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Abstract 
 
Albumin is known for its aggregation. As it is a major component of serum, it may be largely 
responsible for the difficulties in re-suspending dried serum proteins. We found it necessary to 
break up the solid pellet using a ball mill and subsequently a chaotropic agent and an organic 
solvent to generate a homogenous protein solution suitable for mass spectrometry-based protein 
expression analysis. 
 
 
 
Introduction 
 
Bovine serum albumin (BSA) is often used as a reference compound in protein concentration 
determination. We have noted that at BSA concentrations of ~50 mg/ml and above in buffer 
containing 8 M urea, 0.1% (w/v) sodium dodecylsulfate (SDS), 10 mM tris (2-carboxyethyl) 
phosphine hydrochloride (TCEP), 100 mM TrisBase, a stiff gel forms having a consistency unlike 
other protein solutions of this concentration. The reason is likely a particular interaction of BSA 
with the buffer components, namely the detergents, possibly forming liquid crystals, because BSA 
is known to aggregate and form mixed micelles with surfactants [1, 2]. Urea was also found to 

Protocol 
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support aggregation [3]. Prior studies have always been performed in water or simple phosphate 
buffers so that the physico-chemistry of this particular aggregation remains to be properly 
explored. Nevertheless, the BSA-detergent interaction has been already successfully used in 
liquid-crystal-based biosensors [4].   
The fact that serum makes up more than half of the total protein content in plasma [5, 6] may be 
responsible for the observation that it was a difficult task to re-dissolve serum proteins, which 
have been prepared in lysis buffer (8 M urea, 100 mM TrisBase, 2% (w/v) SDS, 10 mM TCEP) 
and dried for cross-border transport. Simply adding water to reconstitute the original protein 
solution resulted in an inhomogenous gelatinous lump even when the volume was drastically 
increased. As it was very important to generate a homogenous protein solution for downstream 
processing, we have tried different means of solubilization and found one which can be 
recommended for subsequent experiments such as protein identification and expression analysis 
not requiring maintenance of protein activity.   
 
 
Experimental  
 
Blood samples were centrifuged and the serum was collected. Serum (250 and 500 µl) was 
processed with 500 µl or 1 ml, respectively, lysis buffer (8 M urea, 100 mM TrisBase, 2% w/v 
SDS) and centrifuged at 16.000 x g for 5 min. The supernatant was pipetted into a new sample 
tube and 100 µl TCEP (10 mM in H2O) were added. After vortexing and centrifugation (5 min, 
16.000 x g) the supernatant was lyophilized in a new tube using a speedvac concentrator and 
stored at -80 °C until further use. To re-solubilize the dried serum proteins, samples were treated 
with a volume of Milli-Q water equivalent to the original volume of the supernatant. However, a 
firm gelatinous consistency formed, which was stable, even when the water amount was doubled. 
Prolonged shaking, slight heating to 33 °C, ultrasonic treatment, and the addition of different 
solubilizing substances such as small alcohols and acetonitrile (ACN), did not help. Only the 
protocol given below generated a homogeneous protein solution. 
 
Protocol 
The dry pellet was treated by means of Vibrating Mixer Mill Type MM 300 (Retsch) for 20 min at 
30 Hz (one 5 mm stainless steel grinding ball, no buffer added) to break up the solid structure. 
Milli-Q water (1 ml) containing 20 % acetonitrile and 1 M guanidine hydrochloride [7] was added 
and the sample was vortexed (2.000 min-1, 1 h, Vibrax). This procedure generated a milky 
homogenous emulsion which could be further processed by filter-aided sample preparation for 
mass spectrometric analysis with no loss in protein identification sensitivity.  
 
 
Conclusion 
 
A method to re-solubilize dried serum proteins was developed for later filter-based digestion and 
protein expression analysis. Simple re-solubilization in water was impossible as a result of protein 
aggregation. Following destruction of the dry protein pellet using a ball mill, the addition of both 
ACN and the chaotropic agent guanidine hydrochloride was necessary to generate a 
homogenous emulsion which could be successfully processed further. Certainly, this procedure 
is of no use to biochemical experiments which require proper protein folding and preserved 
activity. Therefore, in general, serum should be used as is without too many intermittent handling 
steps. 
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