A
RYY ) B K4 SL‘)AJZQJJ).&'A Lgran g

4 gaad) ciliyjal) aliea Jo gl
polymers <l sl g B8l 3 sl
5mS Aoa sl on Gl ja 1) AR oo STl e
Al il Sl ot Gl pant ga (pa A0 Sk
ALY 5 % il guilie il pSeall %l s KU Jasi
(CH20)N :) 1:2:1 : (A dalad) gliha -




o mal Cliia e 05SE 5uS Amddan e Sl e
Ailaidl e LS el (e de e e ke a5 dewall (mlaaY)
' S Cpa g el g G SI Q) )Y (e (5SS -

Il
CH:-O0-C-R

o 8 st elall & GLsall AL e Lempan -

CH-O-C-R =+
| 0 D . e L
LA Ol Jie iy uanll il

["""1 y .I:"& . i } g k) R

R Rty e KTETRAL
! ! 1
A 9 safiea Crgl A =

sl il o Bae e 0 5SE (Gl e g1) Fan sl g il s il g ) @
AMiNo Acids 4y (aleal) e (<l yati 5)

Agal) Gl aaad 4 il Al JRI5 Sl all -

e Jant g alall Jadas Al 4y gual) 00l Sllaal) 8 i g ) agd -

L)) et

Admirmo acid



Lab 5 3550l imseal (e e 5 2n g a9 6400 (a gand) e
DNA  CoaSs¥l pasie dlaisyll aes -1
Deoxyribonucleic acid

RNA <bLiS 510 60 )l (aes -2

U saall il m)}n iaall Glagedl e DNA LAl s gia

4.1.\.1.0‘)]\




The Cell




Ability to reproduce
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= All organisms are composed of one or more

cells: the cell I1s the structural and functional
unit of life

= Cells are capable of reproducing themselves
= All cells arise from pre-existing cells

ﬂWhere a cell arises, there must\
be a previous cell, just as
animals can only arise from
animals and plants from plants."

\Rudolf Virchow 1858 /
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_ Eukaryotic Cell Prokaryotic Cell

Number of

More than one

chromosomes

Usually multicellular

True Membrane Bl
bound Nucleus

M Animals and Plants

Absent

One--but not true
chromosome: Plasmids

Usually unicellular (some
cyanobacteria may be
multicellular)

Absent

Bacteria and Archaea



_ Eukaryotic Cell Prokaryotic Cell

Endoplasmic
. Present Absent
reticulum

Present Absent
(a0 GG GLHEEE Present May be absent

Multiple proteins act together to fold and
Eukaryotes wrap  condense prokaryotic DNA. Folded DNA is
DLERT ST their DNA around  then organized into a variety of

on proteins. proteins called conformations that are supercoiled and
histones. wound around tetramers of the HU
protein.

Ribosomes larger smaller
RN Present Present

Golgi
Present Absent

apparatus

10-100um 1-10um



Cells are Highly Complex and Organized

Endaplasmic retisiilunm with
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nolrion reliculinm

il weall

Ribiosstinrs
Plaama membimne

Cell wall
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= Somatic cells 4wl LYAY:
e differentiated to specialized tissue cells
e limited number of cell divisions
e [imited life-span
= Stem cells 4siall LAY
e undifferentiated, but has ability to differentiate
e unlimited number of cell divisions
e unlimited life span




Examples of Cells
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g . |
e Amoeba Proteus ]
'T;';.t |
\$ | Plant Stem

N
. L
Nerve Cell } '1




dlgl ubm.o.zl W| ungS.oJ

2 T Bt s bl Wi, i P roesaded o i

rganelles: ™ 4
Nucleous R
mitochondria N i e
Golgi apparatus s , e
ER system | 4 . 7 e e

lysosomes PR
- 'ﬁ--"'“-;
3__"_.__1 = e

\peroxisomes

Rog D 0 D] B PoVeliire T Tea Frodasdifom (g Rsesron Singd on ek Higssmic s
. Frarleri ezl (Sesmmechers, (Bolios nghil © ES Aasaarech Tevioes, FBrssrasde Lienmesy



ALNE d

A Summary of Organelles and Their Functions

Organelle

Function

Nucleus
Mitochondrion
Chloroplast
Endoplasmic reticulum
Golgi apparatus
Lysosomes
Peroxisomes

Cell membrane

Cell wall

Central vacuole

Location of main genome; site of most DNA and RNA
synthesis

Site of energy-yvielding oxidation reactions; has its own
DNA

Site of photosynthesis in green plants and algae; has its
own DNA

Continuous membrane throughout the cell; rough part
studded with ribosomes (the site of protein synthesis)*

Series of flattened membranes; involved in secretion ot
proteins from cells and in reactions that link sugars to
other cellular components

Membrane-enclosed sacs containing hydrolytic enzymes
Sacs that contain enzymes involved in the metabolism of
hydrogen peroxide

Separates the cell contents from the outside world;

contents include organelles (held in place by the
oyloskeletorn®) and the cytosol

Rigid exterior layer of plant cells

Membrane-bounded sac (plant cells)

£ 2008 Brooks/Cole - Thomson
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Chloroplast
the organelle that uses the
energy of sunlight to make
food

MNucleus

the arganelle that contains
the cell's DNA and is the
contral center of the cell

Ribosome

the organelle in which amino
acids are hooked together to
make proteins

Golgi complex

the organelle that processes
and transports proteins and
other materials out of cell

Endoplasmic reticulum

the organelle that makes lipids,
breaks down drugs and other
substances, and packages pro-

Large central vacuole
the organelle that stores
water and other materials

teins for Golgi complex : "Lk

Mitochondrion i Lysosome , | A :

the organelle that breaks _ the organelle that digests | 1\0.0 - e
down food molecules to wi=  food P-HI'IICEHJ wastes, cell | 3 '__: _.:J"‘ ENh ""! froitin

make ATP S parts, and foreign invaders |\ e i e )




Inner
Membrane

Matrix

a'-.' b
\ Muclear envelope Figure 1

Nuclear pore

Ribosofpgaming
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Smooth endoplasmic\fesiels =

e -Transp
Vesicle

Golgi apparatus
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* Double phospholipid layer
with embedded proteins that . 2 o, “aia

are related to cell function; e &

P
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* Enzymes

= Transport proteins

= Structural proteins

= Specific structures
mediating cell-cell contact, httg: Mibrary thinksuest oy
signal transduction.

channel

CMG, Dr. M. Kuipper 2012
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= The largest part of the subcellular organelles

= Separated from cytoplasm by double
membrane system (nuclear envelop)

» Has pores through the
2 membranes

= Contains all genomic
DNA of the cell

» | ocation of RNA
synthesis




= Double lipid layer

= Quter layer part of e ot
the ER pore 5

lamina

= Inner layer connected ...yl 55 5 HEE
to nuclear lamina L —=
= Nuclear pores: two way openings in the

envelop for active transport




Rough endoplasmic reticulum Nucleus
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Nuclear envelope

m, it Nuclear pore
Ribosomes
Smooth endoplasmic reticulum

Secretory Vesicle

Mysosome
— Plasma membrane

—_—

Golgi apparatus

CMG, Dr. M. Kuipper 2012

* Integrated network of
organelles

* Responsible for
synthesis, intracellular
transport and secretion
of substances

= Main components are
the endoplasmic
reticulum and the Golgi
complex



THE ENDOPLASMIC RETICULUM (ER):

ER: Ahalasy Jiluy 3¢ slae idlay s 5 (ulST 5 <l 538 (g0 (5585
) eLaall S i Ll dpde
General function:
e Proteins are synthesized in the ER, shifted to the
Golgi complex and transported to their destinations
e It contains enzymes involved in lipid metabolism
e Glycogen storage (liver cells)

= Structure:
e rough ER (RER): nearest to the nucleus, studded
with ribosomes
e smooth ER (SER): lacks ribosomes, extends from
the RER towards the plasma membrane
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* Membrane-bound organelles filled with a
mixture of hydrolytic enzymes.

Principle sites for intracellular digestion

» Responsible for breakdown of materials
iIngested from the extracellular environment
like debris or nutrients (old proteins), as
well as degradation of pathogenic bacteria

* Involved In organelle turn-over (autophagy)



Lysosomes Emerge From The Golgi
Complex and Fuse With Vesicles

Copympht @ The MoGoreHil Companies, oo, Pemression requeed for reprodecion or display
Lyscaomal

. Budding vesscles
coniaining sosomal
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Intracadular
dabris; darraged
W mitcchandria

s L




sl wluac wo: Peroxisomes

Peroxisomes are vesicular bodies that are smaller
than lysosomes characterized by:

= Self-replicating organelles

» Contains several enzymes (enzymes that
transfer hydrogen to oxygen to produce H202,
catalase)

= Major function is breakdown of lipids (beta-
oxidation), synthesis of bile acids, detoxification
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= Mitochondria are  rod-shaped
organelles that can be considered
the power generators of the cell,
converting oxygen and nutrients
Into adenosine triphosphate (ATP).
This process Is called aerobic
respiration

Mitochondria has two specialized
membranes, creating the internal
matrix and intermembrane space

Matrix ~—contains enzymes to
produce acetyl CoA from pyruvate
and fatty acids, and to metabolize
acetyl CoA in the citric acid cycle

CMG, Dr. M. Kuipper 2012

Inner
Membrane
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