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ABSTRACT 

Among inbred strains of mice, a major protein, PSP, produced and secreted 
by the parotid glands, shows variation in  electrophoretic mobility and in the 
peptides produced by cyanogen bromide treatment. This variation is inherited 
as a single Mendelian factor with two alleles showing co-dominant expression. 
In genetic crosses, it segregates independently from the amylase complex and is 
closely linked to the agouti locus on chromosome 2. The protein ratios between 
amylase and PSP in saliva, obtained by scanning of electrophoretic gel separa- 
tions, were found to reflect genetic differences in salivary amylase production 
in strains YBR/Cv and C3H/As. 

UTATIONS at structural loci or at regulatory loci (PAIGEN 1971; BULFIELD 
1972) can cause quantitative variation of enzymes and can, therefore, be 

used to investigate the types of genetic control mechanisms that exist in mam- 
mals (PAIGEN et al. 1975). Amylases of the mouse (Mus musculus) may be 
good model systems for investigating these genetic control mechanisms because 
they are subject to both quantitative and qualitative variation. Two tissue- 
specific amylases, from the parotid glands and pancreas, are present in the 
mouse, and the electrophoretic variation in each of these define the Amy-I and 
Amy-2 loci, respectively (SICK and NIELSEN 1964). The loci are closely linked; 
no confirmed recombinants have been found (NIELSEN and SICK 1975). This 
complex of amylase loci is located on chromosome 3 (TAYLOR 1976; EICHER 
1979). The demonstration of structural heterogeneity of pancreatic amylase in 
homozygous animals and genetic variation in the amounts of various forms of 
this amylase indicate a genetic determination by multiple structural genes for 
these enzymes (NIELSEN 1974; HJORTH, LUSIS and NIELSEN 1980). Salivary 
amylase shows no structural heterogeneity in homozygous animals, and the 
observed genetic variation in relative quantities of the electrophoretic forms in 
heterozygotes may reflect variation in genetic regulatory elements linked to 
the structural variation (HJORTH 1979; HJORTH, LUSIS and NIELSEN 1980). 
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Thus, the genetic variation in amylase from each of the two tissues indicates 
a complex genetic determination of the enzymes. 

Amylase levels are quite variable among individual rodents due to physiologi- 
cal changes in the stored secretory material. For example, in YBR/Cv, salivary 
amylase concentrations vary from 20 to 100 amylase units per gland tissue, SO 

that mean values from 5 to 10 animals have to be used to demonstrate a two- 
to three-fold difference between strains (HJORTH 1979). This prompted the use 
of heterozygote ratios of allelic amylase isoenzymes. However, the sole use of 
heterozygotes limits the types of genetic variation that can be detected. It also 
puts serious constraints on attempts to find variants. In the present study, there- 
fore, we explore the possibility of using a salivary protein as an internal standard 
for the quantification of salivary amylase in homozygous animals. This article 
describes the biochemical and genetic characterization of a parotid secretory 
protein (PSP) in the mouse. PSP shows genetic variation in structure, which 
is determined by a single locus linked to the agouti locus in chromosome 2; this 
locus and the amylase complex segregate independently. We have found that 
the quantitative difference of salivary amylase production between the strains 
YBR/Cv and C3H/As, previously described (HJORTH 1979), is reflected by the 
protein ratio of amylase to PSP in whole saliva. Application of the AMY/PSP 
ratio in screening for quantitative variants is discussed. 

MATERIALS A N D  METHODS 

Materials: Radioactive isotopes were obtained from Amersham, cyanogen bromide (CNBr) 
from Sigma, formic acid from Merck, Lipoluma and Lumasolve from Lumac Systems and 
acrylamide from Eastman Kodak. All other materials were of reagent grade. 

Animals and homogenates: The C3H/As strain originated at the Statens Serum Institute, 
Copenhagen, and has been further inbred in this laboratory for 18 years. The CEJJ, DE/Cv and 
YBR/Cv strains were kindly provided by V. M. CHAPMAN, Roswell Park Memorial Institute, 
Buffalo, and AKR/Bom, BALB/cBOM, CBA/JBom, C57BL/GJBom, C57BL/1 OJBom, DBA/2Bom, 
NZB/Bom and SJL/JBom were purchased from GI. Bomholtgerd Ltd , Denmark. The congenic 
strains C3H.AmycE7 C3H.AmyYBE, C3H.AinyW1, C3H.Amym3, C3H.Amyw9, C3H AmyW*O, 
C3H.AmyW11, C3H.AmyW13, C3H.AmymJ4 and C3H.AmyW'S were constructed by J. T. NIELSEN 
(Institute of Ecology and Genetics, University of Aarhus). This was accomplished through 
allelic transfer of the amylase complex from either a strain (for instance CE/J) or trapped wild 
mice into a C3H/As background by backcrossing for 10 generations using the electrophoretic 
difference of salivary amylase as a marker. 

Parotid glands were labelled by intraperitoneal injection of either 100 pCi L-(4,5-3H)-leucine 
(105 Ci/mmole), 25 pCi L-(U-14C)-leucine (300 mCi/mmole), or 500 pCi 35methionine (500 
Ci/mmole) for an hour pulse. Animals were sacrificed and parotid homogenates were prepared 
as previously described (HJORTH 1979). 

Cyanogen bromide treatment: Cyanogen bromide ( CIVBr) cleavage of parotid homogenates 
was carried out using 10-fold excess (w/w) of CNBr over protein in 70% formic acid for 48 h r  
in the dark at room temperature. Samples were subsequently diluted 10-fold with water, lyophi- 
lized and stored at -20". In one experiment, amylase was first selectively removed from the 
homogenate by an affinity chromatography procedure (SILVANNOVICH and HILL 1976). The 
run-through elutant was lyophilized and treated with CNBr. 

Polyacrylamide gel electrophoresis: Discontinuous electrophoresis in sodium dodecyl sulfate 
was performed using the method of LAEMMLIC 1970). Small peptides were resolved by a modifica- 
tion of the method of LAEMMLIC in which the separating gel contained 13% acrylamide, 0.35% 
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N,N'-methylene bis acrylamide and 8iw urea. A constant fraction of the parotid glands from the 
animals to be compared was applied to each gel slot. After electrophoresis, the gels were stained 
with Coomassie blue R-250. This localized the molecular weight standards, albumin (68,000), 
ovalbumin (43,000), chymotrypsinogen (26,000), myoglobin (17,000) and CNBr fragments of 
myoglobin (14,900,8,300,6,400 and 2,600). 

The amount of 3H-leucine in protein was determined on individual slices of polyacrylamide 
gels after eluting in Lipo1uma:Lumasolve:Water (9:l:0.1) at 50" for 48 hr. By this procedure, 
essentially 1001% elution is achieved. The percent degradation of PSP by CNBr was then calcu- 
lated from the amount of radioactivity in the 8,000 molecular-weight slice divided by the sum 
of the radioactivity in the 8,000 and 20,000 molecular-weight slices and multiplying this ratio by 
100. The 3 5 s -  or 14C-labelled proteins were visualized by autoratiography of the dried gel, using 
Kodak X-OMAT R film. 

Isoelectric focusing: Isoelectric focusing was performed as described by HJORTH, LUSIS and 
NIELSEN (1980). PSP was identified by autoradiography of the dried. gel. 

Carbohydrate staining: Carbohydrate was stained by the periodic acid Schiff procedure (GLOSS- 
MAN and NEVILLE 1971). 

Electrophoretic sepmation and quantification of salivary proteins: Isoproterenol-induced saliva 
was collected and prepared for electrophoresis as previously described (HJORTH 1979), except that 
samples were collected at 5, 10 and 15 min time p i n t s  after injection of 0.1 ml  of 0.1% isopro- 
terenol sulfate. Native-gel electrophoresis was performed in vertical slab gels using a Tris- 
glycine, pH 8.1 buffer (CLARKE 1964) with 6% acrylamide at 200 V for 1 hr and then 400 V for 
3 hr. Tap-water cooling was used. Gels were fixed in  methano1:water:acetic acid (5:5:1), and 
protein was visualized by staining for 15 to 20 hr  with 0.3% Coomassie blue R-250 dissolved in 
the above fixer. Gels were destained in the methano1:water:acetic acid (5:5:1) solution and 
reswollen in 5% acetic acid to their original volume. 

Degradation of PSP was detected on the protein-stained native gels by the partial or total 
disappearance of the PSP band and the appearance of distinct degradation bands. PSP was often 
found to be degraded in saliva from adult male animals and, occasionally, in saliva from female 
animals. New saliva samples were collected from animals whose original samples contained 
degraded PSP. No degradation was ever seen in samples from parotid gland homogenates. The 
degradation could, however, be produced in vitro by adding submaxillary gland extracts to 
parotid gland homogenates. Therefore. the degradation of PSP probably occurs in the mouth 
by the action of proteases secreted by glands other than the parotids. PSP from YBR/Cv is more 
sensitive to this degradation than PSP from C3H/As and the degradation products of the two 
different PSP types show different banding patterns when analyzed by native gel electrophoresis. 

The protein ratio of AMYJPSP was obtained by scanning the wet gels at 550 nm using a 
Beckman CDS-100 Computing Densitometer System (Model R-112). Mean values for saliva from 
the 5, 10 and 15 minute collections were then calculated. To avoid PSP degradation, the AMY/ 
PSP ratio was determined on saliva only from female animals. 

RESULTS 

Characterization of PSP: Pulse labelling of the mouse parotid glands by injec- 
tion of I4C-leucine and separation of the proteins by SDS-polyacrylamide gel 
electrophoresis, reveals a major protein of approximately 20,000 molecular 
weight (Figure 1) .  After an hour pulse, the mouse parotid glands incorporate 
65 to 85% of the acid-insoluble, radio-labelled leucine into this single protein 
(the actual percentage depends on the strain being tested). It is a tissue-specific 
protein not found in other salivary glands, such as the submaxillary or sublingual 
glands, or in the pancreas. It is a glycoprotein, as judged by periodic acid Schiff 
staining; by isoelectric focusing the protein shows an isoelectric point of approxi- 
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FIGURE 1 .-Separation of parotid gland homogenates by SDS-polyacrylamide gel electro, 
phoresis using 13% acrylamide and 8M urea. Channels (A) YBR and (B) C3H are stained for 
protein with Coomassie blue R-253. Channels (C) YBR and (D) C3H are autoradiograms of 
14C-leucine-labelled homogenates. 

mately 5.7. Since it appears in parotid gland homogenates and in whole saliva, 
we have named this protein PSP (Parotid Secretory Protein). 

Pulse labelling of the mouse parotid glands by injection of 35S-methionine 
into animals of the inbred strains YBR/Cv and C3H/As and separation of the 
proteins by SDS-polyacrylamide gel electrophoresis reveals that PSP is labelled 
in the YBR strain, but not in the C3H strain (Figure 2). This result led us to 
predict that PSP(YBR) should be cleaved by treatment with cyanogen bromide 
(CNBr), a reagent that cleaves polypeptide chains after methionine residues, 
while PSP(C3H) should remain intact. After CNBr treatment for 48 hr, approx- 
imately 90% of PSP(YBR) is cleaved into two peptides of about 8,000 molecular 
weight (Figure 3, channel A). Because the total amount of 3H-leucine in 
PSP(YBR) can be accounted for after CNBr treatment (10% undegraded plus 
90% in the 8,000 molecular-weight region), the most probable explanation is 
that only one methionine is present in PSP(YBR), located near the midpoint 
of the polypeptide chain. However, the estimated size of low molecular-weight 
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FIGURE 2.--Separation of parotid gland homogenates by SDS-polyacrylamide gel electro 

phoresis, using 10% acrylamide. Channels (A) C3H and (B) YBR are stained for protein with 
Coomassie blue R-250. Channels (C) C3H and (D) YBR are autoradiograms of 3%-methionine 
labelled homogenates. 

peptides obtained from electrophoresis in dodecyl sulfate may be inaccurate 
by as much as 20% (SWANK and MUNKRES 1971). An alternative explanation 
is that PSP(YBR) has two methionines, so that three peptides of approximately 
7,000 molecular weight are produced by CNBr treatment. Other minor radio- 
active bands seen in Figure 3 are peptides of salivary amylase produced by the 
CNBr treatment. These are removed when amylase is selectively removed from 
the homogenate by affinity chromatography before the treatment with CNBr. 
PSP(C3H) remains undegraded after treatment with CNBr (Figure 3, channel 
B) . This result, together with the absence of 33S-methionine label in PSP (C3H), 
demonstrates that PSP (C3H) contains no methionine residues. 
Genetics of PSP: Heterozygotes of YBR/Cv and C3H/As had nearly 50% 

of PSP sensitive to CNBr. Among backcross animals, two PSP, CNBr-sensitivity 
classes were found: the hybrid class and the homozygous parental class (Figure 
3, channels C-G; Figure 4). This demonstrates that PSP is determined by a 
single locus, Psp, and that the alleles defined by CNBr sensitivity are co-domi- 
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FIGURE 3.-Autoradiograms of 1%-leucine-labelled homogenates treated by CNBr for 48 hr 

and analyzed by SDS-polyacrylamide gel electrophoresis, using 13% acrylamide and 8M urea. 
Channels are (A) YBR, (B) C3H, (C) F,, (D and E) F, x YBR and (F and G) F, X C3H. 

nant. Since the PSP from the two alleles differ in primary structure, Psp must 
be the structural gene for the protein. The YBR allele was designated Psp" 
and the C3H allele, Pspb. Among inbred strains, DBA/2Bom and NZB/Bom 
have the Psp" allele, while AKR/Bom, BALB/cBom, CBA/JBom, CE/J, C5 7BL/ 
GJBom, C57BL/IOJBom, DE/Cv and SJL/JBom have the pspb allele. 

Examination of whole saliva by native-gel electrophoresis and staining for 
protein provides an additional and more rapid method for phenotyping PSP 
(Figure 5). The position of PSP on native gels was originally defined using 
14C-leucine-labelled parotid homogenates (picture not shown) . The CNBr-sensi- 
tive PSP, from YBR, is fast in native-gel electrophoresis, whereas the CNBr- 
insensitive PSP, from C3H, is slow; heterozygotes have both bands. In  39 back- 
cross animals to either YBR or C3H (Figure 4), there was 100% concordance 
between CNBr-sensitivity phenotype and the native-gel phenotype. This was 
also found for the eight inbred strains mentioned above. The phenotypic differ- 
ences seen by the two techniques thus may arise from variation at determinants 
within the same structural locus. The genetic data obtained by native electro- 
phoresis of saliva are shown in Table 1 and include the 39 backcross and eight 
F, animals from Figure 4. These data substantiate the results obtained by the 
CNBr method, indicating single-gene, co-dominant inheritance of PSP. PSP typ- 
ing by this native-gel technique is, however, slightly less reliable than that by 
CNBr treatment because PSP in saliva from males is often degraded, as noted 
above. 
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FIGURE 4,-Percent degradation 0.f PSP by CNBr using parotid gland homogenates of indi- 
vidual mice injected with 3H-leucine. The percent degradation of PSP by CNBr was calculated 
as described in MATERIALS AND METHODS. 

The localization of Psp on the genetic map of the mouse was found through 
further analysis of animals from the crosses between YBR/Cv and C3H/As. 
Besides differing for Psp, these strains differ at the salivary amylase locus Any-1, 
the agouti locus ( a )  on chromosome 2 and the brown locus (b )  on chromosome 4 
(HJORTH 1979; STAATS 1976). C3H/As has AMY-A and the dominant coat-color 
alleles A and B, whereas YBR/Cv has AMY-B and the recessive coat color alleles 
a and b. Of the backcross progeny between F, (YBR/Cv x C3H/As) females and 
YBR/Cv males, 61 were scored visually for their coat-color types and by native- 
gel electrophoresis for their AMY and PSP types. The alleles at each locus 
showed Mendelian segregation. The alleles of the Psp and a loci co-segregate 
in their parental combinations, and no recombinant types were found (Table 2). 
This indicates that Psp is linked to a at a distance that, at the 95% confidence 
level, does not exceed 5 cM. The data indicate that Psp-Amy-2, Psp-b and 
b-Amy-1 loci are not linked since 31,31 and 32 animals with recombinant types 
for these pairs, respectively, were found. 
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FIGURE 5.Separat ion of whole saliva by native-gel electrophoresis. The gels were stained 
with Coomassie blue R-250. Channels are (A) DBA/2Bom, (B) C3H/As, (C) NZB/Bom, (D) 
YBR/Cv and C3H/As mixture, (E) AKR/Bom, (F) BALB/cBom, (G) YBR/Cv, and (H) CE/J. 

TABLE I 
Segregation of salivary PSP iypes revealed b y  native gel elecirophoresis 

PSP-A X PSP-B 0 10 0 10 
(Psp"/Psp" x Pspa/Pspb) 
PSP-AB X PSP-A 24 22 0 46 
(PspQ/Pspb x PsP/Psp") 
PSP-AB X PSP-B 0 23 31 54 
(Psp"/Pspb x Psp"Pspb) 
PSP-AB X PSP-AB 10 16 9 35 
(PsP/Pspb x Psp"/Pspb) 

The deduced genotypes are given in brackets. 

TABLE 2 

Segregaiion of agouii iypes and native elecirophoreiic salivary PSP types among 61 offspring 
of the backcross F, (YBR/Cv X C3H/As) X YBR/Cv 

a Psp" a Psp" 
Cross: 9 9 - X 8 8 -  

A Pspb a Psp" 

Offspring types . Number 

Parental types: agouti, PSP-AB ( A  Pspb/a Pspa) 
nonagouti, PSP-A (a Psp@/a Pspa) 

28 
33 

The deduced genotypes are given in brackets. No recombinant types were found. 
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The observation that Psp and Amy-l segregate independently is supported 
by the presence of the C3H/As allele, Psp", in the cogenic strain C3H. AmyYBR. 
The way this strain was constructed (see MATERIALS AND METHODS) indicates 
that it has the C3H/As genome, except for the amylase complex and a surround- 
ing segment of DNA derived from YBR/Cv. The Psp locus is, thus, not included 
in this transferred DNA segment. 

Consistent with this interpretation of the backcross data is the phenotypic 
distribution among F, mice from the intercross of F, (YBR/Cv X C3H/As) ani- 
mals. The results for the a and Psp loci are shown in Table 3. The data deviate 
significantly from that expected if a and Psp segregate independently. The 
distribution, however, is close to that expected if a and Psp were completely 
linked. Only one apparent recombinant animal was found. This animal died 
before it produced any offspring, so that genetic transmission of the presumed 
recombinant chromosome could not be investigated. Using the method of ROBIN- 
SON (1971), the distance between a and Psp was estimated to 3 * 3cM, which 
is in keeping with the estimate from the backcross. We conclude, therefore, that 
Psp is located on chromosome 2, close to a, and that it is not linked to the Amy 
complex. 

The  protein ratio AMYIPSP: Since amylase concentrations are variable in 
homozygous animals, as noted above, it was our rationale to find an internal 
standard whose concentration varied coordinately with that of amylase and to 
use the ratio of amylase to the internal standard for detecting quantitative amy- 
lase variants. To find out if PSP is such a suitable internal standard, the varia- 
tion in the protein ratios of amylase to PSP, derived from protein scanning of 
native gels of saliva, was determined in 10 inbred and nine congenic strains 
(Figure 6a). Five females ( I O  from C3H/As) were analyzed from each strain. 
In any one experiment, one female from each of five to 10 strains were analyzed 

TABLE 3 

Segregation of agouti types and native electrophoretic salivary PSP types among 34 offspring 
of the intercross between F ,  (YBR/Cv X C3H/As)  animals 

a Pspa a Psp" 
Cross: 0 0 - X $8- 

A Pspb A Pspb 

Agouti ( A / A  and A / a )  0 15 9 24 
O* (6.4) 17.0(13.8) 8.5(6.4) 25.5 

nonagouti (u/a) 9 1 0 10 
8.5 (2.1) O(4.2) O(2.1) 8.5 

Total 9 16 9 34 
8.5 17.0 8.5 

The deduced genotypes are given in parentheses. 
* Numbers in italics are those expected if a and Psp were completely linked; whereas, those in 

parentheses are expected if the loci segregated independently. 
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FIGURE 6.-AMY/PSP protein ratios obtained by scanning native-gel separations of whole 
saliva proteins. All saliva samples were obtained from female animals. In 6a, each individual from 
a given strain was analyzed in a separate experiment. The number of animals from each strain 
is given in brackets. The bars represent the range of values as the mean 4 the standard deviation. 
Thick bars give total data. Thinner bars indicate that the unusually high values from one experi- 
ment were omitted (see text for details). The individuals of the three strains in 6b were analyzed 
together in one experiment. 

together. PSP was found to be degraded in the samples from two out of 100 
females analyzed; thus, their electrophoretograms were not scanned. The values 
from one experiment were considerably higher than from the rest, demonstrat- 
ing an experimental source of error. When the values from this experiment 
were omitted, the variation within all the involved strains decreased (cf., thick 
and thinner bars of Figure 6a). The large variation in strain C3H.Amy"l is 
caused by a single high value. When this is omitted, the mean and the standard 
deviation decreases to 0.93 and 0.18, respectively. New saliva samples were 
taken from the same five females of this strain and they were analyzed together. 
These AMYJPSP ratios had a mean of 0.79 and a standard deviation of 0.14. 
Thus, the variation in the AMY/PSP ratio within each strain is moderate and 
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considerably smaller than the variation in total gland amylase, suggesting 
coordinate variation of PSP and amylase. 

The production and amount of salivary amylase in strain YBR/Cv is two to 
three times higher than in strain C3H/As (HJORTH 1979). The ratios of amy- 
lase to PSP in saliva are approximately four times greater in YBR/Cv and 
C3H.AmyYBE than in C3H/As (Figure 6b). This difference must reflect a dif- 
ference in amylase production since C3H/As and C3H.AmyYBR have the same 
PSP allele by descent and differ genetically by only a small segment of DNA 
containing the amylase complex. The small differences in the protein ratios 
of amylase to PSP among the congenic lines (Figure 6a) may, thus, also repre- 
sent differences in production of amylase. The observed lower value for 
C3H.AmycE than for C3H.Amyw1 is in keeping with this interpretation, since 
the salivary amylase allele from the CE/J strain contributes less than that from 
C3H.Amy"' in heterozygotes to C3HJAs (HJORTH 1979). 

DISCUSSION 

The present study demonstrates that the Parotid Secretory Protein (PSP) in 
mouse shows a genetic variation in structure that is determined by a single locus 
linked to the agouti locus on chromosome 2. The Psp locus may prove valuable 
in understanding the molecular biology of eukaryotic genes because its protein 
product is present in a very high amount in a single specialized tissue. Coordi- 
nate variation in the amounts of amylase and PSP in saliva was found for an 
array of inbred mouse strains. The reason for  this may be that the two proteins 
are packed together in, and during salivary secretions released from, zymogen 
granules in a ratio set by the capacity of the respective genes to direct produc- 
tion of the two proteins. This suggests that altered ratios of the two proteins in 
saliva may reflect altered production of either of the proteins and, thus, provide 
a simple way to identify quantitative variants for the proteins. The increased 
salivary AMY/PSP ratio demonstrated for those strains showing higher salivary 
amylase production as a result of the YBR/Cv-derived amylase complex, supports 
this suggestion. 

The general use of the AMY/PSP ratio to detect quantitative variation of 
salivary amylase and PSP depends on the ability to distinguish between varia- 
tion in amylase and variation in PSP when mice with altered ratios of the two 
are found. Since Amy-1 and Psp are not linked, it is possible to construct tester 
stocks with different, but known, alleles of the two loci. First, consider a variant 
resulting from a genetic element that is cis-acting or that acts in an allele-specific 
way. It should then be possible, by crossing this variant to animals of a tester 
strain with the alternative electrophoretic form of both amylase and PSP, to 
determine directly from the saliva electrophoretogram of the off spring whether 
amylase or  PSP is altered. By crossing variant offspring to animals of the pre- 
viously used tester strain for an additional generation, the linkage of the variant 
gene to Amy and Psp can be studied. If a variant is due to a trans-acting gene, 
then two generations of backcrosses to an appropriate tester strain will also be 
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necessary. Second-generation off spring that show altered AMYPSP ratios 
should be assayed for amylase concentration in the parotid glands. If for 
instance, this amylase content is normal, the variant gene must cause a change 
in the amount of PSP. It should be possible to use this procedure for dominantly 
and co-dominantly inherited variants. For recessive variants, the first-generation 
off spring from matings to tester stocks should be intercrossed and second genera- 
tion offspring analyzed, as described above. 

Using the ratio between amylase and PSP in saliva to detect quantitative 
variants of the two proteins in mouse has the advantage of being rapid and 
simple, and female animals screened need not be sacrificed. Besides the ability 
to detect cis-acting quantitative variants, it should be possible, by this method, 
to detect trans-acting variants. Such variants have been described in other sys- 
tems (BOUBELIK et al. 1975; LUSIS and PAIGEN 1975; ABRAHAM and DOANE 
1978; MACDONALD and AYALA 19781, and they constitute an important class of 
variants for the comprehension of gene expression in eukaryotes. 

This work was supported by grant No. 511-7189 from the Danish Natural Science Re- 
search Council and grant GM-19521 from the U.S. Public Health Service. Part of this study was 
made during a seven-month visit by D. OWERBACH to Aarhus, which was supported by grants from 
NATO and the University of Aarhus. We thank MARGARET CLARK and PIA ELLEGAARD for 
competent technical assistance. 

LITERATURE CITED 

ABRAHAM, I. and W. W. DOANE, 1978 

BOUBELJK, M., A. LENGEROVA, D. W. BAILEY and V. MATOUSEK, 1975 

Genetic regulation of tissue-specific expression of Amylase 

A model for genetic analy- 
sis of programmed gene expression in the development of membrane antigens. Dev. Biol. 
47: 206-214, 

structural genes in Drosophila melanogaster. Proc. Natl. Acad. Sci. U.S. 75: 4446-4450. 

BULFIELD, G., 1972 Genetic control of metabolism: Enzyme Studies of obese and adipose mutants 
in mouse. Genet. Res. 20: 51-64. 

CLARKE, J. T., 1964 Simplified “disc” (polyacrylamide gel) electrophoresis. Ann. N. Y. Acad. 
Sci. 121 : 428-436. 

EICHER, E. M., 1979 

GLOSSMAN, H. and D. M. NEVILLE, 1971 

HJORTH, J. P., 1979 

HJORTH. J. P., A. J. LUSIS and ,J. T. NIELSEN, 1980 

LAEMMLI, U. K., 1970 

Personal communication. Mouse News Letter 60: 50. 
Glycoproteins of cell surfaces. A comparative study of 

Genetic variation in mouse salivary amylase rate of synthesis. Biochem. 

Multiple structural genes for mouse amylase. 

three different cell surfaces of the rat. J. Biol. Chem. 246: 6339-6346. 

Genet. 17: 665-682. 

Biochem. Genet. 18: 281-302. 

bacteriophage T,. Nature 227: 680-685. 

Genetic determination of the a-galactosidase developmental 
program in mice. Cell 6: 371-378. 

Genetic and biochemical basis of enzyme activity varia- 
tion in natural populations. I. Alcohol dehydrogenase in  Drosophila melanogaster. Genetics 

Cleavage and structural proteins during the assembly of the head of 

LUSIS, A. 5. and K. PAIGEN, 1975 

MACDONALD, J. F. and F. J. AYALA, 1978 

89: 371-388. 



PAROTID SECRETORY PROTEIN I N H E R I T A N C E  141 

NIELSEN, J. T., 1974 Pancreatic amylase polymorphism in the house mouse. A model involving 

NIELSEN, J. T. and K. SICK, 1975 Genetic polymorphism of amylase isoenzymes in feral popu- 

PAIGEN, K., 1971 Genetics of enzyme realization. pp. 1-46. In: Enzyme Synthesis and Degra- 

PAIGEN, K., R. T. SWANK, S. TOMINO and R. E. GANSCHOW, 1975 The molecular genetics of 

ROBINSON, R., 1971 
SICK, K. and J. T. NIELSEN, 1964 Genetics of amylase isoenzymes in the mouse. Hereditas 51: 

291-296. 
SILVANNOVICH, M. P. and R. D. HILL, 1976 Affinity chromatography of cereal a-amylase. 

STAATS, J., 1976 Standardized nomenclature of inbred strains of mice: Sixth listing. Cancer Res. 

SWANK, R. T. and K. D. MUNKRES, 1971 Molecular weight analysis of aligopeptides by electro- 
phoresis in polyacrylamide gel with sodium dodecyl sulfate. Analyt. Biochem. 39 : 462-477. 

TAYLOR, B. A., 1976 Linkage of the cadmium resistance locus to loci on mouse chromosome 12. 
J. Hered. 67: 389-390. 

Corresponding editor: R. E. GANSCHOW 

several loci. Hereditas 78: 322. 

lations of the house mouse. Hereditas 79: 279-286. 

dation in Mammalian Systems. Edited by M. RECHIGL. Kargen, Basal. 

mammalian glucuronidase. J. Cell Physiol. 85 : 379-392. 
Gene Mapping in Laboratory Mammals. Plenum Press, London. 

Analyt. Biochem. 73: 430-433. 

36: 4333-4377. 


