Cellular Respiration
Core & AHL (or SL Option C!)

http://www.youtube.com/watch?v=3aZrkdzrd04
http://www.youtube.com/watch?v=VCpNk92uswY




All organisms respire- it is
the production of ATP from
organic molecules.

Aerobic respiration requires
oxygen - this is where
ventilation and gas
exchange come in.
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Cell Respiration

"The controlled release of energy from organic compounds
in cells to form ATP"

Respiration does this
high-energy bond

\

adenosine ' tri-phosphate ' (ATP)



Universality vs diversity!

Cell Respiration

"The controlled release of energy from organic compounds
in cells to form ATP"

\ used for b

energetic processes

muscle contraction active transport

protein synthesis  yasicle transport

DNA/ RNA replication
cell signalling



I I ’ adenosine
A tri-phosphate ATP and Energy Storage

e Energy pathway

Respiration generates ATP from At vicht is a digram of
. ) rig s a diagram of a
ADP and phosphate ions in the cell. Traneder in the body. Lae reotecule

food molecules, such as 5,
-:arhahrdrates. and proteins
are pulled apart to release the
energy in their chemical
bonds. This energy is then
used in many ways, including
the buildup, or synthesis, of
other large molecules.
Examples of large molecules
the body needs to build are

D P proteins that make up much of
the body's structure, and
temporary energy storage
“"banks” 'i?;-u: fat and glycogen.

To start the flow of ene
through the cell, fnlluwr#l‘:: E:;Enrsgf:r U

directions, below right.
Synthesis ' 0

Drag the food molecule apart.
"070 =

This high energy bond is a temporary store . , - ,
o http://www.biologyinmotion.com/atp/index.html
of energy, which is broken to release energy @&

in cell processes.

if'

>

cell processes
uone.adsal

ATP is not a stable long-term energy store. Cells in tissues which have a high energy demand are rich in
mitochondria, in order to keep generating sufficient ATP. Long-term stores include lipids and glycogen,
which can be metabolised through respiration as needed.

http://www.biologyinmotion.com/atp/




Cell Respiration is an enzyme-controlled metabolic pathway
which can be controlled by end-product inhibition.

b hexokinase }3} COZ
%: /\ H,0

glucose pyruvate
- | ®%ece
hexokinase is an enzyme that splits glucose %p...

into pyruvate molecules (glycolysis).




Cell Respiration is an enzyme-controlled metabolic pathway
which can be controlled by end-product inhibition.

hexokinase X

no glycolysis ”Q“.
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High levels of ATP inhibit hexokinase at the allosteric “C?“° %“.

site, giving a conformational change of the active site. QQ...

glucose



Cell Respiration is an enzyme-controlled metabolic pathway
which can be controlled by end-product inhibition.

hexokinase 3}? COZ
/\ H,0

glucose pyruvate
-zmr-- ettt

High levels of ATP inhibit hexokinase at the allosteric
site, giving a conformational change of the active site.
This is reversed when ATP levels return to normal.
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"Respiration is the controlled release of energy from organic
compounds in cells to form ATP"

+60,

oxygen:
aerobic respiration
gives a better
yield of

ATP
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Cell Respiration

C6H1206 + 602 "‘6H20 + 6C02

(or other organic molecules) /\
high-energy bond
+ ?—J\

\‘\/d N’ phosphate ion (Pi) \-\f-/ o, s
Adenosine di-phosphate Adenosine tri-phosphate

A D P = low energy ATP = high energy




"Respiration is the controlled release of energy from organic
compounds in cells to form ATP"

+602 respiration ..6(:02 + 6H20

Pi ATP




— elm

glycolysis—link reaction —Kreb's cycle — transport — oxidative

chain phosphorylation

ATP



If oxygen is present, reactions move to the mitochondria: 5

*

& - fn
Matrix 23y o)

= WP
. ) contains enzymes and solutes for P et

Link Reaction and Krebs Cycle

. ) Quter Mitochondrial Membrane

Inner Mitochondrial Membrane
site for electron transport chain and oxidative phosporylation

fnld_ed into
Cristae

to maximise surface area for reactions

Small Inter-membrane Space
more efficient generation of H concentration gradient

70S Ribosomes
protein production

naked loops of DNA (mitochondrial DNA/ mDNA)
Passed unchanged from mother to child

1um TR
u .

@http:ﬁww.udel.edm’hiolug}ffwagsfhismpagefempagefecufecu,htm




Label the parts:
ATP Synthase particles

Intermembrane space
l

Matrix

Cristae

-

70SRibosome

Granules

Inner membrane
Quter membrane

3htt]}:.ﬁ'u:tn,wil{i]l»'.:dia.1:|u'g1‘1i'|ril~:if Mitochondrion



Label the parts:

outer membrane

inner membrane
inter-membrane space

christae

matrix

70S Ribosomes

not easily visible:
- mDNA

Print this image and calculate:
- magnification

- maximum length LOHL T
- width of one crista gl;ttp ffaﬁsipams o e ulu’pesefatiunsfralksﬂﬂﬂﬁﬂﬂﬁ-]}atawm-t;ach .html




Make your own Mitochondria ©



First: Remember Oxidation and
Reduction!?

Many biochemical reactions are classed as either
REDUCTION  or OXIDATION

’: .
REDUCTION OXIDATION



Many biochemical reactions are classed as either
REDUCTION or OXIDATION

%@0 O
REDUCTION OXIDATION

electrons are gained electrons are lost

or

oxygen is removed oxygen is added

or

hydrogen is gained hydrogen is lost



COMPARE OXIDATION AND REDUCTION

OXIDATION ~ REDUCTION
eleclr*ons
(gained/lost?)

hydrogen




COMPARE OXIDATION AND REDUCTION

OXIDATION REDUCTION
|
electrons '
lost (qained/lost?) gained

remember: OILRIG



Oxidation / Reduction (Redox)
Examples

Oxidized / reducing agent...

Nice Resource — good explanation!
http://www.chemistry.co.nz/redox new.htm




Back to work...

— dectron

glycolysis—link reaction —Kreb's cycle — transport — OXidative
phosphorylation

chain

+60, ;‘f‘”“*ﬁcoz + 6H,0

ATP




glycolysis
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GLYCOLYSIS

Hexose sugar sugar  splitting

PHOSPHORYLATION
(addlng a phosphate)

(cytoplasm)

uses ATP

glucose-1-6-bisphosphate



GLYCOLYSIS

sugar splitting

PHOSPHORYLATION
"b«oﬁ\ (cytoplasm)
oo
\LYSlS (splitting)
(3(:)%)

(3C)

glyceraledehyde-3-phosphate
(G3P)

Hexose sugar



GLYCOLYSIS

Hexose sugar sugar  splitting
'E ))-_( } PHOSPHORYLATION

(cytoplasm)
b LYSIS

i} OXIDATION
\ 2 X Pyruvate

(3C) (30Q)



GLYCOLYSIS

Hexose sugar sugar  splitting
'E :-_( } PHOSPHORYLATION
(cytoplasm)
b LYSIS
OXIDATION
NAD*
NADH H”
2 X Pyruvate

>



GLYCOLYSIS

Hexose sugar sugar  splitting
E : } PHOSPHORYLATION
“O—...ﬁ\ (Cytoplasm)
% oo
LYSIS

2 x Pyruvate

>é

Wait! What's this?



Electron Carriers carry Hydrogen ions to the Electron Transport Chain
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Electron Carriers carry Hydrogen ions to the Electron Transport Chain

G3P is oxidised

(lose electrons
and hydrogens)

NAD" is reduced
(it gains 2 electrons and 2

hydrogens)

OXIDATION

pyruvate

-Carried to electron transport chain

-Energy from electrons

-Pumps H" across inner mitochondrial membrane
-Generates H' concentration gradient

_ . - -Powers ATP synthase, making ATP
Another electron carrier we'll see later:

dd two hydrogen
FADH ———— 8 __, FADH,

and two electrons




GLYCOLYSIS

sugar splitting

PHOSPHORYLATION
"O“'%\ (cytoplasm)
%}‘

Hexose sugar

OXIDATION
NAD"

NADH H’

2 x Pyruvate

energy release allows
ATP FORMATION



Hexose sugar (6C) GLYCOLYSIS

sugar splitting

PHOSPHORYLATION
ﬁf . (addlng a phosphate)
(cytoplasm)
ATP use LYS|S(SpI|tt|ng)
% g) OXIDATION
3¢) NADH + H*
(3C)

2 X Pyruvate
2 oo y
use 2 ATP energy release allows_
produce 4 ATP ATP Formation

net yield +2 ATP to link reaction



Glycolysis Animations

Efﬁw How Glvcolvsis Works
1

- FRUCTOSE-1.6-BISPHOSPHATE TO GLYCERALDEHDE PHOSPHATE
l:’/"-\l;l AND DIHYDROXYACETOME PHOSPHATE :
] Fructose-bisphosphate aldolase EC 4.1.2.13
= Fructnse-1,B-hisphosphate — Dilydmxyaceione-phosphale « Gyceraldehyde-3-phosphale L E

F Tuctose-hisphosphate: sidolases
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This 6-carbon sugar diphosphate molecule is then split into two 3-carbon
molecules.

@ replay Glycolysis Step 1 e @

¢ |

HOVOH  H/oH

H OH
Glucose 6-phosphate

The enzyme hexokinase transfers a phosphate
group from ATP to glucose.The suffix kinase
means that a phosphate group will be transferred.

http://tinyurl.com/oc2v3
e



