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Free Energy
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Activation energy starts the reaction
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Every system seeks to achieve a minimum of free energy.




Why do we eat?

CeH1206 + se ——> 6C0, + 6 HO + ATPs

Glucose Oxygen gas Carbon Water Energy

Reactants Products

A large part of the study of metabolism is how do we go
from food (i.e. glucose) to ATP?

What do cells use for energy?
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Review- Exergonic vs Endergonic

Exergonic reaction: Endergonic reaction:

(releases energy) {requires energy)
* Cell respiration ® Active transport
¢ Cataboksm ¢ Cell movements
* Anabolism
ADP
Energ 5
ay + OPF, Energy

Synthesis of ATP Hydrolysis of ATP
from ADP and P, to ADP and P,

requires energy @ relaases ensrgy.

Active site
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Enzymes are proteins that catalyze reactions
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Enzyme-substrate com

plex

Enzymes

* The substrate/enzyme binding site is a perfect match

interaction

noncovalent bonds
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» Reversible, noncovalent bonds create the substrate/enzyme

Enzymes

Substrates
Substrate/
Enzyme
Active site complex

Substrates blnd enzyme

( The enzyme is
unchanged

Product detaches
from enzyme; the
entire process can

be repeated

* Aided by enzyme, substrates

interact to form product
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Enzyme “partners”

Without the cofactor
attached, the protein Cofactor binding
Is not active. activates the
protein.
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Enzyme action

Some Examples of Nonprotein
TAMEZS “Partners” of Enzymes

TYPE OF MOLECULE ROLE IN CATALYZED REACTIONS
Cofactors
Iron (Fe* or Fe') Owdation/reduction
Copper (Cu” or Cu™) Oxidation/reduction
Zine (2"} Helps bind NAD
Coenrymes
Biotin Carrles —O0
Coenzyme A Carries —CO—CH,
NAD Carries electrons
FAD Carrles electrons
ATP Provides/extracts energy
Presthetic groups
Heme Binds ions, O, and electrons;
contalns iron cofactor
Flavin Binds electrons
Retinal Converts ight energy
Enzyme 1 Enzyme 2 Enzyme 3
A —_— B —_— C EE——
Reaction 1 Reaction 2 Reaction 3 =
Starting Product
molecule

Enzyme action
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Enzymes are Sensitive

« Every enzyme is different, has its own set of optimal conditions

* Many factors affect enzyme activity...
temperature, pH, ionic strength, time, etc.
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affect enzymes

Temperature
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All Enzymes are Affected by Environment

Optimal pH for pepsin Optimal pH
(stomach enzyme)

Rate of reaction—>»

4 5
pH—>
(b) Optimal pH for two enzymes

Specific Enzyme Inhibitors

« Different than environmental inhibition, enzymes can be
inhibited by other, specific, factors...

1. Irreversible- covalent inhibitors bind enzyme
2. Reversible
a. Competitive Inhibition

+ “Something” directly prevents binding to
the active site of the enzyme.

b. Noncompetitive Inhibition

Specific Enzyme Inhibitors

Substrate

Active site

Normal substrate /
Competitive enzyme interaction
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Specific Enzyme Inhibitors

Active site

Enzyme

Competitive
inhibitqr

J
Normal substrate /
enzyme interaction

Noncompetitive
inhibitor

Enzyme inhibitors

“Allosteric” inhibition

Noncompetitive inhibitor changes shape
of enzyme so substrate cannot bind
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Other regulators of enzyme activity

Feedback inhibition- common in metabolism
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Allosteric regulation of enzyme activity
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How ATP works

The transfer of a PO4 group to a protein is phosphorylation

Proteins can undergo conformational changes
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the study of cells = the stuad
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Cells are Small Why are cells so small?
Surface Area : Volume Ratio

/

One 4-cm cube Eight 2-cm cubes Sixty-four 1-cm cubes
Total surface area
(height x width x number of sides x number of cubes)
96 cm® 192 en? 384 cm?®
~1x Total volume
(height x width x length x number of cubes)
64 cm? 64 cm? 64 cm®

sLarger organisms have more cells, not larger cells.

Surface area: Volume per cube
(surface area + volume)

1.5:1 3:1 6:1

The Human Body is Composed of Cells Exploring Microscopy
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Exploring Microscopy

Scanning Electron (SEM) Transmission Electron (TEM)

Eukaryotic Cells

Protists, Plants, Fungi, and Animal cells

« Paramecium, an animal cell

Prokaryotes

Prokaryotic compared Magnified
to Eukaryotic

Prokaryotic

Prokaryotic vs. Eukaryotic Cells

—

*Smaller, 1-10 um
*One circular chromosome

* Nucleus*
*No nucleus

» Membrane-bound “organelles’

Similarities: plasma membrane, ribosomes, cytoplasm
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Prokaryotic Cells

—

— Plasma —

membrane

Bacteria
chromosome
/ ——> Flagella
(a) Atypical (b) A thin section through the
rod-shaped bacterium Bacillus
bacterium coagulans (TEM)

Organelles

* specialized unit in a cell that has its own specific function
» usually enclosed within its own lipid bilayer

A Prototypical Eukaryotic Cell with Organelles

Cytoplasm vs. Cytosol
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Plant cells are also Eukaryotic

« Plant cells have chloroplasts

« Plant cells have cell walls, animal cells do not
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The Nucleus

» Contains the genetic material (DNA)
DNA is complexed with proteins,
ie chromatin or chromosomes

« Site of DNA replication and transcription

* Houses the nucleolus (for
assembly of ribosomes )

double membrane
(nuclear envelope)

nuclear pore

Endoplasmic Reticulum
(not part of nucleus)

Porn complexes (TEM)
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