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*https://biologydictionary.net/cytoskeleton/

• Cell membrane is made up of a 
lipid bilayer and is soft and has 
viscoelastic properties. 

• Question: How do the extracellular 
matrix and cytoskeletal network 
affect the dynamics of this bilayer? 
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Cell Membrane

Presenter
Presentation Notes
Here is a picture of the cell. The cell is one of the most complicated parts of the human body, specifically the cell membrane. We know that the membrane is soft and has viscoelastic properties, meaning it behaves somewhat like a liquid and is viscous or flows and somewhat like a solid, where it is elastic (ability of a deformed material body to return to its original shape and size when the forces causing the deformation are removed). We know that the cell membrane controls what comes in and out of a cell, movement of proteins, etc. but we want to how the elasticity of the extracellular matrix and the cytoskeletal network affects the membranes dynamics. This picture here is a complicated model of the cell and cell membrane and though it would be great to start here, we must start with a simpler model first. 



*https://biologydictionary.net/cytoskeleton/

DMPC/DMPG

Polyethylene 
Glycol

Water
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Presenter
Presentation Notes
To do this, we created a model system takes the complicated model on the left and makes it a simpler model. We did that using DMPC, which is a commonly used unsaturated lipid, DMPG charged lipid, polyethylene glycol polymer and heavy water. 
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 Created a network that mimics the cytoskeletal 
network and extracellular matrix with polyethylene 
glycol. 

 Why polymer? 
 Viscoelastic Properties 
 Cheap and abundant 
 Knowledge about their properties 

*https://slideplayer.com/slide/10581332/
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Presenter
Presentation Notes
To study how the elasticity of these networks affect the movement and dynamics of the cell membrane, we first had to create our own “network” to act like the cytoskeleton and the extracellular matrix with the polymer polyethylene glycol. Why polymers? Polymers are large molecules chains made up of small, simple chemical units (monomers). Viscoelastic meaning, they exhibit viscous behaviors but also behave elastically (think silly putty!). 



*used 100,000 MW  
and 35,000 MW 
PEG to create 9 
different wt%. 

• C*-point at which polymer coils/chains begin to overlap in solution
• Important because we are trying to recreate a matrix that mimics ECM/cytoskeletal network 
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Presenter
Presentation Notes
An important step in building the network that will mimic the inside and outside of a cell is to find c*. C* is just the point at which polymer coils in solution begin to overlap. When your concentration is lower than c*, your polymer coils are spaced out and not touching; when concentration equals c*, that’s when your coils are touching and beginning to overlap; and when concentration is super concentrated, there is a lot of overlap of your coils. C* is important because if we are trying to recreate the cytoskeletal network and ECM, we have to make sure that the polymer coils are touching and not spaced out like in a diluted solution. Why use two weights? C* will change depending on your molecular weight. 
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• Key Findings: Higher concentrations 
have a steeper curve->shifted to the 
left->meaning smaller particles that 
are moving rapidly. 

Presenter
Presentation Notes
To study the dynamics of the polymer solution, I performed Dynamic Light Scattering, which is used to determine the size of particles in a suspended solution and the diffusivity of a solution. This curve shows a correlation coefficient of the intensity of light scattering off particles in solution over time. This tells us something about the size and movement in solution.  
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• DLS can tell you about the size of particles 
in solution and their diffusivity in solution

• Key Findings: Positive slope so we know 
water is a good solvent for PEG; slopes 
start to converge between 2.5 wt% and 5 
wt%.

• Important: DLS couldn’t pick up good 
readings after 5 wt%. 

Presenter
Presentation Notes
Here is a plot of 100K and 35K polymer in solution at different weight percent against their diffusion coefficient. A key finding is that the diffusion coefficient of our polymers in solution increases with weight percent. There is also a point in which the diffusion coefficient of both polymers in solution begin to overlap. 
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• Test: Does increasing 
concentration increase viscosity? 

• Key Findings: Viscosity increases 
with concentration, with a more 
dramatic increase between 2.5 and 
5 wt%, which could suggest that 
something is happening to our 
polymer coils in solution. 

• Polymers in solution are Newtonian 
fluids. 
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Literature Value of D2O

Concentrations
100K PEG

Presenter
Presentation Notes
We performed rheological measurements on our PEG to see if viscosity increases with concentration. This graph is a plot of viscosity at Pascals per second and shear rate at inverse seconds. We found that viscosity increases with concentration, with a more dramatic increase between 2.5 and 5 wt%, which could suggest that something is happening to our polymer coils in solution. 
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100 3.21

Key Findings: Power law for low concentration and 
high concentration have different slopes. The point 
at which they overlap is our c*. Experimental c* is 
approx. 3.21 wt%. 
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At which concentration do we begin to see 
overlap in our PEG solutions? 

Presenter
Presentation Notes
After plotting our rheological measurements, we then plotted our relative viscosity (viscosity of the polymer solution divided by the viscosity of a pure solvent, or in our case heavy wtaer) against our concentration to find our c*, which as a reminder, is the point at which polymer coils begin to overlap in solution. This means that at around 3.21 wt%, we can expect our polymer coils to begin to overlap in solution. 



 Correlation Length 
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nm

Presenter
Presentation Notes
Now that we know when polymer coils begin to overlap in solution, we were then interested in how big the holes in our polymer coils are. This is called correlation length. It is just the average of the distances between polymer chains once they overlap. 



• Nanoscale Structures
• Neutrons are shot through a beam 

onto sample, where they scatter at 
different Q’s (scattering angles). 

• Structure, size, etc. 
• Length of instrument is 30m. 

SMALL ANGLE NEUTRON 
SCATTERING (SANS)
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Presenter
Presentation Notes
In order to do that, we performed Small Angle Neutron Scattering, which is great for measuring particles on a nanoscale. During SANS, neutrons are shot through a 30m beam into a sample and from there, it scatters off of the sample and is reflected off of a detector. This allows us to learn something about their size, structre, etc. 
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• Data fit to model to determine 
correlation length. 

• Key Findings: Model fit data over 
entire q range. 



Key Findings: 
• We found that 

correlation length is 
inversely proportional 
to concentration. 

• Higher 
concentrations 
have smaller 
correlation lengths

• Higher molecular 
weights have 
smaller correlation 
lengths.

• Important: SANS 
measures entire length 
of coil in wt. % ‘s lower 
than 2.5.
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High Conc.Low Conc. 

Presenter
Presentation Notes
From our SANS data, we were able to find the correlation length of our polymers in solution in Angstroms.
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Hydrophilic 
head 

Hydrophobic 
tail 

DMPC/DMPG

PEG

17

Presenter
Presentation Notes
Now that I have built the network, I have to build the liposomes vesicles. I used DMPC and DMPG charged lipid. We chose DMPC because it is the most abundant lipid in animal cell membrane, particularly the outer leaflet where it functions as a part as the permeability barrier.  Why lipids? Lipids are amphipathic meaning they contain a hydrophobic tail and a hydrophilic head and can form bilayer membranes like the cell membrane. We added the liposomes to our different concentrations of 100K and 35K PEG solutions. 
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• Mixed DMPC/DMPG 
charged lipid to form lipid 
bilayer 

• Extruded in solution 
through 400 nm, 200 nm, 
and 100 nm filter 

• Multilamellar->Unilamellar

https://biopharma.co.uk/blog/2016/11/16/why-you-should-chose-
extrusion-for-your-liposomal-enhancement/

Before 
Extrusion: 
Cloudy Solution 

After Extrusion: 
Clear Solution 

Presenter
Presentation Notes
I then did lipid extrusion. I mixed the DMPC/DMPG charged lipid to form a lipid vesicle in solution. I then extruded them in solution through 3 different filter papers until around 100 nm in size. Liposomes 
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~100 nm

Presenter
Presentation Notes
Were we able to do it? YES! Used Cryo TEM to see if the liposomes formed and we were able to see clear pictures of liposomes. 



 Introduction

 Building the Network 
 Characteristics of the Network 
 Data: Dynamic Light Scattering , Rheology, Small Angle Neutron Scattering 

 Building the Vesicle
 Lipid Extrusion 
 Cryogenic Electron Microscopy Images 

 Next Steps and Why This Is Important 
 What’s left? 

20



 Next steps include using Neutron Spin Echo Spectroscopy to study the structure 
dynamics of the liposome vesicles in polymer solution. 

https://en.wikipedia.org/wiki/Liposome

Correlation Length

Bending Modulus

Lipid Bilayer
Lipid Bilayer

Polymer in Solution 
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Presenter
Presentation Notes
We want to study how liposomes move and are affected by the polymer solution dynamics. How squishy or rigid is this lipid bilayer at different concentrations? How does the concentration of the polymer solution affect that rigidity? 



 Drug delivery technology
 Stem Cell Research
 Gene Therapy 
 Cancer Therapy  

 Increasing knowledge about the membrane 
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Presenter
Presentation Notes
Talk about how liposomes have emerged as ways to implement drug delivery especially to harder to reach places in the body. Finding out how the elasticity of the extracellular matrix and cytoskeletal network affects the membrane itself and the rigidity of the membrane can help us develop more efficient models for drug delivery. Knowing how the membrane behaves can help us develop liposomes that are easier for the cell to uptake and move through the membrane. Stem cell research also depends on this technology. 
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Questions and Answers?
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