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BIOENERGETICS

* Dr. NABIL Bashir
* Metabolism ,Ist semester, 2023



woithout 11 we conlal egfinie Fdod lone 101 bowligicel systess
we dek b (om ehaboliém .

» Definition: Capacity to perform work ¥ The %[@u o uth by

In o(cke/ fo hede &M/gj
ekabolisM:

»What for? Mechanical, Active transport, Biosynthesis,
Heat

aeder” desteyed
>Types of energy: - -l could be Pantde om one tape Yo anclhd, (eadds 2o 449

v'1- Kinetic: Energy in the process of doing work or
Energy of motion

v2- Potential: Energy content stored in a matter
»Whether a reaction occurs or not!
»metabolism vs. energy



— " cqitesss b poms tffe. ol fihpress of €Neq roDomesS

>Mﬁ@i5jm: Sum of all biochemical reactions in living organisms fif 2+

[ ! cs olls
B Cababelisen (g@dﬁi ed buspeafic meghanisms & contd led by Ag/modupamCS 10
a/lafb@ | 7:/4\% (degee MD")
Thete is a conswomed (ESWT’)j &‘3",,’,‘4@%} whulhh, in cobabolism p,,/Hhe/ois atealet ol eNdy -

in o des” fo sgrathed

%~ »Mainly for energy generation

» Other purposes:
* Synthesis of building blocks
e Synthesis of macromolecules
* Degradation of biomolecules — = ==~

: opies likes AR Foluese.)
( cqnthes® o e

ol of] Huese cythesis FAA

done % piochemicad 7xN5.

> Bioenergetics: Energy transformations in the cell



»AG = the free energy difference of a system at any condition

»AG° = the free energy difference of a system at standard conditions ( 25C°
& 1 atmospheric pressure, 1M concentration of reactants & products, pH =
7)

S= 1] *H'M/ ce ujeﬁo% Nave Ahese conditons.
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Gibbs free energy, AG

Je DG will debepineAye dirchonelity of Fhe /30
A — B at wdl ab IM a)so defes/mine the @%uh’b{ﬁm.

* this equilibrium is not determined by enzyme but.determined by
thermodynamics.

* more equilibrium to the A, you will not change the equilibrium by adding
any amount of enzyme to the reaction.

 What determine the equilibrium between them? Gibbs free energy.

* AG which is related to equilibrium constant, can be used to determine if w;f»
the reaction is favorable or not: =)
. v N & e e <y, e ot (G0 8220
* if AG< 0, reaction is spontaneous;, > ¢ & — NG is e

* if AG> 0, reaction is not spontaneous ./ "%, . ...
* if AG= 0, reaction is at equilibrium —— fic wese porp s forined.



* Concentrations of reactants and products = 1 mole/L

[Products]
« AG= AG° + RT In

[Reactants]

[Products]
* AG= AG® + RT 2.3 log [Reactants]

Ooludgl
o amk chage il E[ZQWM chgetre The DG
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Keqis Obtained by dividing [products] by [reactants] when the
reaction reaches equilibrium

Keg = [Products]
At equilibrium Reactants]
NE=0

LO:AGO + RT In K,

AGO: - RT In Keq

o i( 'T% E Wﬁlﬂ e DG uo)iJ/ be €20)
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AG & Keq

K's AG* Starting with 1 M reactants &
kJ/mol | products, the reaction:
highe =1—10° - 23 --& proceeds forward (spontaneous)
10* -11 proceeds forward (spontaneous)
o) -oet10°=1 0 1s at equilibrium
1072 +11 reverses to form “reactants”
ow <107 + 23 -7¢y reverses to form “reactants”

AG = AG" + RT h{_[c] [D]J
[AT[B]
Forarecaction A+ B&<->C+D 0= AG" 4 RT 111{[C] [D]}
[A][B]
C][D
AG = AG®' + RT In M AG® = - RTIn| [C1[D]
[A] [B] [A][B]
semng - IS1 2]

AG” =-RT InK',

e



How much change in delta G
compared to changes in Keq

If Keg=1, thenAG®=0

If Keq>1, then AG°<0

If Keq<1, thenAG°>0



Gibbs free energy conditions & AG 0

* AG depends on conditions: equilibrium & concentration
* A&>B at equilibrium, [A] and [B] are not changing. AG=0.
* If we add more A, leads to production of B,

* AG A-B <0, until you establish the equilibrium.

* If we add more B, leads to production of A, AG B-A <0, until
you establish the equilibrium, or AG A-B >O0.

Does not matter how much A or B added, the equilibrium
depends on the ratio of [B]/[A] not the absolute concentration

of each species. -
A FAT oDy GOl
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Direction of a reaction

* If AG a8 =0, AG'0 =-RT lin [B]/[A] , so you can calculate the equilibrium
constant if you know the ratio or the concentrations of A and B.

*A—> B

e If AG'0 <0, then B is favored over A at equilibrium — 1>

* If AG'0O>0, then A is favored over B at equilibrium — i > [£1.

* So AG'0 is the convenient way to determine the direction of the reaction-(n? -[#
* AG depends on conditions: AG 0 and the concentration of B &A

* |f AG <0, then, the RX is spontaneous, energy is released,

 |f AG >0, then, there is no RX without energy input

% @/{/&6 cell ablo W afe Moy S5 in the /Vl%q/bollt /c//ﬁkwagg n which NG is Ged)
| buk enefy infuk a4 in ATP hydyolysis will helf this (N fo tafie flace



ext/add enefdy (omfood indiffesent Plateses 6 e el fo fue
penfit of Mose engy /eleases W\ &iffesont flateses.

H o0
—s e wi disifated o4 =—one Sty
s Stages of catabolism ey
afuantige muth af i€ slefuwise .
. }W & st > 5
&3?} of 1 stag-e. Large molecqles in food are broken FATS POLYSACCHARIDES PROTEINS lyosidabes
absarBhion down into smaller units. Preparation stage . A ® 3 W
of food. without capture of energy. E §«§E 3 ‘E* Stage | Lo b
* Proteins -> amino acids, : 2 A0 bon | oot
.~ * Polysaccharides -> monosaccharides ROl Ak B Seucoue Bkl Amino acids | dne; e
Al 7 come imple G glycerol other sugars b co we Sdik eat
C@ﬂl)m FOZP“/O\}‘C Q‘/Ad Hglucose ) /]' wood D
Conein1 € + Fats -> glycerol, fatty acids. (’, ﬂ 3 opnvefted
@Quwfr;};‘jﬂgﬂ _.# 2" stage: Molecules are degraded to simple ; Stage Il |- A Acetf] co b
o N units that play a central role in metabolism. “Ace 'Jr’"‘ff' oxidied . Uia iféesent.-
e i 1ol o _ Most of them are converted into the acetyl T T pmetabolic folams
or bytodhe o inYesmediok Auak ill be + Co enzyme A COA | NAQH/FﬁWz/ g
il e’ unit of acﬂyl_CQA Some ATP is generated in| | | [ .5 7¢afrs \_ forey s FAONER0Y 2
~___..this anaerobic stage, but amount is small| ./ geme dfeat
| mM,,@uu»zcompared with 3™ stage. fo. ;P&ﬂfdg] C% A . ic DG*
Lo\ Ko fhe IO d ) ) o— londe® .
» 3™ stage: ATP is produced from the complete a@qe cm’l%ns in k4. \“ ; 20 e <o
oxidation of the acetyl unit of acetyl CoA. A '\x.:z-_:_"-"-'-
Acetyl CoA brings acetyl units into the ‘citric wﬁo ek FAZ Stage Il
acid cycle, where they are completely | . .., e o j.’,}i;n‘fg
oxidized to CO,. Four pairs of electrons are a‘xﬂe@w;;;“%j;m;‘;*w” % W
s use td Gyninesrs he o TP cyntinste
transferred (three to NAD* and one to FAD) Oxidative | i e
for each acetyl group that is oxidized. Then, phosphorylation |
a proton gradient is generated as electrons H.0
flow from the reduced forms of these carriers <
to O,, and this gradient is used to synthesize ATP
ATP.
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ATP is the energy currency of the cell
hat is a high energy molecule? Phosphoedol

—fne N Y ag
fogm 1N (Vldd W

Why ATP?

fyinele

Has an intermediate energy value, so can be coupled

S .9 Y
A-R-O-P-O-P-O-P-O” + HOH = ADP + H-O-P-O~

Q a o o.

(ATP) Vh 0%/\40}( ¢ (Pj)

Triphosphate group
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Bond broken
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in hydrolysis to ADP
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Adenosine triphosphate (ATP)
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in whach 12 /6(/"&““& tom
high enday comboundd ADP.
Compound +H,0 Product + phosphate | AG®i e/
Mhcolpeis _
Phosphoenol pyruvate #=**=  Pyruvate 1/[;_&8 Wy
Sggniae!
1,3 bisphosphoglycerate | 3phosphoglycerate | -11.8 fgﬂg%:?ﬁﬂ
Jacs l§Sis take flde
Creatine phosphate Creatine 103 | P
ATP > ADP+ () -7.3
e used
Alucose 1- phosphate Glucose -5.0 idjﬁnpfm%
Lol bioSytthesis
( Glucose 6- phosphate Glucose -3.3 o/rpoffm/



How ATP hydrolysis provide energy to make
unfavorable reactions to occur

For any polymer synthesis: unfavorable

ATP is hydrolyzed as:

ATP—> AMP +PPi HIGHLY FAVORABLE
PPi—>2pi = AG’0 for both rxs <<0

Two tricks are done here:
e 2 favorable reaction to drive unfavorable polymer synthesis

* keeping ppi concentration very low

&
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Glucose Trapplng by Phosphorylation:
%= adhe G/st (o) ¥ Pcolisis e ‘”74“@8 st e Woc,/ho/}/}g&g I

ATP—>ADP +Pi AG'0 =-7.5 Kcal/mol
Glucose + Pi=> glucose-p AG'0 = 3.3 Kcal/mol

CO\AP(I“@
Equilibrium is toward glucose +

Pi - no trapping.
If you couple these two reactions:
Glucose + ATP-> glucose-p + ADP AG'0=-4.2Kcal/ " [glucose-p][ADP]

. . RTlin
AG= AG 0(glucose > glucose-p) +AG 0(ATP = ADP) + [glucose][ATP]
if this is <4.2, favorable

+3.3 + -7.5= -472 >-4.2




