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Overview

 Project 

 What is in a Vaccine

 Protein Adjuvant Interactions

 Effects of Freeze Thaw Cycles on Adjuvants

 Effects of Freeze Thaw Cycles on Microstructure of 
Adjuvant and Complexes

 Summary
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Project

 Define the interactions between proteins and adjuvants –
Binding Isotherm 

 Determine the effects of freeze thaw cycles on adjuvants 
and their interactions – Binding Isotherms, Microscopy, 
and Dynamic Light Scattering

 Develop understanding of how freeze thaw cycles affect 
microstructures of proteins, adjuvants, and complexes –
Small Angle Neutron Scattering
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Vaccines

 Purpose

 Components:

 Antigen

 Adjuvant

 Excipients
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https://www.indiatvnews.com/lifestyle/news-new-vaccine-developed-to-cure-ebola-387386http://www.haoranbio.com/pic/product/2015-03/20150320024234346506.jpghttps://www.brenntag.com/biosector/en/products/adju-phos/index.jsp

Presenter
Presentation Notes
The purpose of a vaccine is to build immunity to diseases by exposing the body to weakened or dead pathogens.1. Antigens are weakened dead pathogens that the body is being exposed to.2. Adjuvants are, in our experiments, aluminum salts that work to heighten the body’s immune response to a pathogen. Aluminum adjuvants are the only kind approved for use in the United States. 3. Excipients are the extra components in a vaccine that do not necessarily affect the immune response, but work to stabilize the vaccine. They also are used to make the vaccines less viscous.The adjuvant and antigen are required to have at least 80% binding within the vaccine by regulation agencies, such as the World Health Organization, in order to be approved for use. Our project is meant to help us understand what factors affect the interaction between these components. 

https://www.indiatvnews.com/lifestyle/news-new-vaccine-developed-to-cure-ebola-387386
http://www.haoranbio.com/pic/product/2015-03/20150320024234346506.jpg
https://www.brenntag.com/biosector/en/products/adju-phos/index.jsp


Protein Adjuvant Interactions

 Experiment
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https://www.thermofisher.com/order/catalog/product/ND-2000 https://www.starlabgroup.com/GB-en/consumables/tubes_WebPSub-155856/15-ml-crystal-clear-microcentrifuge-tube_SLE1415-1500.html https://www.wikihow.com/Use-a-Centrifuge

Presenter
Presentation Notes
In order to understand what adjuvants and proteins interact with each other, we decided that it would be best to complete some binding isotherms using our Aluminum Hydroxide adjuvant, an Aluminum Phosphate adjuvant, Ovalbumin, and Lysozyme. Lysozyme and were chosen because they have opposite charges of the adjuvants so they will interact electrostatically.  Binding isotherms use the concentration of protein in solution, compared to how much protein was initially added to the solution, to determine how much binding occurred between the protein and adjuvant. For each round of binding isotherms that we formed, we followed the same general methods. To start, we would pipet a constant amount of phosphate buffer, pH 7.2, and adjuvant into 10 Eppendorf tubes. Then, we added increasing concentrations of protein to the tubes. This was to allow us to see at which concentration the adjuvants could not bind to anymore protein. Next, we put the tubes in a rack on a shaker and shook them for one hour. Following that, the solutions were centrifuged for about 10 minutes before we tested the protein concentration in the supernatant with a Nanodrop. The nanodrop measures how much UV light at a 280nm wavelength the proteins absorb. We calculate concentration by using the absorbance and an extinction coefficient that is specific to the protein being studied. 

https://www.thermofisher.com/order/catalog/product/ND-2000
https://www.starlabgroup.com/GB-en/consumables/tubes_WebPSub-155856/15-ml-crystal-clear-microcentrifuge-tube_SLE1415-1500.html
https://www.wikihow.com/Use-a-Centrifuge


Protein Adjuvant Interactions: Binding Isotherm6

Aluminum Hydroxide + 
Ovalbumin 
Aluminum Phosphate + 
Ovalbumin

Presenter
Presentation Notes
For Ovalbumin we expected to see binding with Aluminum Hydroxide, but little to no binding with Aluminum phosphate. According to our data, our experiments went as we expected they would. You can see, in orange, that there was very little binding between Aluminum Phosphate and Ovalbumin. Meanwhile, in green, there is a lot of binding between Ovalbumin and Aluminum Hydroxide.



Protein Adjuvant Interactions: Binding Isotherm7

Aluminum Hydroxide + 
Lysozyme 
Aluminum Phosphate + 
Lysozyme

Presenter
Presentation Notes
Lysozyme: Our data for Lysozyme made us scratch our heads for quite some time. We expected that Aluminum Phosphate would bind with each other well and ,as you can see in blue, it did. The unexpected part was that we saw more binding between Aluminum Hydroxide and lysozyme than we did with phosphate, shown by the purple points on the graph. This was interesting because Hydroxide and Lysozyme were expected to have little to no binding occurring. It was not until we ran another experiment with a Sodium Chloride buffer, rather than a Phosphate buffer, that we realized ligand exchange was occurring. Essentially, the phosphate groups from the original buffer were displacing the hydroxyl groups in the adjuvant causing the Lysozyme and Aluminum Hydroxide to interact. So, when the buffer was changed, there was very little binding between the protein and adjuvant. 



Protein Adjuvant Interactions: Binding Isotherm8

Aluminum Hydroxide + 
Lysozyme in 
Phosphate Buffer
Aluminum Hydroxide + 
Lysozyme in Sodium 
Chloride Buffer



Effects of Freeze Thaw Cycles on the Adjuvants

 Importance of Freeze Thaw Cycles

 Experiments
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Presenter
Presentation Notes
If a vaccine is accidentally frozen and thawed during shipping or storage it can lose its potency. One reason could be that adjuvants, especially Aluminum Hydroxide, aggregate irreversibly when they are frozen and thawed. One of the goals that we had throughout our project was to understand how the freeze thaw process affected the adjuvants and/ or protein adjuvant complexes. Some experiments that we performed to test the effects of a freeze thaw cycle were to form more binding isotherms to see any interactions, look under a microscope to see any aggregation, and use dynamic light scattering to see size changes in the particles. 



Effects of Freeze Thaw Cycles on Adjuvants: 
Binding Isotherms
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FT Aluminum Hydroxide & 
Ovalbumin Complex
Fresh Aluminum Hydroxide 

& Ovalbumin Complex
FT Aluminum Hydroxide + 
Ovalbumin

Presenter
Presentation Notes
This graph represents the two ways that we tested the effects of a freeze thaw cycle on an Aluminum Hydroxide’s ability to bind with Ovalbumin. The dark purple plot represents how much interaction occurred when we took the complexes that we tested in the previous isotherms and froze them and thawed them. Unexpectedly, there was more binding than what occurred in the fresh samples. We believe that this may have occurred because the samples had some time to sit before we actually put them through the freeze thaw cycle, therefore the protein and adjuvant would have had more opportunity to bind. The light purple plot represents the interaction when the adjuvant was frozen and thawed before being combined with the protein and buffer solution. These results show almost exactly what we expected them to. There is practically no binding between the protein and adjuvant during this experiment. 



Effects of Freeze Thaw Cycles on Adjuvants : 
Binding Isotherms
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FT Aluminum Phosphate 
& Lysozyme Complex
Fresh Aluminum 

Phosphate & Lysozyme 
Complex
FT Aluminum Phosphate 
+ Lysozyme

Presenter
Presentation Notes
For Aluminum Phosphate and Lysozyme there was also more binding in the freeze thawed complexes than the fresh ones. With The frozen adjuvant complexes, there was more interaction than there was for ovalbumin but still a little less than the fresh complexes. 



Effects of Freeze Thaw Cycles on Adjuvants: Microscopy
40x Magnification
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Aluminum 
Hydroxide: 
Fresh

Aluminum 
Hydroxide: 
Freeze-
Thawed

Aluminum 
Phosphate: 
Fresh

Aluminum 
Phosphate: 
Freeze-
Thawed

Presenter
Presentation Notes
Looking here we have fresh and freeze-thawed samples of each adjuvant. On the left top corner is fresh Aluminum Hydroxide. We can see that there is some aggregation between the particles but you can also distinguish the individual needle-like structures. Underneath of that picture, we can see the aggregation that resulted from Aluminum Hydroxide being frozen and thawed again. On the right we see similar characteristics for Aluminum Phosphate. On the top we see a small aggregate, although we cannot see the globular structure of individual particles in this photo like we could for Hydroxide. In the bottom picture, we could see more aggregates after a freeze thaw cycle, but these aggregates did not get nearly as large as the hydroxide ones did.



Effects of Freeze Thaw Cycles on Adjuvants: 
Dynamic Light Scattering
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Fresh Aluminum Hydroxide
FT Aluminum Hydroxide
Fresh Aluminum Phosphate
FT Aluminum Phosphate

Presenter
Presentation Notes
Dynamic light scattering uses how a particle moves and how much a particle scatters a beam of light to determine its approximate radius. We expected to see small particles in the fresh samples and much larger particles in the freeze thawed samples because of aggregation. Instead, the results were reversed. The size difference between fresh and freeze thawed phosphate was much smaller than that of hydroxide but, based on our microscope pictures, that would make sense because the aggregates were similar sizes. Hydroxide had a huge difference in size. We believe that the larger aggregates did form in the freeze thawed samples but they may have settled to the bottom of the cuvette before the instrument could get a reading. We also realized that the reason the initial particles look so large is that there is some aggregation in the fresh samples that is normal. We figured this out because we read that  Aluminum hydroxide’s particles are only about 4.5x2.2x10nm and Aluminum phosphate had a radius of about 50nm. This would mean that DLS wouldn’t even pick up on the individual particles because they are too small. Instead , the aggregates that are in the hundreds of nms are detected. 



Effects of Freeze Thaw Cycles on Microstructures

 Importance of Understanding the Effects of Freeze Thaw on 
Microstructures

 Adjuvants

 Proteins 

 Complexes

 Experiment
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Presenter
Presentation Notes
The microstructures of the components of a complex an affect how the components interact. In our project we wanted to use Small Angle Neutron scattering to study the normal microstructures of the adjuvants, proteins, and their complexes. By doing this, we could also run experiments after freeze-thaw cycles to compare them. This would allow us to determine if any changes in the microstructures occur during a freeze-thaw cycle and if those changes affect the interactions between the components as well. Small Angle Neutron Scattering was a good way to do this because we could isolate the different components using contrast matching to understand their characteristic microstructures while they were forming complexes. 



Effects of Freeze Thaw Cycles on Microstructures: 
SANS and Contrast Matching
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https://www.sciencedaily.com/releases/2016/11/161115094633.htm

Small Angle Neutron Scattering

Contrast Matching 

Solvent
Protein
Adjuvant

Solvent
Protein
Adjuvant

Solvent
Protein
Adjuvant

Presenter
Presentation Notes
The simple explanation of small angle neutron scattering is that a beam of neutrons is directed at your sample. Then the neutrons either pass through the sample or they scatter off the nuclei of the particles in the sample. The scattered neutrons’ intensity and position are recorded by a detector. We use this data to analyze the characteristics of the sample.Contrast matching is when we use mixtures of D2O and H2O to match the scattering length density of particles in the solution. This is so that we can look at how the characteristics of a component changes while it is interacting with another particle. We can also make it so that all scattering length densities are different so that all of the particles’ characteristics can be analyzed together. 

https://www.sciencedaily.com/releases/2016/11/161115094633.htm


Effects of Freeze Thaw Cycles on Microstructures: 
Small Angle Neutron Scattering 
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Fresh Ovalbumin + Hydroxide
FT Ovalbumin + Hydroxide

Ovalbumin
Hydroxide

Solvent
Protein
Adjuvant

Presenter
Presentation Notes
The first things that we want to look at from this data are the scattering profiles from Ovalbumin(bright pink) and Aluminum Hydroxide(black) by themselves. By doing this, we can analyze how the complexes’ structures varied form that of the original components. It is clear that the complexes formed larger structures than the components alone based on the scattering. We could also see that the complexes formed completely new structures because if we combined the plots of Aluminum Hydroxide and Ovalbumin, they would not form a plot that matches the complexes. The second piece of information that we gained from this plot is that the characteristics of the protein’s 3D structure did not change much when the complex was formed or when the complex underwent a freeze thaw cycle. We see this in the high Q region where the slopes of the plots were well maintained in both of the complexes to match the protein.Lastly, we noticed that the freeze-thaw cycle did not affect the structure of the complex in the measured Q range. 



Effects of Freeze Thaw Cycles on Microstructures: 
Small Angle Neutron Scattering 
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Fresh Ovalbumin + Phosphate
FT Ovalbumin + Phosphate

Lysozyme
Phosphate

Solvent
Protein
Adjuvant

Presenter
Presentation Notes
For this data set, the Aluminum Phosphate was matched out at 100% D2O. Therefore, we could only see the characteristics of the Lysozyme (red). There is a plot of Aluminum phosphate in black just to show that we don’t see its characteristics in the D2O solution. We can see that the protein formed a complex with Aluminum phosphate because the scattering increased, meaning that the structure is larger.Once again, in the high Q region, the protein did maintain its 3D structure even when the adjuvant was present and when the complex underwent a freeze thaw cycle. Finally, we see that there was almost no change in the complex’s structure after a freeze thaw cycle in the measured Q region.



Summary
 Interactions between proteins and adjuvants

 Electrostatic interactions

 Ligand exchange

 Effects of freeze thaw cycles on adjuvants and their interactions
 Aggregation Hydroxide > Phosphate 

 More aggregation= less binding

 Effects of freeze thaw on microstructures of proteins, 
adjuvants, and complexes
 Complexes form new structures

 Protein 3D conformation is Maintained

 Little change in adjuvant characteristics after freeze-thaw
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Presenter
Presentation Notes
For the first part of our project we developed a better understanding of the interactions between our chosen proteins and adjuvants. We found that the driving forces behind protein-adjuvant interactions are electrostatic interaction and ligand exchange. This understanding allowed us to analyze our data from other experiments better and allowed us to form realistic hypotheses before we started those experiments.From our second set of experiments, we noticed the differences in adjuvant characteristics after freeze thaw cycles. Those differences involved the formation of large aggregates in Aluminum hydroxide and much smaller aggregates in aluminum phosphate. These characteristics also led us to the conclusion that protein adjuvant interaction can be affected by freezing and thawing of the adjuvant. We noted that with more aggregation of the adjuvant, less binding occurred with the protein. This is important because pharmaceutical companies should be extra careful with their adjuvants, especially aluminum hydroxide when they are being stored. Immunopotentiation experiments should also be done to test the effects of a freeze thaw cycle on adjuvants added to vaccines and vaccines containing adjuvants. During the last part of our project, we came to the conclusion that protein-adjuvant complexes form completely new structures as compared to their original components. However, the proteins maintain their 3D structures when adjuvants are present and/ or they go through a freeze-thaw cycle. Lastly, we noted that the freeze thaw cycles had minimal impacts on the complexes in our measured Q regions. This encourages us to think about the possibility of expanding our Q region in order to identify possible changes in adjuvant structures after a freeze-thaw cycle. 
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Experimental Conditions 
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LysozymepH7.2Ovalbumin

AlPO4 Al(OH)3

pH14

Presenter
Presentation Notes
Before choosing what proteins we were going to test with our adjuvants, we had to look at some of the properties that they needed to have. One criteria was that the proteins had to have charges that were opposite of the adjuvants’ charges. This is because, according to our literary research, electrostatic interaction is an important factor when it comes to protein-adjuvant interaction. We then looked to see what the isoelectric points of possible proteins were. Isoelectric points are the pHs at which molecules carry no charge. We were looking for proteins that would have charges that were opposite of the charges of the adjuvants  all at one pH. Eventually, we determined that a buffer with the pH of 7.2 would be best for the use of Ovalbumin and Lysozyme. Ovalbumin(-) was expected to interact with Aluminum Hydroxide(+), while Lysozyme(+) would interact with Aluminum Phosphate(-). 
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