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40 Denaturing polyacrylamide gel electrophoresis using glycine SDS (SOS-PAGE) is the most 

41 common mode of electrophoresis used in assessing the pharmaceutical quality of protein 

42 products and will be the focus of the example method. Typically, analytical electrophoresis of 

43 proteins is carried out in polyacrylamide gels under conditions that ensure dissociation of the 

44 proteins into their individual polypeptide subunits and that minimise aggregation. Most 

45 commonly, the strongly anionic detergent SOS is used in combination with heat to dissociate 

46 the proteins before they are loaded on the gel. The denatured polypeptides bind to SDS, 

47 become negatively charged and exhibit a consistent charge-to-mass ratio regardless of protein 

48 type. Because the amount of SDS bound is almost always proportional to the molecular mass 

49 of the polypeptide and is independent of its sequence, SDS-polypeptide complexes migrate 

SO through polyacrylamide gels with mobilities dependent on the size of the po.lypeptide. 

51 The electrophoretic mobilities of the resultant detergent-polypeptide complexes all assume the 

52 same functional relationship to their molecular masses. SDS complexes will migrate toward 

53 the anode in a predictable manner, with low molecular mass complexes migrating faster than 

54 larger ones. The molecular mass of a protein can therefore be estimated from its relative 

55 mobility in calibrated SDS-PAGE and the intensity of a single band relative to other 

56 undesired bands in such a gel can be a measure of purity. 

57 Modifications to the polypeptide backbone, such as N- or 0-linked glycosylation, can change 

58 the apparent molecular mass of a protein since SDS does not bind to a carbohydrate moiety in 

59 a manner similar to a polypeptide; therefore, a consistent charge-to-mass ratio is not 

60 maintained. 

61 Depending on the extent of glycosylation and other post-translational modifications, the 

62 apparent molecular mass of proteins may not be a true reflection of the mass of the 

63 polypeptide chain. 

64 Reducing conditions. Polypeptide subunits and three-dimensional structure are often 

65 maintained in proteins by the presence of disulfide bonds. A goal of SDS-PAGE analysis 

66 under reducing conditions is to disrupt this structure by reducing disulfide bonds. Complete 

67 denaturation and dissociation of proteins by treatment with 2-mercaptoethanol (2-ME) or 

68 dithiothreitol (DTT) will result in unfolding of the polypeptide backbone and subsequent 

69 complexation with SOS. Using these conditions, the molecular mass of the polypeptide 

70 subunits can reasonably be calculated by linear regression (or, more closely, by non linear 

71 regression) in the presence of suitable molecular mass standards. 

72 Non-reducing conditions. For some analyses, complete dissociation of the protein into 

73 subunit peptides is not desirable. ln the absence of treatment with reducing agents such as 2-

74 ME or DTT, disulfide covalent bonds remain intact, preserving the oligomeric form of the 

75 protein. Oligomeric SDS-protein complexes migrate more slowly than their SDS-polypeptide 

76 subunits. 1n addition, non-reduced proteins may not be completely saturated with SDS and, 

77 hence, may not bind the detergent in a constant mass ratio. Moreover, intra-chain disulphide 

78 bonds constrain the molecular shape, usually in such a way as to reduce the Stokes radius of 

79 the molecule, thereby reducing the apparent molecular mass Mr. This makes molecular mass 

80 determinations of these molecules by SDS-PAGE less straightforward than analyses of fully 
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