C hapter 6 How Cells Harvest Chemical Energy
Calaad) L) Al ABUAY LAY deant (i

PowerPoint Lectures for
Biology: Concepts & Connections, Sixth Edition
Campbell, Reece, Taylor, Simon, and Dickey

Lecture by Richard L. Myers

Copyright © 2009 Pearson Education, Inc.



Introductlon How Is a Marathoner Different from a Sprmteﬂ
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= The percentage of slow and fast muscle fibers
determines the difference between track athletes
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— Those with a large percentage of slow fibers make
the best long-distance runners

Clilisall Alae Juzadl Lladl) LIV (e Adladl 4 giad) Contl) (5 3 (S
Al skl

— Those with more fast fibers are good sprinters

= All of our cells harvest chemical energy (ATP)
from our food
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INTRODUCTION TO
CELLULAR RESPIRATION
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6.1 Photosynthesis and cellular respiration provide

energy for life
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= Energy is necessary for life processes
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— These include growth, transport, manufacture,
movement, reproduction, and others
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— Energy that supports life on Earth is captured from sun
rays reaching Earth through plant, algae, protist, and
bacterial photosynthesis
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6.1 Photosynthesis and cellular respiration provide
energy for life
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= Energy in sunlight is used in photosynthesis to make
glucose from CO, and H,O with release of O,
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= Other organisms use the O, and energy in sugar and
release CO, and H,O
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= Together, these two processes are responsible for the
majority of life on Earth
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Sunlight energy dswedl) 48Ul

ECOSYSTEM (sl alill

&

Photosynthesis
in chloroplasts
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Cellular respiration
in mitochondria
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The connection between
photosynthesis and
cellular respiration
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6.2 Breathing supplies oxygen to our cells for use in
cellular respiration and removes carbon dioxide
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= Breathing and cellular respiration are closely related
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— Breathing is necessary for exchange of CO, produced during
cellular respiration for atmospheric O,
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— Cellular respiration uses O, to help harvest energy from glucose
and produces CO, in the process
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Breathing
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Muscle cells carrying out 4laal) LAY 4 68

Cellular Respiration

The connection between breathing and cellular respiration
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Glucose + O,
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CO, + H,0 + ATP
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6.3 Cellular respiration banks energy in ATP molecules
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= Cellular respiration is an exergonic process that
transfers energy from the bonds in glucose to ATP
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— Cellular respiration produces 38 ATP molecules from
each glucose molecule
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— Other foods (organic molecules) can be used as a
source of energy as well
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Summary equation for cellular respiration
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6.4 CONNECTION: The human body uses energy from

ATP for all its activities
ATP (e Adbiaal) aibaly 4 DU 48Ul (lad¥) amd daesy 1 Ayadat dday)

= The average adult human needs about 2,200 kcal of
energy per day

°J’--“2,200 LA\P&\JJ\‘)AM L_\\)’.mj\ (e é\_\j\ u\.«.uﬁ\ubmu.k.ujué.u m
asdll (& A8l (e (508 SIS) 4l a

— A kilocalorie (kcal) is the quantity of heat required to raise the
temperature of 1 kilogram (kg) of water by 1°C
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— This energy is used for body maintenance and for voluntary
activities
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Energy Consumed by Various Activities (in kcal).
(5ol shslly) ddlide ddadd) b ASiginial) A8

VILAXN ENERGY CONSUMED BY gec
VARIOUS ACTIVITIES (IN KCAL) (o5 sb) Adlise Al
Kcal Consumed per Hour TR TS L
Activity by a 67.5-kg (150lb) Person* T S G
Running (7 min/mi) 979 979 (da ] GIET) 2
Dancing (fast) 510 510 (&omd)) o
Bicycling (10 mph) 490 490 (4ol ] &2 10) A2l g,
Swimming (2 mph) 408 408 (Aol [ Jpe 2) daludd
Walking (3 mph) 25 245 (Al | J1a3) (il
Dancing (slow) 204 204 ($ca) Gab
Sitting (writing) 28 28 (A< sl

*Not including kcal needed for body maintenance Seal) Ailpa b 4 gllaal) &l o) it ¥ *




6.5 Cells tap energy from electrons “falling” from organic fuels to
oxygen
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= The energy necessary for life is contained in the |
arrangement of electrons in chemical bonds in organic
molecules
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= An important question is how do cells extract this energy?
ALl 20 LW (aldind (ol s aly Jlgw m

= When the carbon-hydrogen bonds of glucose are broken,
electrons are transferred to oxygen
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— Oxygen has a strong tendency to attract electrons
5 pSAY) dad Y 8 4 e 3 ollia
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6.5 Cells tap energy from electrons “falling” from organic fuels to
oxygen
CraaS s (5 guanl) 358 g1 (pa “Alalgll” i SGNY) (e ALY LDIAY aliias

= A cellular respiration equation is helpful to show the changes
In hydrogen atom distribution
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— Glucose loses its hydrogen atoms and is ultimately converted to CO,
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— At the same time, O, gains hydrogen atoms and is converted to H,O
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— Loss of electrons is called oxidation — 8aws¥ly il s SSUIY) (hass en

— Gain of electrons is called reduction J)#aY¥0L L s xSV QluiS) ey
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Rearrangement of hydrogen atoms (with their electrons)
in the redox reactions of cellular respiration
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Loss of hydrogen atoms
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(oxidation 3sY)

C6H1206 + 6 02 —> 6 C02 + 6 H20 + Energy

Glucose Ads
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Gain of hydrogen atoms
O 9uned) @l s
(reduction J) )




6.5 Cells tap energy from electrons “falling” from organic fuels to
oxygen
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= Enzymes are necessary to oxidize glucose and other foods
G AY Y5 5 S lall 3l 4y 5 5 ja iy HY) m

— The enzyme that removes hydrogen from an organic molecule is
called dehydrogenase
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— Dehydrogenase requires a coenzyme called NAD* (nicotinamide
adenine dinucleotide) to shuttle electrons

(AL el (45 oS0 GiaY) 3 60) NAD* = (amsy (o 3 38130 Sinn s pailgall allayy —
<l g iKY Jad

— NAD™* can become reduced when it accepts electrons and oxidized
when it gives them up
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pair of redox reactions, occurring simultaneously
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Oxidation 3ws)

O—H ——— —0 + 2H

Dehydrogenase
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Reduction J!_Aa)
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6.5 Cells tap energy from electrons “falling” from organic fuels to
oxygen
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= The transfer of electrons to NAD* results in the
formation of NADH, the reduced form of NAD*

dasall) NADH 0osSil g5 NAD* ) i 5 sy Jissl
(NAD* J & yiadl

— In this situation, NAD* is called an electron acceptor, but
it eventually becomes oxidized (loses an electron) and is
then called an electron donor
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6.5 Cells tap energy from electrons “falling” from organic fuels to
oxygen
CnaS U (5 gianl) 3 g8 g1 (o “Alalgl)” g SN (e ABLAY) LAY palites

= There are other electron “carrier” molecules that function like
NAD*

NAD* i Jaxi ¢y S0 “Alda” (5 AT Gl sa aa sy

— They form a staircase where the electrons pass from one to the next
down the staircase

G A A Aa o (e Jao) (8 O Y Z o Cos el A e Gl jall sda Slin —

— These electron carriers collectively are called the electron transport
chain, and as electrons are transported down the chain, ATP is
generated

ALl Jaul olaily <l 5 5iS) JUEEL 5 ¢ o9 8 JAI Alads Alea Jal sl 038 ani —
ATP ) Al g,
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‘ NAD?* \ 4/1 ATP

+ 2e” .
@ Controlled A~
-~ release of okis

energy for 43kl
synthesis (il
of ATP ATP

In cellular respiration, electrons fall
down an energy staircase and finally
reduce 02
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STAGES OF CELLULAR
RESPIRATION
AND FERMENTATION
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6.6 Overview: Cellular respiration occurs in three main stages
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= Stage 1: Glycolysis Jiai ;1 4da all
Jessiadl

— Glycolysis begins respiration by breaking
glucose, a six-carbon molecule, into two
molecules of a three-carbon Compound
called pyruvate
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Glucose

C-C-C-C-C-C

Glycolysis
In Cytoplasm

Cc-C-C

Cc-C-C

— This stage occurs in the cytoplasm

Pyruvate

Pyruvate
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6.7 Glycolysis harvests chemical energy

_by oxidizing glucose to pyruvate
dailansl) 43Ual) oS glall Hat dulas daad
b g b ) G sSslad) Banasly

= In glycolysis, a single molecule of glucose
is enzymatically cut in half through a
series of steps to produce two molecules

of pyruvate

OS5l el g s s adalty HsSslall i dylee (3
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— In the process, two molecules of NAD* are
reduced to two molecules of NADH

O O I NADY e Ol Joiag dolaal) 28
NADH

— At the same time, two molecules of ATP
are produced by substrate-level
phosphorylation
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Glucose JjsSsia

2 ADP
) <2 NAD*
NADH
2 +
2 ()
Q-
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2 Pyruvate <ubs b 2

An overview of glycolysis
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6.6 Overview: Cellular respiration occurs in three main stages
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= Stage 2: The citric acid cycle oaala 392 12 dls al)
<l )

— The citric acid cycle breaks down pyruvate into carbon
dioxide and supplies the third stage with electrons

Ala pall 2535 050 )SI 2T (A U cud gyl ey i) (mas by g0 Jlad —
" i 5 STy 431l

— This stage occurs in the mitochondria
b)hﬁj@\éﬁgﬂ\o&@& —
Mitochondria CO;

Citric Acid
Cycle

Pyruvate g Electrons
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6.6 Overview: Cellular respiration occurs in three main stages
WJJA‘JA&ﬁuJQ wm\ummm;mws,m
= Stage 3: Oxidative phosphorylation BauS gall 5 jiudl) 13 Al yall
— At this stage, electrons are shuttled through the electron transport chain
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— As aresult, ATP is generated through oxidative phosphorylation
associated with chemiosmosis

Abe Sl 4 ) sanYly ddasi jall 320 5all 3_dudll JBIA (e ATP ) ol gy llAl dai
— This stage occurs in the inner mitochondrion membrane
DJJJ)SM sz;\ﬂ\ Lzl GAM;)AS\ sda Al

/002 O, \
N
OO0 0 O Electron Transport Chain
X Oxidative Chemiosmosis
Pyruvate Electrons Phosphorylation
H,O

ATP
OOOOOOoCO a0

Mitochondria
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An overview of cellular respiration
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High-energy electrons

Mitochondrion
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) carried by NADH 0—0 0—a
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OXIDATIVE
GLYCOLYSIS JsSsiadl Had CITRIC ACID PHOSPHORYLATION
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Cytoplasm
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PRI Membrane
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ATP

Substrate-level phosphorylatlon
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ATP

Substrate-level phosphorylatlon Oxidative phosphorylatlon
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6.13 Fermentation enables cells to produce ATP without

; oxygen
CramS oY) A dalad) (99 ATP gl o 308 LAY padil) Jany

= Fermentation is an anaerobic (without oxygen) energy-
generating process

(CpnnS 5¥ Aalall 0 50) Litsa Y A8al) 2l i dlec g el m

— It takes advantage of glycolysis, producing two ATP molecules and
reducing NAD* to NADH

NADH N NAD* Ji5ial s ATP (s s gl o 55Sslall dlaill e iy —

— The trick is to oxidize the NADH without passing its electrons through
the electron transport chain to oxygen

O S 35 Y Jaill Al JMA 4l g Sl 0 a8 (g 50 NADH 3008t 85 Sdll eSS —
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6.13 Fermentation enables cells to produce ATP without
oxygen
CraaS oY) A Aalad) 593 ATP Uil Ao 308 LYAY jedil) Jaay

= Your muscle cells and certain bacteria can oxidize NADH
through lactic acid fermentation

o NADH 1 S e b i) g il (iany 5 alianl) DA 20853 o)) (Say
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— NADH is oxidized to NAD* when pyruvate is reduced to lactate
iSO ) s bl J s Lexie NAD* ) NADH ) auslyy —

— In a sense, pyruvate is serving as an “electron sink,” a place to
dispose of the electrons generated by oxidation reactions in
glycolysis
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Lactic acid fermentation
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Glucose JsSsia
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2 ADP

+
N
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2 ATP

GLYCOLYSIS ¢Jjss 3-‘*

NAD

2 Pyruvate <2 g ub 2

00 OO0

2 Lactate
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6.13 Fermentation enables cells to produce ATP without
oxygen
CmaiS oY) Pl dalall 099 ATP A 58 LOWAY) jadil) Jaay

= The baking and winemaking industry have used
alcohol fermentation for thousands of years
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— Yeasts are single-celled fungi that not only can use respiration for
energy but can ferment under anaerobic conditions

(L) 58 ) (s sl pudilly HLa) 3Ll il V¢ A sy il ki A ileall —
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— They convert pyruvate to CO, and ethanol while
oxidizing NADH back to NAD*

oY) NADH ) 3208U o 585 Laiyy L) J a5 050 SN 2T G g g Ll jiledll Joad —
NAD*
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Glucose JsSsia

2/ NAD*

2 ADP
+2 P

GLYCOLYSIS

2 ATP

Alcohol fermentation Q00
. Q00
Jeasl) jadl 2 Pyruvate < 2

2(co,

Released

CO2 nas
2 NAD*

2 Ethanol Js\y) 2




INTERCONNECTIONS BETWEEN
MOLECULAR BREAKDOWN
AND SYNTHESIS
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6.15 Cells use many Kinds of organic molecules as fuel
for cellular respiration
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= Although glucose is considered to be the primary source of
sugar for respiration and fermentation, there are actually three
sources of molecules for generation of ATP

ATP J al sl (Al A ja jilas
— Carbohydrates (disaccharides) (ALl by jSudl) Gy s S
— Proteins (after conversion to amino acids) (4wl aleal Jsaill aay) i g 5l

— Fats Oy sl
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Food, such as
peanuts
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% Fats o2l Proteins «lisy ull
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Glucose Pyruvate . Acetyl CoA - CITRICACID
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GLYCOLYSIS s sSslad) Jatl) \ &y i)

X

P < ATP ¢

conmozmmencacnonve | Pathways that break down various food molecules
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AN OVERVIEW
OF PHOTOSYNTHESIS
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