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H,0
ATP is hydrolyzed to form ADP and 3 phosphate group. ADP and
phosphate can be combined to form ATP.

_ATPis broken down by hydrolysis to form ADP (adenosine
diphosphate) plus a phosphate group, These products can be joined
together again, by dehydration synthesis, into ATP. ATP is
continuously broken down and re-formed in living cells.

The bond that attaches the
last phosphate group to
the ATP molecule releases
energy when broken. Some
of this energy is released as
heat.

ATP is broken down into
ADP and a phosphate
group. These products can
then be reassembled to
form more ATP.

ATP is changed to ADP by
hydrolysis; ADP is changed

back to ATP by dehydration

Which comparison between ATP and ADP is correct? synthesis reactions.

A ATP stores less chemical energy than ADP and phosphate.
B ATP stores more chemical energy than ADP and phosphate.

C Less energy is used to form ATP than is released from ATP
hydrolysis.

D More energy is used to form ATP than is released from ATP
hydrolysis.

Choices C and D are incorrect because the energy used to
form ATP must be equal to the energy released upon ATP
hydrolysis. (Note that some of the released energy is lost as
heat,) ATP is a carrier of stored chemical energy. It releases
this energy upon hydrolysis to ADP and phosphate. ATP
stores more chemical energy than the products it forms.
Therefore, choice B is correct and choice A is incorrect.

The First Stage of Cellular Respiration

ATP is continuously produced and consumed in the cell.
Without a constant supply of ATP, the cell would not be able to
perform all of the functions it needs to survive. The energy .reqmred
to reassemble ATP is supplied by cellular respiration. This
process breaks down organic molecules, suqh as gl'ucc-:se, }hat
originate in food. The net equation for aerobic respiration is s_ho‘.wn
below. Notice that it requires oxygen and produces carbon dioxide.

6C0; + 6H0
(carbon dioxide) (water)

The word respiration also
refers to breathing, which
takes oxygen into the body
and expels carbon dioxide.

Food provides organisms
with a source of chemical
energy.
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Which types of respiration
of gas in a food product?

A fermentation producing lactic acid only
producing carbon dioxide and eth

nd fermentation producing lactic acid
tion producing carbon

B fermentation anol only

C aerobic respiration a

D aerobic respiration and fermenta
dioxide and ethanol

Choices A and C are incorrect because lactic acid
fermentation does not produce a gas. Choice D is incorrect
because aerobic respiration uses as many oxygen gas
molecules as the carbon dioxide molecules it produces
8213:: lfe(xlfmentatti':m producing ethanol and carbon dioxicie
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Respiration in the Mitochondiria

The later stages of respiration take place i :
;ueﬁgzﬁz ;:Elrlrsc.) Th(iis organelle has twg m(;e nigr;hfe;ngﬁgl;ondﬁa of
the cell. The inn;rnmzths organelle and separates it from thue:er
larger surface area i mbrane is folded over many tim rfest of
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Glycosis means “the
splitting of sugar. |t
first stage of respiratj,
takes place in the ce||'sn'
cytoplasm.

Aerobic means “requiring
air or oxygen.” The prefi
an- means “not.” Anaenb;
respiration takes places
without oxygen. A type of
anaerobic respiration is
fermentation. Fermentatin
by yeast and bacteriais
used in food making.

Mitochondria aré il
organelles in anima

plant cells that
energy (ATP)

H0
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Outer membrane

Inner membrane

The seco?d ar_ld third stages of aerobic respiration take
place in the matrix of the mitochondria.

The-mltochon.dfial matrix is where the second stage of aerobic
respiration, the citric acid cycle, takes place. Enzymes in the matrix
help Fo break down the products of glucose in a series of chemical
reactions. The carbon compounds from glucose are converted to
carbon dioxide. This releases even more energy from these
compounds. However, most of the ATP is still to be produced.

The firs.t two stages have been building up hydrogen (H*) ions
in the matrix. In the third stage of respiration, these ions flow across

the inner membra.ne. .As they do so, they power an enzyme called
ATP synthase, which is attached to the inner membrane. This

enzyme synthesizes ATP from ADP and phosphate. As ions exit the
matrix, ATP is produced.

The table shows the number of ATP molecules produced at each
stage of aerobic cellular respiration.

STAGES OF AEROBIC CELLULAR RESPIRATION

Stage Description Number of ATP
per Glucose
I Glucose is broken down. 2
Il Carbon compounds are converted to CO,. F
I ATP synthase produces ATP. 32-34
Total 36-38

Explain how the structure of the inner_mitochondrial membrane
aids in the function of the mitochondrion.

In cellular respiration, most of the ATP. is produced when
ions flow across the inner mitochondrial memls;rane,
powering ATP synthase. This enzyme synthesnzeszT{’hfrzm
ADP and phosphate. Having a larger surface areadort' es
processes to occur increases the rate of ATP pro uc 1oq.ts
The highly folded structure of the membrane increases i

surface area.

s W

O

All eukaryotes, including
plants, fungi, animals, and
protists, contain
mitochondria. These
organelles may have
originated as free-living
prokaryotes that found a
home in a eukaryotic cell.

The citric acid cycle is also
called the Krebs cycle. It
breaks down the carbon
compounds from glucose
to form carbon dioxide.

The matrix and inner
membrane of the
mitochondria are
important sites of ATP
production.

Think of the glucose
molecule as a wet sponge.
Each stage of respiration
squeezes a bit more water
(energy) out of the sponge.

Most of the ATP is
produced in the third stage
of respiration.
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inle-choice questi -
Please read each question carefully. For a multlpleticg:lzﬁr?te y;lgrn;:ucle i
correct response. For a constructed-response question, Swers o ttr:e' :
E]i
h

)

Use the diagram below to answer question 1.
Adenosine triphosphateé (ATP)

o ?
1 The breaking of which bond powers reactions in the cell’

A bond 1
B bond 2
C bond 3
D bond 4

2 Which pair of molecules are broken down by the cell to release energy?

A ADP and glucose
B ATP and glucose
C ATP and carbon dioxide
D ADP and carbon dioxide

3 Which pair of compounds are raw materials for cellular respiration?
A glucose and ATP
B oxygen and glucose
C carbon dioxide and ATP
D carbon dioxide and oxygen

4 Which does not take place in the mitochondria of the cell?
A Carbon dioxide is produced.
B Hydrogen ions cross a membrane,

C  Glucose is broken down into organic compounds

D The ATP synthase enzyme combines ADP and phosphate
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4
g In which organism does respiratio
; n no .
A bacteria ttake place in the mitochondria?

g maple tree
¢ seaweed

p yeast

.- g Youare preparing for a

[ Marathon. The ni

| pasta and a baked potat = LA night before the rac

- . rink an energy drink to help ).fou coc?l d E e, R0 g
own.

A Explain how your meal h
: el
during the marathon. Ps you to prepare to supply energy to your muscle cells

B Explain why you begin to feel hot durin i
T th m
respiration. g the race, in terms of energy and cellular

muscle cells may switch to anaerobic respiration. Describe

C During intense effort,
void this during the race.

what you should do to a

==
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