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 Protein aggregation is a common problem associated with 
the protein products in the pharmaceutical and food industry. Protein 
aggregation is often accompanied by the loss of activity of the prod-
uct and in the case of therapeutic products, can induce a toxic reac-
tion. Protein aggregation can be triggered by heat, by certain 
chemicals used in the processing or may occur spontaneously during 
storage. Size exclusion chromatography (SEC) is widely used for 
molecular weight estimations of proteins in their native state (1). SEC 
has found applications in the studies on protein purity, protein-
protein interactions and protein aggregation (2). 

Recent advances in Electrospray ionization (ESI) technique and 
mass spectrometry (MS) have revolutionized the field of biochemis-
try. ESI-MS can be easily coupled to liquid chromatography (LC) and 
provides an additional analytical tool for the analysis of bio-
molecules. The accurate molecular weight obtained by MS analysis 
can be used for protein identification, purity determination and for 
the analysis of structural isoforms in proteins. 

Traditionally, a high salt mobile phase is used for the SEC sepa-
rations and hence SEC is incompatible with ESI-MS. We have re-
cently developed a novel method which uses MS compatible mobile 
phase consisting of 50 mM ammonium formate which allows the 
coupling of SEC to MS (3). SEC-UV/MS can be used for quantitative 
analysis of protein aggregate as well as to identify individual com-
ponents in the aggregate peak.  

 In this article we discuss the utility of SEC-MS in the study of 
aggregation in protein mixtures.  
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• Mobile phase modifications can be effectively used for the coupling 

of SEC to mass spectrometry. 
• SEC-UV allows accurate quantification of protein aggregation. 
• SEC-MS allows identification of individual components within an ag-

gregate peak 
 

Figure 4: Analysis of Aggregate peak 
The deconvoluted mass of the proteins in the aggregate peak is shown in Figure 
3. The major peak in the deconvoluted spectrum  corresponding to the mass of 
BSA monomer. Small amounts of BSA dimer can also be detected. No peak can 
be seen at the masses corrospondind to those of β lactoglobulin and Cytochrome 
C indicating that these proteins are absent in the aggregate peak, and the ag-
gregate peak is comprised entirely of BSA.  
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MS Conditions: 
-Source = ESI(+) 
-Capillary (kV) = 3.3 
-Cone (V) = 30 
-Temperature (ºC) 
 -Source = 150 
 -Desolvation = 425 
-Gas Flow (L/Hr) 
 -Cone = 50 
 -Desolvation = 500 
-Scan Mode 
 
HPLC Conditions: 
-Isocratic 
-Mobile phase = 50 mM Ammonium formate (pH 6.5)  
-Flow Rate = 1 ml/min 

System Components 

Figure 2A:  
The separation of the protein mixture on Waters® BioSuiteTM 250, 5 µm HR SEC 
(7.8 mm X 300 mm) is shown . It can be seen from the figure that the column 
shows excellent separation of proteins based on their size. BSA dimer which is 
approximately 132 kDa, elutes first at 7.47 min followed by BSA, β lactoglobulin 
and Cytochrome C which are 66kDa, 18 kDa and 12 kDa respectively.  

Aggregate peak 

Figure 1: Schematic of SEC-MS 
SEC-MS utilizes a mass spectrometry compatible mobile phase consist-
ing of ammonium formate. The flow is split with a post column splitter 
at ratio of 8:2. 80% of the sample is analyzed by a UV detector while 
the remaining 20% is analyzed online by the mass spectrometer to ob-
tain accurate molecular weight of proteins. 
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Figure 2B  
Mass spectra of the proteins from Figure 2A. Each protein shows a distinct iso-
topic envelope which is typical of ESI-MS. The isotopic envelope in ESI-MS results 
from different charge isoforms of the same protein.  

Figure 2C:  
The deconvoluted spectrum of the different proteins is shown in Figure 1 C. The 
peaks corresponding to BSA dimer, BSA monomer, β lactoglobulin and Cyto-
chrome C respectively, which agrees well with the theoretical mass of each pro-
tein are shown. The BSA dimer peak also shows presence of a BSA monomer re-
sulting from dissociation of noncovalently linked BSA dimmers. 

Figure 3:  
The SEC separation of heat-treated protein mixture is shown in Figure 3. Heat 
treatment can induce unfolding and aggregation in proteins. SEC separation of 
the heat-treated sample shows an additional peak with a retention time of 5.80 
min comprising of protein aggregates which elute earlier because of their larger 
size. 
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