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INTRODUCTION 

Since the litterature on the properties of salivary lipase coii- 
tains inany controversies (Da-Rin, 1930; Katzenstein, 1929; Eg-  
gers-Lura, 1946; Scheer, 1928; Scheer 12 Fuhrberg, 1928; T'ergin, 
1950), and since modern works of esterases are dealing with pa- 
rotid gland homogenates and not saliva (Aruy ,  1963; Burstone, 
1956; Hill  & Bourne, 1954; Mahlers et ai., 1955; Rothers, 1928) a 
more acurate study described beloiv was undertaken. The pres- 
ence of Iipase in salivary glands has been claimed on the basis of 
histochemical studies, (Martin, 19531, an opinion not shared by 
A be et al. (1964). Therefore a comparison between naphtylesters 
and natural fats as substrates was undertaken and the pH de- 
pendence of the activities and the effect of some known lipase 
inhibitors and activators mainly found in saliva were tested. 

MATERIALS AND METHODS 

Collection and preparation of saliva 

The saliva was collected from the parotid duct with an acrylic 
cup inodification of the Carlson-Crittenden device (Shannon et 
aI., 1962). The flow of saliva was stimulated with liine caramels 
(sweets) and collected from young healthy adult persons. The 
saliva was centrifuged immediately after the collection for 15 
min at 40,000 X g. to remove all the adventitious particles. All 
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the procedures were performed under + 4" C conditions. The 
pooled saliva was concentrated 10 X by salting out with aiiiiiio- 
niuiiisulphate to reach 100 % saturation. The precipitate was 
dissolved in distilled water. The concentrate was then dialgsed 
against distilled water for 24 hours and then against 0,l M tris- 
HCI buffer pH 7,O with five changes until the Ba-test was nega- 
tive. 

Substrates 

The following substrates were used : $-naphtyl-laurate, a-naph- 
tyl-acetate, and triolein (Sigma Cheniic:il Company, St. Louis, 
USA ) .  

Affect o m  

The following affectors were used to characterize the enzyiiies: 
E-600, (diethyl-nitrophenyl phosphate, hlintacol, Bayer, Gernia- 
ny 1, cystein-HCI, sodium taurocholate, iiionojodo-acetic acid, 
EDTA disodiuiii salt, and the following inorganic salts a t  final 
4 mJ1 concentration : CuCI,, KCI, HgCl,, hlgCI,, NaF, Na,HPO,. 

Assays 

5:iI)htol-substrates were dissolved in methanol to reach the 
strength o f  1 mM. 0,l-31 tris-HC1 buffer was used. Rlc-Ilvaine's 
phosphate, citric acid buffer was used when testing the pH opti- 
niu~ii. The hydrolysis rate was nieasured in a n  incubation ine- 
dium consistings of: 0,l-M tris-HC1 or Mc-Ilvaine's buffer 1,0 
nil, enzyme fraction 0,s nil, substrate stock solution 0,5 1111. The 
incubation was carried out in a water bath a t  constant 37' C 
teiiiperature froiii 6 to several hours, depending on the substrate 
used. When naphtyl substrates were used, the liberated naphtol 
was combined with diazoniuni salt by adding 0,5 nil of a 1 
nig/nil containing aquous Fast Garnet GRC solution (Edward 
Gurr, Ltd. London, England). Two minutes later 1 nil l-M ace- 
tate buffer pH 4,2 was added to stop the enzymic reaction. Color 
intensity was measured after 10 niin at 530 m u .  The triolein sub- 
strate was prepared and the assays was performed as described 
by Siegelmann ( 1962), modifying the procedure to huinan saliva 
and triolein as follows: 
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0,2 ml of enzyme 
0,s in1 of tris-HC1 buffer 
0,2 ml of substrate. 

Incubation time was 44 hours. The reaction was stopped with 
1 nil 0,6-M TCA and centrifuged for 20 minutes at 3200 rpni 
(Christ Junior 111). After exactly 3 minutes was 0,l nil KMnO, 
(2 %), 0,l nil Na,SO, (10 % )  and chroinotropic acid 4 ml added 
to 0,5 ml of the supernatant. The mixture was then stirred and 
boiled for 15 minutes and cooled for 3 minutes. The color ex- 
tinction was measured at 580 m u .  

Column chromatography 

DEAE-cellulose (Diethylaminoethylcellulose Whatman DE 11)  
was equilibrated with 20 mM tris-HC1 buffer pH 7,O and packed 
in a column of 2 X 43 cm. About 10 ml concentrated saliva was 
applied on the column. The best result was obtained with a con- 
tinuous salt gradient from 0,5-M NaCl in 20-1nM tris-HC1 buffer 
pH 7,O. 5 in1 fractions were collected and stored immediately in 
a refrigerator. CM-cellulose (Carboximethylcellulose Whatinan 
D 70) was allowed to swell for two days in tris-HC1 buffer pH 
7,0 ,  0,l-m. The cellulose was then decanted 5 times with the same 
buffer and washed with 0,Ol-M NaOH containing 0,5-M NaCI. The 
equilibration was performed with 20-mM tris-HC1 buffer pH 7,O. 
The cellulose was then packed in a column, as described earlier. 
10 nil concentrated saliva was applied to the column, the proce- 
dure being the same as described above. 

RESULTS 

Studies on untreated saliva 

The pH optimum of the hydrolysis rate of the stabilized duct 
parotid saliva was determined with 1-naphtyl-laurate as the sub- 
strate. Mc-Ilvaine’s phosphate-citric-acid buffer was used. The 
pH-curve (Fig. 1) shows that only one apparent activity maxi- 
iiiuni peak can be observed at  the pH value 7. Sodium taurocho- 
late, which is known to be a specific lipase activator, was used 
to test the occurence of lipase in stabilized untreated parotid sa- 
liva. The lipase activity was markedly increased. 
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Fig. 1 .  The pH dependence of thc hydrolysis rate of -naphtyl-laurate a h  
buhstrate. Z'ntreated stabilized concentrated saliva in fIichael's phosphatc- 

citric acid buffer and Iris-HCI buffer. Incubation time 24 hours. 
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1;ig. 2. Separation of enzymic activities hydrolysing b-naphtyl-laurate and 
rt-naphtyl acetate using DEAE-cellulore chromatography 0,l-M-tris-HCI 
buffer pH 7. Incubation time 40 hours /j-naphtyl-laurate and 12 for 

a-naphtyl acetate. 
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Fig. 3. Extinction values of the hydrolysis rate of P-naphiyl-laurate after 
CM-cellulose chromatogrey.  Incubation time 40 hours. 

The behaviour of the enzyme ion-exchange chromatography 

All the runs were performed at pH 7,O (Fig. 1). As can be seen 
froin figure 2 and 3 with P-naphtyl-laurate, CM-cellulose coni- 
pared with DEAE-cellulose gave better resolution with its appar- 
ent 5 enzyme peaks. The main portion of the protein in both 
iiiethods was separated with the first fractions. (Fig. 2 and 3.) 

Behaviour of the fractions 

Hydrolysis of the ester- and lipase substrates was determined 
froin the series of fractions of CM-cellulose chromatography. 
a-naphtyl acetate gave the greatest number of activities as demon- 
strated in Figure 4. P-naphtyl laurate gave five active peaks. The 
first peak of laurate around the fraction number 8 was identical 
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CM-cellulose ion exchange. Separation of enzymic activities hydro- 
$-iiaphtyl-laurate, triolein and ,-~-iiaphtyl acetate, 0,l-M-tris-HC1 
pH 7. Incuhatioii time 40 hours fa /;-naphtyl-laurate, 48 hours for 

triolein and 12 for ~ -naphty l  acetate. 

with the first acetate peak and the highest protein peak. Trioleiii 
as substrate gave four peaks of activity of which three were simi- 
lar to those of laurate. (Fig. 4.)  

Studies on pooled fractions 

Two pools were iiiade of the fractions number 11 to 29 and 30 
to 40. These pools were further inyestigated. The pH depedence 
of the incubation iiiediuiii on the hydrolysis rate was determined 
with d-naphtyl-laurate. The absolute heights of the activity peaks 
o f  the pools varied. Pool number 1 ( 11-29) appeared to be slight- 
ly lower than pool nuinber 2 (30-40). Both pools showed the 
iliain activity peak to be around pH 7. 
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Fig. 5. The 

Mc-Ilvaine’s 

pH dependence of the hydrolysis rate of p-naphtyl-laurate as 

phosphate citric acid buffer was used. Incubation time 26 hours. 
substrate after CM-cellulose chromatography. 

Table I. Effect of certain affectors 011 the hydrolysis of p-naphtyl Iaurate 
on pools 1 (11-219) and 2 (30-40) after CM-cellulose chromatography tested 

in 0,l-M-tris-HCI buffer pA 7,O. 

Affector Final conc. mM Pool 1 Pool 2 

E-600 0,02 0 0 

CaClz 4 ++ +++ 
MnC12 4 0 0 

cuc12 4 _ _ _  _ _ _  

monojodacetate acid 4 
cystein 4 
KCI 4 

NanHPOI 4 

Na-taurocholate 4 
NaF 4 

0 

0 

0 

0 

0 0 
0 0 

0 0 
0 0 
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Studies with affectors 

The effects of some affectors, known to modify the activity of 
the enzyme, were tested. Some of the affectors were chosen, be- 
cause they are  normally present in the oral environment, and be- 
cause the effects are unknown. The results are given in Table I. 
It seeiiis that the only slight activator of pool number 1 was CaCl,, 
and pool 2 w a s  activated more with CaCl,; CuC1, and HgC1, slight- 
Iy inhibited both pools, also. Sodium taurocholate inhibited the 
enzynies in both pools and all the fractions after CM-cellulose 
chroinatography. The other affectors produced no notable effects 
on the enzynies. 

DISCL,SSIOS 

At least five esterolytic enzyiiies in human parotid s a 1’ iva were 
found after CM-cellulose chromatography. It was possible to de- 
monstrate five different activity peaks with /r’-naphtyl-laurate :IS 
substrate and four with triolein a s  substrate. Three of the peaks 
were identical. On the basis of these results and a s  the lipase 
act iwtors  sodium taurocholate did increase the lipolytic activity 
in untreated stabilised parotid saliva, it can be expected that there 
are lipases in human parotid saliva. However, the tests with af-  
fectors showed that none of the fractioned enzymes were acti- 
vated with sodium taurocholate, which is known to be :I strong 
activator of lipase. On the contrary, sodium taurocholate did nl- 
inost inhibit the :tctivily of these enzynies. Because of the pecu- 
liar heliaviour of the enzymes with sodium taurocholate, seyeral 
explanations for the phenomena, can be given : 

There is no typical lipase in hunian parotid saliva. 2 )  The 
lipase was inactivated during the cheniical processes. 3)  The 
1ip:ise was so tightly bound to the ion exchange colunin that it 
W I S  not possible to elute it off the column. 

Our studies show that there could be several esterases in hu- 
man parotid saliva, and that these enzynies can be separated in 
a rather pure form using ion exchange columns. 

These apparent activity pe:ilis could, however, be activities o f  
only one enzyine, which for some reason behaves in this manner 
in the ionexchange column. It has also been suggested by  hop^ 
h Glenner (1963), that some proteolytic enzyiiies are capable of 

1 
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hydrolyzing coininon chroinogenic esters. Riekkinen dl. Hopsu 
(1965) showed that it was possible to separate twelve different 
esterolytic activities from rat submandibular salivary gland ex- 
tract. Five of these activities appeared to hydrolyse preferentially 
trypsin substrates and only one of the activities showed typical 
characteristics of a protease. Further studies will reveal the real 
nature of these activities. 

SUMMARY 

Huinan parotid saliva was stabilized and concentrated. Both 
DEAE and CM-cellulose chromatography was performed. A bet- 
ter separation result was reached with CM-cellulose. We could 
separate at least five different activity peaks, which were able 
to hydrolyse P-naphtyl-laurate, and four activity peaks with the 
ability to hydrolyse triolein after a prolonged incubation period. 
The pH-optimum P-naphtyl-laurate as substrate was about 7.  The 
fractioned enzymes were activated, among others, by CaC1, and 
inhibited by Na-taurocholate. It seems that no pancreatic type 
lipase is found in human parotid saliva, after ionexchange chro- 
matography. 

K Es u M B 

ETUDES SUR LES ENZYMES ESTfiROLYTIQUES DE LA SALIVE 
PAROTIDIENNE HUMAINE 

De la salive parotidienne humaine a 6th stabiliske et concen- 
trke. La chromatographie sur DEAE-cellulose et la chroniato- 
graphie sur CM-cellulose ont kt6 pratiqukes. La CM-cellulose a 
donnC la ineilleure &paration. Nous avons pu &parer au inoins 
cinq pics diffkrents d’activit6 qui ktaient capables d’hydrolyser 
le laurate de P-naphtyle, et quatre pics d’activit6 pouvant hydro- 
lyser la triolkine aprks une p6riode d’incubation prolong6e. 1.e pH 
optimum du laurate de /I-naphtyle coinme substrat 6tait environ 
7. Les enzymes fractionn6s ont 6th activ6s par CaC1, et inhib6s 
par le taurocholate de Na. I1 semble qu’il n’y ait pas de lipase du 
type pancrkatique dans la salive parotidienne hurnaine, d’aprhs 
la chromatographie sur dchangeurs d’ions. 
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UKTERSUCHUKG UBER DIE KSTEROLY TISCHEN ENZYME 
DES PAROTISSPEICHEL 

Der Parotisspeichel von Menschen wurde stabilisiert und lion- 
zentriert. DEAE-Zellulose und Chl-Zellulose Ionenaustauscliliro- 
matoyraphie des Speichels wurde ausgefiihrt. Die Ionenaustausch- 
kroniatographie iiiit CM-Zellulose gab das bessere Resultat. Es 
gehng, fiinf hktivitiiten, die P-Naftyllaurat hgdrolysiercn und vier 
Aktivitaten, die Triolein hydrolysieren konnten, zu trennen. Das 
0ptini:iIe pH-\l'ert fur die ~-Naf ty l -Laur: i t -H~dro l~se  war pH 7 .  
Die fraktionierten Enzyme wurderi u.:~. von CaCl, alitiviert und 
von N:i-t:iurokolnt inhihiert. Nach deiii Ioiienaustauschkrt,Iiiato- 
graphie-Yerfahren lasst sich someit im I-'arotisspeichel keine iy- 
pisc he Lips se nachwei sen. 
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