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Goal: The following application note describes how to measure the stabilization of protein in 

solution through the addition of salt at low concentration. Ionic strength can affect your 
protein-solvent interactions, hence it is imperative to optimize the ionic conditions. 
 

Introduction 
Ionic strength plays a critical role in the stability of a protein in solution. During formulation, neutral salts 
are often added to control the solution’s ionic strength (IS). It is well-documented that protein solubility is 
increased at low salt concentrations, a phenomenon known as “salting in”.  
 
In this case, additional salt ions are attracted to charged regions of the proteins, shielding individual protein 
molecules from intermolecular attractive forces. Intramolecularly, salt ions also shield regions of like 
charges from each other by reducing intramolecular repulsive forces. In low IS conditions, intramolecular 
repulsion can cause the chains of the protein to expand, which would lead to an increase in molecular size 
and decrease in protein stability. 
 
Experiment 
We prepared solutions of bovine serum albumin 
(BSA) dissolved in either distilled water (low IS) 
or distilled water + 140mM NaCl (high IS). The 
sample concentration range was 7.8–198 
mg/mL. 100 μL aliquots of each concentration, 
as well as pure solvent, were measured with the 
VROC® initium. For each sample, twenty 
viscosity measurements (η) were recorded at a 
flow rate of 600 µL/min (shear rate of 10,675 s-

1) at 25 °C. η values were converted to relative 
viscosity (ηr = ηsample / ηsolvent) and inherent 
viscosity (ηinh = ln(ηr) / C) to calculate intrinsic 
viscosity ([η]) and hydrodynamic radius (rh). 
Please see our intrinsic viscosity application note 
VROC initium-APP07 (3-17) Intrinsic Viscosity 

Measurements of Protein Solutions.* 

 

Figure 1. Relative viscosity vs concentration 
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Figure 2. Inherent viscosity vs concentration 

Greater Stability in High IS 
ηr rose less rapidly with respect to concentration 
in high IS conditions than in low IS conditions 
(fig 1, left), which suggests that the presence of 
salt ions do successfully stabilize the protein in 
solution.  
Larger Molecular Size in Low IS 
 [η] and rh of BSA were substantially greater in 
low IS conditions than in high IS (table 1). These 
data suggest that in the absence of salt ions, 
proteins in low concentration tend to swell and 
expand due to intramolecular repulsion. This 
effect might be mitigated as protein 
concentration increases and intermolecular 
forces between proteins begin to dominate. 
This may explain why ηinh in low IS conditions 
initially decreases, then gradually increases (fig 
1, right). In contrast, ηinh increases linearly with 
respect to C in high IS conditions, which has 
been well documented in this and other 
proteins. 

 

Conclusion 
Ionic strength is an important parameter to measure 
and control during formulation development. 
Suboptimal ionic strength conditions can lead to 
unexpected protein-solvent interactions. The VROC 
initium provides an automated solution to screen for 
the optimal ionic strength for your formulation. 

 
If you have questions or need more information about 
this product or other applications, please contact us: 
 

Main Office — 1 925 866 3801 

Information — info@RheoSense.com 

Sales — Sales@RheoSense.com  

* http://www.rheosense.com/application/intrinsic-
viscosity-vroc-initium-07-3-17  
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Table 1. Physical parameters of BSA in solution. 
KH = Huggins’ constant 
KK = Kraemer’s constant 

  Low IS High IS 
KH -0.55 1.01 
KK 0.14 -0.78 

[η] (mL/mg) 0.0081 0.0046 
rh (nm) 4.42 3.6 

 

As demonstrated in this application note, VROC® 

initium offers unattended shear viscosity measurements 
with the smallest sample volume requirement and a wide 
dynamic operation range. High accuracy and repeatability 
makes it ideal for R&D and QC applications.  
 

• Automated sample loading and cleaning 
• 40 vial rack and 96 well plate compatible 
• Smallest sample volume (25 µL) 
• Accuracy: 2% of reading 
• Repeatability: <0.5% of reading 
• Shear Viscosity range: 0.2 – 1,000 mPa-s 
• Shear Rate range: 0.5 - 80,000 s-1 
• Temperature control: 4-70 ° C 

Contact us if you would like to learn more! 
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