Metabolism: Sum of all biochemical reaction
ln Living organisms (anabolism or
catabolism)

Bioenergetics: is the study of energy
transformation in cellsfrom the
thermodynamic point of view (potential
energy wot Rinetic energy)

O Energy is the life ©

So, many processes in our body need energy:

Mechanieal, Active transport, BLos Y nthests,
Heat

TYypes of energy are:
1-Kinetic energy : the energy during motion

2-potential energy : energy storea within
materials that can be converted to kinetic
energy if needed .

(Bnergy has tnverse relationship with
stﬁhil,itg)

# Main concept or causes for chemical
reaction Ls to achieve wmore stable situation

Gibbs Equation

[emperature
Heat of reaction || (in kelvins) | Entropy change

Free-energy change \V
AG = AH - TAS

For any delta =final -initial (Difference between the potential energy of product
and reactant )

Enthalpy change (AH) : regular
bond energy In different atoms
Entropy change (As) @ random :

disorder between the different
molecules for nature system nerease in time

REACTION

Ag is negative :loss of energy
(product more stable thaw reactant)
spontaneously (favourable) , exergonic.

Transition state = activation energy

# Breaking down all
molecules so,
releasing enerqgy

** Hydrolysis
reactions

** Decarboxylation
reactions

(a) An exergonic reaction

** Oxidation

Aq is positive

qain ofenergy (reactant wmore stable than
product)

Not go spontaneously (wnfavorable)

endergontic.

(b) An endergonic reaction

*Aq s not affected by the mechanism of
the reaction (presence or absence of
ngmr’:s)

**pathway of the reactions only cares about
initial and final states ™ state

function

glucose #
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Enzyme 1 Enzyme 2 Enzyme 3
- B - C -
»A — B — C
AG, ., = GB-GA
GC—GA=AG,_ .. A

#Standard free energy change
(AGo) VS Free energy change ( AG )

Aq = the free energy difference of a system
at any condition

{ Determine the favourability of reaction }

Acp= the free energy difference of a
system at standard conditions ( 25C §

3 atwospheric  pressure, 1M
concentration of reactants § products, pH =
#) It is alwa Ys constant

Equilibrium:

State of balance when 2 rates

( doesn't equally of concentration )

# Concentration attect Ag

# Delta ¢ has nothing to dp about reaction
race

At equilibrium:
AG=0 (since the driving force of any reaction at equilibrium is zero)

[Products]
[Reactants]

AG= AG®° + RT In

AG = —RTInK i

How much change in delta G
compared to changes in Keq

If KMl =1, then AG°=0
If Keq>1, thenAG°<0

If Keq<1, thenAG°>0

Keq=100 that wmeans at equilibrivm
[P]=100*[R]

aA + bB + --- @ > mM + nN +

[M)"[N]" - *7 g

witvictant concentratlions

Equilibrium equation K

[A]9B]" )
/!

Equilibrium constant

K Very
small

10-3 | 10°

Reaction goes More reactants More products Reaction goes

|‘|.H'-.i]f. at all than }*rmfth (s than reactants to u.'m‘np]t‘tiun
present present

The Effect Of Changing Conditions On
Equilibrium

*E The equilibrium shifts to relieve the stress

1) Effect Of Changes (n Temperature

More reactants (ﬂ T —> encouraging the
backward direction)

More products ( T —> encouraging the
forward direction)

 until we reach the equiltbrivm state )

endothermic/exothermic are tavoured by
Lncrease/oecrease Ln temperature,
res]:ecftiveLg

2) Effect Of Changes n Concentration

& —>Metabolic veactions sometimes take
advantage of this effect

) no effect of a catalyst (enzyme) on
equiltorium ; !tjust helps the reaction to
achieve equilibrium taster, because catalysts
play on what is between the reactants and
proaucts

—>90% energy (ATP) wmitochondria , (10%)
glycolysts cytosol

—> The number of mitochondria is greatest
ineye, brain, heart, §wmuscle, where the
need for energy is greatest
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—>witochondria is found only in ATP
eukaruotic cells ( evolution theory )

. i . what determines the a t of ene a
Reproduction of mitochondria nes mount of energy

bond stores ? atoms / atomes around bond

—>Reproduction of mitochondria is # ATP is the energy currency

?:::;Zﬂd VRELEFRLGRER) g e ek oy —Why ATP is the energy currency of the
cell?  because it has an tntermediate

# this is why athletes behave better in energy value, can be  broken down  and

exercises thaw ordinary people, (they have resynthesized easily

more mitochonaria, more oxygen supplies,

more ATP)

Maternal inheritance

PO T " NH, 1 | What determines the amount of energy a
o o | N~ ‘“«'mi bond stores —>is the atoms that are involved
» * - 2 A O E—--u }i o rﬁ' :i"l—cn <’N | _I 1| directly in the bond (phosphate and oxygen
DH.I"’LWQ GELL d LVLSLOW thﬁ MLtOGl'lDV‘«d YLA 8 \ Lok 2l . B N || for example in ATP) and the distribution of
’ ' | | atoms around this bond which makes strain
e i o v J— . | on the bond so it changes the energy of the
segregate va wolomu{j between the two new hydrolysis o ADP -
W P LT rrlphhph-h-l.ﬁTr'l |
cells fof " .
A-R h_ O + HOH == ADP + Hmb- -7.3 kecal/mole
- -3.4 keal/mole
(ATP) (P)

Compound +H,0 Product + phosphate | AG® || ATP is the energy currency
hosphoenol pyruvate Pyruvate -a4.8 || of the cell, it has a
-2a.8 || triphosphate group and
-10.3 || breaking down each P-O

2

-7.3 bond gives energy

# AS DNA Ls copled when wmitochondria

-

proliferate, they can accumulate random ST s e e | S S
mutations, a phenomenon calles # There Ls wo place where ATP is stored n the
heteroplasmy.

Sy, P TTTT—— e ap (e ke l"""“q

o Mutation. (DNA ) =2 all over body

[mitosis]
There are also many reactions that give the same amount of energy that ATP
2 : " produces so it can compensate ATP. catra)
o Mutation (mitochondria) = one daughter IS )
aeLL /’ATF\ 2ADP

Energy production Energy Utilization
Carbohydrate . b ot

macromolae LS
Lipid } Catabolism ou

| S Shusoie Sonemoon, “'5-'-'3"»-"-?-'-”-“-7"\

LIPIDS CARBOHYDRATES PROTEINS ADP + P ATP +« AMP

Stage 1. Digestion
Bulk food is digested in

senall intesting 80 yild body, energy Ls stored as bonds in (

amall molecules. I;:Ittylacidﬁl Gl I.:mw and Amino acids

and glycero other sugars <

Faty i e — carvonydrates , lipids ,...) ...Why??

oxidation catabolism

BLCAUSE WE CONSUME A huge amount of ATP
- everyday that equals  90.6 wmoles /day
Stage 2. Acetyl-SCoA Production i
aox dogiadad I the cytoplases o
E‘E‘"ﬁ-flf}"lﬁ'ld a{‘et}'laﬁf.'_‘mﬂ]z Flattj.- acid SD ’ ijb{ MEd 4‘5520 @ /‘QCTP
ma_nle:ulﬁ are degraded in the Acetyl-SCoA .
mitochondria of cells to vield acetyl-SCoA. (QP‘PrﬂxbmatﬂLg ‘5—‘0;000 9 A—,_P) ! ! !
R ’
Stage 3. Citric Acid Cycle —_— X That means L‘f 50“.?' bOdH store C',Mrg!j as
FVCUEYFOLANT - OO acid
inside mitochondria by Sty o _ ’
the ciric acid cycle to — yel b co, ATP molecules yow'll ado 50 Kgto  Your
——— _ weight , also Your size after eating will be
JEDUCED increased and  when you're hungry Ll

Bge & ATF Pusdodion. S o, decrease (unreality) Pathways
reduced coenzymes in stage chain
3 is used to make ATF by the
coupled pathways of electron
transport and oxidative
phosphorylation ATP H,0

CamScanner = Ligd &> guaall


https://digital-camscanner.onelink.me/P3GL/g26ffx3k

why  dowel you like need energy?

1. wechaniecal work,
2. active tra nsport
3. sywnthesis of macromolecules

# Sun s the matn source of energy

plants (autotrophs)

animals (heterotrophs)

human cawn eat both of them to get his foodl.

Pathways in our body ;

1.Linear pathway : every material converted
to another material ( different enzymes )

2.cyclic pathway : by the end of pathway ,
first material ( different enzymes )

3.spiral pathway : different materials , same
set of enzymes

# All pathways in our body wneed to
undlerstand each other to conserve energy
from loosing , allosteric enzyme helps in
this process... How?

Allosterie enzyme : enzyme that have
multiple binding sites for different

molecules from different pathways and areas

Jthat helps wolecules to collaborate witheach
other and conserve energy

1 3

F

-
Ener »
etabolism |

(. ;
R
-

Coupling a reaction consume  energy to
Add certain material and other reaction
release energy ana that wmaterial, too.

( REALEASE ENERCG , MATERIALS )

AG>0 AG <0

Exergonic
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EXAMPLE : Phosphorylation transfer
reaction

# Thermogenesis:

UTP = SUGAR

ATP
o ADP

Giucose 6-P)
% °

S GTP = PROTEIN SYNT
- um:{o
EP,.—é—pp,
UDP-Glucosa

Glycogen,
GFWH '3
upp

# Thermogenesis:

CTP = LIPID SYNTHESI

V' Is the first law of thermodynamics

- It is the energy expended for generating
heat (370C) in addition to that expended for
ATP production 801> 9 2 llgionall 43Ul
B ° o7 Ayl acall

Shivering Now-shivering
thermogenesis thermogenesis
S (adaptive
( ATP utilization ) )
thermogenesis)

asy nehronous muscle

) the percentage o
contraction due to P < -{:

energy that You are

sudden change in the ‘ - i)

boolg temeperatiire . Jour
body to make heat

# More ATP and (ATP production

generate heat efficiency)

( Heat production is a Q dgalall 31 all 43Ul

natural CONSEQUENLE
of “burning fuels”)
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