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1. Estudos de transporte de oxigênio em fêmeas grávidas mostraram que as 
curvas de saturação com oxigênio do sangue do feto e do sangue materno são 
diferentes. Os eritrócitos do feto contém uma variante estrutural da 
hemoglobina (HbF), que consiste de duas subunidades α e duas γ (a2g2). 
Enquanto que a hemoglobina da mãe (HbA) consiste de α2β2. Qual 
hemoglobina possui maior afinidade pelo oxigênio nas condições nativas? 
Explique. 

	
	

	
	
	

2. Depois de passar alguns dias em altitudes muito elevadas, a concentração de BPG 
nos eritrócitos aumenta. Qual será o efeito do aumento da concentração de BPG na 
curva de saturação da hemoglobina? Proponha uma explicação para porque essa 
adaptação seria benéfica para o funcionamento do organismo em altas altitudes. 
Desenhe gráficos para fundamentar a sua resposta. 
 
	

Chapter 5 Protein Function S-55

(a) Which hemoglobin has a higher affinity for oxygen under physiological conditions, HbA or HbF?
Explain.

(b) What is the physiological significance of the different O2 affinities?
(c) When all the BPG is carefully removed from samples of HbA and HbF, the measured O2-saturation

curves (and consequently the O2 affinities) are displaced to the left. However, HbA now has a
greater affinity for oxygen than does HbF. When BPG is reintroduced, the O2-saturation curves
return to normal, as shown in the graph. What is the effect of BPG on the O2 affinity of hemoglobin?
How can the above information be used to explain the different O2 affinities of fetal and maternal
hemoglobin?

Answer The affinity of hemoglobin for O2 is regulated by the binding of the ligands H!, CO2,
and BPG. The binding of each ligand shifts the O2-saturation curve to the right—that is, the
O2 affinity of hemoglobin is reduced in the presence of ligand. (a) decreases the affinity; 
(b) increases the affinity; (c) decreases the affinity; (d) decreases the affinity.

4. Reversible Ligand Binding The protein calcineurin binds to the protein calmodulin with an association
rate of 8.9 " 103 M#1s#1 and an overall dissociation constant, Kd, of 10 nM. Calculate the dissociation
rate, kd, including appropriate units.

Answer Kd, the dissociation constant, is the ratio of kd, the rate constant for the dissociation
reaction, to ka, the rate constant for the association reaction. 

Kd $ kd!ka

Rearrange to solve for kd and substitute the known values.

kd $ Kd " ka $ (10 " 10#9 M)(8.9 " 103 M#1s#1) $ 8.9 " 10#5 s#1

5. Cooperativity in Hemoglobin Under appropriate conditions, hemoglobin dissociates into its four
subunits. The isolated a subunit binds oxygen, but the O2-saturation curve is hyperbolic rather than sig-
moid. In addition, the binding of oxygen to the isolated a subunit is not affected by the presence of H!,
CO2, or BPG. What do these observations indicate about the source of the cooperativity in hemoglobin?

Answer These observations indicate that the cooperative behavior—the sigmoid O2-binding
curve and the positive cooperativity in ligand binding—of hemoglobin arises from interaction
between subunits.

6. Comparison of Fetal and Maternal Hemoglobins Studies of oxygen transport in pregnant mammals
show that the O2-saturation curves of fetal and maternal blood are markedly different when measured
under the same conditions. Fetal erythrocytes contain a structural variant of hemoglobin, HbF, consisting
of two a and two g subunits (a2g2), whereas maternal erythrocytes contain HbA (a2b2).
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