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e The mitochondrion is a double membrane-bound organelle found in all
eukaryotic organisms. Some cells in some multicellular organisms may however
lack them (for example, mature mammalian red blood cells). Some cells have a
single large mitochondrion, but more often a cell has hundreds or even
thousands of mitochondria; the number correlates with the cell’s level of
metabolic activity. For example, cells that move or contract have proportionally
more mitochondria per volume than less active cells.



The mitochondrion is enclosed by two membranes, outer membrane and inner
membrane, each a phospholipid bilayer with a unique collection of embedded
proteins.

The outer membrane is smooth and has a large number of special proteins known
as the porins that allow the movement of molecules that are of 5000 daltons or
less in weight to pass through it.

But the inner membrane is convoluted, with infoldings called cristae. The inner
membrane divides the mitochondrion into two internal compartments. The first is
the intermembrane space, the narrow region between the inner and outer
membranes. The second compartment, the mitochondrial matrix, is enclosed by
the inner membrane.

The matrix contains many different enzymes as well as the mitochondrial DNA and
ribosomes. Enzymes in the matrix catalyze some of the steps of cellular respiration.
Other proteins that function in respiration, including the enzyme that makes ATP,
are built into the inner membrane. As highly folded surfaces, the cristae give the
inner mitochondrial membrane a large surface area, thus enhancing the
productivity of cellular respiration. This is another example of structure fitting
function.



 The mitochondria have their own DNA called mitochondrial DNA (mtDNA or
mDNA). It represents a small fraction of the total DNA in cells where most of the
cell's DNA is present in its nucleus. The genes in the mtDNA are essential for
normal function of the mitochondria and these DNA help the mitochondria divide
independently from the cell. mtDNA is maternally inherited and in most
multicellular organisms is circular, covalently closed, double-stranded
DNA. mtDNA is susceptible to free oxygen radicals and mutations in the
mitochondrial DNA leads to a number of illness like exercise intolerance.
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Outer mitochondrial membrane

Fig. 4.6 Sac-like Mitochondrial cristae.
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* The inner membrane as well as its cristae possess small tennis-racket
like particles called elementary particle, F, — F, particles or oxysomes
(= oxisomes).

* A mitochondrion contains | x 10* — | x 10° elementary particles.

* Each elementary particle or oxysome has a head, a stalk and a base.
* The base (F, subunit) is about 11 nm long and 1.5 nm in thickness.
* The stalk is 5nm long and 3.5 nm broad.

* The head (F, subunit) has diameter of 9—10 nm.

* Elementary particles contain ATP-ase. They are, therefore, the centers
of ATP synthesis during oxidative phosphorylation.

* Enzymes of electron transport are located in the inner membrane in
contact with elementary particles.
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TABLE 16~1
ENZYMES

LOCATION OF SOME MITOCHONDRIAL

Matrix:

Quter membrane:
Monoamine oxidase
Fatty acid thiokinases
Kynurenine hydroxylase
Rotenone-insensitive chytochrome ¢ reductase
Space between the membranes:
Adenylate kinase
Nucleoside diphosphokinase
Inner membrane:
Respiratory chain enzymes
ATP-synthesizing enzymes
a-Keto acid dehydrogenases
Succinate dehydrogenase
D-B8-Hydroxybutyrate dehydrogenase
Carnitine fatty acyl transferase

Pyruvate dehydrogenase complex

Citrate synthase

Isocitrate dehydrogenase

Fumarase

Malate dehydrogenase

Aconitase

Glutamate dehydrogenase

Fatty acid oxidation enzymes .
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Basic overview of processes of ATP production
extracellular surface

i }cell membrane
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Cellular Respiration

* The purpose of cellular respiration is to harvest high-energy
ELECTRONS from glucose, with which to produce ATP Energy. This is
accomplished by a 4-step process, which oxidizes the Carbons
of glucose to Carbon Dioxide and Water.

e Step 1. GLYCOLYSIS

e Step 2. PYRUVIC ACID CYCLE

e Step 3. KREBS CYCLE

eStep 4. OXIDATIVE PHOSPORYLATION/ ELECTRON TRANSPORT CHAIN




Step 1. GLYCOLYSIS

* Initial removal of electrons from glucose to make two 3-carbon Pyruvate
molecules

* The word “Glycolysis” means to break down sugar: glyco = sugar, and lysis =
to break. Glycolysis occurs in the cytoplasm of eukaryote cells. Glycolysis has 8
steps each catalyzed by a specific enzyme which nets 2 ATP molecules and 2
NADH from each molecule of glucose broken down.

e Glucose -2 Pyruvate + 2 NADH (electron carriers) + 2 ATP
 After glycolysis, the pyruvate molecules enter step 2.
* Other sources of pyruvate to fuel next step (PYRUVIC ACID CYCLE)
— Fats can be oxidized to make pyruvate
— Fructose can be metabolized to pyruvate in the fructolytic pathway



Step 2. PYRUVIC ACID CYCLE

Formation of Acetyl CoEnzyme A from Pyruvate

Pyruvate is shuttled into the mitochondrion where it is decarboxylated (a
carbon group is removed as carbon dioxide) - and the now 2-carbon compound is
attached to Co-enzyme A (CoA, a derivative of vitamin B5) forming a molecule
called Acetyl CoA, stripping off another 2 electrons, which are carried by NADH.

2 Pyruvate+ CoA+ 2 NAD* (electron acceptor) -
2 Acetyl CoA+ 2 NADH (electron carrier)+ H* + CO,

Insufficient Oxygen produces Lactic Acid - Pyruvate is turned into lactic
acid instead of forming Acetyl-CoA.

Inefficient Fat Metabolism causes Brain fogging - 3-oxidation of fats supplies
the best source of Acetyl-CoA, however the brain can only generate Acetyl

CoA from glucose, not from fat. Aging causes fat metabolism inefficiency, causing
us to burn and use up glucose instead of fat (glucose that would otherwise have
been available for the brain), to form Acetyl CoA. This explains why older people
complain of brain fatigue. Acetyl CoA only lasts 2 hours in the system.

Amino acids can also be converted to Acetyl CoA for entry into the Kreb's Cycle.



Step 3. KREBS CYCLE (Citric Acid Cycle)

* Changes Acetyl CoA into Energy -Electrons are removed from Acetyl
CoA forming carbon dioxide. This cycle occurs twice
per glucose molecule. The Citric Acid Cycle has 8 steps each mediated
by a specific enzyme. As each acetyl CoA goes around the cycle 2
carbon dioxide molecules are given off, 3 NADH, 1 FADH,, and 1
ATP. Net energy gain from Krebs per molecule of glucose is 2 ATP.

*2 Acetyl CoA -4CO, + 6 NADH + 2 FADH,(coenzymes carrying
electrons as hydride ions + protons) + 2 ATP

* (Coenzymes NAD* & FAD* are reduced (negatively charged hydride
ions added) to become electron-carrying coenzymes NADH& FADH,.
A hydride ion H-is a hydrogen atom which has gained an electron. By
adding this to the NAD®, the group containing nitrogen becomes
neutral, forming NADH)



Step 4. OXIDATIVE PHOSPHORYLATION / ELECTRON TRANSPORT CHAIN

e Electrons from the Kreb's Cycle are used to make a maximum 32 ATP molecules

* The goal is to create a strong potential difference across the mitochondrial membrane, which
can be used to create ATPenergy - Specialized proteins and enzymes located on the inner
mitochondrial membrane form a molecular “wire”(an electron transport chain). By a process called
oxidative phosphorylation (the couplinlg of oxidation with the addition of a phosphate
molecule), NADH & FADH, donate their electrons via this “wire”(through a series of intermediate
compounds)to molecular oxygen, which becomes reduced to water, producing ATP.

6 NADH &2 FADH, >......... >2H*and O-> H,0 +32 ATP
* Chemiosmosis - Hydrogen ions (protons) are used to maintain an Electrochemical Gradient that
turns the electron energy into ATP — involves pumping protons across mitochondrial membranes

to establish proton gradient, which passes protons down the gradient via the enzyme ATP
synthase, whereby the energy of the protons is used to generate ATP.

— When NADH & FADH, release their electrons, hydrogen ions (H+) are also released -These
positively-charged hydrogen ions are pumped out of the mitochondrial matrix, using ATP
energy, across the inner mitochondrial membrane into the intermembrane space creating an
electrochemical gradient (this process is called the cytochrome oxidase system, which uses an
enzyme proton pump called cytochrome oxidase acting as a step-down transformer)

— At the last stage of the respiratory chain these hydrogen ions flow back across the inner
mitochondrial membrane through ion-channels - where they drive a molecular enzyme
“motor”called ATP synthase in the creation of ATP from adenosine diphosphate (ADP) and
phosphoric acid (ADP is phosphorylated into ATP), somewhat like water drives a water wheel.



Electron Transport chain on NADH and FADH,

Cristae membr ane from Kreb’s cycle

Matrix

Inner
membrane

] Large elkectrochemical proton
Outer gradient drives ATP synthase

membrane to synthesize ATP

is made using the that were passed down the line from glucose:
C¢H;,0¢ (Glucose) + 6 O, —6 CO, (Carbon Dioxide) +6 H,O + + heat
The energy released from through hydrolysis (a chemical reaction with water) can then be used for biological

work.
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Glycolysis in the Cytoplasm
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FMNH Oxidized reduced Oxidized reduced
coenzyme Q cytb (2 Fe*®\ /cytct (2 Fe*?) cytc (2 Fe*?)
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coenzyme Q cytb (2 Fe*?) cytet (2 Fe*?) cytc (2 Fe*?)
2H*
reduced Oxidized reduced >
cytc (2 Fe*?) cyta(2Fe'?) cytad (2 Fe*?)
-
Oxidized reduced Oxidized -
cyte (2 Fe*) cyta (2 Fe*?) cytal (2 Fe™)

Sequence of events in the electron transport chain

Succinate—= FAD

FI°S Sites of ATP production by oxidative phosphorylation

+
NADH+H <—» FMN ~— Q <t— Cytb-s— Cytc1 -t— Cyt c -3 Cyta-= Cyta,—» O,
FeS FeS | Cu ! Cu
- & - |
Sitell Site: |l Site}lll

N

ADP+P,  ATP ADP +P,  ATP ADP+P,  ATP
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Consequences of deficiency and sufficiency of mitochondrial nutrients.
Deficiency can increase oxidative stress and decrease antioxidant defenses, thereby
accelerating the aging process and increasing the occurrence of degenerative diseases.
Conversely, sufficient mitochondrial nutrients decrease oxidative stress while
fortifying antioxidant defenses, with the opposite effect.

Mitochondrial Sufficient and
Deficient nutrients supraphysiological doses
Increased damage Decreased damage

Oxidative Stress
Antioxidant Defense

Accelerating ‘. Aging Process .. Delaying

Increasing Risk of 0':155'5 of ' Reducing
Enhancing ' Progress of ' Slowing
degenerative d

DRIOCKERS con

SUPERCHARGE YOUR HEALTH
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THE NUCLEUS FUNCTIONS | Eukaryotes |

* The nucleus is composed of:
1) Nuclear Membrane

* This is a double membrane
and it contains m

two lipid
bilayers

* It surrounds and protects the
contents of the nucleus.

* It controls the transport of
substances between the nucleus

and the cytoplasm ,



THE NUCLEUS FUNCTIONS | Eukaryotes |

* The nucleus is composed of:

2) Nucleoplasm
* The liguid within the nucleus.

* Itis similar to the cytosol within the cytoplasm.
3) Nucleolus

* Made up of a combination of

RNA and proteins.
* Site of ribosome synthesis,




THE NUCLEUS FUNCTIONS | Eukaryotes |

- _* Strands of DNA wrapped around
The nucleus is composed of: proteins called histones create
4) Chromatin & Chromosomes chromatin |

_ * Chromatin forms chromosomes
= when it condenses into easily |

chromosome visible strands during cell divisionT

VIO Y




THE NUCLEUS

'FUNCTIONS [ Eukaryotes |

The main function of the nucleus is to be the control center for

the cell.

The DNA contains all the instructions needed to make proteins
for the cell, to control cell division and direct all the activities of

the cell.
\ : - . =
-  —— [ ] ?
R\ -
QD)™ -
- .

ﬁ: Animal Cell Division




The Cell Nucleus

Nuclear
Envelope

Chromosomes Chromatin

Figure 1



cell

chromosome
nucleus




S0(|85% €8 538 Bopren /8o HosNo

S0 8525065 @08) %)
€ 0SHTOITEN - SO(EE € 575 So(°e

Q) 200-400 A 32500 3OA &OLETOW .

&50(50 I @oTHES To(E 23S,
0 (DoAITEIEDd §TICN 9T ) O
o JOJANOWE

198 S50[S0 B0 H08RO0 &OENOS .

B0(8S H0EROS' R s AT
DO 0T .

/ O'iV—',; /
dmSew__ L (% \:‘f» //
) - A “\“‘ > y/ 6)5,39
g Vun ) 2P, /
'\ s /a4
75 O / /f
/ N y/
kh/:‘?{‘i;\f "/(/__'_/ 2
k

Vi ‘ ', ;/ Jsﬁaga gogs

| /
0@ &S Sogo Sen$Hd Sogs &So
do@ vo8ao



S0|85% ¢ 535 Bolren /8ol Hos

DO 28 VNS B 335050 Q0TS
DIE BoBE 133508 5000850 EOf

.
/ ,-::\' 3

swoer__ L GIRTX

SOENOB. &8 0TI B ) @0erdy . VP e
DOV &S 6-8 g 28T S T y
I 257 DE0 JENYT EOETPON . 7?‘*}}}{”:;——"7 /
/ A K |( | /4

/ A N | /

0858 525 BO(EPeN NSO E—2ODON——=F/

ki 2 |

0O BBRE K .

D3I CO° DEPT° BT DT
DOXIFR0, STONS JL2rard) 8 S
¢S €9 MO BBV OE

do@ ®o8ao



(A)

Cytoplasm

Fibril
Quter nuclear Sp oke];]i "5
membrane /assem S

transporter

Inner nuclear

) membrane
Nuclear ring

Nuclear cage

Nuclear
basket Nucleus




Cytoplasmic

filament
Cytoplasm
Central
Spoke channel
complex /Cytoplasmic ring
Luminal A Nuclear
ring &' v envelope
T~Nuclear ring
Nucleus [
Nuclear
basket

J

Distal ring



so|édsrod0

Dérisa Dense
fibrillar Fibrillar fibrillar
center component
component

NUCLEOLUS

Granular
component

Cell -o7 Nucleus



S0|¢55°0%0

2’ . (1781)

(DBE ©F e9ren

¢« SO|B5P030 DSBS IR STBHSOM SN0,

¢ AT 5650 BEDI0, FILHIOS &0 NOF) SH¥OS SEFNG0
H0e3 O 7N EON &0eNOH .

QO

2,5 30(580S 890 2.8 So(ds030.
30(85°03° HOPS TR IT° DODS NS SEIR & .;;_:’ :
DEJBZ0S’ 2,8 0(S5°0%0, &
50V BE VS’ BO TO(ISCOFEN GOLTON .
&2500N0°e EF RS’ 600-1200 EOEFON .

2rEBASE, QIrD), §) 3SereeS, D25 Towens) dererss, § 8¢ RBCS
S0|H95°030 0D

h Ho3ogsod Heso
WD Spas (06, 88p0)
)N

So&diné geroso
RNA &o&yen

éogwod ©089
mmgo

So¢seodo



S0|¢55°0%0

&) [0S0

ERrPD & 530D 005850 S5 &d)
BO(95°0% S559VEGED (050 5&
€s0NOR.

OO

£690 T30, (BASTIB ) 20€33° B0 eh
0N OR.

%8020 (¢3S H0BNE LI S
S0|55°0%0 D) AT B&®
&OCOEITN).

Nucleolar organising
chromosome

Nucleolus

Fig. 4. Nucleolus : Nucleolar organising
chromosome with nucleolus

50305004 HeGO
SHl LN —SR@ S (apb, 88r0Y)

N

Y (G

9,/2)/.‘,.. o % n '

‘3 ’oc Ll
O (l'\ (‘ / g o ()— So&asné oo
f.};ﬂ_.\‘\‘ RNA So&$en

?s’u 5 ‘l
T 30Q90¢' ©®08H
0)0360

dmdye agroso

So¢se0d0



nucleolus

cheomoenema R ’
' uc!
chromatid chremomere  matnx R\ O ;a?l?zz'f
1\ J Sinat)
e ---—-----ull

S—
hoterochromatic
region

euchromalic

roiion

centromere

homroch_romalic
region

Fig. 2. Chromosome structure (schematic diagram).



so|¢35r040

QT°E90

S0B5P07R) 838 GO (Fare3R NPT S0(895°0% HOE (§7e3°¢3S
©0Er .

2O 95658365 30(H5°035065 8 STNITR FPaw &0oenod. AR To(ds0d
905 (§3°¢3S 90 .

30(855°030 @o®® Fersed 63508 QoA S8

STBES” RNA Sodosyen, (Fe3S, BASmsST >0 20 Sl
OB JNEBSD 0N :

" D SR@8 (06, 68203)
L) BN
dmde goso

2 (D EN:
70-90% rRNA S03069 2350505008
BEFSNO E(DXTETE DOBNED 23B000e80C

So&diné grodo
RNA &o&dyen

30@5306 ©o&H
RS0

=




§°03°¢3 0 &
15 et en

Chromatin & Chromosomes



15°e35°¢63Q

Chromatin



B3NS Srg) Joywo

DNA

fen’

.fl“ .

H&0 13.6.4 EBD5w oo ;00°890



E5e3S = DNA + (5¢3 H08R0 = [EF I3 3B

(53 = P + b (¢S

oD 5 &seen = H1, H2A, H2B, H3, H4

50898 DNA &Py 5008E, 088 0| DSBS (85¢30: THENER G006
855738 BOCR EFareeS G0N0

OO (E5°¢3S : 580905 0| DEBS, @NBBDI0 2387 THETB 23059 270
23T (E5¢3S @98 0| BEBS @NTPI0 33N (B8Asrdarsd 230559 §O-
FITE3S & OrE 285828 HBBOR BN JIDS50¢3 &35 QT2 e E3DHT



Q50 s ST (T3S 0Tereyd, QU ea0e2%
€500

DA FFS (563 §6 THE® 146 T°B800
°C90) DNA 20EDE 000 d

80 : H2A, H2B, H3, H4 B0 S80I S0Er0w.
°500 11nm

H1 oS §°0 3ende &0 DNA tH8& §6 %o
0e38N0H

BOCY STEETFIESNS 038 &d) DNA & DoEd
DNA @0¢7%), AR £°¢85) 38-53 S323083e0

€330 850830 THEPEQ 30nm HE Y0/
(5°63°¢3R €5068)0) = PSP ONE QTR0

(§735°¢3S 5050590 TRERTD o OESE TOA

DNA [11 histone

Core of histone molecules

A

Histone
octamer



DNA
(2.5 nm)

‘beads on
a string’
(11 nm)

30 nm
fiber

120 nm
chromonema

300-700 nm
chromatid

1,400 nm
mitotic
chromosome

b
~y
e

(€

DNA H1 histone

\

Core of histone molecules

___Histone
octamer




Eukaryotic Chromosome Structure 0/

Chromosome Nucleosome

DNA
double
helix



Figure 11.2A
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0.2 — 20um

Diagram of a replicated and condensed metaphase eukaryotic chromosome. (1) Chromatid — one of the two
identical parts of the chromosome after S phase. (2) Centromere — the point where the two chromatids touch.
(3) Short (p) arm. (4) Long (q) arm.
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E3r B we Ssren CLASSIFICATION OF CHROMOSOMES

BASED ON THE POSITION OF CENTROMERE

Telocentric Chromosome Acrocentric Chromosome  Sub-metacentric Chromosome  Metacentric Chromosome
c
a. dervos b. & 88 c. o8 0BE d. 2088

wm=esedp Centromere === Satellite

- - parm - p arm
wes=eeed Centromere

eeesy Chromosome wme==P Centromere

Arm -——
* qarm ————e=p Centromere

———e=p qarm

——===p qarm
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