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§ Cystic fibrosis (CF) is a genetic condition 
§ characterized by a buildup of mucus 

resulting in lung disease, shortened life 
span and diminished quality of life

§ 4300 people affected in Canada, 90% 
have the common F508del mutation

§ Introduction of carbonyl group 
§ This addition will allow for the formation of a 

hydrogen bond between the modified Ivacaftor and 
CFTR

§ This bond is a hydrogen bond with the amino acid, 
Tyrosine at position 304 of CFTR

§ This forms a shorter bonding distance of 2.6 Å
between hydrogen and Y304 oxygen

§ The shorter bond distance may form a stronger
hydrogen bond

§ Ivacaftor is a CFTR Potentiator which holds the
CFTR channel open longer

§ When the CFTR is open, it can regulate fluid 
balance in the lungs

§ Thus, Ivacaftor allows CFTR to continue regulating 
fluid balance

§ Ivacaftor interacts with several loops of the CFTR 
and the cell membrane to stabilize the protein

§ Sustains open conformation 

§ Tezacaftor is a Type I Corrector which binds CFTR directly to 
ensure folding into proper functional shape

§ CFTR with F508del folds into non-functional forms that typically get 
degraded 

§ Tezacaftor prevents mutated (F508del) CFTR from being targeted
by the cell’s quality control mechanisms and stops them from 
being degraded

§ Increases amount of properly folded CFTR levels in the cell
membrane

§ Addition of benzoic acid branch
§ Allows for salt bridge 

formation with K68
§ This bonding distance is 4 Å

§ Found in Lumacaftor, an older 
CFTR corrector

§ This addition was shown to 
have higher binding strength 
and affinity to CFTR

§ Increases rigidity of structure, 
which increases the likelihood of 
binding

Abstract
§ Trikafta is a combination of 3 drugs (Ivacaftor, 

Tezacaftor, Elexacaftor)  currently being used 
in the treatment of patients with F508del 

§ We propose multiple modifications to Ivacaftor 
and Tezacaftor to improve binding to the CFTR
protein to increase their effectiveness

Introduction
§ Cystic fibrosis is caused by failure of the cystic fibrosis transmembrane conductance 

regulator (CFTR), a protein channel that regulates the balance of fluids in the lung (1,3)
§ Failure results in mucus building up and causing lung disease and other serious effects such 

as pancreatic insufficiency, frequent respiratory infection and malnutrition (1,3)
§ Current therapies extend life expectancy from early childhood to 48 years and beyond (2)
§ Most common mutation is deletion of phenylalanine at position 508 (F508del) (7)
§ F508 deletion destabilizes the protein and makes it difficult for the protein to assemble into its 

functional conformation (7)

§ Stabilization of other areas on the protein can rescue the mutant protein (6)
§ Trikafta is a triple combination therapy consisting of Ivacaftor, Tezacaftor, 

Elexacaftor (7)
§ We predict that modifications to Ivacaftor and Tezacaftor will improve their 

binding to the CFTR protein, potentially improving patient outcomes.

Improving Cystic Fibrosis Drug, Trikafta, to 
Improve Patient Outcome
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Figure 5: Interactions between Ivacaftor and modified Ivacaftor with cystic fibrosis transmembrane conductance regulator. (a.) Modified Ivacaftor in CFTR 
pocket. An additional hydrogen bond is formed between the added carbonyl and Y304, the edge to face interactions between the phenol group and F931 are 
also enhanced by a new adjacent pyrrole group. π-interactions are shown in pink and hydrogen bonds are shown in cyan. (b.) Ivacaftor binding in the CFTR 
pocket. Only key interactions between residues S308, F312, Y304 and F931 are shown above.

Figure 1: The chemical structures of Trikafta’s three components. 
Shown are the original structures before modifications

Figure 3: Structure of Ivacaftor and modifications proposed. A carbonyl is added to the 
oxyquinoline moiety, and a pyrrole group is added adjacent to the phenol ring.

What does it do?

Modification #1

Modification #2

Modification #3

§ Addition of N-3-hydroxyl propanol
§ This may form a hydrogen bond with 

amino acid Arginine at position 74 
(R74) on CFTR

§ Oxygen on Tezacaftor and nitrogen on 
Arginine form the hydrogen bond 
which preserves main bond in 
Tezacaftor interaction

§ Bond distance of 3.5 Å
§ Nearby oxygen and nitrogen may 

strengthen hydrogen bond
§ Increases stabilization and affinity for 

CFTR protein

§ Reorientation of indole ring
§ Allows for addition of new bonding interaction between drug and 

CFTR, benzoic acid branch 
§ This allows for salt bridge formation with amino acid Lysine at 

position 68 (K68) on CFTR
§ This will increase binding affinity

Figure 9: Tezacaftor and Modified Tezacaftor’s Interactions with Cystic Fibrosis Transmembrane Conductance Regulator. 
(a.) Modified Tezacaftor binding in CFTR pocket. Hydrogen bond between the drug’s terminal hydroxyl group and R74 is 
shown in cyan with a distance of 3.5 Å. Salt Bridge formation between the additional carboxylic acid and K68 is shown in 
red with a distance of 4 Å. (b.) Tezacaftor binding in the CFTR pocket, with hydrogen bonding shown in cyan with a 
distance of 3.4 Å. K68 is highlighted in pink.

Figure 6: Modified Tezacaftor binding in cystic fibrosis transmembrane conductance regulator. Modified 
Tezacaftor binding in CFTR pocket. Hydrogen bond between the drug’s terminal hydroxyl group and R74 
is shown in cyan with a distance of 3.5 Å. Salt bridge formation between the additional carboxylic acid 
and K68 is shown in red with a distance of 4 Å.

Figure 7: Tezacaftor and Modified Tezacaftor. Modifications in the orientation of the indole 
ring, addition of N-3-hydroxyl propanol, and benzoic acid branch.

Figure 8: Modified Tezacaftor Schematic of CFTR Binding Pocket. 
Conserved BCC Headgroup is circled in grey, surrounded by hydrophobic 
residues. Hydrogen bond between the drug’s terminal hydroxyl group and 
R74 is shown in cyan and salt bridge formation between the benzoic acid 
and K68 is shown in red.
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Figure 4: Modified Ivacaftor Schematic of CFTR Binding 
Pocket. Hydrogen bonds are shown in blue with additional 
bonds made between the added carbonyl group and Y304. 
Hydrophobic interactions are shown in orange. Aromatic 
interactions are shown in purple with additional interactions 
between the added pyrrole moiety and F932.

Modification #2
§ Addition of pyrrole group

§ Better sustainability of open 
conformation

§ Increased stabilizing effect 
by π-interactions

a.

Figure 2: Interactions between modified Ivacaftor and cystic fibrosis transmembrane conductance 
regulator. An addition hydrogen bond is formed between the added carbonyl and Y304, the edge to face 
interactions between the phenol group and F931 is also enhanced by a new adjacent pyrrole group. 
Modified Ivacaftor is shown in yellow, π-interactions are shown in pink and hydrogen bonds are shown in 
cyan. Only key interactions between Ivacaftor and residues S308, F312, Y304 and F931 are shown 
above.
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