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Bioenergetics 2.Laws of thermodynamics
3. Gibbs free energy

4.Exergonic and endergonic reactions
5.High energy compounds
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Defintions

* Thermodynamics: discipline of physical chemistry that deals with the
energy transformation between a system and its surroundings

4 sy I 5 systemd! ¢ (energy transformation) 48Uall JUEl Kigs

*age iy il
* Bioenergetics: is the application of thermodynamics to biological
systems thermodynamicsd! gaki ¢ U bioenergeticsdu o587 S Lialdial

O] ams (aa¥h 4 pall dadaile

* = mainly deals with the study of energy changes during biochemical reactions
taking place inside the body

auall Jala chemical reactionsdu mais ) 48Ul < yad 4l 0 3¢t bioenergeticsd) , JiS) Jaate (S

L Cacld giall cind ie clif agll




Concept of energy

* Law of thermodynamics applied to living organisms
* The first law states that energy cannot be created or destroyed (&= Y Y 43LL1)

* The second law states that energy transformations decrease the amount of
energy available to do work (free energy)

4. 32Ul 48lall) the amount of energy available to do work : (2= s, res dhas free energyd) llhias
free energyd obasi ) ok 7)) pala 48Ul 33 juan Wl ad) EllSss 2nd lawd) s, (Jaddl 2lall

* The total amount of energy in the universe remains constant,
although the form of energy may change

(J@ﬁﬁu\dﬁjw@)}\&‘ﬁuuﬂ\@&é&ﬂ@m‘g\w\gﬂ)



Laws of thermodynamics

1. Conservation of energy: Energy can never be created or destroys

2. The whole heat energy cannot be converted into work and part of
the energy must be rejected to the surroundings
- Total entropy of the universe must increase in every spontaneous process

Entropy : the measure of randomness (or disorder) of the reactants and products
(spontaneous process) 4yl sde [ 45 98e dalae JS e 2234 o S total entropyd) s

3. Entropy of a system at absolute zero is a well-defined constant
(zero)



Potential and kinetic energy

* Energy is needed to do any work —the ability to do any work is energy
ALl & L Jaxo sl e 5 mal) ol Apladll | s Al drpay

* Potential and kinetic energy are two forms of energy that can be
converted into each other (meansthey are interchangeable)

* Potential energy can be converted to kinetic energy and vice versa

» Potential energy is position relative <" “<=/ 4 &Ll ga sl 4l 2 potential energyd)
c . . . . a8 9all ddasi jo 5 (ol



Potential energy

* The stored energy of an object due to its position relative to other objects,
stresses within itself, its electric charge, or other factors

oA dalse sl atind ol alala stresses sl 428 5o s object Jals 43 Al A8kl a

 Common types of potential energy include

e Chemical

* Gravitational U sagr e 55 6T g Ll o) sl 3ae 8 & sasadle Jlelie (98 3 ) pall g
* Nuclear electricd' s chemicald » BELE B P FYRGITEN

e Elastic

* Electric

/ ------------- T_ ----------------

PotentiPI
Energy

l

* The unit for energy is the joule (J)
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Kinetic energy

* The energy of an object in motion

* Defined as the work needed to accelerate a body of a given mass from rest
to its stated velocity < .y <o aia e e Ji olie 35S 45 objectd) wle sl Jill s

Potential Energy
Potential

* Types of kinetic energy: i S
* Heat W W
* Electricity B P v

* Waves
* The motion of objects l l

e Standard unit of kinetic energy is the joule (J) ®




Gibbs free energy

* J. William Gibbs, a chemist, defined a concept of free energy which is
the energy available to do work

* Initially Gibbs defined the equation: | AH= AG + TAS

(AG) is the change in free energy
(AH) is the enthalpy; a measure of the change in heat content of the reactant compared to the product
(AS) is entropy; a measure of the change in randomness or disorder of reactants and products

(T) is the absolute temperature in Kelvin



Gibbs free energy

Gibbs equation states that: KLU AaZn go _pus Alilaall pui®

* The change on enthalpy (AH) of a reaction is equal to the change in
free energy (AG; available or required) plus the change in entropy
(AS) multiplied by the absolute temperature in Kelvin (T)

* In systems of constant pressure and volume, the value TAS is the
amount of energy dispersed and unavailable for work

* The equation can be rearranged to calculate change in free energy:

AG= AH - TAS

icla o Ly i Ca%pn agll




Gibbs free energy

* The free energy content of a substance “G” is the energy capable of
doing work during a reaction at constant temperature and pressure

3l oa da o die Jelall A Jad Jaad 3 508 Ledasy ) 48l s “G” saldd) e A free energyd)
Ol Loz



Sign of AGpredicts the reaction direction

* The direction and the extent to which a chemical reaction proceeds is
determined by the change in AH and AS

* (G) predicts the direction in which the reaction will spontaneously
proceed



AG: CHANGE IN FREE ENERGY
* Energy available to do work

e Approaches zero as reaction proceeds to equilibrium
* Predicts whether a reaction is favorable

\ / AH: CHANGE IN ENTHALPY

Heat released or absorbed during a reaction
Does not predlct whether a reaction is favorable

\G=

AS: CHANGE IN FREE ENTROPY
e Measure of randomness

* Does not predict whether a reaction is favorable




AGO

* AG%cannot predict the direction of a reaction under physiological

conditions because it composed solely of constants — not altered by
changes in product or substrate concentrations

yoaly Ml padl) ae judhy Ly add Cul o (e ¢ oS LY Jelail) oladl 20T Ldl AGYJ Sy Y
substratesd!s productsd! concentrationdle
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AG

* AG depends on the relative concentration of reactants and products

* AG is the difference between free energy content of the products and the
free energy content of the reactants under standard conditions

negative «lsall S o Sl Ll s reactantsd) 48da w3l productsd) 48Ua L) | shaa
Jeldllh release of energy be Jba 43) Ay (ala

A—B
The change in free energy of such reaction AG is:

AG=GB - GA




Exergonic and endogenic reactions

* Reactions are two (main) types: 2, positive Wb (sS4 endogenic reactionsd! 2 delta GJ!
e Exergonic (energy releasing) 3 ¥ negativityd) <o) ) L JS5  negative oS4 exergonicd)
 Endogenic (energy consuming) (the higher the negativity, the higher the energy) energyd
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Exergonic reactions (catabolic reaction)

* If AG is negative, the products contain less free energy than the reactants (GB<
GA) —the reaction will proceed spontaneously under standard conditions —
exergonic reaction

* The difference in the energy may be given up by the system as heat, work, etc
(stored energy) i 33 oh (Sas |

* Termed catabolism: the breakdown or oxidation of fuel molecules
(fuel/ energy) 4k e J sasll nutrientsd) &S dlae s catabolismd!

A ) B
ADP+Pi ATP

low energy molecule gz s ADPJ) be 2 ga 50 IS Jelal) dg)y 8
high energy molecule s s ATP ) Jsx3 | (B) productsd! Lsedas Jeléll sy M



Exergonic reactions 1) delta GJ negatived &l =15 L s,
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Endogenic reactions

* If AGis positive (GB> GA) — endogenic reaction

* For this type of reaction to proceed, it is coupled to another exergonic

reaction representing the source of required energy
Jelall aaliagy M a8kl juae Sy 7 5 5, exergonic reactions z s 058 o 3Y | S reactiond) =ls (lie
(exergonic reactiond) ae zade Lol Ly A8 jalias 33e )
* If AG is zero (GB = GA), the reaction is reversible and the reaction is at
equilibrium

 Synthetic reactions that build up substances (anabolism)
Anabolism/ Synthetic reactions Ll agawi (Sas endogenic reactionsd! s

A (—

ADP+Pi ATPJ! (&Piul) consumption be Jba s Jel@ill,  ATP
(A) productsd! Ja 53 lic



Endogenic reactions

Transition state

N Endergonic Reaction
A
. The more delta G that you have,
& the more energy that you need
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Exergonic and endogenic reactions

* Coupling between exergonic and endogenic reactions

* Generally, the reason for this coupling is to energize endergonic reactions on
the expense of exergonic reactions endergonic reactiond s Jlic ¢ couplingd) s Uil

couplingd) Gk (i (A s¥) 48 yhall i sla 40915 exergonic reactiond) lua e almil 2 331 28l
* Coupling may be achieved by one of three mechanisms: simple couplingd! 4 5
1. Simple coupling
2. Coupling through an intermediate
3. Coupling through synthesis of high energy compound

* The combined catabolic and anabolic processes constitute metabolism
(metabolismd)) s Jiiaill e J8& A 58 cleléll (e e sila (1 combinationd) s

i (Sas | catabolism oe oSai Ul 4) ol j8Y1 g 2850 jraal il jal glucosed! s didae Lie 43) U ale (S0 (i
LSl 5 Lealisl a3 A ATPJ) 22c a3 5 (the net of reaction) Aasall (o sdi o Wl 43l 4w endogenic reactions
e a7 ) <8 (anabolism) W ddee e 3 ke Jeldll (IS o Lin | exergonic reaction dasall Jelall & &S~ )
endogenic reaction ¢S s A8Uall Il dliasall



Coupling mechanisms: 1. Simple coupling

Endogenic process proceeded by coupling to exergonic processes

* The overall process must be accompanied by the loss of free energy (must be
Exergonic)

* |n its simplest form, this type of coupling may be represented by:

* the conversion of metabolite A to metabolite B occurring with release of free energy and
is coupled to another reaction in which:

* free energy is required to convert metabolite C to metabolite D

Gk oo adbiii o Ul free energy 4 it oY) | il cplelis sy 43) 3ok oo uan el
Js¥) (e s M energyd)



Coupling of exergonic and endogenicreactions

free J) 4seS Jiay 3 ganll ala
e il 3 A energy €
exergonic reactiond!

Free energy

A+ C—» B+ D + Heat

> Heat

energyd) 4 Jiay 3 sanll (ala
|, Chemical > Al Sl 5
energy endergonic reactiond!

produced energyd! Alasally

s el Il G sl il
exergonic alhy dlasall



Coupling mechanisms: 1. Simple coupling

NAD*

LS s reactiond)
2S5 Co-enzymed) & s ga
opaly A dleall e 4l jua
Ala e J< Jelall Jals o sall
JI sl 4 e NAD+J) Cas
A jba 5 (AH2J) (pSe) dolally
(BJ) S ) Alealls 28l

NADH
+

B is reduced

NADH + is oxidized

AH, is oxidized,
NAD*is reduced




Coupling mechanisms: 2. Through an
intermediate

* This type is commonly seen in oxidation-reduction reactions

* Involves the presence of an intermediate carrier

slia yigdund Lol 888 K (5 ) gal e il ) agll




Coupling mechanisms: 3
Through High energy compounds

* Are substances that release energy higher than (or equal) ATP,

including ATP (7.3 kcal/mol)> cisi sl asy 2l e &80 L a5 ATPJ) Leaiis L) 43LLY)
(release (e Sai 43Y negative dwdll dlaiy (o 5ildlle delta GJ

ATPU (e le (aasy il A8Uall 4 glse o ST ddl GLuu 3l ladie Al o gall Leid aadiy high energy compoundsd!

* Substances that release energy lower than ATP are called low energy

compounds (e.g. glyosidic bonds, peptide bonds, ester bonds)
oo Al Akl Lw ddlle gi8la hondsd!) high energy bondsd! JssSi (e slasYU oy Al 435 bonds agie Sad
(fomidia Wy
sl ) Laisi Llaw s Jow energy compound as! 4de sl ATPO) Leaiiy ) 48Ul (e J81 48l oy (S ye (5f Lusa -

high energy compounds a&) (Ao s aa S35 - ) M compoundd) sLiiul [ow energy s compound

e ATP is the most important high energy molecule; it is the energy
currency of the cell



Coupling mechanisms: 3
Through synthesis of high energycompound

Uses high energy compounds (e.g. ATP)

Advantages
* Ensures tight control of the reaction
* Collects energy from exergonic reactions and donates it to endergonicreactions

Cells obtain free energy in a chemical form by catabolism of nutrients and they use this energy to
make ATP from ADP and Pi LI Leeadtinds 5 48Lkll sl | free energy «ie =i nutrientsd! catabolismd!

ADP + inorganic phosphate (Pi) (» ATPJ) gl (lie

ATP is used in endergonic reactions as an energy source (synthesis of macromolecules from small
precursors, transport of substances across membranes against concentration gradients and

mechanical motion, etc.) macromolecules (#5883 ,endergonic reactionsd! 48la juasS ATPJ) aladiul o5 (pae
A8 all 5l licanll al@i¥) e (e 0y 5 A8l Zlisy ) (gctive transportd!) sl Jaill cblae A o) (3 iy eliy)

The free energy hydrolysis of ATP is large and negative: the hydrol}f]tic cleavage of the terminal
phosphoric acid anhydride bonds in ATP separates off one of the three negatively charged *ORI aga®

phosphates Aallall ZaD) lany ) 58 La S 5 (5810 jaaL Jllas leand) high energy @l saa s ddayl ) 48 ATPJ)
* relieves some of the electrostatic repulsion in ATP 31 3,5l i e Leaisas (4l ) DLl Cinim g Lo (o 5) Al (oS5

* Hydrolysis of ATP is highly exergonic and occurs only when catalyzed by an enzyme
aalla L;.:z\ uj\ g|ucose-6-phosphated\ ) L yua 43 jlaa aia pdolle jried L.':JMJ) 6.6 & iday) )l 48l L,’J:;\) Jsi it LS a8 byl 5 )1 ADPJ) e
(ATPJI 48l (e S8 Jualy (ar (3.3 (s sbasti 428



Group transfer potential compounds

* High phosphoryl group transfer potential (high-energy phosphate compounds):

1. ATP and its relatives: GTP, CTP (Cytidine triphosphate) and UTP (Uridine triphosphate)

Creatine kinase

[Mg*']

one high energy bond e S

2. L}Creatine phosphate: in muscles  Creatine + ATP < £ Creatine phospiSE ),

(o2l 1as8) 10.3 Kcal/mol 4 o
3.0 Enol phosphate: phosphoenolpyruvate (glycolysis)-» éc{%:—.o\

(al=ll 238) 14.8 Kcal/mol 4 phosphate s enolic hydroxyl groupd) ¢ linkJ CHy_on

4. Carboxy phosphate: as phosphate # 1 of 1,3 BPG (glycolysis) —___,
BPG Sl ,Carbamoyl phosphatedt 5 1,3 BPGJL 25a 3« , phosphate s carboxyl group o linkd)
,high energy bond Jdale U 8 C1J) Ao 252 gall Jad (S1(C3 5 C1 A=) phosphate (xuia e s sis

*BPG = BisPhosphoGlycerate Adle 48l b 585 33 5 sall Phosphatesd! JS e 4] el (=l

5. Carbamoyl phosphate: in urea cycle and pyrimidine synthesis

creatine J! &b o= ATPJ) pe Jeldly
Co-factor & Mgd! 25> 52 kinase

\OH\\‘\’ The high
coo(-)‘%o\*’
‘ \ energy bond

OH

—

*.' - l e

low energy bondd! (| — ) JS&I (als L | (Ao ) ala AL Lean yiy LSS a0 Uy Wl high energy bondd)




Group transfer potential compounds d
high energy J

* Thioesters having high group transfer potential: bo1nd

1. CoASH derivatives as acetyl CoA, succinyl CoA, acyl CoA, etc —co@scmA

acetyl CoAJ! s derivativesd) & thiol group s carboxyl group o= 05 linkaged) ale JS& () 5o
. . . . . . (o . . M—")L hy*
2. Lipoamide derivatives as acetyl lipoamide “intermediate in f( ) e

oxidative decarboxylation of pyruvate”

CHz-CHa-
3. S-adenosyl methionine (SAM) J

|
Adenosine-@CHa
s A e e sulfurd)s 4 e methyl groupd! o linkaged! os» .

4. Beta keto acid CH:,_cc@cm.cooﬂ

]

acetoacetic aciddb 25> 5« L (5, beta C s alpha C o linkd) 05



S w8l I8 e B S e (g 5., LS jall (e 202 delta GJ) dasd éllia oy 3 ) gually ) Jgaall
low energy iat cba (0 J8Y) 5 high energy compounds s# 7.3 kcal/mol st sl S

**(aal high energyd!s) low energyd! <3 s high energyd) <3 S jall 48 yre coslhadll (&1 LS HAl delta G dasd Lads o glhae jie*



Structure of ATP

* Consists of adenine, ribose and tri-phosphate moiety linked by
phosphoanhydride bond

* In ATP molecule, the second and third phosphate bonds are “high * el daga Adaii*

energy” bonds 1st bondd! 4l (e J8f iy 4ua s s Al 4l pavic 3rddls 2ndd) ca L
lowd! e &5 lia high | 5_in 4 (7.3 kcal/mol & )

PHOSPHATES
3rddJ!

/ \ F{; 4 /) <«—— ADENINE

(6.6 kcaI/moI 2nddJ!
L 53 2ie 7.3 keal/mol e 5 4l oY) o 3 )l sl OH OH RIBOSE




ATP asthe energy currency of the cell

e ATP is the major link between energy yield (catabolic) and energy requiring

(anabolic) processes anabolic reactionsd) . Lxlaainl a4 5 catabolic reactionsd) o« sl 2 ATPJ)

* ATP can be hydrolyzed to AMP and Ppi

alaall sla J3A (Ppi) inorganic phosphate o s ¢33 AlaYu AMP () ADPJ) S35 5 | ADPJ ATPJ) eSS o Ly

* ATP allows coupling of energetically unfavorable (endergonic) reactions to
favorable (exergonic) reactions

OsSi A s | high energy bondd! JS& i Le g
* ATP can carry energy in the form of@ ATPJu terminal phosphate linkdb 825> 5

* This energy is used to drive endergonic reactions with release of Pi or to transfer the
phquhate group to another substance such as glucose forming glucose 6-phosphate
which is more reactive than glucose G 6 PD

Hexokinase

phosph;ate groupd Jail f endergonic reactions.d\ Lpsnl L) andiu L;u, Z\A}u\j Glucosewgdgggﬁgg_) %m%?gt‘g
e i) ey A5 glucose-6-phosphate Jext (lie glucosed) ) JA) Sl aeY navhs ¥
(leCOlytIC pathwaysd\ e ] é}‘)“ 3 ghadll Layl o8 L.,;MJ ,g|uco5ed\ %Géu;zgl;g;e

GSSG GSH



Mechanisms of energycollection

*mitochondria L W U WAL aga 5, anabolic processesdb aee )iS* e Jilall ¢ 3all) cytosold Jals yuay (als Jelidll
T Substrate level phosphorylation = mitochondria J Js1s 5i (3321l cytoplasmd

high-energy bond is formed in the substrate while being oxidized. A’_I‘P is then gen- . o
ed at the expense of this high-energy bond, as in the following reactions: high energy bond Jexis U] -

These are high energy

sauSY) dilee < substrate o
compounds that ! ' : Jazd U Liald 4l
, Phosphoglycerate kinase = ATP < Lagd 4Ad)
contain phosphate Bisphosphoglycerate + ADP < Sess : > 3-Phosphoglycerate . e
eroup P uospuocly | high energydJ) <13 LS )
Pyruvate kinase leeaiton sla 4l ATPJ) s -
This is a high energy Phosphoenolpyruvate + ADP > Enolpyruvate i le.a e e \
compound that : s @R = ?"“;j
contain thiol group Succinate thiokinase | s Al =
S a3Vl clie) \ Succinyl-CoA + ADP +P; < >, Succinig acxd
(thiol 4 Jelaill - ‘ ey a3) Jaadl ,enzyme LS\ Gk e yuay Jeldl) (o ya*
C **(4d5aa1 oxygen s> 5 2 1) aerobic situations (& Casy** *we are transferring phosphate 4¥ kinase #&S
* Oxidative phosphorylation 3 w00 )G L mitochondriad) Jals s Gabs Jelil
* Occurs in mitochondria pals Jeldll led jay =) L (RBC'sd) 5) mitochondria

* Major energy generating process of nearly all cells (RBCs lack mitochondria)
* Transfer of electrons/ protons > ATP synthesis via electron transport chain

b5 2l oxidative phosphorylationd) Jel& < cplelill o i 5 generation Ll sas I ATP) 4aaS e (Sad o s
(2 13> Gaege o) (S) substrate level phosphorylationd! Leadin Al (e 5S) S5 48Us 20aS



DEGRADATION OF FOODSTUFFS

(1) No free energy is obtained from the breakdown of the big organic molecules of
foodstuffs into smaller molecules (glycogen to glucose-1-phosphate; tria-
cylglycerols to glycerol and fatty acids; and proteins to amino acids).

(2) Some free energy is obtained from the breakdown of glucose, glycerol, fatty
acids, and amino acids to acetyl-CoA.

i A8lhal) e AL 4SS5 3cetyl-CoA ) glucose/ glycerol/ fatty acids/ amino acidsd) JsaSS (e it d8lal) gla ans

(3) Most of the free energy is obtained from the breakdown if acetyl-CoA via the

citric acid cycle to carbon dioxide and water.
U=, carbon dioxide + water ) (citric acidd! i b (e) acetyl-CoAd) wusi (i free energyd) 4ule ]

oo Al xin lie | NADHJ! Gk (e electron transport chaind) 8 Jelédll (e 4x3Ul) electronsd) olasiu) &t
deldll ala 3y b e Fih A8l alaee 43) Cus | Oxidative phosphorylationd) Gk

adl Sala die Jed)8 | Cuegdy culaia g <l g s o Le Gled ginl ) agll




