QBQO0204 - Lista 5 — Bioenergética e introducao ao metabolismo

1. O que é metabolismo? Por que os organismos vivos precisam realizar reacdes
metabdlicas? E por que eles precisam obter energia do ambiente, seja na forma de
energia luminosa, seja na forma de energia quimica?

R: Metabolismo é todo o conjunto de rea¢des que resultam em transformacdes de matéria
e conversao de energia em sistemas biologicos. Essas reacdes e transformac6es de energia
componentes do metabolismo sdo necessarias para manter a alta complexidade molecular
que é caracteristica dos seres vivos. Essa energia tem que ser obtida do ambiente, seja na
forma de matéria (como substratos energéticos que serdo degradados) nos organismos
heterotroficos, ou como energia luminosa, naqueles organismos que conseguem fazer
fotossintese. De qualquer forma, toda a energia utilizada para a manutencéo dos seres
vivos, vem, em Ultima instancia, na forma de energia luminosa vinda do Sol, uma vez que
0s seres heterotréficos utilizam compostos organicos bastante reduzidos que sao
produzidos a partir de equivalentes de reducéo obtidos em rea¢des fotossintéticas.

2. Areacdo de hidrolise de ATP é apresentada abaixo

ATPY + HO0 — ADP? + P¥ + H'
AC™ = —30.5 kJimaol

Nas células, as concentracfes de ATP, ADP e Pi ndo sdo iguais, e diferentes de 1M,
como usado para calcular AG®. Considerando as concentracdes de ATP, ADP e Pi
em eritrocitos humanos como sendo, respectivamente, 2,25, 0,25e 1,65 mM, pH 7 e
temperatura 25°C, calcule a variacao de energia livre real (AGp) para a hidrolise de
ATP em condic0es intracelulares.



BOX 13-1

The Free Energy of Hydrolysis of ATP within Cells:
The Real Cost of Doing Metabolic Business

The standard free energy of hydrolysis of ATP is
—30.5 kJimol. In the cell, however, the concentrations
of ATP, ADPF., and P, are not only unequal but much
lower than the standard 1 M concentrations (see Table
13-5). Moreover, the cellular pH may differ somewhat
from the standard pH of 7.0. Thus the aciual free
energy of hydrolysis of ATP under intracellular con-
ditions (AG,) differs from the standard free-energy
change, AG". We can easily calculate AG,,.

In human erythrocytes, for example, the concentra-
tions of ATE, ADP, and F, are 2.25, 0.25, and 1.65 mu,
respectively. Let us assume for simplicity that the pH
is 7.0 and the temperature is 25 °C, the standard pH
and temperature. The actual free energy of hydrolysis
of ATP in the erythrocyte under these conditions is
given by the relationship

IADP]IP
IATP]

Alp =AGC™ + RTIn

Substituting the appropriate values we obtain
AGy = —30.5 klfmal +

(0.25 3 10 3(1.65 x 1073
2.25 % 10 7

[fB.EIE Jfmol - K){298 K) In

—30.5 kJfmol + (2.48 kJ/mol) In 1.8 = 107*
—30.5 kJimol — 21 k)mol
—52 kJ/maol

Thus Al the actual free-energy change for ATP hy-
drolysis in the intact erythrocyte (—52 kJ/mol), is
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much larger than the standard free-energy change
(—30.5 kl/mol). By the same token, the free energy
required to synthesize ATP from ADP and P, under
the conditions prevailing in the erythrocyte would be
52 kJ/mol

Because the concentrations of ATF, ADP, and P,
differ from one cell type to another (see Table 13-5),
AG, for ATP hydrolysis likewise differs among cells.
Mereover, in any given cell, AG, can vary from time
to time, depending on the metabolic conditions in the
cell and how they influence the concentrations of ATP,
ADP, P, and H* (pH). We can calculate the actual
free-energy change for any given metabolic reaction
as it occurs in the cell, providing we know the con-
centrations of all the reactants and products of the re-
action and know about the other factors (such as pH,
temperature, and concentration of Mg®*) that may af-
fect the AG™ and thus the calculated free-energy
change, AG,.

To further complicate the issue, the total concen-
trations of ATP, ADP, P,, and H* may be substantially
higher than the free concentrations, which are the
thermodynamically relevant values. The difference is
due to tight binding of ATF, ADP. and F, to cellular
proteins. For example, the concentration of free ADP
in resting muscle has been variously estimated at be-
tween 1 and 37 ps. Using the value 25 pM in the cal-
culation outlined above, we get a AG,, of —58 kl/mal.

Calculation of the exact value of A(; is perhaps
less instructive than the generalization we can make
about actual free-energy changes: in vivo, the energy
released by ATP hydrolysis is greater than the stan-
dard free-energy change, AG™.

3. O que é acoplamento de reacBes? Discuta como a hidrolise de ATP pode “dirigir”
reacdes bioldgicas termodinamicamente desfavoraveis.

R: Reacdes acopladas séo duas ou mais rea¢des que contém um intermediario comum
obrigatorio. Em geral, uma das reacdes é altamente exergbnica, 0 que permite que
uma outra reacdo, endergdnica, ocorra considerando a somatoria da variacdo de
energia livre das duas reagdes. Em sistemas biologicos, a formacdo de intermediarios
fosfatados, utilizando ATP como doador do grupo fosfato, permite que reacoes
endergbnicas ocorram, uma vez que a hidrélise de ATP é altamente exergobnica.
Assim, a somatoria de variagdo de energia livre das duas reagdes, passa a ser
exergonica, fazendo com que a reagdo ocorra espontaneamente.

4. Além de ATP, quais outros compostos podem funcionar como ‘“doadores de
grupos fosfato” em reagdes bioquimicas?



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

AG™

(ki/'mol)  (kcal/mol)

Phosphoenclpyruvate —614 —148
1,3-bisphosphoglycerate

[+ 3-phosphoglycerate + P) —49.3 -11.8
Phosphocreatine —43.0 -10.3
ADP (— AMP + F) —328 -7.8
ATP (— ADP + P) —305 -73
ATP (— AMP + PP) —456 -10.9
AMP (— adenosine + P;) —14.2 —34
PF; (- 2F) —-19.2 —4.0
Glucose 1-phosphate —209 -5.0
Fructose 6-phosphate —154 -38
Glucose 6-phosphate —138 -33
Glyceral 1-phosphate -9.2 —22
Acetyl-CoA —314 —1.5

5. O que sdo reacOes de transfosforilacdo? Qual a importancia dessas reagcdes em
sistemas bioldgicos?

R: Reag0es de transfosforilacdo sdo reagbes de “trocas” de grupo fosfato entre
nucleotideos, de acordo com a reacdo abaixo:

Mg

ATP + NDP (or dNDP) ADP + NTP (or dNTP)

AG" =10

Essas reacOes sdo completamente reversiveis, e contribuem para manter o nivel de
nucleotideos trifosfatados para outras funcbes bioldgicas, como sintese de acidos
nucleicos. A reagéo de trasnfosforilagdo de ADP, mostrada abaixo, tambem contribui
para manter os niveis de ATP em situacdo de alta demanda desse nucleotideo
trifosfato.

Mg®?

2ZADP ATP + AMP AG™ =10

6. Oxidacdes biologicas podem ocorrer de varias maneiras, incluindo a troca direta
de elétrons, através da transferéncia de atomos de hidrogénio, de ions hidreto ou
pela combinacdo com oxigénio. Dé exemplos biologicamente relevantes desses
tipos de reacdes de oxido-reducéo.

1. Directly as electrons. For example, the Fe?*/Fe**
redox palr can transfer an electron to the
Cu*/Cu®* redox pair:

Fe?* + Cu®* = Fe** + Cu*

2. As hydrogen atoms. Recall that a hydrogen atom
consists of a proton (H*) and a single electron (e7).
In this case we can write the general equation

AHy =—A + 2¢ + 2H"



AH, + B=—=A + BH,

3. As a hydride ion (:H™), which has two electrons.
This occurs In the case of NAD-linked dehydroge-
nases, described below.

4. Through direct combination with oxygen. In this
case, oxygen combines with an organic reductant
and Is covalently incorporated in the product, as
in the oxidation of a hydrocarbon to an alcohol:

R—CH; + 10, —> R—CH,—OH

7. A maioria das reacOes essenciais do metabolismo energético envolvem
transferéncias de elétrons entre compostos. Nos sistemas biologicos, quais sdo 0s
principais “carreadores” de elétrons liberados durante a oxidagao de substratos
energeéticos?
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FIGURE 13-18 Structures of oxidized and reduced FAD and FMN.
FMN consists of the structure above the dashed line on the FAD (ox-
idized form). The flavin nucleotides accept two hydrogen atoms (two

electrons and two protons), both of which appear in the flavin ring
system. When FAD or FMN accepts only one hydrogen atom, the semi-
quinone, a stable free radical, forms.

Flavin adenine dinucleotide (FAD) and
flavin mononucleotide (FMN)



