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Abstract

Alveolar air sacs of lungs are filled with pulmonary surfactant made

up of mixture of phospholipids and proteins namely SP-A, SP-B,SP-C
and SP-D secreted by Type-II alveolar cells. SP-A and SP-D are
hydrophilic proteins and play role in pulmonary host defense
mechanism. SP-B and SP-C are hydrophobic; determining the
formation of surfactant layers and lowers the surface tension.

Deficiency of the surfactant proteins is the leading cause of
respiratory distress syndrome in premature newborns leading to
breathing problems or even death. Early detection of this deficiency is
very important; in this poster, we will discuss a design idea of a
carbon nanotube based sensor to quantify the pulmonary surfactant

protein.

Introduction

The lungs of the premature babies are developmentally deficient of a
material called pulmonary surfactant, which involve in promoting a
proper respiration. Deficiency of pulmonary surfactant can cause the
neonatal respiratory distress syndrome or infant respiratory distress

syndrome. Main Purpose of pulmonary surfactant is to prevent the
collapse of lung during the breathing cycle. Pulmonary surfactant
reduces the surface tension between air and water interface of the
alveolar lumen, and in turn assist in the enhancing the process of
respiration. Multiple disorders may have elements of surfactant

deficiency, dysfunction, or inactivation.

A better understanding of the biophysical properties of lung surfactant

and its susceptibility to inhibition is important for the development of
new surfactant formulations to treat lung diseases.

Structure & Functions of Surfactant 
Proteins

Protein Binding With Carbon Nanotubes  

Carbon nanotubes are considered to be one of the most versatile

families of modern materials driving a revolution in nanotechnology
industry. They have perfectly defined tubular structure, with high specific
surface area, making them ideal for interactions with Proteins.

Figure 4: Self -assembly  of CNT’s on 
proteins

Research studies show that Hydrophilic surfactant proteins SP-A and SP-D

bind selectively to carbon nanotubes, this phenomenon is Ca+2-ion
dependant and was variable between batches of nanotubes.
In the present study we try to analyze the structural and functional variations
of carbon nanotubes and surfactant proteins binding by performing
Simulations. Here we make use of Visual Molecular dynamics(VMD); it is

program for displaying, animating and analyzing large bimolecular systems
using 3-D imaging and built -in scripting.

Figure 5: Protein and nanotube based 
biosensor.   

Results and Discussion
We used Visual Molecular dynamics(VMD) to simulate the binding between

surfactant proteins and Carbon nanotubes. The VMD model for the
simulation is Figure:6 and 7
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Surfactant membranes are made up of 10% proteins and 90% lipids

especially phospholipids. SP-A and SP-D are members of
collagenous carbohydrate binding proteins, known as collectins.
These proteins consists of oligomers with C-terminal carbohydrate
recognition domains in association with N-terminal collagen like
domains. SP-A has bouquet like structure, made of six trimers. SP-D

is the largest surfactant protein having Cruciform structure. SP-A and
SP-D play important role in innate host defense in alveolus,
production of tubular myelin and SP-D also helps in surfactant
homeostasis.
SP-B consists of alpha-helices with disordered links. One of its

models suggests that two sets of positive helices border two neutral
domains. SP-B has structural resemblance to Saposins family, which
shows its role as second line of pulmonary defense. Its main role is to
increase adsorption and decrease surface tension of surfactant.
NMR studies suggest that shape of SP-C is alpha-helix. It equals to

size of tubular myelin and acts as a support to it.

In this project we have tried to bind various pulmonary surfactant proteins

with CNT’s, SP-A and SP-D have not showed effective binding, but we are
making an attempt to functionalize the CNT’s with certain ligands which
can facilitate an effective binding with these proteins as well. Further,
based on this we are trying to model a nanotube based biosensor for early
detection of respiratory disorders in neonatal which would be helpful in

curing them.

Conclusions and Future Work

Figure 2: Model Structure of SP-A and
SP-D

Figure 3: Model structure of SP-B
and SP-C

Structures of proteins were downloaded from the Protein Data Bank(PDB).

In this Simulation, it was observed that surfactant proteins SP-B and SP-C
tend to bind readily to the carbon nanotubes rather than SP-A and SP-D,
we believe that this may be due to the hydrophobic nature of proteins and
carbon nanotubes, which facilitated the binding.

Figure 7:VMD model of SP-C binding with CNT

Figure 1: structures of Surfactant Proteins
Figure 6: VMD Model of SP-B binding with CNT
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