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SUMMARY 

The age-related changes in the rate of synthesis of total and secretory proteins 
were examined in parotid glands of young (2 months) and old (24 months) rats. 
The differences in the rate of incorporation of radioactive leucine into acid- 
insoluble proteins of the gland indicate that the rate of protein synthesis declines 
with age in this gland. To determine whether the rate of synthesis of secretory 
proteins changes with age in this gland, the rates of incorporation of [3H]leucine 
into amylase, a major secretory protein of the gland, were compared by radioac- 
tivity determinations. For this comparison, amylase was precipitated with gly- 
cogen after incubating the gland slices in the presence of the labeled amino acid. 
The study shows that rate of synthesis of amylase declines significantly with age in 
this gland. The possible relationship between the decline in protein synthesis and 
the reduced level of secretory activity of the gland due to aging is discussed. 
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INTRODUCTION 

Previous studies have shown that the rate of cellular protein synthesis declines 
with age in many different organs and tissues (see ref. 1 for review). This decline 
in protein synthesis may be an underlying cause for the loss of organ or tissue 
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functions which eventually leads to the death of the organism [2]. In the case of the 

salivary gland, reductions seem to occur in the amylase content of the saliva as 
well as in the rate of flow and secretion of saliva with increasing age [3-5]. The 
reduced content of amylase in the saliva suggests that decremental  changes occur 
with age which affect the mechanisms of either the synthesis or release of 
secretory proteins in salivary gland cells. 

We have shown previously that, in rat parotid glands, the rate of synthesis of 
proteins declines with age in the acinar cells [6-8], but not the ability of these cells 
to release secretory proteins [9]. Our previous analyses of secretory proteins in 
the postmicrosomal supernatant of the gland by electrophoretic separations have 
indicated that this decline in protein synthesis involves the reduction in the 
synthesis of secretory proteins [10,11]. However,  the rate of synthesis of specific 
secretory proteins has not been compared in young and old rats. Furthermore,  the 
rats used in our previous studies were not checked for the possible infection by 
sialodacryoadenitis (SDA) viruses which are wide spread among commercial stocks 
of rats and known to affect the functions of rodent salivary glands [12]. 

To determine whether  the rate of synthesis of secretory protein declines 
specifically with age, we have used SDA virus negative rats and compared the 
rate of synthesis of amylase, a major  secretory protein of the parotid gland, in 2- 
(young) and 24- (old) month-old rats. The  study indicates that the rate of synthesis 
of this secretory protein is significantly reduced in the older rats as determined by 
radioactive amino acid incorporation analyses. 

MATERIALS AND METHODS 

Animals 
Male, Sprague-Dawley rats Were used in this study and were obtained from the 

Charles River Breeding Laboratories in Portage, Michigan. The rats were 2 and 
24 months old and weighed about 240 g and 600 g, respectively. The older rats 
were maintained in an aging colony at the above mentioned plant. 

All rats were Caesarean-derived and maintained behind a barrier-containment 
facility. These rats were checked every 4 weeks by serological means for myco- 
plasmosis, pathogenic organisms, and parasites. Particularly, these rats were 
monitored regularly for the SDA virus and the rats used in this showed negative 
titers for this virus. The rats were fed Purina rat chaw which contained 22% 
protein and 5% fat (Charles River formula). The drinking water was UV treated 
and ultrafiltrated. Food was withheld for about 16 h before experiments which 

usually began about 0900 h. 

Incorporation of [3H]leucine into glandular proteins 
The rate of protein synthesis was determined as described in our  previous 

studies [6-8]. The parotid gland slices were incubated in Minimum Essential 
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Medium (MEM: Grand Island Biological Co., Grand Island, N.Y.) without 
leucine supplemented with 91~Ci/ml of L-[4,5,3H(N)]leucine (spec. act. 47- 
55 Ci/mmol; New England Nuclear, Boston, MA). The incubation medium was 
also supplemented with unlabeled leucine to a total concentration of 0.1 mM. 
After incubation, the tissue slices were homogenized and precipitated with 0.3 N 
perchloric acid (PCA). The supernatant was used to determine [3H]leucine 
available in the PCA-soluble pool and the specific activity of the leucine pool. 
Radioactivity determinations were made in a Beckman 7800 scintillation spec- 
trometer. The rate of incorporation between the age groups was compared based 
on the DNA content of the gland. The amount of DNA was determined by the 
diphenylamine method of Burton [14] after extracting it from the PCA precipitat e 
as described previously [6--8]. 

Size and specific activity of free leucine pool 
Amino acid analyses were done by a Kratos amino acid analyzer system 

equipped with a AA 511 cat ion exchange column (Interaction Co., Los Altos, 
CA). The reagent was o-phthaldehyde, and the amino acids were derivatized in a 
post-column reactor, and detected flurometrically with a Kratos FS 950 
flurometer. The procedure is modification of the method of B6hlen and Mellet 
[15]. One-minute fractions were collected in scintillation vials with a Gilson 
FC-100 fraction collector. Each fraction was mixed with Atomlight (New England 
Nuclear Products, Boston, MA) and counted for radioactivity on a Beckman 
LS6800 scintillation counter. 

Incorporation of [3H]leucine into amylase 
After the incubation of the parotid gland slices as described above, the amylase 

was precipitated from crude extracts of the gland as a glycogen-enzyme complex 
as described by Loyter and Schramm [13]. Radioactivity in the glycogen pre- 
cipitate was determined by scintillation counting in a Beckman 7800 spectrometer. 
For the determination of the amount of [3H]leucine incorporated into amylase, 
the amount of radioactivity in the glycogen precipitate was adjusted to account for 
the differences in the recovery of the enzyme by precipitation from assays to 
assays. 

Characterization of the glycogen precipitate 
The (rater soluble proteins of the glandular homogenate and glycogen pre- 

cipitate were separated by electrophoresis in polyacrylamide gel containing 
sodium dodecyl sulfate (SDS). The molecular weight of the amylase precipitated 
with glycogen was estimated by comparing its electrophoretic mobility to that of 
the several proteins of known molecular weight [16]. The enzyme activity of 
amylase after glycogen precipitation was determined as described below and the 
specific activity of the enzyme was compared in young and old rats. 
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Assays of amylase activity 
The amylase activity was assayed by the procedure used previously in our 

earlier work [6,7,9]. Briefly, the glandular amylase was extracted by an extensive 

homogenizat ion in distilled water  or phosphate  buffered saline (PBS) and the 
enzyme activity was determined by using the Amylochrome method (Roche 
Diagnostics, Nutley, N.J.). This method measures the amount  of dye released 
f rom the Cibachrone Blue F3 GA-amylose  complex when the 1-4 bonds of 
amylose are broken by the action of amylase. 

RESULTS 

The  rate of incorporation of leucine into the PCA-insoluble fraction of the 

parot id gland is about  30% lower in 24-month-old rats than in 2-month-old rats 
(Table I), indicating that the rate of total protein synthesis declines with age. The 

difference in the rate  of incorporat ion at these ages does not appear  to be due to 

the changes in the size of the precursor  pool with age. The  amino acid analysis of 

the free leucine pool in parot id glands indicates that there is no difference in the 
size of this precursor  pool at 2 and 24 months  (Table II). However ,  the amount  of 
radioactivity in the leucine pool of the older rats is about  two times as much as 
that in the younger  ones (Table II), as is expected from the lower rate of 
incorporat ion in the older group. 

To  compare  the rate of synthesis of amylase,  the rate of incorporation of 
[3H]leucine into this secretory enzyme was determined.  In the glands of the young 
and old rats, the incorporat ion of [3H]leucine into amylase occurs at a constant 

TABLE I 

THE AMYLASE CONTENT AND THE RATE OF LEUCINE INCORPORATION INTO ACID- 
INSOLUBLE PROTEIN IN PAROTID GLANDS 

The data represent mean -+ standard error of means. 

Age Amylase content Leucine incorporation 
(months) [dye Units*/mg DNA (nmoles**/mg DNA/h) 

(x 10-6)] 

2 40.30 _ 2.80 (4) 140.0 -+ 5.1 a (5) 
24 47.46 --- 3.00 (3) 96.0 - 4.8 a (8) 

*Dye units refer to the number of dye units released from Cibachrone Blue-araylose complexes 
upon hydrolysis of the bond by amylase. 1050 dye units equal 1 mg maltose produced from starch in 
3 rain of incubation at 37°C (1 unit of amylase activity). The values regarding the amylase content at 2 
and 24 months are not significantly different. 

**The amount of leucine was calculated from the amounts of [3H]leucine incorporated into the 
acid-insoluble fraction following the incubation of the gland slices as described in the Method section. 

"These two values are significantly different (P  < 0.001). The number in parentheses refers to the 
number of rats used for the assay in each case. 
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TABLE II 

THE SIZE AND SPECIFIC ACTIVITY OF FREE LEUCINE POOL IN PAROTID GLANDS OF 
YOUNG AND OLD RATS 

The data represent mean -+ standard'error of means for 3 separate assays. The intracellular free leucine 
was fractionated and radioactivity was determined as described in the Materials and Method section. 

Age Number nmoles/ cpm x 10 -4 
rats rats mg D N A  nmole 

2 2 13.93 ± 2.83 a 8.00 _+ 0.13 b 
24 2 19.42 ± 0.34 a 14.30 ± 0.18 b 

"Values are not different significantly (0.2 < P < 0.1). 
bValues are different significantly (P < 0.001). 

r a t e  fo r  1 h (Fig.  1), as d e t e r m i n e d  by r a d i o a c t i v i t y  c o u n t i n g  o f  t h e  e n z y m e  a f t e r  

p r e c i p i t a t i n g  wi th  g l y c o g e n .  T h e  r a t e  o f  i n c o r p o r a t i o n  o f  t h e  a m i n o  ac id  is 

s ign i f ican t ly  l o w e r  ( a b o u t  4 0 % )  in t h e  o l d e r  ra t s  t h a n  in t h e  y o u n g e r  c o u n t e r p a r t s  

w h e n  c o m p a r e d  b a s e d  on  t h e  D N A  c o n t e n t  o f  t h e  g l and ,  ( T a b l e  I I I ) .  

T h e  a m y l a s e  p r e c i p i t a t e d  wi th  g l y c o g e n  fo r  r a d i o a c t i v i t y  d e t e r m i n a t i o n s  f o r m s  

a s ing le  b a n d  u p o n  e l e c t r o p h o r e s i s  on  p o l y a c r y l a m i d e  ge l  c o n t a i n i n g  S D S  and  

c o - m i g r a t e s  wi th  a p r o m i n e n t  b a n d  of  g l a n d u l a r  p r o t e i n  wi th  5 6 0 0 0  m o l e c u l a r  

w e i g h t  (Fig.  2). T h e  g l y c o g e n - p r e c i p i t a t e d  a m y l a s e ,  wh ich  a m o u n t s  t o  a b o u t  15% 
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Fig. 1. Comparisons of the rate of incorporation of [3H]leucine into parotid amylase in 2- (solid line) 
and 24- (dotted line) month-old rats. After incubating the gland slices in the presence of the labeled 
amino acid for the indicated 3 time periods, amylase was precipitated with glycogen from the gland 
homogenate for radioactivity determinations by scintillation counting. The incorporation of leucine 
into amylase occurs at a constant rate for l h  in both age groups. Each point represents the 
mean -+ standard error of means from 3 separate experiments. 
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TABLE III 

T H E  I N C O R P O R A T I O N  OF [3H]LEUCINE INTO A M Y L A S E  IN P A R O T I D  GLANDS OF 
Y O U N G  AND OLD RATS 

The data represent  mean-+-standard error  of means. The dilterence in the incorporation values in 
these ages is significant (P <0.01). The amount of radioactivity incorporated into amylase was 
determined after extracting the e,azyme as the glycogen precipitate from the homogenate  of the gland 
slices. The gland slices were incubated in the presence of the labeled amino acid prior to glycogen 
precipitation of amylase. 

Age Number Number dpm × 10_ 6 
months rats samples mg DNA h 

2 6 10 2.020 --- 0.169 
24 6 3 1.265 --- 0.092 

Fig. 2. SDS-polyacrylamide gel electrophoresis of the glandular homogenate and amylase precipitated 
with glycogen from parotid glands of 2- and 24-month-old rats. The water soluble proteinsl of the 
glandular homogenate from the old and young rats are shown in lanes 1 and 3, respectively. The lanes 
2 and 4 show the glycogen precipitate of the homogenate shown in lanes 1 and 3, respectively. The 
glycogen precipitate forms a single band with a molecular weight of about 56 000 as estimated by its 
electrophoretie mobility and retains the enzyme activity. 



T A B L E  IV 

P A R O T I D  A M Y L A S E  IN Y O U N G  A N D  O L D  R A T S  
Precipitated as Amylase-glycogen complex. 
The  data  represent  mean  --- s tandard error  of  means.  
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Age Number Number Dye Units Dye Units x 10 -6 × 10 -6 
months rats samples mg DNA mg Amylase 

2 8 16 37.1 -+ 3.4 6.53 --- 0.46 
24 6 13 44.7 __+ 2.8 6.56 -+ 0.33 

*Dye units  refer to the  number  of  Cibachron Blue dye units released from the substrate of 
Cibachron Blue F 3 G A  amylose complex. 1050 dye units = 1 mg of maltase produced from starch in 
3 min incubation at 370C (1 unit of  amylase activity). The  amylase was precipitated as the glycogen- 
enzyme complex from the glandular  homogena te  as described in the Materials and Method  section. 

and 18% of the total glandular proteins, respectively, in 2- and 24-month-old rats, 
maintains the enzyme activity (Table IV). The glandular contents of amylase in 2- 
and 24-month-old rats, calculated from the enzyme activity in the glycogen 
precipitate (Table IV) nearly equal those values which were obtained directly by 
the assays of the enzyme activity in the glands (Table I). 

Despite the significant reduction in the rate of leucine incorporation into 
amylase and total proteins of the gland between 2 and 24 months, the glandular 
level of amylase does not appear to decrease during this period. There is no 
significant difference in the glandular contents of amylase at these ages, as 
indicated by the cellular level of amylase activity in the glands of 2- and 
24-month-old rats (Tables I and IV). Furthermore, the specific activity of the 
enzyme is about the same in the glands of these rats (Table IV). 

DISCUSSION 

The decrease in the rate of incorporation of leucine into PCA-insoluble 
fractions in parotid glands between 2 and 24 months indicates that the rate of 
synthesis of total proteins declines with age and support our previous findings 
[6--8]. These earlier studies were done using the rats that had not been screened 
for the immunologic titers for SDA viruses. Therefore, the possibility existed that 
the reduced rate of protein synthesis reflected clinical manifestations of the viral 
infection rather than age-related, cellular changes. However, the results from this 
study, which employed only SDA negative rats, demonstrate that the age-related 
decline in the rate of protein synthesis is unrelated to the disease. 

The results of the analysis of free leucine pool in the present study support that 
the difference in the rate of leucine incorporation into glandular proteins reflects 
the difference in the rate of synthesis of these proteins. There is no difference in 
the size of the intracellular leucine pool, but, there is about two times as much 
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radioactivity in this pool of the older rats than in the younger ones. This is the 
situation expected in the older rats with a reduced rate of protein synthesis. Thus, 
it is unlikely that the decrease in the rate of the amino acid incorporation in the 
older rats is due to the dilution of radioactivity due to the difference in the size of 
the precursor pool. 

The rate of incorporation of leucine into the glycogen precipitate is also 
reduced in the older rats, indicating that the rate of amylase synthesis also 
declines with age. Several lines of evidence support that the glycogen precipitate 
is, in fact, amylase. The glycogen precipitate possesses the enzyme activity and 
forms a single band upon electrophoresis. The molecular weight of the glycogen 
precipitate, calculated from its electrophoretic mobility, is about 56 000 daltons 
which is the molecular weight of the parotid amylase [18]. Although the rate of 
incorporation of leucine into amylase in the older rats is somewhat more reduced 
than into the total protein (40% v s .  30%), it is uncertain whether this difference is 
significant. 

The amylase, precipitated using glycogen, amounts to near equal proportions 
of total glandular proteins, 15% and 18% in young and old rats, respectively. 
Since the specific enzyme activity of amylase is about the same at these two ages, 
it is likely that glycogen precipitates the similar molar proportions of amylase in 
the glands of young and old rats. Furthermore, the glandular contents of amylase, 
determined from the glycogen precipitate, are about the same as those values 
obtained directly from the glandular homogenate. In the calculation of the total 
radioactivity in amylase or its enzyme activity, the values obtained from the 
glycogen precipitate were adjusted to account for the differences in the recovery 
of amylase by precipitation. 

Since amylase is the major secretory protein of the parotid gland [19], the 
reduced rate of amylase synthesis may be extrapolated to the secretory proteins in 
general in this gland. One possible explanation for the reduced rate of secretory 
protein synthesis is that decremental changes occur in the cellular structure or 
mechanism involved in this process. 

Various changes which affect the process of transcription and translation have 
been implicated. Although the DNA itself does not appear to change [22], 
alterations in the binding between DNA and nucleoproteins [22-25], and a shift in 
the nucleoprotein to a more basic type [26,27] have been reported. The changes in 
the nucleoprotein to a more basic protein repress parts of the gene expression and 
suppress protein synthesis. The changes implicated at the level of translation 
include the decrease in the amino acylation of tRNA [28-30], the activity of one 
of the elongation factors [31[, the initiation process due to defects in a ribosomal 
subunit [32] and in the concentrations of polysomes [33] or active ribosomes [34]. 
Also, the decrease in the ribosome aggregation to mRNA related to reductions in 
the mRNA availability [1] have been reported. Whether any of these changes also 
occur during aging in the rat parotid glands needs to be determined. 

However, it is also possible that the reduced rate of protein synthesis reflects 
the cellular regulatory mechanism of the synthesis of secretory proteins in relation to 
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the decrease in the level of digestive activity due to aging. It appears that amylase 

and other secretory proteins accumulate in parotid glands of old rats. We have 

shown previously that the number of degenerating secretory granules increases 

with age in the acinar cells of rat parotid glands, suggesting that secretory proteins 

remain in cells for a longer period of time in older animals than in young ones 
[20]. Also, as shown in this study, the glands of 24-month-old rats contain a 

relatively large amount of amylase, despite the decreased rate of protein syn- 

thesis, indicating that the level of secretory (discharge) activity is reduced in these 

old rats. On the other hand, the low content of amylase in the glands of 
2-month-old rats, despite the high rate of protein synthesis, suggests a high level 

of secretory activity at this young age. These results support the suggestion that 

the cellular level of secretory proteins represents the balance between the rate of 
synthesis and secretion [1]. 

The decrease in the level of secretory activity is not due to the cellular changes 

which affect the process of discharge of secretory proteins [9]. Thus, the reduced 

level of secretory activity in the salivary gland is likely to be due to the reduction 

in the digestive and/or masticatory activities with age. The storage of secretory 

proteins in cells for a prolonged period of time, due to the reduced level of 

secretory activity, can affect the synthesis of more of these proteins by a positive 
feed-back type of inhibition [21]. 
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