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Cystic fibrosis is the most lethal genetic disorder in the Caucasian population. Cystic 

fibrosis (CF) is inherited in an autosomal recessive fashion. Approximately 5% of white 

Americans are carriers of CF, which means that one defective copy of the gene is already present 

in their genome [1]. This disease is the result of mutations in the cystic fibrosis transmembrane 

conductance regulator (CFTR) gene. The product of this gene, the CFTR protein, is classified in 

the adenine nucleotide-binding cassette (ABC) transporters protein family. It is important to 

study about CFTR protein because the absence of this functional protein can cause drastic effects 

on the whole Caucasian population. The life expectancy of patients suffering from cystic fibrosis 

is 37 years. In northern Europe alone, the disease occurs in about 1 in 3000 newborns [1]. This 

paper will discuss the wild type structure and function of CFTR protein and the consequences of 

mutations on the CFTR protein; especially, the F508 mutation which is the most prevalent 

mutation in the CF patients [1, 2].   

The CFTR protein channel is classified in the ABC transporter family because the CFTR 

protein is structurally and functionally homologous to ABC transporters. ABC transporters 

transport ions, bile salts, peptides, and many other compounds against a concentration gradient 

with the help of ATP. All ABC transporters are similar in structure as all of them are made of 

two nucleotide-binding domains and two transmembrane domains. The ABC transporters may 

have six or ten helices in their transmembrane domains. The structure of NBD domains is 

conserved in all of the ABC transporters. Some ABC transporters may function as pumps, while 

other members of this family may function as ion channels that are regulated by ATP hydrolysis. 

The CFTR belongs to the latter category; it acts as an ion channel by allowing the flow of 

chloride ions down their electrochemical gradient and is regulated by ATP hydrolysis [2, 3].  



The gene for the CFTR protein is located on chromosome 7; it encodes for 27 exons with 

1,480 amino acids. The CFTR protein is different from other ABC transporters because it 

contains an additional domain. The CFTR is made up of five domains; therefore, it is a 

multidomain protein. The functional structure is accomplished through a hierarchical folding 

process. The protein contains two nucleotide binding fold domains (NBD), two transmembrane 

domains (TMD), and a regulatory R region. Each NBD contains Walker A and B motifs, which 

specifically bind to ATP. The protein has two structurally similar halves. Each half contains six 

hydrophobic transmembrane helices (TM) that ends with nucleotide binding fold. The two halves 

are connected by the R domain. The R domain has sets of phosphorylation sites, which play a 

key role in activating the channel. Figure 1 below shows the main structural components of the 

CFTR channel. On the cytoplasmic side of the epithelial cells, the six transmembrane helices are 

connected to each other by cytoplasmic loops (CLs); the loops can be anywhere from 55 to 65 

amino acids in length. Very little of the protein is exposed on the exterior surface of the cells. [3, 

4, 5].               
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Figure 1: Shows the five domains of CFTR. Two transmembrane (TMD 1 &2) domains are in pink color, 

nucleotide-binding domains are in red color, and R domain connecting the two halves is in blue. This figure was 

made with the help of the figure given in Lehninger’s Biochemistry book on page 401[2]. 



More than one thousand mutations have been found in the CFTR gene. However, the 

functional importance is known for only few of them.  There are five groups of mutations; each 

group is classified by its effect on the CFTR protein. The most severe mutations are Class I 

mutations because no protein product is synthesized under these mutations. Class I includes 

nonsense and frameshift mutations. Class II mutations cause the degradation of CFTR protein in 

the endoplasmic reticulum. Class III mutations are coupled with flawed regulation where the 

CFTR protein is not activated by ATP. The outcome of Class IV mutations is reduced chloride 

transport through the channels.  Class V mutations result in splicing defects which lead to 

reduced production of protein product. The mutation that occurs in about 90% of CF cases is a 

class II mutation, which occurs as the result of the absence of phenylalanine at position 508 [4, 

6].  

 In the CFTR protein structure, the 508
th

 amino acid is positioned in the first nuclear 

binding domain (NBD1). The phenylalanine at this position lies between NBD1 and the fourth 

intracellular loop (ICL4). The absence of the phenylalanine residue at 508
th

 position is 

commonly referred to as F508 mutation. This residue plays an important role in the CFTR 

function and maintenance, as it will be highlighted in the experiments explained below. The 

F508 mutation will cause a folding defect in the CFTR structure and it will be degraded before 

it even reaches the cell membrane to function as an ion channel. [2].  

During the biogenesis of normal CFTR, it is core-glycosylated at the endoplasmic 

reticulum. Core-glycosylated is another term for N-linked glycosylation, where the sugar 

molecule is added to asparagine residues. After the ER, complex glycosylation occurs in the 

Golgi apparatus, and then CFTR is finally transported to the apical surface of epithelial cells. 

After some time, the CFTR protein will be internalized through endocytosis. However, the 



majority of CFTR will be recycled and will return back to the cell membrane; only a small 

amount of CFTR will be degraded by lysosomes [7, 8]. When F508 mutation occurs, CFTR is 

absent on the cell surfaces. The reason is that mutated protein is held in the ER in its pre-mature 

core-glycosylated form and is eventually degraded. The important thing to consider here is that 

this mutation is temperature sensitive; if the epithelial cells are incubated at lower temperatures, 

then some of the CFTR may reach cell surface even though it will be internalized much more 

rapidly for lysosomal degradation compared to the normal CFTR protein [8]. 

According to one of the articles published in American Journal of Physiology, researchers 

performed three experiments which enabled them to see that F508 is a temperature sensitive mutation 

and that it is unstable at the apical surfaces of epithelial cells; therefore, it will be internalized and 

degraded much more quickly than the stable CFTR. In the first and second experiments, the epithelial 

cells containing epitope labeled mutated CFTR and normal CFTR were incubated for 48 hours at 27 °C 

and at 37 °C. At 37 °C, the mutated CFTR did not achieve its mature conformation and was degraded 

before it even reached the apical surface. On the other hand, the mutated CFTR escaped degradation at 

27 °C, and reached the apical surface. However, it was found that the rescued mutated protein is 

transported from the apical surface to the endocytic vessels much more rapidly than the normal 

protein. Only after 1 hour, the mutated protein was found in the internal vesicles, while the wild-

type was still restricted to the cell surface. After 4 hours, the levels of the mutated protein were 

nearly undetectable, while the wild-type had just started to appear in the vesicles. These results 

show that the mutated CFTR is unstable at the apical surface and will be internalized much more 

rapidly [8].  

The third experiment showed that the normal CFTR recycles efficiently and only a small 

amount will be degraded. However, the temperature rescued mutated protein will not return back 



to the apical surface as it will be degraded after its internalization. The CFTR present on the 

apical surface and intracellular pool were labeled with the antibody that was added on the apical 

side of the cell cultures. The low-pH wash resulted in the removal of antibodies bound on the 

apical surface. Then the labels remained only on the CFTR that was present in the endocytic 

vesicles. The On-Cell Western assays and an infrared imaging system were employed to see the 

recycling of CFTR back to the apical surface.  Most of the normal CFTR returned to the apical 

surface after 1 hour at 37 °C. However, mutated CFTR was still in the vesicles at that time and 

did not reach the apical surface at all [8].  

Another article published in the Biochemistry journal included an experiment that 

compared the thermal stability of wild type (wt) and mutated CFTR channels. Both the wt CFTR 

and the ΔF508 CFTR were incubated at room temperature of 22 °C. They were then warmed at 

temperatures ranging from 28 °C to 37 °C for 10 minutes and conductance for both types of 

channels was recorded. Conductance measures how much of a given ion flows through a 

channel. When the wt CFTR was successively placed at higher temperatures from 22 to 28, 34, 

and 37 °C, conductance steadily increased to higher values. However, conductance returned back 

to original value when wt CFTR was placed back into the room temperature at 22 °C.  For the 

oocyte expressing the ΔF508 CFTR, conductance increased when the temperature increased up 

to 28 °C. However, it showed a marked decline when the ΔF508 was placed in 37 °C [9]. 

 Under normal conditions, the phosphorylation of the R region causes the CFTR to work 

as an ATP gated ion channel and it will pump chloride ions down their concentration gradient. 

When ATP binds, it prompts the formation of an NBD dimer which heralds the opening of the 

channel, figure 2.1. When the ATP molecule that is bound to NBD2 is hydrolyzed, the channel 

closes. However, the closing of the channel does not necessitate the full separation of the NBD 



dimer. There is a stable partial dimer state that the closed channel may enter. In this state, the 

head of NBD1 and tail of the NBD2 domain are still linked by the bound ATP. However, at the 

ATP-binding site 2, the head of NBD2 and the tail of NBD1 are separated, figure 2.2. This 

partial state can last for approximately ten seconds. Another ATP molecule can bind in this time 

at site 2 to start a new cycle [10].         

Outside                                                    Cl
-   

Cl
- 

 

 

 

 

Inside        H3N
+
                        

 

 

 

 

Outside 

 

 

 

 

Inside        H3N
+ 

 

 

 

 
R 

domain 

R 
domain 

-
OOC 

 

ATP 

Tail of NBD 2 
Head of NBD1 

Figure 2.1: Open 

channel 

Head of NBD1 
Tail of NBD 2 

-OOC 

 

ATP 
Figure 2.1: Closed 

channel 

Figure 2: The first figure, figure 2.1, shows the formation of the NBD dimer when two ATP molecules (red 

stars) bind to the active sites located on the NBD domains (red teardrop shaped). This causes the channels to 

open. In Figure 2.2, when the ATP molecule located on NBD2 gets hydrolyzed, the channel closes. The second 

figure shows the stable partial dimer state of the NBD domains, in which head of NBD1 is attached to the tail 

of NBD2. Lehninger’s Biochemistry book was used as a reference to draw this figure [2]. 

 



An article was published in The Journal of Physiology, where the authors try to 

determine the effect of F508 mutation on the stability of the NBD dimer. The authors used 

pyrophosphate (PPi), a non-hydrolysable analogue, to keep the channels open.  The inorganic 

pyrophosphates are the product of the polymerization reaction catalyzed by DNA- and RNA-

polymerases. The stability of this state can be determined in the wild-type CFTR and mutated 

CFTR by measuring the relaxation time constant immediately after the ligands are removed. 

Interestingly, for the mutated CFTR the relaxation time constant or the locked-open time was 

about 10 times shorter than the wild-type channels. This means that mutated channels closed 

rapidly after the removal of ATP and PPi. However, wild type channels were open for a long 

time after the removal of ligands. These results show that the stability of NBD dimer is 

decreased with the deletion of F508 position [10]. 

The same researchers as above performed another experiment where they established that 

the mutation not only destabilized the NBD dimer state; it also destabilized the NMD partial 

dimer state. As stated previously, even when ATP in the ATP binding site 2 is hydrolyzed, one 

more ATP remains in the ATP binding site 1. This ATP is present for about 10 seconds (Figure 

2.2). The stability of this partial state can be determined by doing ligand exchange experiments. 

When the ligand was switched from ATP to P-ATP, there was a fast current phase, which 

represented the time when ATP/P-ATP exchange took place at ATP binding site 2. This was 

followed by a slow current phase, when ATP/P-ATP exchange occurred at ATP binding site 1. 

The tightness of the ligand attachment at ATP binding site 1 was determined by measuring the 

time constant of the slow phase. In the wild-type CFTR, ligand exchange time was about 40 

seconds. However in mutated CFTR, time for the ligand attachment was radically shortened. 

Therefore, the mutation destabilized the partial dimer state [10].  

http://europepmc.org/abstract/MED/22792731/?whatizit_url_Chemicals=http://www.ebi.ac.uk/chebi/searchId.do?chebiId=CHEBI%3A33697


The normal CFTR successfully interacts with IgG antibodies, 14-3-3 proteins, and 

several other compounds. As already stated, F508 position is found in the nucleotide binding 

domain (NBD1) in the final CFTR structure and it forms an accessible loop; therefore, it was 

suggested that this region might play a role in the protein-protein interactions. According to the 

journal published in FEBS Letters, the region that specifically binds to IgG antibodies is local to 

the F508 position [11].  

The researchers performed a dot-blot experiment to prove that the normal CFTR 

containing the F508 will bind to the IgG antibody, but the mutated CFTR lacking the F508 

position will fail in this binding interaction. The proteins were fixed on the nitrocellulose 

membrane and then hybridized with antibody IgG probe. The synthesized peptides were as 

follows: wild type CFTR peptide from regions 503-519, F508 CFTR peptide (mutated CFTR 

that has a deletion at 508 position) was from regions 503-518, and control peptides from other 

parts of CFTR like 780-793, 49-62, and 92-105. According to the results, the IgG antibodies bind 

specifically to wild type CFTR peptide, very minimally to deltaF508 peptide, and do not bind at 

all to control peptides. In order to exclude the possibility that the wild type CFTR binds to 

peroxidase instead of an antibody, a pure mouse monoclonal 125I-labelled IgG was used. When 

this pure antibody was overlaid onto a nitrocellulose membrane, it was also found to bind 

specifically with wild-type CFTR peptide. Thus, in vitro, peptides containing the F508 region of 

CFTR can attach to IgG if F508 exists in the CFTR protein [11] 

When the authors repeated the same experiment in-vivo, they observed similar effects. 

The authors used immunofluorescence and laser-scanning microscope to observe this interaction. 

The wild type human airway cells were stained with anti- human IgG and anti-human CFTR. 

The CFTR and IgG staining co-localizes only at the apical surface of wild type cells. This effect 



was absent in the cells that were taken from patients who were suffering with cystic fibrosis. 

Their CFTR protein was missing F508 position (F508 mutation). This experiment further 

established that the CFTR can bind to the IgG antibodies only when the F508 region is present in 

the protein [11].  

 It has already been explained in the earlier sections that one of the ways to rescue a 

mutated protein is low temperature. Another way to rescue a mutated protein is by treating them 

with small corrector molecules.  In one experiment, the cells expressing the mutated protein were 

treated with quinazoline or the bisaminomethlybithiazole compound. Quinazoline is made up of 

two aromatic rings: pyrimidine ring and benzene ring. This compound has also been used in the 

treatment of malaria and cancer. The mutated protein was found on the apical surface after the 

treatment with either of these compounds. The amount of mutated protein further increased on 

the apical surface when the cells were treated with both of these compounds simultaneously. 

However, the apical stability of these proteins was just the same as the temperature rescued 

protein [8].  

 The CFTR protein channel plays an essential role in maintaining the ion and fluid 

homeostatic levels in apical airway epithelial cells. It is a multidomain protein and belongs in the 

ABC transporter family. Unless the regulatory region, R domain, is phosphorylated by PKA, the 

ability of the protein to work as a channel is restricted. After the phosphorylation of the R region, 

CFTR will work as an ATP gated ion channel. The most common mutation in the CFTR protein 

channel, F508 mutation, is a temperature sensitive mutation. This mutation destabilizes both 

the NBD dimers and the NBD partial dimers states. The F508 mutation inhibits the interactions 

of the CFTR protein with the IgG antibodies. The two rescue methods of the CFTR protein, low 

temperature and small corrector molecules, may open doors to the treatment of CF.  
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