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Metabolism: Chemica mﬂmytans{onnmmatmrlnﬁving organisms.
nwlahnﬁsmhansfnm(mattafs+enargy)suhjactmmelawsntuwnmdynamm

2 Types of metabolic pathways

e

. Catabolic Pathways. Anabolic Pathways
- Breakdown of: Complex molecules to simple molecules Build up complex molecules from simple mol cules

R . .
'-;Efj ergy is release Requires an input of energy
||h ‘ C :l_ | iration Eg- Photosynthesis Il amino mt? l
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Laws of thermodynamics:

First law of thermodynamics:
Energy can neither be created nor destroyed, only transferred or transformed from one from to anothei

Second law of thermodynamics:
Every energy alteration (transfer/transform) increases the entrophy of the universe.

What's entrophy???
When certain energy is lost during energy alteration, could be in the form of wasted heat.
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Energy:
Ability to do work or cause change

Energy
Kinetic energy. Potential energy.
Energy of an object in motion Energy stored in an object.
I Measured in joules. Measured in Joules.
Eg-Thermal energy. Eg-Chemical energy.

Free energy:

It's the portion of the system's energy available to do work when temp & pressure are
uniform.

We can calculate the change in free energy between reactants and products
HOW?7?

Free energy of products — fre"
of reactants
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The concept of free energy can be applied to the chemistry of Iifa |
processes. Depending on the change in free energy (delta G)

A reaction can be

=iy
Exergonic. Endergonic

Proceeds with a net release Absorbs free energy

of free energy. from its surroundings.

Spontaneous. WHY??7? not spontaneous. WHY??2?
(free enérgy of products < free energy of reactants) (free energy of By
reactants Delta G <0 < free energy of
products) :

Eg-Respiration. DeltaG>0

Eg-Photosynthesis
Exergonic Reaction: A5 <O Endergonic Reaction: AG >0
-Reaction is spontaneous. -Reaction is not spontaneous.

6ibbs Free Energy

Gibbs Free Energy
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Question
Can delta G=0??

YES!

If reactants and products have the equal free energy (system is in equilibrium)
Where does this happen?

In closed systems.

(dead organisms for example)

What's a closed system?

Closed system: no exchange of matter/energy with its environment

Note

Cells in human body are in an open system.

(Constant flow of material in and out, preventing metabolic pathways ever reaching
equilibrium)

Most cellular reaction are Endergonic which means they can't occur spontaneously. They
require energy.
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[ Energy Coupling
Since most of our bodies reactions are endergonic and require energy.
From where do our cells get this energy from?? eq LY

~ Coupling Of

Rxn's

We couple an endergonic reaction with an exergonic re

act_'f-m through a coupler.

Eg-A+B—>
E + F + Energy. —> G + H (Ende
Energy provided by catabolic (Exergonic

C + D + Energy (Exergonic rxn)

rgonic rxn)
rxn) is used to drive the anabolic rxn forward.

This couples reaction which revolves around a principle molecule (coupler) involved in
providing the energy for endergonic cellular reaction.

What's this coupler called??
ATP (Adenosine Triphosphate)
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Note: In the 3 phosphate groups we have 3 Q' (Oxygen with a —ye charge)
As we already know repulsion occurs between like charges (-ye, -ve) in this example

Whi_ch causes the molecule to become highly unstable with very high amounts of energy
(which means the bonds between phosphate can be broken down easily)

Let's take this example: if | take 1 mole of ATP and put it in a container with H20, hydrolysis
takes pl?na. What happens?? "

The bond between 2 phosphates breaks down froming ADP, inorganic phosphate and energy I
is released. |

$ % e
e -, "

" Lal
O OH

Gy
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Anq the breakdown of every every bond between 2 phosphate molecules releases'-ffé _
Which means delta G=-7.3. :

Knowing this lets organize our thoughts about ATP coupling

1- An exergonic reaction occurs, thus energy is released. _

i:rEnergy produced is consumed by the addition of a third phosphate group to ADP forming
P _

3- Due to the repulsion between the oxygen ions in every phosphate group ATP has a very

high amount of energy. Therefore, ATP releases a phosphate group, becomes ADP and

energy is released.

4- The energy released can be used to drive an endergonic reaction

5 Energy from Energy for cellular |
. catabolism (exergonic, work (endergonic, |
. energy-releasing ADP +®) energy-consuming .:
| processes) S processes) 4
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Figure 8.6 Free energy changes (AG) in exergonic
and endergonic reactions

Reactants

Amount of
energy
released (AG<0)

Free energy —>

Progress of the reaction
a) Exergonic reaction: energy released

Amount of
energy
released (AG>0)

Free energy —»

Progress of the reaction »
(b) Endergonic reaction: energy required
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Enzyme changes shape
“ Substrate slightly as substrate binds

ﬂNE site

)
Subst!jate entering Enzyme/substrate Enzyme/products Products leaving ' {
active site of enzyme complex complex active site of enzyme
Substrate Induced fit

i+
Active site

Bl

i
i

ﬂ o Enzyme Enzyme-substrate

complex
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! 1 COfmtnr (inorganic substance... gg- metal).
2- Coenzyme ( Organic substance... eg- Vitamins).
C lharate of reaction:

(’ m pnn enzymatic activity.

st hi | cells the optimum temp (enzyme activity is best) at 37 degrees Celcius.
emperature is >37 —5 Sharp reductivity in the rate — Denaturation.

Why ¢ "’danahlratian occlr?
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3sic) since its found in the ir

ltestines.
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Enzyme Inhibitors: i il

Interfere with the ability of enzymes to do work

Inhit;tnrs: % Competitive inhibitor

Cor_npetltwa inhibitors compete with the substrate. HOW??

|I'Ihl‘blt0r. and substrate have a similar shape -,Triés to bind with the
Active site - Prevents substrates from binding

Competitive Inhibition

” O ' 6 il

substrate

mhibitor

-

enzyme—inhibitor Direclly blocks
complex the aclive site

Non-Competitive inhibitor

Doest bind to the active site but binds to the lower end of the enzyme.
What happens??

—3Changes the conformation of the enzyme
Conformation of the active site

—» Changes
Active site

_? substrate can no longer fit into the
reactions stop until it detaches.

Hon-Competitive Inhibitian

Inhibitor binds o
the allosteric site

'k A fe—)— 8

Lm substrate inhibitor

-ﬂmmlﬂl‘

Changes the shape
HI

of the aclive sile

i
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Inhibitors could either be: Permanent or Temporary

How can | reduce the effect of competitive inhibitors?

9 By increasing the number of substrates.
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Regulation of metabolism.
(switch rxn's on/off)

—>Feedback mechanism.
= Prevents accumulation of products. HOW??2

1- Final product goes to primary/secondary enzyme
2- Product binds to regulatory site
— Enzyme stabilizes in inactive form.

Inhibition. (feedback inhibition)

products is consumed and have a low cong it detaches from regulatory site and
enzyme returns to its active form.,
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