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. Cells and Organs

. Chemical Components of Cells
. Proteins, Enzymes

. Energy, Metabolism

. DNA, Chromosomes, Replication
. Gene expression

. Recombinant Techniques

. Membrane and Transport

. Intracellular Trafficking

. Cytoskeleton

. Cell division, Mitosis

. Genetics, Meiosis

. Cell communication, Signaling
. Tissue, Tissue regeneration

Key organelle : mitochondrion

Mitochondrion
(ATP synthesis)
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Essential Biology :

Chapter 5
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A handful of peanuts contains
enough energy to boil a
quart of water.

«es about 10 million
ATP molecules per second

{0 power an active muscie ce

R /000 75% of the energy

generated oy a cars I

Per day, it takes as much ATP as
your own body weight to power
your life.

Efficiency



Waste products
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energy

e

Carbon dioxide

Heat
energy

(a) Energy conversion in a car
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Energy for cellular work

(b) Energy conversion in a cell



Energy for mechanical work.

Obvious !!
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(c) Chemical work

Think about
resting membrane potential

Think about

assembling monomers

into polymers :
amino acids = proteins
nucleotides =2 nucleic acids



Chapter 6

Cellular Respiration:
Obtaining Energy from Food

All the energy n 2l the

g foo | vou eat can be traced

soth carbon monoxide and
cyanide kill by disrupting

cellular respiratior

If you exercise too hard, your
muscies snut gown from a

lack of oxygen.



Two ways to synthesize ATP

o)
)

Mitochondrial ATP synthase

Figure 6.9 ATP synthesis by direct phosphate transfer.
Glycolysis generates ATP when enzymes transfer
phosphate groups directly from fuel molecules to ADP.



Chapter 7

Photosynthesis:
Using Light to Make Food

Energy considered at
the biosphere organization level

“_ /. powered.

Photosy ) ces 160
: billion metric tons

v ut 500,000
& photosynthesis factories
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Aerobic metabolism consumes O, and produces CO,

02+4 H*-> 2 H20
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Energy
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Two types of muscle fibers

Some muscle fibers have a lot
of mitochondria.
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Link between photosynthesis and respiration

PHOTOSYNTHESIS CELLULAR RESPIRATION
| | | |
CO, + H,0—>0, + SUGARS SUGARS + O, H,0 + CO,
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Figure 3-9 Essential Cell Biology, 4th ed. (© Garland Science 2014)
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Catabolic (breakdown) and Anabolic (synthesis) pathways

food
molecules
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Enzymes catalyze metabolic reactions
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Enzymes accelerate reactions
-> faster at equilibrium

(A) UNCATALYZED REACTION (B) ENZYME-CATALYZED REACTION



Enzymes can couple AG<0 reaction with AG>0 reaction
-> AG>0 becomes possible

o The free energy of Y
is greater than the free If the reaction X—Y
ENERGETICALLY energy of X. Therefore O occurred, AG would be
FAVORABLE AG <0, and the disorder ENERGETICALLY >0, and the universe
REACTION of the universe increases UNFAVORABLE would become more
during the reaction. REACTION . ordered.

this reaction can occur spontaneousl| : : R
P Y this reaction can occur only if it is coupled

to a second, energetically favorable reaction

negative
AG

positive
AG



COUPLED REACTIONS

SINGLE REACTION

& + & — @&eAS-

+5.5 kcal/mole
glucose fructose sucrose

NET RESULT: reaction will not occur

ATP — ADP + P AG°=-7.3kcal/mole

NET RESULT: reactionis highly favorable

COUPLED REACTIONS

S + At — @7 + ADP
AG°® =
glucose glucose-1-P s
55-73=
-®e + @ — @@ +® | Tekalmole
glucose-1-P fructose sucrose -

NET RESULT: sucrose is made in areactiondriven
by the hydrolysis of ATP

Panel 3-1g Essential Cell Biology, 4th ed. (© Garland Science 2014)

negative

AG

positive

AG

Figure 3-17 Essential Cell Biology, 4th ed. (© Garland Science 2014)



Metabolic pathways:

molecule molecule molecule molecule molecule molecule
®—&—E

catalysis by catalysis by catalysis by catalysis by catalysis by
enzyme 1 enzyme 2 enzyme 3 enzyme 4 enzyme 5

-> a chain of separate enzymatic reactions

-> product of one reaction is substrate for next reaction
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How food ends up as H,0, CO, and ATP

1. breakdown of macromolecules into PR

] X , [l
their subunits (in stomach, intestines) amino simple fatty acids
acids sugers __and glycerol

=\

2. breakdown of subunits into intermediates
Acetyl-Coenzyme A or pyruvate (in the cytosol)

maochondrial
membrangs

3. oxidation of Acetyl-Coenzyme A into
CO, and H,0, with production of ATP '
(in mitochondria)

e

&

plasma —
membrane
of eucaryatic
cell




ATP is the universal energy carrier in the cell
-> metabolism of food must lead to ATP synthesis

phosphoanhydride bonds
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Figure 3-31 Essential Cell Biology, 4th ed. (© Garland Science 2014)




The concept of coenzyme

Active site
or Substrate
Catalytic site

Coenzyme
+ —
Apoenzyme Cofactor Holoenzyme
(protein portion), (nonprotein portion) (whole enzyme),
inactive active

Regulatory site
(for an allosteric regulator)



NADH and NADPH are Activated Carriers of Electrons

Some enzymes work
with the help of a
co-enzyme

co-enzymes :
NAD* / NADH + H*
FAD*/ FADH,

CoA / Acetyl-CoA

(A) |
| il
R HADE! T Electrons are transferred
| from glucose to these
| B .
| e € portable electron carriers.
| +H' T —
oxidation of reduction of
molecule 1 molecule 2

(B) NADP* oxidized form m reduced form
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Figure 3-34 Essential Cell Biology, 4th ed. (© Garland Science 2014)



Coenzyme : an analogy

. —>- A —_— 2
. emp A oaded — empty
7.\ goes to pick
£ H| proton up more electrons
(oxidized)
used in later
> stage of respiration
(reduced)
used in later
stage of respiration
1. NAD* within a cell, 2. NAD™ is reduced to NAD 3. NADH carries the electrons
along with two hydrogen by accepting an electron from to a later stage of respiration
atoms that are part of the a hydrogen atom. It also picks then drops them off,
food that is supplying up another hydrogen atom to becoming oxidized to

energy for the body. become NADH. its original form, NAD*.
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later

cleavage of
six-carbon
sugar to two
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energy
generation

Glycolysis

input: 1 glucose
2 ATP
2 NAD*

output: 2 pyruvate
4 ATP
2 NADH + H*



