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What is Protein Aggregation?

Figure 1. Schematic diagram of protein 
aggregation pathways.

Quality control of protein folding in extracellular 
space. J. J. Yerbury.

•

 

It is a broad term used to 
define a type of protein self 
assembly

•

 

Classified as native or 
nonnative proteins

•

 

Can include both soluble and 
insoluble  protein aggregates

•

 

Typically these aggregates are 
unfavorable products

Presenter
Presentation Notes
 Protein aggregation is a type of protein self-assembly in which the resulting soluble or insoluble aggregates are composed of monomers with secondary structures that are significantly altered from the native monomer state.

 Aggregation is a general term that encompasses several types of interactions or characteristics, and may arise from several mechanisms.

 Their formation can involve a complex set of competing folding/misfolding and assembly reactions that are difficult to resolve directly via experiment.

 Typically these aggregates are unfavorable, therefore a more complete understanding of the underlying mechanism and its relation to the resulting structure may ultimately suggest more effective strategies for preventing or inhibiting their formation.



 Soluble aggregates: not visible as discrete particles and are typically not easily removed by a filter

 Insoluble aggregates: may be removed by filtration and are often visible to the unaided eye



Figure 1: Schematic diagram of protein aggregation pathways. For each protein, there is thought to be an ensemble of possible structures: native (N) and non-native (NN), the latter including partly unfolded intermediates (I1 and I2) and unfolded (U) structures. The non-native structures are prone to associate with each other to form aggregates, although native proteins may sometimes also aggregate to form fibres. Non-fibrillar (amorphous) aggregates result from non-specific interactions between many different conformations, whereas highly structured amyloid fibrils can be formed by -sheet-rich intermediates. Soluble structures are shown in the internal blue rectangle, insoluble structures in the outer white region.



Why is it important?

1.

 
Bio-processing operations

2.

 
Pharmaceuticals

3.

 
Debilitating diseases

4.

 
Cytotoxicity

Presenter
Presentation Notes
Protein aggregation is a common problem in bio-processing operations such as drying, reconstitution, and storage

Therefore, care should be taken when developing a process to monitor the compatibility of the equipment and process with the protein to ensure that potential aggregation is minimized.

Protein aggregation is a common issue encountered during manufacture of pharmaceuticals

For protein therapeutics, the presence of aggregates of any type is typically considered to be undesirable because of the concern that the aggregates may decrease the effectiveness of drugs, lead to an immunogenic reaction or cause adverse effects upon administration.

Protein aggregation has also been implicated in a variety of debilitating diseases

Such diseases include, Huntington’s, Parkinson’s, and Alzheimer’s disease

Recent evidence suggests that soluble aggregate precursors are the primary cytotoxic species in a number of studies as well.





It is possible to influence the amount of aggregate produced during the cell culture and purification process by carefully controlling the environment and implementing appropriate strategies to minimize the extent of aggregation.

 Steps to remove aggregates have been successfully used at a manufacturing scale. 





Our study

•

 

α-Chymotrypsinogen A

“…30% of the original protein 
sample aggregated in a period of 
2 hours into clusters comprising 

four or more molecules each.”

1.

 

Aggregation dynamic of α-

 Chymotrypsinogen A

2.

 

Broaden this understanding to 
other proteins

Goals:

3.

 

Apply to real world problems

Techniques:

1.

 

Dynamic Light Scattering

2.

 

Circular Dichroism

3.

 

Small-Angle Neutron Scattering

Presenter
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 Thus, this study was carried out in hopes of understanding and broadening our knowledge of protein aggregation

 In this project our primary goal was to study the aggregation behavior of a highly studied, easily accessible protein, in our case alpha-chymotrypsinogen A

 Using the results we find, we can then apply them to a wide range of protein functions and gain insight into the aggregation behavior of various other proteins

 With this new information, we hope to apply them to real world problems in the future

 To accomplish these goals, we used a variety of techniques to study and asses the behavior of our protein including

Dynamic Light Scattering

Circular Dichroism

Small-Angle Neutron Scattering

 We started off by researching any significant literature on protein aggregation of alpha-chymotrypsinogen A

 Finding a highly cited paper by a professor at the University of Delaware, we began by reproducing their experiment



Dynamic Light Scattering Results

5 mg/ml  pH=7.3

2 h

14 h
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 We do not see any aggregation after 3 hours

 It is not until ~14 hours that we begin to see any activity whatsoever

 This phenomenon lead us to conduct more studies to determine exactly what was happening in our system



Decay Curve Fitting Results

clc;
clear;
h = fopen('testdata.txt', 'r');
data = fscanf(h, '%g %g', [4 inf])';

t = data(:,1);
Rexp = data(:,2);
loglog(t,Rexp,'ro');
hold on

b0 = [.22 40 1];
b = lsqnonlin(@expfunc, b0,[],[],[],data)

Rcal = (b(1)*exp(-2*t/b(2))) + b(3);
plot(t,Rcal,'b');

k = 2*pi/(782.7e-9/1.33);
q = (sqrt(2)*k);
D = 1/((b(2)*(10^-6))*(q^2));
a = (1.3806503e-23*298.15)/(6*pi*8.94e-4*D)

Hydrodynamic Radius:

a =  2.2293e-009 = 2.23 nm

Rcal = (b(1)*exp(-2*t/b(2))) + b(3)

I2

 

(t) = A(e-2t/τ) + B



96 h

5 mg/ml  pH=7.3

Dynamic Light Scattering Results

Presenter
Presentation Notes
 We took the initial results and then result 4-5 days later, combining them to find an interesting trend in the system



96 h

~ 50000

5 mg/ml  pH=7.3

Dynamic Light Scattering Results
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 Approximately 4.5 days total

 After a period of approximately 4 days, there is a noticeable change in the baseline

 This lead us to believe that original monomer may be aggregating out of solution, forming the large intensity peaks 



Dynamic Light Scattering Results

1 mg/ml  pH=7 Typical Decay Curves



Decay Curve Fitting Results

a1 =  1.9266e-009  = 1.93 nm
a2 =  1.9271e-007  = 193 nm
a3 =  2.4384e-006 = 2.44 μm

a1 =  2.2110e-009   = 2.21 nm
a2 =  9.3650e-008 = 93.7 nm
a3 =  8.3982e-007 = 840 nm
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Circular Dichroism

Circular Dichroism and the Conformational 
Analysis of Biomolecules. Gerald D. Fasman. 

1 mg/ml Chymotrypsinogen pH=7

Fresh
7 Days
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Small-Angle Neutron Scattering (SANS)



Small-Angle Neutron Scattering (SANS)
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Conclusion

•
 

Aggregate 

▫
 

Linear semi-flexible polymer chain

▫
 

Does not precipitate
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 Alpha-chymotrypsinogen is being converted to chymotrypsin by a protease called trypsin

 We believe this protease is introduced into the system from the manufacturer

 It seems like there is an initial lag period during which the concentration of chymotrypsin is increasing

 Once this concentration reaches a certain threshold, aggregation then begins and eventually reaches some equilibrium



Future Plans

•
 

Chymotrypsin Testing

•
 

Trypsin Inhibitor

•
 

Vary pH

▫
 

pH = 3
▫

 
pH = 9

▫
 

pH = 11
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Questions?
?
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Materials
•

 
α-chymotrypsinogen

•
 

deionized
 

water from a Millipore Milli-Q system 
(solutions for DLS )

•
 

NaCl
 

(used to adjust the electrolyte concentration)

•
 

10 mM
 

citrate buffer (0.01 mol/L)
deionized

 
water (1 L)

citric acid (192.14 x 0.01= 1.9214 g)

•
 

0.1 M NaOH
 

(0.1 mol/L)
deionized

 
water (0.1 L)

NaOH
 

(40.01 x 0.01= 0.4001 g)

•
 

0.1 M HCl
dilute from concentrated HCl

 
solution
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