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Study for the mechanism of functional expression and dysfunction of membrane
proteins through direct observations of single molecular fluctuation
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CFTR is an anion channel plays a central role in the transepithelial ions

and water transport, which mutations cause a congenital disease Cystic Fibrosis (CF). In this study,
we investigated impact of molecular fluctuation of CFTR molecule for its function and expression in
in health and disease using high speed atomic force microscopy (HS-AFM) and molecular dynamics
simulation (MD).
HS-AFM showed a large fluctuation of two NBDs which drive the channel gating, suggesting that it
might be a stochastic rather than predicable process.
F508del mutation located at the NBD1-1CL4 interface is the most frequent in Caucasians. It is known
the F508del-CFTR is degraded and poorly expressed because of its structural instability. The MD
study indicated that the Japanese CF mutations in NBD1 and ICL4 as well as the F508del mutation
affect the molecular fluctuations of CFTR protein. Thus the molecular fluctuation underlies the
function and expression of CFTR in health and disease.
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Fig.1 (A) Structure of CFTR and positions of the mutations, L441P, HL08R andA F508. Regulatory domian (RD) is omitted.

(B) ATP-dependent NBD-driven gating mechanism of CFTR channel.
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Fig. 3. Various shapes of the HS-AFM images obtained from the intracellular side of CFTR molecules.
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Fig. 4. Rescuing the Japanese CFTR mutants by combined applications of two of the three correctors.
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(A) Western blots

of the WT-, H1085R- and L441P-CFTR after incubation with a mixture of tezacaftor and elexacaftor (TE) for 2 and 7 days.

(B) Comparisons of the rescuing effects among the combinations of two correctors,

A F508
lumacaftor elexacaftor
(Fig.4)
MD
Lumacaftor elexacaftor A F508 NBD1
L441P NBD1 H1085R ICL4 AFM 1
CFTR
MD
NBD MD NBD1

L441P Y517H L548Q 1556V L571S

:Fig.5&6
Fig. 5. Interaction analysis for the P441 residue in (A) apo-L441P (M470) and (B) atp-L441P (M470). The relevant

residues are shown in the ball and stick model. The insets show different angles.

Hydrophobic interaction (-5A, purple)

Hydrogen bonding (2.8A-3.5A, green),
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Fig. 6. RMSF Root Mean Square Fluctuation of NBD1 in A: WT (V470), B: WT (M470), C: L441P (V470) and D:

L441P (M470). Note that the regulatory insertion (404-437 residues) was omitted because of its huge instability. Mean

of five simulations
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Functional rescue for the second and third most frequent disease-associated CFTR mutants in Japanese CF patients by the
therapeutic drug for Caucasian mutants
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