Cellular Respiration 4
Converting and using energy ‘




When someone “loses” fat,
where does It go?

Think:

-What elements
make up fat?

-Can matter be
created or
destroyed?




Where does fat go when it is
burned?

As CO2 and
H20



Photosynthesis Review

» Photosynthesis
stored energy in
the form of
glucose.

= Glucose is what
animals and
plants use to
store energy.

» But ATP is the
usable energy in
a cell...not
glucose. So...

Sunlight (UV)

Water (H,0)

Carbon Dioxide
(CO,)




Respiration: What is it?

» Essentially cellular respiration
breaks food particles (glucose)

down into ATP- Sreotha out: 6 COz  carbon dloxide

12 Hz0 waler molecules

» ATP is the form of energy
that cells can use.

» Respiration provides all
living things with the
energy they need.

 This is aerobic respiration,
which requires oxygen.




Respiration: What is it?
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Respiration: Where does it happen?

» Mitochondria of a cell

= Found in all eukaryotic cells
(Animals, Plants, Fungi, Protists)

QOuter
membrane

Crns;ae Inner
membrane



Respiration: How does is happen?

Respiration has 3
main steps




Respiration: How does is happen?

Produces 2
1st Step: Glycolysis  molecules of Pyruvic

Glucose is split into 2 A

parts: 2 NADH's are also produced.

These energy carrying molecules
= CsH1206 — 2 (C3H603) will be used in the 3rd step.

= 2 ATPs needed to
break the glucose.

= 4 ATPs produced.

= Takes place in the
cytoplasm.

No Oxygen required.




Respiration: How does is happen?

2nd Step: Krebs Cycle

» Happens in the mitochondria.

»  Pyruvic Acid is stripped of
electrons to be broken down into
CO,

» More ATP is produced.
» For 1 molecule of pyruvic acid:

» 3 molecules of CO2 are given off

as waste.

» 1 molecule of ATP is produced.

Krebs Cycle
(Citric Acid Cycle)

NADH
Acetyl-CoA 8
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Respiration: How does is happen?

Krebs Cycl
2nd Step: Krebs Cycle (i Ackd Crce)

» Remember we started with 2
Pyruvic Acid molecules, so for 1
glucose those values above are
doubled.

Molecules that are used to carry
energy are also created (the
FADH and NADH above). These
will be used in step 3.




PROCESS: CITRIC ACID CYCLE

The two red carbons enter
the cycle via acetyl CoA

Oxaloacetate

NADH 8

(ofolom
Malate

Each reaction is catalyzed

by a different enzyme

runs twice for each
glucose precursor

In the next cycle,

this red carbon
“|becomes a blue
carbon

FAD

Fumarate

FADH,

COoOo~
CH,
HC—CO0O0~ o
¥ l ® NADH
; HO —(I>H
co0- 3
i - (ololo
Citrate L Isocitrate |
In each turn of NAD* ?Hz
the cycle, the CH,
two blue |
carbons are ?zo
converted to coo-
CO2
o-Ketoglutarate
NAD* " \4
The CITRIC ACID
CYCLE HS—CoA

(eolo

r
j »
o0 ADP

Succinate

All 8 reactions
of the citric
acid cycle
occur in

the
mitochondrial
matrix, outside
the cristae

co,

NADH




Respiration: How does it happen?
3rd Step: Electron Transport Chain (ETC):

Energy carrying
molecules (NADH &
FADH) created during
steps 1 & 2 transfer
electrons along proteins
In the iInner membrane
of the mitochondria,
using the energy
released to drive H+
lons against their
concentration gradient.

Figure 6.11 Electron transport chain
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4-5 is sometimes called chemi-osmosis, kinetic energy of H* flowing
back through ATP synthase powers the synthesis of ATP from ADP

(also called oxidative phosphorylation in your book)



Respiration: How does it happen?
3rd Step: Electron Transport Chain (ETC):

At the end of the

chain, a protein called

ATP synthase opens
to allow H+ i1ons to
diffuse passively
back down their
gradient. The energy
generated from the
movement of these
H+ Ilons Is used to

generate a lot of ATP.

Figure 6.11 Electron transport chain
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4-5 is sometimes called chemi-osmosis, kinetic energy of H* flowing
back through ATP synthase powers the synthesis of ATP from ADP
(also called oxidative phosphorylation in your book)



ATP Synthase



http://www.youtube.com/watch?v=3y1dO4nNaKY

Respiration: How does it happen?
3rd Step: Electron Transport Chain (ETC):

« Hydrogen Is
also released and
forms with
oxygen to create
water as a waste
product.

« Upto34 ATP
a. re p ro d u C e d : :-(5 is sometimes called chemi-osmosis, kinetic energy of H* flowing

back through ATP synthase powers the synthesis of ATP from ADP
(also called oxidative phosphorylation in your book)






http://www.youtube.com/watch?v=q-fKQuZ8dco

Respiration Summarized

(r

Electrons
carried
via NADH

Glycolysis
Glucosel > Pyruvate

Mitochondrion

s St

Substrate-level Substrate-level Oxidative
phosphorylation phosphorylation phosphorylation

Cytosol




Therefore the overall

reaction of cellular
respiration is the reverse of s &
photosynthesis: - |

glucose + oxygen — CO, +
water———mmm/m/m/m/m/m//

photosynthesis



So what's the moral of the
photosynthesis — respiration story??

IT'S ALL ONE BIG CYCLE!!
NO TREES MEANS NO BREATHING!




Anaerobic respiration

» Often referred to as fermentation

» Does not require oxygen (O,)

» Byproduct is lactate (lactic acid) and
ethanol (alcohol)

* Only happens in oxygen deprived
environments

Does not produce as much ATP as
aerobic respiration, therefore plants and
animals use aerobic respiration
whenever they can.



Glucose

Plasma
membrane

Oxygen present Glycolysis

Carbon dioxide
and water

Lactate

Figure 5-5 Cell and Molecular Biology, 5/e (© 2008 John Wiley & Sons)




Want more review?

Glucose
(6C sugars)

Gytop\asﬁ‘ Electron Carrier

#

2 Pyruvate

Protein Complex

Cellular Respiration

With the Amoeba Sisters



http://www.youtube.com/watch?v=4Eo7JtRA7lg

