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Fig. 3. Two-dimensional electrophoresis pattern of purified salivary 
amylase and amylase in human parotid sali·va. A, Purified human salivary 
amylase; B, Purified human salivary amylase co-electrophoresed with parotid 
saliva (only amylase portion of the pattern is shown). 

purified amylase was resolved into two lines of 4 major spots and 2-4 minor 
spots (depending on the amount of protein loaded). These spots co­
electrophoresed with all but the four most basic spots assumed to be 
amylase in the parotid sample. There are minor spots in the purified 
amylase pattern which correspond to those four spots in the parotid saliva 
pattern, a fact that may indicate the selective loss of some protein during 
the amylase purification. The double row of spots represents the two sali­
vary amylase families, the so-called "odds and evens" (23). In parotid 
saliva patterns, the number of spots in each row ranges from 6-10, depend­
ing on the protein loading. Karn and co-workers have described a scheme 
for the post-translational modification of a single amylase gene product 
involving both glycosylation and deamidation which may explain the electro­
phoretic heterogeneity characteristic of amylase (24). Evidence of in 
vitro deamidation generating new forms of amylase has also been documented 
(23). We investigated the possibility that �~� vitro deamidation produces 
some of the more acid amylase spots, but comparison of the two-dimensional 
patterns of samples heated or not heated were found to be identical. Sam­
ples prepared in 2% Nonidet P40 with 9 M urea and 2% B-mercaptoethanol 
also produced the same pattern. Therefore, we favor the model for �~� vivo 
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modification of the amylase molecule as an explanation of the electropho­
retic heterogeneity observed. The high resolution of two-dimensional elec­
trophoresis relative to the one-dimensional techniques used in the past 
confirms that amylase is a very complex protein with unique biochemical 

properties still to be elucidated. 

Since several interesting genetic po1ymorphisms have been found using one­

dimensional electrophoresis for salivary protein analysis (ll)s we were 

interested to find that the two-dimensional electrophoresis patterns of 

whole saliva from different individuals also contain po1ymorphisms. One 

example of such a polymorphism is shown in Figure 4. This group of spots 
(designated (g) in Figure 1) varied within a sampling of nine individuals. 

However s all nine samples do not have totally different patterns. Two 

major types of group g patterns have been observed s one consisting of three 
major spots (Figure 4, A-G) and the other five major spots (H-I). The 

five spot pattern is actually the three spot pattern with two additional 
more basic spots situated to the right. These differences are not sex­
linked since representative individuals of both sexes were found having 
the three or five spot patterns. The identification of these spots and 

the significance of their presence or absence remains to be determined. 

Conclusions 

This paper shows that two-dimensional electrophoresis can resolve a 

minimum of 100 protein components from whole saliva and approximately 70 

components from parotid saliva compared to the 30-40 proteins resolved by 

one-dimensional electrophoresis techniques (7-10). The high resolution of 
the two-dimensional electrophoresis technique is invaluable for further 

investigation of salivary proteins such as amylase and for the overall 
study of saltvary proteins as related to oral health and pathology. In 
addition, the ISO-DALT system (6, 13, 14) opens the way for use of two­

dimensional electrophoresis in genetic screening projects and even clinical 

diagnosis. Saliva is valuable in both efforts as a source of material 
requiring noninvasive collection methods which contains genetic markers 

and possibly useful indicators of systematic disorders. 
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Fig. 4. Comparison of "Landmark g" in two-dimensional electrophoresis 
patterns of whole saliva from nine individuals. A, male, age 30; B, male, 
age 60; C, male, age 36; D, female, age 39; E, female, age 39; F, female, 
age 26; G, female, age 25; H, male, age 52; I, female, age 29. 
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