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LECTURE 6

Bioenergetics
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Case C:

If AH = Negative
AS = Negative
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Exowple :
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AG does not provide information about rate of reaction

—
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The Standard Gibbs free energy (AG?)
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Chemical equilibrium:
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Le Chatelier’s Principle:

Any deviation from equilibrium stimulates a process that tends to restore the system to

equilibrium. S -
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Relationship between Keq and AG®

0 K(‘t) 1 Foyward
AGY==RT In Keq Kb‘/( N 2o ckuord
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K., and AG® 2 303 AT = 1-34 K-ef/muole
= 5.7 K7 rmaat
AG°=-1.36 log Keq (for answer in Kcal/mole)

AG" = -5.7 log Keq (for answer in KJ/mole)

0
AC'o;-_ — RT In Ke,f/ NG = —1.3¢ luj Keg,
Acro’-' —2 303RT l% K“V - —1-3¢ lg (B)/(A)

= —1.3¢ IOj 10
A —’@ = — 134 x 1
Zsb{ conce” Az 1 mM T -1 24 K.ed

= 0wV Mule

Ac,a: ? (K- |mole)
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Apply your mind: VZL = ((sp))

Equilibrium constant (K) of noncovalent interaction between two non-bonded
atoms of two different groups was measured at 27°C. It was observed that K =

100 M-!. The strength of this noncovalent interaction in terms of Gibbs free
energy change is:

(1) % 2.72 Kcal/mole A - — -3¢

S 109 Keg,
Jza/- 2.72 Kcal/mole =~ —1-2¢ zoj loo
(3) %0.27 Kcal/mole = —1.2¢ % 2
(4) - 0.27 Kcal/mole

- —2.-72
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Apply your mind:
Equilibrium constant (K’eq) of reaction is a ratio of product to substrate
concentration. The reaction between (K’eq) and free energy change in a reaction
(AG) is follows ) = —1:3¢ log Ke (Kest/mote)

AG'=-RTInKeq = -2302 2T log ke
Reaction A and reaction B have K’eq values of 10 and 100, respectively.

Which of the following statement is correct with respect to AG’?
(1) AG’ of A= AG’of B *

R x A ! Rx B
_2YDG’ of A > AG’ of B .;
(3)AG' of B>AG of A = 1Y - K oo
(4) AG’ of A= AG' of BX Ag°=-136109l0i A& = —1 3¢ loglo6
= —1-36 X1 ;: = —1-2¢ X 2

Aa(A)=—1-3¢ >A<°(8) = -2 72
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Apply your mind:

AG® for the base pairing of oligonucleotides (n=5) at 300 K is&17.1 k] mol-'.What
would be the approximate value of the equilibrium constant K?

(1) 100 (2) 10
(371000 A
NG = —1-L1L KI /mole
KeZ: ?
(0]
NG = - 5.7 lo’cy Kecl/
- 17.) = —-—5.7 le Kef'?/
l_]:-l - lo Ke
<4 54 S
e

= 105/ Keq/ Anhlo; . Keol/

1000

]
N
n
‘9
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Standard free energy change in molecular interactions:

qu K —
[ vid T
* Dissociation constant (Kd)
* Binding or association constant (Ka)
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Apply your mind g = |om Hron 1

The Gibbs free energy of binding of a ligand with a protein is determinet
calorimetric measurements at 25°C.The value of AG° thus determined is
kcal/mole.The binding constant for the ligand-protein association is:

(1) 0.01 Ko (2) 0.10
360 B 400 Anhlog o) -2 = Y,
o - 0-0)
NG = —I1 36 lgj Koo
+2.72 = —1. 3¢ lcg K oo
+ 22 - |pg Ko
52 29
— 2 — /aj K o
| /Anhlaj -2 - K oo
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Van'’t Hofquuatiwahqnst/: bet” Kep | entnalpy &
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RT In K'eL = - (AMQ'- TOS) "
RT In Kz[ = —npK°® + TaAs®
[ n Ke = = A+ TAS® VT
RT
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R T R_T
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Van’t Hoff Plot

ns° o Independert vonaeble
R 7 S(DPI = AH__O P \

“ R Xx— axis = /g
In Ke‘), o Dependent Vanable

Y- oxls = In K“lz




Apply your mind:

Protein stability is represented as

Folded =—= Unfolded

Prior to development of sensitive calorimeters, thermodynamic parameters of processes

determlne y foIIowmg equation
— AH" ASO
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p

ln Keq

AHO and ASP are standard changes m enthalpy and entropy, respectively. Which one
of the foIIowmg statements is correct for estimating AG, AH and AS?

(1) Determining the ratio of folded & unfolded protein at 37°C

(2) Plotting K, as a function of AH

(3) Plotting K, against AS

Vm:’lotting In K, against |/temperature
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Sequential and coupled reactions

Standard free-energy changes are additive for sequential and
coupled reactions

D'+ par-2 B4z
Sﬂvtwm A — R —m) ¢ — D
() o )
A —>D  Dlhyeyau = Ba,+ Bay + B4,
Coupled : 84°= +2 = 1 -2 -1
. A :

> 13 = -2

| CSIR | GATE | SET
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Sequential reactions

Malate + NAD+ - OAA + NADH + H+ AG° =+ 7.1 kcal/mole
OAA + Acetyl CoA - Citrate + SHCoA AG? =- 7.5 kcal/mole

ACEL N 086 =(-1-5)

malole -—/—\—a 0AA — vale
NAD N A Dy Ayl ShecoAn
Comr
malste > otz (fjavourabe
- (4 ‘)-l) +—(—'7~$)

= — 04 K v/mole
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Coupled reactions

Glucose + 1P
ATP

-5 Glucose-¢-9

Glvwse S

) ADP+ 1P

ATP

o
Aé ovenaly

—
=

—

—
—
—

ADP
(K;c,,) + (Ry, 2)
(+s) + (—30)
s =20

—
—

- A8
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b5¢°
~+ T KT /wrole
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Apply your mind:

The reaction of glutamate and ammonia to glutamine and water has a value of + |4 kJ
mol-' for AG_. This is coupled with the ATP reaction (ATP + H,O > ADP +
phosphate). The AG, for this reaction is{-30 k] mog

The AG, (KJ mol!") for the coupled reaction
Glutamate + NH; + ATP - Glutamine +ADP + Phosphate
under equilibrium condition is (JUNE 2014)

() 16 (2) -44 S

3y e (4) 44 e

=16 _
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What will be direction of reaction under cellular conditions?

Forward/backward? uvwdev sktowndaovd cond Hon

N7

0] H
6 ) 1 ) . N /
CH,OPO2~ CH,OPOZ (1) CH,0PO2" }(|, Connot bhe
2 G=0 + (5 /CHOH predicked unH]
aldolase "?5ICH20H ( t-;:CHQOPC)g_ QWM CM W

4 3 Dihydroxyacetone Glyceraldehyde Y

OH H phosphate 3-phosphate Conc’ 0O sSUbs ol
Fructose 1,6-bisphosphate 2 du U ONe

AG” = 23.8 kJ/mol e

Aqo———e St ndavd tondhtor '
not+ oboul cCellvlow condiom

f—or celldon condi on we need @
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Actual free-energy (AG) changes depend on reactant and product

concentrations under physiological conditions cellnlonv
conc”
P
AG = DG + 2303RT /0; LJ
 £s]
A6 = 04 + 1.3 17@
(k (af/ mol¢) ( K (.aJ/waou) £
NG = Aq + 5-7 lg L£2)

(KT/wwl() ( KT rd) ($
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Apply your mind: 213 =

The standard free energy change (AG_) per mole for the reaction A > B at : 30°C
in an open system is —1000 cal/mole.What is the approximate free energy change
(AG) when the concentration of A and B are 100 micromolar and 100 millimolar,

respectively? (JUNE 201 6) h
Col [ mele 2) 316 cHfwr DG = —1000 Col/mole

(3) 31610 Cal) sy (4) -3160 cad/ meot
A— B

o (B i f
NG= Aaq -1-/7?30:30\7* IOZ(T) [00MM (00 mM)

- (—1o00) + 138I /02» //@/7‘/0-3”7 - 2.363X R XT

Mxm“m 2202 X1:987 X303
= —looo + '38( 10)/0

= —looo + 133/ X 3
= —looo 4+ Yyyyz = + 2|1y3




b LECTURE 6 BIOCHEMISTRY | CSIR | GATE | SET

Energy Rich Molecules

\ll

o Whith hos 1 ovy more enevgy 7Mcehn bond

- 21/\4‘77\1 NnuUur bond ow IA..c/dwaSl'.S

AQO - —- 3D K)-/Mole oY nMoYe n.eja,-[-n,(
0
Ag = —=7-3 Kal/mow 0v mov neohve

A ~® > A + @
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ATP Aoy

2 enerty
High Energy Bonds

: : cih
S48 = 02 KT Jmole ] T bond
123 o —
118
_ 109 ATP — ADP
103

6.Acetyl phosphate —10.1
7.Arginine phosphate .

8.Acetyl CoA

9.ATP (— ADP + Pj — 30 KT [lnnole

<—— —22 K7/ mole
~ 4.0
- 338
-34
-33

6. Glycerol 3-phosphate -2.2
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@ (D Hy dvolysis

Chemical basis for large free energy change with PEP[hydronsm ob Phosplaate

. Towto menc
OPO - HydrIonSIS = Sh
L )
)\coo— ~—  H c COO- - (__—_)
Phosphoenolpyruvate enol form
j\H Tautomerization O
H,C” >Cco0- H c)l\coo— o)

enol form - /—-» keto form
OPO,.2- ~ O
3 Net reaction
+HO — _ + HPO,2-
HgC)\COO‘ - H C)I\COO ’

3

Phosphoenolpyruvate Pyruvate
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Chemical basis for large free energy change with ATP hydrolysis

2
"~ Charge repulsion in substrate li

+* Resonance stabilization of production o P — O
«*” lonization favors forward reaction E

.~ Hydration stability of products = o
Ly ) 3 D
ATP 5> ADP 4+ iPant —2p K7/ wrole
A TP 2 AMP EPPEH = yS K wmole
— 4 - 2.

Y=
g7 Sy
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HAPPY LEARNING

THANKS
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