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Mttochandna

| The m:tnchundna are thread-llke nr granqlﬂr |
cytoplasmic organelles (Gr.meita = - Thread, ckﬂndrk;u

granule). They contain many €nzymes and coenzymes which
are responsible for energy metabolism. They are dﬂEGﬂbEd
as the power plants or pol#er kﬂlﬁfs nf cells.’

' The mitochondria were first abservjﬂd by “len |
and Kﬂﬂiker in 1882. These organelles werg ﬁns»t caﬁed
bioblasts by Altmann. Later the term mﬂﬂckondriﬂ was
introduced by Benda in 1898.

N ochoedlis ste-Sunsd it il ami aumuﬂl nelis
But they are absent from prokaryotes. - - .. . 5 0
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The mitochondria may be filamentous or gmmwMin |
shape The shape of mitochondria may ¢hange from oneto
another depending upon the physiological conditiots-of the
tell. They may be rod-shaped club-shapf::d., nug-shaped,
muﬂdbd or vesicular.

| - The size of the nntochundna is hlghly vanab'le Inmuvst :
'cells therr length varies from 3 to 10 microns and théir mdth
from 0.2 t61.0 micron.  The smallest mlmchﬂﬂchﬁn is seen

iniyeast. The largest mltnchundna are found in the tmytcsnf
a:mphibia _- o | T
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- The number is particularly related t¢'the functional
state of the cell. Ifthe metabolic activity is high the number
of mitochondria is glso high. A small number indicates cells
of low metabolic ﬂcuﬂty Thus they are found to be more
abundant in liver and kidney cells. The giant Amoeba (Chaos

chaos) contains 50,000 mitochondria whereds the 2R« of sea
urchin contains 1,40,000 - 1,50,000 mitochondia: -



; - The 1mtnchmuh13. are covered by two unit me:nhranes, :
nmlyanmmdmmmmm;mmﬁmm cach:
measuring about 60A° in thickness. The two membranes are:
scparated h}r a space of B0 to 100A°. The space between the
outer  and inner mitochondrial membranes is called omfer:
chamber. This chamber is filled with a fluid of 1ow v15::c151t3.-r 2
and density. The central space of the mitochondria is called 4
the immer chamber. The inner chamber is filled with |
meitochondrial mearrix. The matrix may contain filamentous
materials or dense granules. The inner mitochondrial
membrane gn-res out certain ﬁnger—-hke projections l-a:ncﬁm as
l':rﬁl-‘lﬂﬁ :
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. Structure of a typical mfrﬁéﬁt?rid}fnﬂ._ _



_The mitochondrial membrane contains small. pﬂrucles-

called elementa¥y particles or Fl particles or exysomes or

electron transport particles (ETP). The particle of thn: outer-
m:mbrane are stalkless.

“The patticles of the inner membram: % stafked. Em:"h
stalked particlé consists of a base piece, a stem and_ﬂ_ iﬁr&‘
They are regularly placed ata distance of 100A°. 7

Cristae are the finger-like projections found msuif:
the mitochondria. They develop as inpushings projecting into
the central space from the inner membrang. They form
incomplete septa. Thcy are present msxde the inner chamber
of mitochondria. ; .

The cristae are-covered with small partlcles called

efementa:y particles or F1 patﬂcfes. Each F1 particle has a
base, a stalk and a head. ~ _



| Dutet m:mh'me particle

)5 Inner membrane partit:le
| "‘ {Fl part.":lﬂ] :

Buter chamber: S A
| C’rurae .s'hawmg FI parnc;fes



_Langlmdiuﬂ Ensrﬂe Transverse ,,-;-.,.-;_,,ﬂ_-ll,hE " Net riﬁ S

Mrrﬂchﬂndrm showing - ‘.I-"ﬂn,ﬂu,s'
arrangements ﬂf cristae. &

. .. The cristae are wmnusly arranged In frug;a they are
funglfudmai and the cristaé are arranged parallel to the long
axis of mitochondria. In the adrenal cortex, the l;:ristat are

.Masthe}'ar:fuund perpendicular to the long ams“
They may be tubular as in most cases nrmicfes. 'I"hey are:
nﬂmwbﬂtcmﬂm WEBC of man. .



. Mltm:hnndrla contain one or more DNA :alle:d
mmhandn#fﬂhﬂd or mIDINA. It is circular in shape. It is"

double strarided. Tt can self rephr.:ate It can also. pmﬂuc;
ENA Ill::eﬂmlnf nuclear tDNA. - - |

- Mitochondrical HNJL -
Origin of lﬂ!uchonm
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Th:fhﬂﬁWiIIgh}rpﬂﬂ]ﬁﬁhﬂ?ﬂhﬂﬂHMﬂ}r Y
mgipﬂfmitmhundrm = L5 : e |
. Division ﬂfPre—-Eﬂm anm Thmew:
mitochondria originate by the division of tie pra-:msimmi
mitochondria. mmemmmmelow

and Broken into srnall pieces. Each plE:-l::-E: fnrms a H-Eﬁf
mitochondrion in later stages., =

2. Ovrigin from the E.R. or Pi'nsma membmne* 1

mritochondria fna}r be formed ﬁ'_p_tn the growth and influx o &

membranes from the plasrna m:mhtaﬂe as WEII ‘as ﬁ'ﬂm the
endoplasmic reticulum:

- 3. De Nove ﬂrigi'n. The mltn-c:hﬂndna may be
synthesized from non-mitbchondrial ﬁ'ag;mr:nt But there is
no direct evidence for this hypothesis. -
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- 1 Origin. of mitdchghdria from plasma
membrarie.

4. Prokaryofic «ﬂrigiu ~Aocording m*..-imn*m ‘and
Schrimper (1890), the mitochondria might have originated
from prokaryotic cells like bacteria. The bacteria entered the
cells as parasites. In the course of Umfa they maintained a
symbiotic relationship with the euka.ljmu: -l‘.':ﬂHS T‘hese fﬂl"ﬂl'
the mitochondria. L
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| Mltm:hﬂudna perform the fﬂl!mwihg ﬁmcﬂnns

1. Thermogenesis
Protein synthesis T
Synthesis of steroid hﬂrm&:
Ureacyele:. . Tt e
. Kiglcium ﬂﬂﬂwﬂufﬂhﬂﬂ E v iy oy
Energy supply
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7. Cellular respiration
& Okxidative decarboxylation
9. Krebk cyele |



bats, there is a special tissue in the chest region. It is calle
brown fat. It consists of extensive vascularization ant

numerous mitochondria. It functions as an anformatic furnac

Mitochondria contain DNA. About 5 to 10% oﬁ
proteins of mitochondria are synthesized by the mitochondriaj;
genes. Mitochondria synthesize sub-units of 4 TPase, portiong.
of reductase and three sub-ymits of cyrochrorme oxidase.
3. Synthesis of Steroid Hormones ..

- The eartly steps in the cnnvérsiﬁﬂ of cholesterol &
steroid hormones in the adrenal cortex, are catalyzed by4
mitochondrial enzymes. - - -1 7o 2Ty




4 Urea Cycfe . . TR
" Inurea -:}Fclc urﬂa is synthesized. Thﬁ ﬁrst step nf the'_:_

urea cycle, that is the cornversion ﬂf ﬂrn:mmc fo c#ruﬂinc.r

occurs in the mitochondria. - - O .

E.mk:ium Ammu!aﬂon

. One of th-: m‘lpcn-tam ﬁlnctlnns of m:tuchnndna is the
accumulation of cartions, such as calcium. Calcium can be
ﬂﬂculnulatad m mltﬂ-::hnndﬂa Ee‘i’eral hundred tunt:s than the .



normal vatues. ﬁhnsphate: can a]su enter along with calcium.
This process usually ﬂccurs in the mrzﬂbmr dunﬂg tﬁe'
formation of bone.. -

6. Energy Supply
. Mitochondria are the energy plants of the cel]

Mitochondria synthesize the energy rich cnmpnun¢ ATP. It
is stored inside the mitochondria. When a site is in need of
energy, mitochondria get collected around the site. 'E‘he.*'_'
mitochondrial membrane contracts and sque:ezﬂs out ATPs.
Mitochondria are found in high concentrations at the sites of
active transport where large a:ttm..mt of e:m::rgy is needed. Thjs
happens in kld‘l‘lﬂ}" {:EHS .
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Geﬂ' Rﬁpﬂmﬂnn .

Mitochondria are the mp:rutw centres of the nnll
They bring about the oxidation of the various food stuffs sucly
as carbohydrates, fats and proteins. During oxidation, the food
stuffs are degraded to CO, and water with the release of energy.
This energy is utilized b}r the mitochendria for the synthesis
of energy rich compound called ATP. As mitochondrion.

synthesizes the Energr nt:h ::nnlpﬂunds itis callied ihe. powef;
house of the cell.

I'he celi resplratlm mVOIVaES the fnllnmng steps
) Glycﬂl}rsls . d) Electron transport systf:m

b)) Oxidative decarboxylatione) Oxidative phusphm}'latmn
') Krebs ’ cycle



R A Gbrcm_’lwn: Glycolysis occurs inside the cytoplasm
st outside mitochindria.  Mitochondrion has nothing to do
| mth glycni}rsm 'Glycolysis di:-ﬂs not re-qmn: oxygen and hence
tis an ariaerobic ;racesr. | . '

nytulysls 5 a SEI'IEE of Enzymauc reactions which

t:g;nwﬂrl: glucose into pyravic. acid. The various steps involved
n glymlysls are worked out by Embden and Meyerhof and
ience it is also called Embden- Meyerhof ‘pathways.

Durnng glycaysis twct hydrogen pairs are released. -T'hﬂ:

iydrogen pairs-enter the mitochondria and are processed by
he electron transport system forthe synthesis of ATP.

| b. Oxidative decarboxylation: The pyruvic acid
woduced during glycolysis enters the mitochondria. It is
legraded to acetyl Cod by oxidation and decarboxylation.
During oxidation 3 pair of hydmgcns (2ZH) is.removed and
luring decarboxylation a €, is removed. The H enters the

LR i, i E e e e -ﬂ-ﬂ.rl - n‘l-"'l.l‘l'll!l:-.l']



Pyruvic acid + CoA— > Ac:etyl CoA + CO, +H

. During this FI‘EI-I::E:SS two hydrogen atoms are r&leasﬂd
Thﬂ twn hydrogen atoms are accepted by NAD, and the NAD
bec:nmes reduced to HﬁDI‘IZ -

© NAD+H_- > NADH,

| T.he ]!'-~EF..z'*!'lu.ﬂfli2 enters the el::n;:tr{:n ]IHIISP'DI'II ::‘i-}"Stﬂl'ﬂ and
it 15 c}xldlsl::d . _ .

- ¢. Krebs ‘Cycle: The degradatmn of acetyl CoA mtn

rxatoacetic acfd through a seriés of steps is called Kreb’s'
eyele. 1t is an aerobic process and it occurs inside the®

nitochondria. It releases four hydrogen pﬂ-.ﬂ‘sand one AT
molecule. The hydrogen pairs enter the electron transport.




Krebs cycle takes place mainly in:ineg
mnochondna It involves the following steps:

1. Formanan of citric acidé. Oxufatwe—decarboxy!arron

2 Dehydranon . 7. Oxidation
3. Hydration 8 H ydfc:_z tion
4. Dehydrogenation { 9. Dehydrogenation I

5. Decarboxviation



Glycolysis —— Pynndcamd

K
- Pj,mn: acied dei{raﬁrugemﬂf
MNADH] «—2H~~ CoA _
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Cls m.‘:nmt]c &md {ﬁc}

Maltcacld{4c} Z o ga¥ - A #HSE
Fumarase O .9y ]
_ _ = _ - Isn citric ai:.:ld {6{:} -
Fumaric acid (4:) e BT Iﬁﬂ citric .7,
Succiric acid . 'Dxalu succinic amd
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ADP
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- Krebs’ coycle.




. . Oxidative Phosphorylation | | i

In the respiratory chain when a cytochrome transfers

the electrons to an other cytochrome, enormous amount {}f
trapped b}! ADP mnlec:ule ‘

energy is released. This e:nergy is
to form one molecule of ATP.

ADP+Pi+eneigy == L5 ATP"

. The process of ATP formation, occurring during th&g-_'
oxidative reactions of K.rebs cycle is known as mdat ey
phasphmyh#ian -

C.H,,0, + 60, +6H,0+ 3R ADP + 38 pi ﬁesplratmy
- - Enzymes

6CO, + 12H,0 + 38A

The ATP mnlecules are the mtracellular energy
- carriers, having a readily utilizable source of energy. With

the release of energy they are convertcd back to ADP.




-db. Electron Transpori systernt? The hydrogen pairs:
m-lﬁsed iy glycﬂlyms, oxidative decarboxylation and Krebs™
cycle are oxidised in electron transport system to produced
H O with the reicase of ATP. 'The enzymes fnr ele:ctrnnt:
ransport system reside in the mitochondria. ol

Electrory Tmﬂs_ysten? nrﬂespﬂatnrr Ehaln

It is a E}FE'I:.EI‘II of enzymmes and cﬂenz}rmﬂs,, where ﬂ:l!eg---'
n::-du-::e.d coenzymes like FAIDHL, MNATDH are oxidised (FAF>,
™MAIDY to release energy. The energy released in electron
transport system is usell for the synthesis ‘of ATP. Fhe -
synthesis of ATF is called exidarive pﬁﬂspﬁw:pm The
clectron transport system occurs in the inner membrane of -
the mitochondria. The electron transport systern contaims.
-maindy Six mnp-nn-:nts arranged in the f'c:-llﬂ-mng S LASTIOE, - ?"
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2. F4r -~ . o s 2 t::}:f::-crﬁrﬂmer_-i .::}Id
F. ANADFA &  Chrrochrome A3

The ﬂ}ilﬂ.ﬂi’lm of FADH and HAI}H EHZ:I::III'E- b}ﬂ th-::
following steps.

1 The initiation -::-f‘ eiectron traﬂspnn svstem is the 3
're:mcn-'al nf’hjrdrﬂge:n from the substrate. {HADH o FADH}g

. lII. ‘l.'-"l.:.'..-""'l. i 1






