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1| Mitochondria

The mitochondri

a are t/zreadJike or oy, “Ccy ] it
3 granular cytoplasmic organelles (Gr.mito
=thread, chondrioy, — gfanule), T '

re first obseryeg by Flemming and Kolliker in 1882, These
elles were first called bzoblasts by Altmannp, Later, the term mitochondriq
jas introduced by Beng, in 1898 ' |
Mitochondrig are foun

d both in Plant and apjmg] cells. But they are absent
lom prokaryotes,

€pending upo

club-shaped, ring-shaped, rounded

Fig.11.1 : Mitochondria.
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= S Wiosciences ngap CD L The Bzon.\rc:a:w are covered by two unit membranes, namely an ousder and
e mitochondria s highly variable. In most cells, their lenggy jner mitochondrial membrapog cach

ries M 3 1o 10 microns and their width from 0.2 t0 1.0 micron. The Smallest !
mitechondrion is Seéen in yeast. The largest mitochondri
amphibia.

casuring about 60A° in thickness. The
50 membranes are separated by , space of 80 to 100A°. The space between the

uter and inner mitochondrig) membranes is called outer chamber or
%ai..%%a:&:& Space. This chamber is filled with 2

density-

s of

fluid of low VISCosity and
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Fig.11.4: Unit membrane model

The central space of the mitochondria is called the inner chamber. j.a
.Eso.ﬂ chamber is filled with mitochondrial matrix. The matrix may contain
filamentous materials or dense granules. a.sm inner E:.cnrosa:m_ membrane
produces finger-like projections known as cristae into the inner chamber.

In most cells, the mitochondr
cytoplasm.
Paramecium, they are located
kidney tubules,
neurons, they are located in the tran
they are concentrated around the s
region of higher activity.

ia are distributed uniformly throughout the
But in some cases, they are aggregated around the nucleys. In
Just beneath the surface of the cell. In the cells of
they occur in the folds of basal regions near plasma

membrane. In
g cell-division,
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smifting region of impulse. Durin
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pindle. Generally,
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Fig.11.5: Structure of a typical mitox hondr

:—ﬁ mitoc | cles called clementary
| ¢ contains small «z—:? e (ETE)
. Tozaﬂ_m— 303739... :
, ~ . a:mamv, or a.&.v,e_!a or electron .::u‘!z- ﬁn:..a es (1 P). The
Ha: nnnh or m_ P

stalkless.
particles of the outer membrane are s

Mitochondriz

od. Eachs ed particle consists
inner membrane 87 s M..Med “‘M._Maz_mn of 100A%.
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ETP particles of the inn "

. regularly p i . Th
0f 4 base, a stalk and a head. They are e mitochondria. They

inside the .
the finger-like projections found insid et membrane
Cristae are the

. from of
. ecting into the central %ﬂw% the fnner chamber
Op as inpushings 2&8&6 They are present 1t
orm incomplete .

Flig 11.3: Mitochondria(in neurons),
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The cristae are covyered with small particles called elementary particles or
particles. Each F, particle has a base, a stalk and a head. The head is 80-100A°
diameter and the stalk is about 30-40A° in diameter,

Outer membrane
particle,

. g@E’( Inner membrane

e particle (F particle)

CU:nmEo:
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Fig.11.6; Cristae showing F | particles.

The cristae are variously arranged.
cristae are arranged parallel to the long axi
the cristae are transverse as they are foun

network-like in the WBC of man. In plant
tubuli or microvillj,

In frogs, they are longitudinal and the
s of mitochondria. In the adrenal cortex,
d perpendicular to the long axis, They are
cells, the cristae are tubular and are called

2 AR .

—" s U
—— @g &
rc_“m“_n_h_“:s_ Transverse cristae Network

Fig.11.7: Mitochondria showing various arrangements of cristae.
- The mitochondria contain 65 to 759, protein, 25 to 30% lipid, 0.5% RNA and

small amount of DNA., The lipid part of mitochondria is composed of 90%
phospholipids, 5% cholesterol and 5% free fatty acids, Smal| amount of sulphur,
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{1: MITOCHONDRIA

Chap: . _
?mnoorosazu contain one OT more C.,_.\.. c
circular in shape like _.x._in:x_ DNA. Itis double stranded. It can self-replicate

m n also produce RNAs like that of nuclear DNA. The mDNA is associated with

mic inheritance,
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alled mitochondrig| DNA (mDNA).
It
fted p
as
cytop

Fig.11.8: Mitochondrial DNA

Origin of Mitochondria

The following hypotheses have been postulated for the origin of mitochondria

k ) A
1. Division of Pre-Existing Mitochondria: The new B_ﬁn:o_.”a:aw Mmmp.mam
. A ] 2 on
by the division of the pre-existing mitochondna. Sometmes ;:: HHSM: s O
awosmﬁma and broken into small pieces. Each piece forms a
later stages.

2. Origin from the E.R. or Plasma amacn,
formed from the growth w:a influx of membranes
well as from the endoplasmic reticulum.

rane: The mitochondria may be
from the plasma membrane as

i ma membrane
Origin of mitochondria from plas
Fig.11.9: Ori
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Functions of Mitochondria
rRechondna perions the following famctions

gergy nich compound . ATP. | s stored mside 6 0
geed of energy. mutochondna gt collecied aromed S s
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Z. Froiemm sywathesis

5. MvEhests of Sieroid hormones

This bappens n kidney oells.
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4 Urea cycle

5. Calcium accumsdation

6. Energy supply

Cellular respiration
1. Thermogenesis

In young mammals and hibernating mammals such as

bats, there is a special
tssue mn the chest region. It

is czlled brown far. It consists of extensive

Fig.11.10: Mitochondria get collected in the region of active tramspori m a
= kidney cell.

: oxidation stuffs are degraded to CO, .
synthesized by the mitochondrial genes. Mitochondria synthesize sub-units of oy Eamo& 39«%3?%
ATPase, portions of reductase and three sub-units of cytochrome oxidase. A energy is utilized : .
3. Synthesis of Steroid Hormones

?§§E?§<§ow%§_8aﬂoﬁg§§n—n
ggﬁogﬁaggoﬁw&.

4. Urea Cycle

Eﬂ&&ar‘ﬁgwéﬁ\:ﬁgsg
conversion of ornithine 10 citrulline occurs in the mit, ,
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power house of the cell. | “
. The cell respiration involves the following steps

a. Glycolysis :
b, Oxidative decarboxylation
¢ Krebs’ cycle

abéﬁiaéﬁégg

the urea cycle, that is the
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a. Glycolysis: Glycolysis occurs inside the cytoplasm but outside the
mitochondria. Mitochondrion has nothing to do with glycolysis. Glycolysis does
not require oxygen and hence it is an anaerobic process.

Glycolysis is a series of enzymatic reactions which convert glucese into pyruvic
acid. The various steps involved in glycolysis were worked out by Embden and
Meyerhof and hence it is also called Embden- Meyerhof pathway.

During glycolysis, two hydrogen pairs are released. The hydrogen pairs enter
the mitochondria and are processed by the electron transport system for the synthesis
of ATP.

b. Oxidative Decarboxylation: The pyruvic acid produced during glycolysis
enters the mitochondria. It is degraded to acetyl CoA by oxidation and
decarboxylation. During oxidation, a pair of hydrogens (2H) is removed and during
decarboxylation a CO, is removed. The H enters the electron transport system and
is oxidised there. -

¢. Krebs’ Cycle: The degradation of acetyl CoA into oxaloacetic acid through
a series of steps is called Krebs’ cycle. 1t is an aerobic process occurring inside the
mitochondria. Itreleases four hydrogen pairs and one ATP molecule. The hydrogen
pairs enter the electron transport system.

d. Electron Transport System: The hydrogen pairs released in glycolysis,
oxidative decarboxylation and Krebs’ cycle are oxidized in the electron transport
system to produce H,O with the release of ATP. The enzymes for electron transport
system reside in the mitochondrial membrane.

e. Oxidative phosphorylation: The oxidative phosphorylation takes place in
ETP particles in the mitochondrial membrane. The ETP particles contain cytochromes
b, ¢, a and a,, FAD and ubiquinone. All these compounds together constitute an
electron transport system. During the oxidative phosphorylation, NADH, generated
in glycolysis, Krebs® Cycle and oxidative decarboxylation is oxidized to produce
ATPs with the release of H,O. Hydrogen ions get oxidized by % 0O, into H,0.
Therefore, it is known as ferminal oxidation.

Oxidative Decarboxylation

It is a process of oxidation where pyruvic acid is converted into acetyl co-
enzyme A (Acetyl Co-A). Pyruvic acid is formed from glucose through glycolysis.
Glycolysis occurs inside the cytoplasm. The pyruvic acid produced in the cytoplasm
enters the elementary particles located on the outer membrane of the mitochondria.
These particles contain a complex enzyme called pyruvic acid dehydrogenase. With
the help of this enzyme, pyruvic acid undergoes decarboxylation and oxidation.
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The oxidation of pyruvic acid into () and

itric aci, Water is e :
gele s also called citric acid cycle, gy, i called Krebs’ cycle. This

v cycle begins with the formation of
giric 401¢:
itric acid is a carboxylic aci fin
dﬁ cl o, W »ma oozss_.:m three COOH groups. Hence, this

yele1s u_mo. ca 0xylic .ani cyele. This cycle was first described by Krebs
21936. This cycle occurs only in the presence of oxygen. Hence. it is an \nmasq
grocess: Krebs’ cycle takes place mainly in the mitochondria. It involves the
pllowing Steps:

1. Formation of citric acid 6, Oxidative-decarboxylation

2. Dehydration 7. Oxidation

3. Hydration 8. Hydration
4. Dehydrogenation | 9. Dehydrogenation I1
5. Decarboxylation

1. Formation of citric acid: The acetyl-CoA combines with oxaloacetic acid
o form citric acid. It contains 6 carbon atoms. This reaction is catalyzed by an

azyme called citric acid synthetase. ; . F
2. Dehydration: The citric acid undergoes dehydration and forms cis-aconitic
wid. This reaction is catalyzed by the enzyme aconitase. B
3. Hydration: The aconitic acid is hydrated and it forms isocitric acid. This
faction is catalyzed by the enzyme aconitase. i
Mesence of isocitric acid dehydrogenase o o™ a.d.&a_amﬂw mnmo e
%o hydrogen atoms are released. They are accepted by
NAD: + 2H———> NADH+H




transferred to NAD. The NAD is converted into NADH.
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S. Decarboxylation: The oxalosuccinic acid undergoes decarboxylation to form
ketoglutaric acid. This reaction is catalyzed by decarboxylase. In this reaction,

one CO, is eliminated. Hence the ketoglutaric acid has only 5 carbon atoms.

Glycolysis ————— Pyruvic acid

Pyruvic acid dehydrogenase

ETE} \ CoA

Fatty acid —»B-oxidation -Acetyl-CoA + Co,

Citric acid
synthetase

Oxaloaceticacld 4C) S meuqﬂwmwshm
Malic acid 2H /mwo
alic aci —» |[NAD Cis aconitic acid (6C
dehydrogenase ! EMO v
Malic acid (4C) /MSES%
Iso-citric acid (6C)
H,0
Fumarase Iso-citric
dehydro-
E <—2H" |genase
Fumaric acid (4C)

Oxalo succinic acid (6C)
N:|VE Oxalo

Succinic acid
dehydrogenase

succinic
acid
decarb-
Succinic acid (4C) oxylase
Co, Co,

o—Ketoglutaric acid (5C)
[NADH, | «—2H

—Ketoglutaric acid

Succinic acid thiokinase -dehydrogenase

Succinyl
CoA (50)

Fig.11.11: Krebs’cycle.

6. Oxidative Decarboxylation: During oxidative decarboxylation, a-keto
glutaric acid is converted into succinyl CoA. This reaction is catalyzed by a -
ketoglutaric acid dehydrogenase. Two hydrogen atoms are released and they are
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n the next step, the _.:..C.:‘_.___ CoA ia 4.

alyzed by succinic acid thiofp,,, ~ 275
¢ [

’

7. Ouhmn_ﬁ#monﬁ The SuccCinic acid is oy ’ » liDeTated

> 1zed 1«
Eﬁﬂomo: atoms. This reactiop i . © fumar
7<o

. ic acid by the rermonal
wi..n....xum .1. N 3 ‘\. € removal of
the hydroge” atoms are accepted by FAT) pnq o ¢ - 4¢id dehydrogenase.
E ) o orms rADH
g, Hydration: The fumaric acig then underpres 1 .

7 - + UHOCTR0es hvdration 10 fre : 3
ﬂwwm H@NOamOﬁ 1S Oﬁﬁt%N@& d%\z_‘:n.wnmm. E =JH450n 10 1orm malic acidl
w.Umw%nﬂcmmsmmcz 1L : Tt is the fing] S1ep 10 Krebs' cvcle Oreabasst e oo
amgnnwﬁa from malic acid by a process of dehydrpe . This et _w
aualyzed by malic acid dehydrogengse ir, 1, presence of NAD. The 2 ,r,m,wum

emoved are accepted by NAD to become NADH "

The ONNHONOQQO acid formed in the above Icaction condenses with the acety
CoA to form citric acid again and thus the cycle is repeated.

Electron Transport System or Respiratory Chain

It is a system of enzymes and coenzymes, where the reduced coenzymes like
FADH, NADH are oxidized (FAD, NAD) to release energy. T rele
electron transport system is used for the synthesis of ATP. The synthesis of ATP
called oxidative phosphorylation. The electron transport sysiem o : =
membrane of the mitochondria. The electron ransport sysiem contains mamly SIX

YL YU
components arranged in the following sequence:

S T

1.NAD 4. FADH
2. FAD 5. Cytochrome a and
3. NADH 6. Cytochrome a,

The oxidation of FADH and NADH occurs by the following m.wﬂ,m., i

1. The initiation of electron transport SYS&M is the .Mn..mo, ﬂ.wp, N_M&QMWMM Ero. &
the substrate (NADH or FADH) by the enzyme ,,wnmu drogenase. vdrog
becomes ionized into protons (+) and electrons =4

2H———— 2H" (Profon) © 2¢— (Electron

. e NAD.
2. The hydrogen ion reduces the CORNATE

e Sty erring its hydrogen jon to FAL
Th o i 4 anee NAD by transterring = 52
3. The NADH is oxidized 10

Which acts as the hydrogen carmet

e a———
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The ETS oxidizes the NADH and FADH released dme giyes A
scaboxylation and Krebs’ cycle. The NADH md FADH molecules produced
. t!mEnEvaommE of a glucose molecule 2= 25 follows
1. Glycolysis NADH=1
9 Oxidative decarboxylation ~ NADH=I
3. Krebs’ cycle NADH=4

FADH =1
< ondsed = 3 molecules of

When one molecule of NADH molecsk wwc..mﬁ im._.m Pﬂau

ATPare synthesized. Similarly, when ce molecale of FADE 5 oxidized

G

FAD
FADII,

~ ATP
All /'
Dehydros  Flavo

NAD
Renuy protein A ¢hr

NADIL !
ADP i

<%

Fig 11.12: Electron transport sysiem.

4. From FAD each hydrogen ion is discharged in the cell fluid and electrons are
passed on to the cytochromes b.c.aand a..

5. mgﬁﬁggﬁmgﬁ%ﬁanﬂg%

oxidase.
6. The cytochrome oxidase finally discharges electrons to oxygen. This oxygen
Oxidative Phosphorylation

In the respiratory chain. when a cytochrome transfers the electrons to another
cytochrome, enormous amount of energy is released. This energy is trapped by
5%8?—.93%&.% . ;
: .

e .

- 49 molecules of ATP. But
B The metabolism of a ghoose Dokesk FESS S S
m. q i il %ow% MQQB_ : follows
&ycolysis utilizes 2 o 5 of ATPs gven =

ﬁ_m.t metabolism is 40-2=38 Th¢

f,.ﬁr g S | S - 8
B = 'h-%




“u.\g.:,&::: of succinic o id vig \...~ N t:fﬂt/’nf‘fu
fumaric acid daad. e
4, Oxidation of malic acid vig jy 4, |
{o oxaloacetic acid d
5. h.Q:,mJE: of s uccinyl Cof g
succinic acid ;
’ Total ATP S.Q.\mh&mh produced o |
_man\:dgnaa& =[S ATP
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3. 2 Phasphopyruvic acid — 2 Pyruvic acid = +2ATP
4 INADH ——— INAD + H'
Total

= +6 ATP
= §ATP

gvic acid are 15 X2=30.

~ Glycolysis yields 8 molecules of ATP Thus e : A ,
glucose molecule yields 30 + 8 = 38 molecules of ATP compicte cudance of one

19.3,5]

Figll.13 - Energy budget of a glucose molecule. One NADH,
releases 3 ATP molecules; one FADH, releases 2ATP molecules.

| 2. Oxidative decarboxylation: | NADH = 3ATP
_ 1. Oxidation of isocitric acid via NAD+ = JATP ¢ wfe
1o oxalosuccinic acid . b el

2.0 acidviaNAD+ = 3ATP <
2. Oxidation of etoglutaric acid via NAD = 3ATP gl
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