Chapter 7. Bioenergetics (24XI0Ud XIE)

* Energy is used to produce the vast organic molecules, active transport,
cell division, endocytosis, muscle contraction
« A 3+8k4 w82 enthalpy, entropy, free energyel ©jsf <& wb=th.
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* Metabolism :
- Chemical transformation that occur a cell or organism
- Enzyme catalyzed reaction that constitute metabolic pathways
- Catabolism (&3, °]3}) : EHX}% el — F2 A+ Ay ALE
- Anabolism (4, 53}) : ZEAE A — ATAY odyAE &
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TABLE 13-1 Some Physical Constants and
Units Used in Thermodynamics

Boltzmann constant, k 1.381 X 10723 J/K
Avogadro’s number, N = 6.022 X 1023 mol~!
Faraday constant, & 96,480 J/V - mol
Gas constant, R 8.315 J/mol - K
(= 1.987 cal/mol - K)

Units of AG and AH are J/mol (or cal/mol)
Units of AS are J/mol - K (or cal/mol - K)
1cal = 4.184 )

Units of absolute temperature, T, are Kelvin, K
25°C = 298 K
At 25 °C, RT = 2.479 kJ/mol
(= 0.592 kcal/mol)

@ BEXIRNUIIHS - WIYTKeqZ2 SZE = AL
~G = ~G” + RTInK'eq
aG'? 1 BFATA YA W3}
{25°C, 1atm, [A], [B] = 1mol, pH=7}
R . gas A4 (1.987cal/mol.K)
T = AHAd2=
[AL[B] : mol &%
H g Ale] ol A (at equilibrium), oG = 0
0= 2aG"? +RT In K'eq
~G° =-RT InK'eq
R : 1.987 cal/mol, at 25C, T=298
n : 2303 log

AG'® = —(1.987)(298) log X4 = -1363 log ©

Table Relationships among A'eq, ~&° , and the direction of chemical
reactions under standard conditions

When feqis A6° is Starting with 1M components the reaction

>1.0 Negative Proceeds forward
1.0 Zero is at equilibrium
<1.0 Positive Proceeds in reverse
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TABLE 13-4 Standard Free-Energy Changes of Some Chemical Reactions
at pH 7.0 and 25 °C (298 K)

AG'®
Reaction type (kJ/mol) (kcal/mol)
Hydrolysis reactions
Acid anhydrides
Acetic anhydride + H,0 —— 2 acetate —91.1 —21.8
ATP + H,0 — ADP + P, —30.5 —-7.3
ATP + H,0 — AMP + PP, —45.6 —10.9
PP, + H,0 — 2P, —19.2 —4.6
UDP-glucose + H,0 — UMP + glucose 1-phosphate —43.0 —10.3
Esters
Ethyl acetate + H,0 — ethanol + acetate —19.6 —4.7
Glucose 6-phosphate + H,0 — glucose + P, —13.8 —3.3
Amides and peptides
Glutamine + H,0 — glutamate + NH," —14.2 —3.4
Glyeylglycine + H,0 — 2 glycine —-9.2 —2.2

2. Phosphate group transfers and ATP(S14t7] A <43 ATP)
* ATP, high-energy phosphate compound (WOl Xl CIAISIEISE)

1) Free—energy change for ATP hydrolysis is large and negative

@ ATP + H.O — ADP + Pi
AG'° = -7,300 cal/mol (30.5k]J/mol)
@ Glucose + Pi — Glucose-6-® + HxO
AG'° = + 3300 cal/mol (13.8kJ/mol)
O + @ ATP + Glucose = Glucose-6-® + ADP
AG " ° = (13.8kJ/mol) + (-30.5kJ/mol) = -16.7k]J/mol
@ AMP + H.O — Adenosine + Pi AG'° = -3,400 cal
@ ATP + HHO — AMP + Pi-Pi + 2H  AG’° = -10,900 cal
© ATP hydrolysis : AG2] Fto] living cellel A wf-$- t} =t} (why)
- %7} 1.OM e]steln, ATP, ADP, Pi %7l Td3kA e}
- Mg+ ATP, ADP <} A%
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2) Other phosphorylated compounds and thioesters also have large free
energies of hydrolysis
@D 1,3 bisphosphoglycerate + H:O — 3-phosphoglycerate + Pi + H'
AG'® = -49.3k]J/mol

(o) (o]
\P/
/N & 8- resonance
(o) (o) o~ o OH o, .0
N\ /7 N\ 7 N-7 " stabilization
1C C c
chHOH & (IZHOH HY CIHOH
| Ly | 1. |
3 cHz CHZ ~ H2
I H>0 I I
T 7 i
i ionization
_0—'|’=° hydrolysis _O—Ii=0 -0—P—0
o~ (o o~
1,3-Bisphosphoglycerate 3-Phosphoglyceric acid 3-Phosphoglycerate

1,3-Bisphosphoglycerate®” + H,0 —> 3-phosphoglycerate®™ + P2~ + H*
AG'° = —49.3 kJ/mol

@ Phosphoenolpyruvate + H.O — Pyruvate + Pi (enol form) —————-
~G" = -6,800 cal
-—- (Tautomerization) ——--— Pyuvate (keto form)
AG'° = =8,000 cal
Total ~G'° = -61.9k]/mol

-0, (o]
\ 7
P /p< H,0 » B y:
“0—C o o “0—C OH tautomerization -0—cC o
\C/ hydrolysis ) 7 — N7
P: C C
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CH, CHy Eds
PEP Pyruvate Pyruvate
(enol form) (keto form)

PEP3~ 4+ H,0 — pyruvate™ + P%"
AG'° = -61.9 kJ/mol

@ Phosphocreatine + H.O — creatine + Pi
~G'® = -43.0k]J/mol
* Creatine - &% 7% 7} (stable)

[e)
* Phosphagen - 14H& A 4sh= 93
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| Il hydrolysis I resonance St
0~ *NH, P; *NH; stabilization "'2g
Phosphocreatine Creatine

Phosphocreatine®™ + H,0 —> creatine + P3~
AG'° =-43.0 kJ/mol



@ Acetyl CoA + H,O —

CHsCOOH + CoASH + H”

AG'® = -31.4k]J/mol

/0
CH3—C Acetyl-CoA
S-CoA

H,0 ~| hydrolysis

TABLE 13-6 Standard Free Energies of
Hydrolysis of Some Phosphorylated Compounds
and Acetyl-CoA (a Thioester)

AG™

(kJ/mol) (kcal/mol)

CoASH

Phosphoenolpyruvate —61.9 —14.8

/0 1,3-bisphosphoglycerate
CH3—C Acetic acid (— 3-phosphoglycerate + P,) —49.3 —11.8
\OH Phosphocreatine —43.0 —10.3
ADP (— AMP + P)) —32.8 —7.8
ionization ATP (— ADP + P) —30.5 -7.3
] H* ATP (— AMP + PP) —45.6 —10.9
AMP (— adenosine + P,) —14.2 —3.4
05— PP, (— 2P) —19.2 —4.0
V. Glucose 1-phosphate —20.9 —5.0
CH3—Ci Acetate Fructose 6-phosphate —15.9 -3.8
0% Glucose 6-phosphate —13.8 -3.3
resonance Glycerol 1-phosphate —9.2 —2.2
stabilization Acetyl-CoA —31.4 —75

Acetyl-CoA + H,O0 — acetate™ + CoA + Ht Source: Data mostly from Jencks, W.P (1976) in Handbook of Biochemistry and Molec-

AG'° ==31.4 kJ/mol

ular Biology, 3rd edn (Fasman, G.D., ed.), Physical and Chemical Data, Vol. |, pp.
296-304, CRC Press, Boca Raton, FL. The value for the free energy of hydrolysis of PP;
is from Frey, PA. & Arabshahi, A. (1995) Standard free-energy change for the hydrolysis
of the a-f3-phosphoanhydride bridge in ATP. Biochemistry 34, 11,307-11,310.
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(b) Actual two-step reaction
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* AL A MXIMEHIS (electron transfer reaction)¥ Phosphate group9
Agurg e a3 FAo|,

1) Mol SE2 YESH Xgs & = AUl

2) AR-S2H HIS2 HIRU3ZOoFT AWHE + Ul

2 2 3
ex) Fe”" + Cu” < Fe’' + Cu’

i 9 3 -
i) Fe&' < Fe' +e

(Aksh) - Ao A

(3H9l) - AAFEA

2bshAl (Oxidizing agent) @ A A=8-A (electron-accepting)

34 Al (Reducing agent) @ A X& o] A (electron-donating)

3] 4=2oH MUl= 1B ExadttSd AL AL ex) dehydrogenase
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2Gon BEAOIA st
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F : Faraday 5 (23,062cal/V - mole)
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ii) Cu” +e < Cu

(standard reduction
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TEA Abolell LA sk A d 9w}
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StA A9l t E'° = - 042 volt (171}, pH = 7.0, 257C)
< more  potential : good oxdizing agent (electron acceptor)
< more & potential : good reducing agent (electron donor)

* AE’® = (E’° of half reaction containing the oxdizing agent) -

(E’° of half reaction containing the reducing agent)
ex) Acetaldehyde + NADH + H' — ethanol + NAD"
A s1A LA
[half reaction]
i) acetaldehyde + 2H + 2e

— ethanol (E'° = -0.197 V) — %4
ii) NAD" + 2H + 2e

— NADH + H (E’° = -0.320 V)
[+E"® = (<0197 V) - (-0.320 V) = 0.123 V]

i) AG'® = -nFAE'® = -2(96.5k]J/V.mol)(0.123V)
= -23.7k]J/mol



TABLE 13-7 Standard Reduction Potentials of Some Biologically
Important Half-Reactions, at pH 7.0 and 25°C (298 K)

Half-reaction E™° (V)
10, + 2H* + 26~ —> H,0 0.816
Fe3™ + e~ —— Fe?* 0.771
NO; + 2H* + 2¢~ ——> NO, + H,0 0.421
Cytochrome f (Fe3™) + e~ — cytochrome f (Fe2™) 0.365
Fe(CN)g‘ (ferricyanide) + e~ —— Fe(CN); ™~ 0.36

Cytochrome a, (Fe**) + e~ —— cytochrome a, (Fe*) 0.35

0, + 2H* + 26~ — H,0, 0.295
Cytochrome a (Fe*) + e~ — cytochrome a (Fe2™) 0.29

Cytochrome ¢ (Fe3™) + e~ — cytochrome ¢ (Fe?™) 0.254
Cytochrome ¢, (Fe**) + e~ — cytochrome c, (Fe?*) 0.22

Cytochrome b (Fe3*) + e~ — cytochrome b (Fe2™) 0.077
Ubiquinone + 2H* + 2e~ —— ubiquinol + H, 0.045
Fumarate2~ + 2H* + 2e~ — succinate?~ 0.031
2H* + 2e” — H, (at standard conditions, pH 0) 0.000

Source: Data mostly from Loach, PA. (1976) In Handbook of Biochemistry and Molecular Biology, 3rd edn (Fasman,
G.D., ed.), Physical and Chemical Data, Vol. |, pp. 122-130, CRC Press, Boca Raton, FL.

* This is the value for free FAD; FAD bound to a specific flavoprotein (for example succinate dehydrogenase) has a dif-
ferent E'° that depends on its protein environments.
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= | “NH, +m SNH, o LT
x . .
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c hY < o2t
In NADP* this hydroxyl group . .

is esterified with phosphate.
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TABLE 13-8 Stereospecificity of Dehydrogenases That Employ NAD* or NADP* as Coenzymes

Stereochemical
specificity for
nicotinamide
Enzyme Coenzyme ring (A or B) Text page(s)
Isocitrate dehydrogenase NAD* A 610
a-Ketoglutarate dehydrogenase NAD* B 610
Glucose 6-phosphate dehydrogenase NADP* B 540
Malate dehydrogenase NAD* A 612
Glutamate dehydrogenase NAD* or NADP* B 665
Glyceraldehyde 3-phosphate dehydrogenase NAD* B 530
Lactate dehydrogenase NAD* A 538
Alcohol dehydrogenase NAD* A 540
TABLE 13-9 Some Enzymes (Flavoproteins)
That Employ Flavin Nucleotide Coenzymes
Flavin Text
Enzyme nucleotide page(s)
Acyl-CoA dehydrogenase FAD 638
Dihydrolipoyl dehydrogenase FAD 605
Succinate dehydrogenase FAD 612
Glycerol 3-phosphate dehydrogenase FAD 714-715
Thioredoxin reductase FAD 869
NADH dehydrogenase (Complex I) FMN 696-697
Glycolate oxidase FMN 767
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1. st M1 Zl(the first law of thermodynamics) :
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2. g9st Ml 28 =l(the second law of thermodynamics) :
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3. gost Ml 3&Zl(the third law of thermodynamics) :
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