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Table S1: Composition of lung surfactants used in different experimental and computational 
studies.

Experimental study Computational study Present study Reference

DPPC - -
Ortiz-
Collazos et 
al. [1]

DPPC: DPPG (4:1) DPPC: DPPG (4:1) Hu, Jiajie et 
al. [2]

- DPPC: POPC (7:3) -
Estrada-
López et al. 
[3]

DPPC: POPC (7:3)
DPPC: POPC: CHOL 
(7:3:1)
DPPC: POPC: POPG 
(7:3:3)
DPPC: POPC: 
POPG:HOL (7:3:3:1)

DPPC: POPC (7:3)
DPPC: POPC: CHOL 
(7:3:1)
DPPC: POPC: POPG 
(7:3:3)
DPPC: POPC: POPG:HOL 
(7:3:3:1)

- Islam et al. 
[4]

-
DPPC: POPC: 
POPG:HOL:SP 
(60:20:10:10:1:1)

- Islam et al. 
[5]

-

DPPC:POPG (7:3)
DPPC:POPG:DOPC
(3:1:1)
DPPC:DOPC:CHOL
(5:3:4)
DPPC:POPG:DOPC:PA:SP
(5:2:2:1:1)

-
Stachowicz-
Kuśnierz et 
al. [6]

- DPPC:POPG:CHOL:SP 
(70 :30:10:1) - Hossain, S. I. 

et al. [7]

DPPC:POPC (70:30) DPPC:POPC (70:30) -
Ortiz-
Collazos et 
al. [8]

- -
DPPC: POPC: 
POPG:CHOL 
(60:20:10:10)

-
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S1.1 Experimental methodology

Figure S1: Determining the barrier speed for further measurements at aqueous subphase of 
36.6°C, (a) comparison of the π-APL isotherms for DPPC:POPC:POPG:CHOL, 60:20:10:10 
system for all barrier speeds tested and repeatability of the π-APL isotherms at (b) 5 mm/min, 
(c) 7 mm/min, and (d) 10 mm/min.

S1.2 Bead structure for mometasone furoate

The chemical structure of the mometasone and mometasone furoate has been illustrated in Fig. 

S2, and the carbon number of the sterol core has been shown to identify the position of the side 

chain moiety of the drug molecules. The modeling of the mometasone furoate CG model has 

been given and shown in Table S2. This is performed by the small molecule parameterization 

method from the CG Martini modeling [9, 10]. The bead mapping of mometasone furoate was 

structured as shown in Fig. S3 according to the bead skeleton of mometasone [3]. The 

partitioning free energy was determined via umbrella sampling simulation after obtaining a 

stable CG mometasone furoate model according to the protocol conducted by Islam et al. [5] 

with two extra beads into the side chain moiety of the steroid ring. The partition coefficient 

(logP value) of mometasone furoate was calculated from the Gibbs free energy difference to 

confirm the mometasone furoate CG parameter. After that, the calculated value of the drug was 

compared to the partition coefficient of mometasone furoate with predicted and other simulated 

results [3, 11, 12]. It is crucial to note that while mometasone furoate's experimental logP value 

for lung surfactant monolayer has not yet been reported in the literature, the parameterization 

of this model was validated using mometasone furoate's octanol-water partition coefficient 

(logP). The obtained logP value is also compared to anticipated logP values at various scales 

from the mometasone furoate drug data bank [13, 14].
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Figure S2: Chemical structure of the (a) mometasone, (b) mometasone furoate, (c)  cholesterol, 
and (d) the carbon number of the sterol core to show the position of the side chain moiety of 
the drug molecules and cholesterol.

Table S2. Detailed information about the CG model of the Mometasone furoate and the 
Mometasone drug.

Molecule Bead name Molecule name Bead type Group representation
1B RO1 SNa Cyclic ketone
2B R1 SC4 Cyclic diene
3B RCL1 SC3 Cyclic chloro-alkane (RCL)
4B ROH SP1 Cyclic alcohol
5B R2 SC2 Cyclic alkane
6B R3 SC2 Cyclic alkane
7B RO2 SNa Cyclic ketone
8B RCL2 C3 Aliphatic chloride
9B ROO Na Aliphatic acetic acid

Mometasone 
furoate

10B RO3 SNa Cyclic Propanal
1B RO SNa Cyclic ketone
2B R1 SC4 Cyclic diene
3B RCL SC3 Cyclic chloro-alkane
4B R2OH SP1 Cyclic alcohol
5B ROH SNda Cyclic alcohol
6B R3 SC2 Cyclic alkane
7B RO SNa Cyclic ketone

Mometasone

8B R4CL C3 Aliphatic chloride
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Figure S3: Coarse-grained bead mapping of the mometasone furoate. A group of atoms 
(indicated by a colored ring) has been considered a single heavy atom known as the coarse-
grained bead.

Figure S4: The step-by-step procedure of LSM formation from lipid bilayer to monolayer by 
maintaining the lipid mixture DPPC-POPC-POPG-CHOL (60:20:10:10).
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Figure S5: The drug-containing monolayer (a) Lateral view of the monolayer and (b) top view 
of the monolayer. The drug molecules were randomly placed over the monolayer surface at a 
certain concentration. 



S7

Figure S6: Surface pressure-area per lipid (π-APL) isotherms from Langmuir experiment for 
the mixture of DPPC-POPC-POPG-CHOL (60:20:10:10 mol %) with increasing drug 
concentrations (310 K, water subphase).

Figure S7: The pressure-area (π-APL) isotherms calculation from MD simulation of 
cholesterol-containing lung surfactant monolayers (DPPC-POPC-POPG-CHOL, 60:20:10:10 
mol %) for increasing drug concentrations (mometasone furoate) to determine the impact of 
monolayer compression on the organization of the lateral structure of the lung surfactant 
monolayer.
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Table S3. BAM (Brewster Angle Microscopy) images captured during compression of the π-
APL isotherms for (a) a drug-free system of DPPC-POPC-POPG-CHOL (60:20:10:10 mol%) 
and (b) a system containing 14.82% Mometasone furoate. The surface pressure at which the 
images were captured is indicated below.

(a) 0% MF

0.55 mNm-1 9 mNm-1

(b) 14.82% MF

0.25 mNm-1 14.80 mNm-1
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Figure S8: Effect of various concentrations of mometasone furoate on the molecular 
organization of mixed Langmuir-Blodgett films of DPPC:POPC:POPG:CHOL, 60:20:10:10 
studied by the AFM micrographs and cross-sections. Column a presents data for the basic 
system transferred at characteristic surface pressures (π) of 10, 20, 30, and 38 mNm-1 (close to 
the collapse surface pressure). Columns b and c show AFM topographical images and cross-
sections of the basic system mixed with 0.72 and 4.18% MF, respectively, at π of 10, 20, and 
30 mNm-1. 3-D images were added to visualize the characteristic regions of the samples. The 
lines in different colors indicate cross-section locations. The AFM scan area was 5 × 5 μm.
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Figure S9: Effect of various concentrations of Mometasone Furoate on the profiles of the 
mixed Langmuir-Blodgett films of DPPC:POPC:POPG:CHOL 60:20:10:10 studied by AFM 
cross-sections. Column A. presents data for the basic system transferred at characteristic 
surface pressures (π) of 10, 20, 30, and 38 mNm-1 (close to the collapse surface pressure). 
Columns B and C represent systems with 0.72 and 4.18% MF, respectively, at π of 10, 20, and 
30 mNm-1. For samples containing the MF, cross-sections were located within aggregate-free 
areas.

S1.3 Lipid order parameter calculation

The order parameter is a measurement of the structural orientation of phospholipids in lipid 

monolayers. It is calculated by the following equation (Eq. 1s),

𝑆𝑧=
1
2(3〈cos

2 𝜃〉 ‒ 1) (1s)

where  be the order parameter,  be the angle between lipid tails and monolayer normal [15], 𝑆𝑧 𝜃

angular brackets specify the mean of temporal and molecular ensembles [16]. The values of 

 ranging from -0.5 to 1.0 indicate that when , then the lipid tails are perfectly aligned 𝑆𝑧 𝑆𝑧= 1

with the monolayer normal (along the z-axis), whereas   implying the lipid tails are 𝑆𝑧=‒ 0.5

completely anti-align along monolayer normal. In our study, the Python script do-order-

gmx5.py (MARTINI website) is used to determine order parameters [17]. The order parameter 

gives information about the phase behavior of the monolayer. The higher value of order 

parameter ( ) indicates that the monolayer is in a liquid condense (LC) phase representing 𝑆𝑧= 1

the highly ordered lipids chains along the monolayer normal (z-axis) and unlike the lipids in a 

liquid expanded (LE) phase at lower value of order parameter.
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Figure S10: Order parameter of the lipids; DPPC (a, b), POPC (c, d), and POPG (e, f) for sn-1 
 and sn-2  chains in columns at increasing drug concentrations for the APL value 61 Å2. The 
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values were calculated for the last 1-µs of the 2-µs simulations. The standard deviations were 
estimated using the frames of trajectories.

Figure S11: Surfactant and drug molecules distribution on the monolayer at APL value of 53 
Å2 for the drug concentration 4.18% w/w. The snapshots were captured at different simulation 
times from both the lateral and top view of the monolayer. DPPC is pointed by green, POPC 
in blue, POPG in pink, cholesterol in red, MF in purple, water in white, Na+ in orange and Cl- 
in black as well as lipids head group in yellow.
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Figure S12: The radial distribution function (RDF) between drug molecules and lipid 
monolayer (lipid head and lipid tails) at different drug concentrations within a cutoff distance 
1.0 nm during lung compression (APL value of 61 Å2).

Figure S13. Snapshots of simulation system at (a) APL=0.47 nm2 (highly compressed 
monolayer), (b) APL=0.53 nm2 (intermediate state, i.e., compressed-expanded monolayer), (c) 
APL=0.59 nm2 and (d) APL=0.61 nm2 (expanded monolayer) in the presence of (I) 2.13% w/w 
and (II) 14.84% w/w drug concentrations. The drug molecules are shown in purple color.
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