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Number of Mitochondria per cell

 Most somatic cells 100-10,000
 Lymphocyte 1000
 Oocytes 100,000

« Sperm few hundred

* No mitochondriain red cells and some
terminally differentiated skin cells




— Bioenergetics

—> Biosynthesis

~ Signaling

Three essential functions of mitochondria.

Chandel BMC Biology 2014 12:34 do0i:10.1186/1741-7007-12-34
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An TEM image of mitochondrion
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Mitochondria distributed in skeletal muscle
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Models of mitochondrial membrane structures
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Fission complex
: (Dnm1/Drp1 GTPase)
Individual Network
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Biogenesis
(Birth)

———
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(Fzo1/Mn1&2, Magm1/OPA1 GTPases)

Degradation
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BALANCED

Fig. 1 The mitochondrial life cycle. See text for details.
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NAD (nicotinamide adenine dinucleotide) & NADP
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BioVisions

at Harvard University

biovisions.mcb.harvard.edu

All credits for copyrighted materials are listed at the end of this work.




Transport of electrons from NADH
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Chemiosmotic Theory
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ATP_Synthesis.mov

Energy—120 ATP formation Energy—120
rotation of y By) in T site = i) rotation of y

http://vcell.ndsu.edu/animations/atpgradient/movie.htm
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ATP Synthase
Mechanism
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Mitochondrial genome

(1 circular double-stranded
Nuclear genome DNA 16.6 kb; 37 genes)
(24 linear double-stranded DNA
molecules - 3200 Mb; ~30 000 I Highly conserved (coding)

genes) [ 1 Highly conserved (other)

[_] Transposon-based repeats
[ Heterochromatin
[ ] Other non-conserved

Figure 9-1 Human Molecular Genetics, 3/e. (© Garland Science 2004)




The limited autonomy of the mitochondrial

genome

Mitochondrial
component

Encoded by
Mitochondrial genome

Encoded by nuclear
genome

Components of 13 subunits 80 subunits
oxidative

phosphorylation

system

Components of 24 approx 80

protein synthesis
apparatus




Maternal genetic
transmission

An affected woman transmits the trait to all her
children. Affected men (represented by sque
do not pass the trait to any of their offspring




gpem mitochandnia are shed
bedore entry of spermm nudeus inko egg

Mitochondrial
Inheritance. Sperm
mitochondria are
shed before entry of
T the sperm nucl_eus_.
ara cortributed by the egg All mitochondrial in
the zygote are
contributed by the
egg cell
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prepondermce
wiid typs mitcchondria

Concept of heteroplasmy. Both wild-type and mutant (gray) mitochondria

are included in the hundreds of mitochondria in a cell. These mitochondria
segregate passively when the cell divides. This can lead to variation in the
proportion of affected mitochondria in different tissues or different
individuals in a family
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Some diseases associated with
mitochondrial mutations

MERRF (Myoclonic Epilepsy with Ragged Red Fibres

MELAS (Myopathy, Epilepsy , Stroke-like episodes

LHON (Leber’s Hereditary Optic atrophy)

Kearn-Sayre (eye problems, heart block, ataxia i.e. loss of coordination

Leigh syndrome(rare severe brain disease in infancy, also heart problems)




Michael presented with muscle problems, epilepsy, lack of progress at school,
difficulty with vision and hearing.

Diagnosed as MERRF aged 12 after muscle biopsy. At position 8344 he has a
change from A-G inimost of the mitochondrial DNA fromimuscle and
lymphocytes. The other relatives have different proportions of the same
mutation, which is in the tRNA for lysine (MT-TK




Another mtDNA synthesis mutation
3243(A>G) In the tRNALeu gene
(MT-TL1)

If this mutation is present in 10-30% of the mtDNA in white blood
cells the patient may have type Il diabetes with or without
deafness .

If the same mutation is in more than 70% of the mtDNA the full
MELAS syndrome is likely







1.5 Other Mitochononial Discnders

25 F

[

mitochondrial DA
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Three pedigrees of rare families having infants with fatal mitochondrial
disorders showing mtDNA depletion;caused by mutations in nuclear
encoded mitochondrial genes'eg TK2 encoading mitochondrial Thymidine
kinase
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MESOPHYLL CELL

LEAF CROSS SECTION Chioroplast

Granum

Stroma  Thylakoid  Thylakoid
space




Chloroplast

o where takes place.
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Outer Membrane Thylakoid
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Located In the

Chlorophyll have In the center.

o harvest energy (photons)
by certain (
and red-660 nm are most important).

° are because the




Absorption of Chlorophyll
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Cyclic photophosphorylation
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MITOCHONDRION CHLOROFPLAST

inner
membrane

outer
membrane

thylakoid
membrane

pH7

f = ATP synthase

From The aArt of MEBaCZ & 1935 Garland Publizshing, Inc.




C4 Plants

Hot, moist environments.

15% of plants (grasses, corn, sugarcane).

Divides photosynthesis spatially.

Light rxn - mesophyll cells.

Calvin cycle - bundle sheath cells.




C4 Plants

Malate Malate
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CAM Plants Crassulaceae Acid
Metabolism, £ KEZ/CIH

Hot, dry environments.

5% of plants (cactus and ice plants).

Stomates closed during day.

Stomates open during the night.

Light rxn - occurs during the day.
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Contact Sites of Mitochondria
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Lumen ' Inner envelope
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