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Summary. The research was planned to study the 
subcellular distribution of enzymatic secretory products 
within the secretory structures of the mouse major 
salivary glands at light and electron microscopy level by 
immunogold silver stain (IGSS) technique and double
sided post-embedding immunogold binding and silver 
amplification in order to speculate about their 
compartmentation. In particular, we experimented the 
above immunogold labeling approaches to localize the 
lysozyme and to verify its distribution patterns in 
relation to another secretion enzyme, a-amylase. 

Co-presence of lysozyme and a-amylase was 
observed in the convoluted granular tubule cells of the 
submandibular gland and in the demilunar cells of the 
sublingual gland as well as in the electron-dense regions 
of the mottled secretory granules in the parotid gland. 
Exclusive binding patterns of lysozyme were observed 
in the acinar cells of the submandibular and sublingual 
glands where a-amylase did not occur. 

Key words: Lysozyme, a-amylase, IGSS, Double-sided 
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Introduction 

Lysozyme is an enzyme broadly present and secreted 
from epithelial cells in many human and other vertebrate 
tissues such as those corresponding to digestive, 
respiratory and genital tracts, as well as lacrimal, 
mammary, sweat and salivary glands (Gad, 1969; 
Erlandsen, 1974; Mason and Taylor, 1975; Bowes and 
Corrin, 1977; Spicer et a1., 1977; Montero and 
Erlandsen, 1978; Machino et al., 1984, 1986; Franken et 
al. , 1989; Staneva-Dobrovski, 1997). Lysozyme is also 
elaborated and released from neutrophils, monocytes and 
histiocytes and it plays an important role as a functional 
marker in many kinds of diseases due to its serum level 
changing (Osserman and Lawlor, 1966; Miyauchi et aI., 

Offprint requests to: Prof. Giovanna Menghi, Dipartimento di Scienze 
Morfologiche e Biochimiche Comparate, Universita di Camerino, Via 
Gentile III da Varana, 1-62032, Camerino (MC), Italy. Fax: (737) 402708. 

1985; Mutasa, 1989; Resnitzky et aI., 1994). Lysozyme 
has a direct bacteriolytic action hydrolyzing glycosidic 
bond N-acetylmuramic acid-B-(1,4)-N-acetyl-D
glucosamine of peptidoglycans commonly present in the 
bacterial cell walls (Jolles and Jolles , 1984). Further
more, mammalian Iysozymes, classed as c-type 
muramidases, are also capable of transglycosylation 
(Jolles et aI., 1974; Jolles and Jolles, 1984). Mandel 
(1989) proposed an inhibition of bacterial growth, 
metabolism and dechaining by lysozyme, while other 
authors have shown even an in vitro dose- and time
dependent killing effect (Kamay a, 1970; Marquis et al., 
1982; Samaranayake et aI., 1993). Due to this 
characteristic, lysozyme also combines another property; 
indeed, lysozyme, a cationic protein, possesses the 
ability to form complexes with a variety of anions 
(Imoto et a1., 1972) which could produce a non
enzymatic injury to cytomembranes following a direct 
cationic-protein binding (Marquis et aI., 1982; Schenkels 
et aI., 1995). Moreover, Iolles and Iolles (1984) have 
found important correlations between lysozyme and 
immunoglobulins, lactoferrin, macrophages, and 
granulocytes. 

Lysozyme is also known to form complexes with a 
variety of acidic mucopolysaccharides (Imoto et aI., 
1972); however, other authors have referred the 
association of lysozyme with neutral mucosubstances 
present in demilunar serous cells of mixed salivary 
glands, or other glands of the digestive tract 
(Schackleford and Klapper, 1962; Gad, 1969). 
Sometimes its localization has been very difficult to find 
due to acidic components of mucous that could hinder 
the lysozyme antigenic determinants which are very 
important for the recognition by the specific antibody 
(Klockars and Reitamo, 1975). 

The aim of the present study was to obtain insight 
into the subcellular distribution of lysozyme in the 
mouse major salivary glands. Indeed, the difficulty to 
preserve the salivary gland secretory products in the rat 
has been referred (Staneva-Dobrovski, 1997). For this 
purpose we experimented different fixation and 
embedding media, carried out at optic and electron 
microscopy level, as well as immunogold silver stain 
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technique (IGSS) and double-sided binding on semithin 
or paraffin and ultrathin sections, respectively. These 
methods allowed us to locate lysozyme and verify its 
distribution patterns in relation to a-amylase, an enzyme 
present in the mouse salivary gland secretion products 
investigated in our Gsearch ( ~ e n ~ h i  et al., 
1999). 

Materials and methods 

Tissue collection 

Mouse submandibular, parotid and sublingual glands 
were taken from mature male and female Swiss strain 
mice (Mus musculus) (Stock Morini, S. Polo d7Enza, 
RE, Italy) weighing approximately 25 g.  Animals, 
having free access to water and pellet food, were 
sacrificed in compliance with the recommendations of 
the Italian Ethical Committee under the supe~ i s ion  of 
authorized investigators. Tissues were immediately 
removed and differently processed as described below. 

Fixative solutians and embedding procedures 

1. After fixation in 1% glutaraldehyde-4% para- 
formaldehyde-0.2% picric acid in 0.1M phosphate 
buffer, pH 7.6, containing 0.5mM CaC12, at 4 "C for 2-3 
h, and rinsing with severa1 changes of cold 0.1M 
phosphate buffer, pH 7.6, containing 0.5mMCaC12 and 
3.5% sucrose, free aldehydes were quenched with 50mM 
NH4Cl in the same buffer-supplemented solution for 1 h 
at 4 "C (4  times, 15  min each). After removing 
phosphate groups with 0.1M maleate buffer, pH 6.5, 
containing 3.5% sucrose (4 changes, 15 min each at 
4 "C), samples were post-fixed for 2 h at 4 "C with 2% 
uranyl acetate in 0.1M maleate buffer, pH 6.0, 
containing 3.5% sucrose. Dehydration and embedding 
were carried out with acetone (up to 90%) and Unicryl 
(British Bio Cell International,  Cardiff,  UK), 
respectively. The polymerization time was 72 h at 4 "C 
under UV lamp (Menghi et al., 1996a). 

2. Tissues were fixed in 4% paraformaldehyde in 
O.iM phosphate buffer, pH 6.8, at 4 OC for 2-3 h, then 
they were rinsed in the same buffer containing 3.5% 
sucrose for 1 h at 4 "C. Samples were subsequently 
dehydrated in acetone up to 90%, and finally infiltrated 
and embedded in Unicryl for 72 h at 4 "C under UV 
lamp. 

3 .  Specimens were processed as  described in 
protocol 1 but dehydration and embedding were carried 
out at progressively lowered temperatures (ranging from 
4 to -20 "C). The tissue pieces were embedded in 
Lowicryl K4M (Polysciences, Warrington, PA, USA) for 
72 h at -20 "C under UV lamp. 

4. Tissue fragments  were fixed in 0.2% 
glutaraldehyde and 2% paraformaldehyde in 0.1M 
cacodylate buffer, pH 7.4, at 4 "C for 2-3 h. Then, they 
were rinsed in the same buffer containing 7% sucrose (4 
changes, 30 rnin each at 4 "C). Some samples were 

treated for the quenching of free aldehyde groups 
keeping them in 50mM NH4C1 in 0.1M phosphate 
buffered saline solution (PBS), pH 7.4, for 3 h at 4 "C. 
Dehydration was carried out in ethanol from 50% up to 
absolute at 4 "C, then samples were embedded in 
Unicryl (at 4 "C) or in Lowicryl K4M (at -10 "C) under 
UV lamp for 72 h. 

5. Samples were fixed for 24 h in Carnoy's fluid and 
post-fixed for 3 h in a 2% calcium acetate-4% para- 
formaldehyde mixture (1:l) at room temperature. Tissue 
samples were then dehydrated through graded alcohols, 
cleared in xylene, and embedded in paraffin block. 

Sectioning 

Semithin (about 2 p m  thick) and ultrathin (about 60 
nm thick) sections from plastic embeddings were cut 
with glass knives by means of an LKB Ultrotome V. 
Semithin sections were collected on SuperFrost/Plus 
slides (Bio-Optica, Milano, Italy), while ultrathin ones 
were collected on uncoated, 400 mesh, nickel grids. 
Paraffin sections (about 5 pm thick) were cut by means 
of a LEICA 2040 Autocut microtome and collected on 
SuperFrostIPlus slides; before labeling these sections 
were dewaxed and rehydrated. 

Single and double-sided immunogold labeling technique 

Floating ultrathin sections, without prior etching, 
were rehydrated with 0.05M Tris-buffered saline 
solution (TBS) (Sigma Chemical Co., St. Louis, MO, 
USA), pH 7.6, and pre-incubated with 1% bovine serum 
albumin (BSA), fatty acid free, (Sigma Chemical Co., 
St. Louis, MO, USA) and 1% instant milk in 0.05M 
TBS, pH 7.6, for 30 min at room temperature. Grids 
were then incubated with rabbit polyclonal anti-human 
lysozyme EC 3.2.1.17 (Dako, Glostrup, Denmark) 
diluted 1:15 in 1% BSA-5% normal goat serum (NGS) 
(Sigma Chemical Co., St. Louis, MO, USA) in 0.05M 
TBS, pH 7.6, overnight at 4 "C in a humid chamber. 
After rinsing in 0.05M TBS, pH 7.6, for 20 rnin at room 
temperature, sections were floated on drops of 1% BSA 
in 0.05M TBS, pH 7.6, for 30 min at room temperature. 
Then, grids were incubated with Auroprobe EM goat 
anti-rabbit G-10 (10 nm gold labelled IgG) (Arnersham 
Life Science, Buckinghamshire, England) diluted 1:10 in 
0.05 M TBS, pH 7.6, containing 0.05% Tween 20 
(Sigma Chemical Co., St. Louis, MO, USA), for 90 rnin 
at room temperature in a humid chamber. Sections were 
then washed severa1 times in 0.05M TBS, pH 7.6, and 
distilled water. 

In the double-sided staining, sections were lysozyme 
labeled as above and then enhanced for 5 min at room 
temperature by means of a silver enhancing kit (British 
Bio Cell International, Cardiff, UK). After rinsing in 
distilled water, the reacted grid face (face A) was 
covered by a Formvar film (0.15% in 1,2-Dichlo- 
roethane) or carbon film of about 15 nm (MEDO10, 
Balzers Union). Then, grid was turned out and the 
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opposite face (face B) was incubated with anti-human a -  
amylase raised in rabbit (Sigma Chemical Co. St Louis, 
MO, USA) diluted 1:100 in 0.05M TBS, pH 7.6, added 
with 1% BSA and 5% NGS for 40  rnin at room 
temperature in a humid chamber. After rinsing in TBS, 
sections were treated with 1% BSA in 0.05M TBS, pH 
7.6, for 30 min at room temperature and incubated with 
the above described goat anti-rabbit IgG conjugated with 
10 nm colloidal gold diluted 1:10 in 0.05M TBS, pH 7.6, 
containing 0.05% Tween 20 for 60  rnin at room 
temperature in a humid chamber. Then, grids were rinsed 
with TBS and distilled water and, finally, counterstained 
with uranyl acetate (1 min) and lead citrate (1 min) at 
room temperature. Specimens were analyzed by means 
of a Philips EM 201C electron microscope at an 
accelerating voltage of 60 kv. 

In order to confirm the presence or absence of 
colocalized sites, the double-sided method was also 
performed by reversing the sequence of labeling 
alternatively on the two faces. 

lmmunogold silver stain (IGSS) technique 

Semithin and paraffin sections mounted on slides 
were covered with NGS diluted 1:30 in 0.05M PBS, pH 
7.4, containing 0.4% Triton X-100 (Sigma Chemical 
Co., St. Louis, MO, USA) and 1% BSA for 30 rnin at 
room temperature. After rinsing, sections were incubated 
with the rabbit polyclonal anti-human lysozyme diluted 
1:20-1:40 in 0.05M PBS, pH 7.4, containing 0.4% Triton 
X-100 and 1% BSA for 1 h at room temperature in a 
humid chamber. Then, slides were rinsed in 0.05M PBS, 
pH 7.4, and left in the same buffer containing 0.4% 
Triton X-100 and 1% BSA for 30  rnin at room 
temperature. Subsequently, sections were incubated with 
Auroprobe LM goat anti-rabbit IgG (H+L) (Amersham 
Life Science, Buckinghamshire, England) or with 
Protein A-10 nm colloidal gold labeled (Sigma Chemical 
Co., St. Louis, MO, USA) diluted 1:15 in 0.05M PBS, 
pH 7.4, for 60-90 rnin at room temperature in a humid 
chamber, and finally they were washed in PBS and 
distilled water. Before mounting coverslips with Eukitt 
(Bio-Optica, Milano, Italy), immunogold labeling was 
enhanced twice (5 min each) with a silver enhancing kit. 
Development was stopped by washing in tap water for 
severa1 min and finally in distilled water. 

Controls 

In order to test lysozyme specificity, the antibody 
was adsorbed, before incubation, with an excess of 
lysozyme from hen egg white (Boehringer, Mannheim, 
Germany). 

Additional controls were carried out by omitting the 
primary antibodies. 

To confirm the validity of double-sided reactions, 
controls were performed as follows: a) binding with 
primary and secondary antibodies, silver enhancement, 
Formvar or carbon film protection on face A and 

incubation with Auroprobe EM goat anti-rabbit G-10 
without primary antibodies on face B; and b) binding 
with primary antibodies followed by Formvar or carbon 
film protection on face A and incubation with Auroprobe 
EM goat anti-rabbit G-10 without primary antibodies on 
face B. 

Results 

The analysis of immunolabeled samples for the 
localization of lysozyme showed that satisfactory results 
were obtained with both the fixative solutions and 
embedding media of protocols 1 and 4, even if the 
morphology at electron microscopy level was better 
preserved using protocol 1. At optical level Unicryl 
sections were found to be less reactive when compared 
with paraffin sections, maybe due to the thickness. 
Moreover, protein A-gold and Auroprobe LM goat anti- 
rabbit IgG gave similar results although the latter 
showed more specif ic  binding. The fixation and 
embedding procedures of protocol 1 were found to be 
optimal also for a-amylase detection. 

Single binding for lysozyme 

Submandibular gland 

The secretory granules of acinar and convoluted 
granular tubule cells exhibited lysozyme immuno- 
staining in both sexes (Figs. 1-6). In the acinar cells, 
come differences occurred in the intragranular 
distribution of gold signals that were scattered within the 
matrix of pale granules in males (Fig. l), whereas they 
appeared to be restricted to the weakly electron-dense 
areas of the pale granules in females (Fig. 2). Also the 
intensity of convoluted granular tubule binding was 
found to depend on the animal sex; indeed, we found 
more numerous lysozyme immunoreactive sites in males 
than in females (Figs. 3, 4). The control reaction gave 
lack of staining (Fig. 5). The IGSS technique (Fig. 6) 
confirmed the results obtained at electron microscopy 
level. 

Parotid gland 

A few lysozyme molecules were found in bizonal, 
target and mottled granules where the enzyme was 
preferentially located in the electron-dense areas (Figs. 
7, 8). Differences between sexes did not occur. The 
IGSS method, at light microscopy level, also produced a 
modest staining (Fig. 9). 

Sublingual gland 

Lysozyme determinants, identified by gold particles, 
were found to occur on the acinar cells where they were 
mainly located at cytoplasmic level (Fig. 10) as well as 
on the electron-dense granules of demilunar cells (Fig. 
11). Sex-related binding patterns were not found. The 
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Fig. 1. Male subrnandibular gland. Single labeling to evidence lysozyme. Pale secretory granules of acinar cells exhibit gold particles heterogeneously 
located in the matrix. x 48,800 

Fig. 2. Female submandibular gland. Single labeling to evidence lysozyme. The gold signals are mainly located on the weakly electron-dense region of 
the pale secretory granules of acinar cells. x 54,400 

Fig. 3. Male subrnandibular gland. Single labeling to evidence lysozyrne. The dark granules of convoluted granular tubules present gold signals. 
x 23,800 

Fig. 4. Female submandibular gland. Single labeling to evidence lysozyrne. In females the dark granules show less intense immunostaining when 
cornpared with males. x 35,600 

Fig. 5. Female subrnandibular gland. Control section showing findings frorn preadsorbtion test. Note the lack of irnrnunostaining at acinar cell level. 
x 17,800 

Fig. 6. Male submandibular gland. Paraffin section. IGSS to evidence lysozyrne. Note the abundance of immunopositive cites in the convoluted 
granular tubules and the rnoderate binding of acinar cells. x 225 

IGSS sequence confirmed these data (Fig. 12). enzymes within the demilunar cell dark granules (Fig. 
18-inset). 

Double-sided binding for lysozyrne and a-arnylase 
Controls 

Submandibular gland 

The double-sided binding revealed that both 
enzymes were located in the convoluted granular tubule 
cell secretory granules (Fig. 13) and confirmed that only 
lysozyme occurs at acinar cell level (Fig. 14) where gold 
signals were heterogeneously distributed within the 
granule matrix of acinar cells in females (Fig. 15). The 
reverse technique of binding gave similar results and 
confirmed the validity of the method (Fig. 16). 

Parotid gland 

The double labeling indicated that both enzymes 
were located in the bizonal, target, and mottled granules; 
in particular, within the mottled granules, a-amylase 
reactivity was more intense and randomly distributed 
over the matrix, while lysozyme was almost completely 
confined to the electron-dense zones (Fig. 17). 

Sublingual gland 

There was perfect overlapping of results between 
single and double labeling techniques that substantiated 
the cytoplasmic binding of only lysozyme at acinar cells 
(Fig. 18)  and confirmed the co-presence of both 

Control experiments supported the specificity of the 
antibodies tested. 

In addition, it was ascertained that both Formvar and 
carbon films are able to prevent contamination of 
reagents between the opposite faces of the uncoated grid. 

Discussion 

In this study we examined the subcellular 
distribution of lysozyme in the mouse major salivary 
glands and attempted to investigate the intragranular 
compartmentation of this secretion enzyme and its 
relationship with a-amylase. 

Lysozyme synthesis pathway and intracellular 
distribution are still not well understood in salivary 
glands and their localization in the mouse is still object 
of study, probably owing to the difficult preservation of 
the salivary secretion products. In particular, Korsrud 
and Brandtzaeg (1982) noticed the influence of the 
fixative mixture in the staining activity for lysozyme. 

We have previously described a double-sided 
method of labeling and experimented a methodological 
approach in order to prevent reaction interferences 
between steps carried out on the grid face A and face B 
(Menghi et al., 1997). In this study we tested both 

* 
Figs. 7 and 8. Parotid gland. Single labeling to evidence lysozyrne. Note the occurrence of irnrnunostaining almost exclusively located on the electron- 
dense zones of mottled granules. x 35,600 

Fig. 9. Parotid gland. Paraffin section. IGSS to evidence lysozyme confirrned the faint staining o b s e ~ e d  at electron microscopy level. x 225 

Fig. 10. Sublingual gland. Lysozyme irnmunostaining. Only a few gold particles are located on the electron lucent secretory granules, whereas 
numerous gold signals are found in the cytoplasrn of acinar cells. x 17,800 

Fig. 11. Sublingual gland. Lysozyme immunostaining. The electron dense granules of dernilunar cells contain numerous reactive sites. x 24,000 

Fig. 12. Sublingual gland. Paraffin section. IGSS technique to evidence lysozyme at light rnicroscopy level confirrned the rnain reaction at dernilunar 
cells. x 430 
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Fig. 13. Male mouse submandibular gland. Double-sided labeling of lysozyme (large particles) and a-amylase (small particles). Note that co-presence 
of secretory enzymes occurs at dark granules of convoluted granular tubules. x 23,800 

Fig. 14. Male mouse submandibular gland. Double-sided labeling of lysozyme (large particles) and a-amylase (small particles). Acinar cell. Small 
particles reflecting the location of a-amylase are not found at this level. x 23,800 

Fig. 15. Female mouse submandibular gland. Double-sided labeling of a-amylase (large particles) and lysozyme (small particles) illustrates that only 
lysozyme is present in the acinar cells. Note the lack of reaction in the more electron-lucent zones of secretory granules. x 38.000 

Fig. 16. Male mouse submandibular gland. Double-sided labeling. The reverse reaction, with respect to Fig. 14, with lysozyme (srnall particles) and a- 
amylase (large particles) confirms that the first labeling step and the Formvar film did not appreciably influence the labeling. Also the lack of a-amylase 
in the acinar cells is confirmed. x 23.800 

Fig. 17. Parotid gland. Double-sided binding of lysozyme (large particles) and a-arnylase (small particles) evidences the strong staining of a-amylase in 
contrast to the modest staining of lysozyme chiefly sited in the electron-dense regions of mottled granules. x 35,600 

Fig. 18. Sublingual gland. Double-sided staining of lysozyme (large particles) and a-amylase (small particles). Acinar cell. Note the only occurrence of 
lysozyme in the marginal region of merged electron-lucent granules (G); gold particles are present in the rough endoplasmic reticulum as well as in the 
intercellular canaliculi (IC). Inset: Note the occurrence of lysozyme and a-amylase at demilunar cell secretory granules. x 23,800 

+ 

carbon and Formvar films, after the enhancement of the 
first immunogold labeling, and found comparable results 
although here we used the same secondary antibody, 
differently from previous researches (Menghi et al., 
1999). 

Lysozyme has been chiefly studied in the human 
salivary glands but Korsrud and Brandtzaeg (1982) have 
hypothesized that the presence of lysozyme in the 
striated duct cells (Kraus and Mestecky, 1971) and in the 
intralobular duct cells (Klockars and Reitamo, 1975) of 
human parotid gland could be attributed to false-positive 
reaction. Other authors (Keinanen et al., 1989; Konttinen 
et al., 1990) explained the possible location of lysozyme 
in those tracts as a result of reabsorption from the saliva 
or filtration from the blood or surrounding tissues. 
Indeed, by in situ hybridization techniques, they found 
lysozyme mRNA only in acinar serous cells. 

Lee and co-workers (1990) have described the 
presence of lysozyme in developing human salivary 
glands. They never found muramidase from 23 to 40 
weeks of gestation in striated and excretory ducts of 
human major salivary glands. These authors have 
suggested a possible role of lysozyme and other enzymes 
during the development of human major salivary glands, 
l inked to protection and defence mechanisms, 
particularly in serous cells and ductal segments. A 
protective role of the non-specific defence factor 
lysozyme at the entrance of the acinar units was also 
supported by Staneva-Dobrovski and Zanger (1995). 
Klockars and Osserman (1974) have found absence of 
lysozyme reactivity in the rat parotid gland, whereas 
Staneva-Dobrovski (1997) has shown, by immunogold 
techniques, its localization in this gland. 

Many authors maintain the importante of the 
fixative mixture, and the subsequent processing steps in 
lysozyme preservation for immunohistochemical 
(Klockars and Osserman, 1974; Reitamo, 1978) and 
immunogold studies (Machino et al., 1986; Staneva- 
Dobrovski, 1997). Reitamo (1978) described lysozyme 
as  a stable low-molecular-weight molecule that is 

resistant to acid and heat and indicated many factors for 
lysozyme antigenicity preservation; the author also 
asserted that the optimal fixative solution for lysozyme 
staining was an aldehyde aqueous mixture with pH near 
to neutrality and that the best results could be obtained 
by fixing for 2 to 6 hours at 4 "C. Keeping this in mind, 
we fixed our tissue samples with respect to these 
parameters. 

On the basis of actual data it clearly emerged that, 
among the mouse salivary glands, the digestive role is 
mainly supported by the parotid gland; in fact, a -  
amylase was abundantly present on the electron-lucent 
and electron-dense areas of mottled ~ranules in addition a 

to bizonal and target ones, while lysozyme occurred in a 
modest amount and was preferentially located on the 
electron-dense zones of mottled granules. Conversely, 
both the digestive and defensive roles seem to be played 
by the submandibular gland which produces a-amylase 
at convoluted granular tubule secretory granules and 
lysozyme at both convoluted granular tubules and acinar 
cells. The sublingual gland appeared to be mainly 
involved in the protective function owing to the 
secretion of a modest amount of a-amylase at demilunar 
cells and a more relevant amount of lysozyme at both 
acinar and demilunar cell level. 

As far as the association of lysozyme with acidic 
(Imoto et al., 1972) or neutral (Shackleford and Klapper, 
1962; Gad, 1969) mucosubstances, this cannot be 
clarified by actual data. Indeed, the present data show 
that in the submandibular gland the association of 
lysozyme with acidic as well as neutral glycoconjugates 
can occur. We found that only in the female sub- 
mandibular gland lysozyme, confined to the lightly 
electron-dense regions of pale granules,  was not 
associated with the sialoglycoconjugates which were 
previously visualized in the electron-lucent areas of the 
same granules (Menghi et al., 1998a). Also, findings 
from the sublingual gland seem to validate the 
hypothesis that lysozyme is not preferentially associated 
with acidic or neutral glycoconjugates previously 
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detected at electron and confocal microscopy leve1 
(Menghi et al., 1998b). With respect to the parotid gland, 
further studies are required to define the association of 
lysozyme with glycomolecules within target and bizonal 
granules, in which heterogeneous sialoglycoconjugates 
were located at dark regions of target granules and pale 
regions of bizonal ones (Menghi et al., 1996b). 

Acknowledgements. We wish to thank Miss S. Cammertoni and Mr S. 
Riccioni for their technical assistance. Research was supported by 
grants from the University of Camerino, Italy. 

References 

Bowes D. and Corrin B. (1977). Ultrastructural immunocytochemical 
localization of lysozyme in hurnan bronchial glands. Thorax 32, 163- 
170. 

Erlandsen S.L., Parsons J.A. and Taylor T.D. (1974). Ultrastructural 

immunocytochemical localization of lysozyme in the Paneth cells of 
man. J. Histochem. Cytochem. 22, 401-413. 

Franken C., Meijer C.J.L.M. and Dijkman J.H. (1989). Tissue distribution 
of antileukoprotease and lysozyme in humans. J. Histochem. 
Cytochem. 37, 493-498. 

Gad A. (1969). A histochemical study of human alimentary tract muco- 
substances in health and disease. l. Normal and tumours. Br. J. 
Cancer 23, 52-63. 

lmoto T., Johnson L.N., North A.C.T., Phillips D.C. and Rupley J.A. 
(1972). Vertebrate lysozyrnes. In: The enzymes. Vol. 7. Boyer P.D. 
(ed). Academic Press. New York. pp 665-868. 

Jolles P. and Jolles J. (1984). What's new in lysozyme research? Mol. 
Cell Biochem. 63, 165-189. 

Jolles P., Bernier l.. Berthou J., Charlemagne D., Faure A., Hermann J., 
Jolles J., Perin J.P. and Saint-Blancard J. (1974). From lysozyme to 
chitinases: structural, kinetic and crystallographic studies. In: 

Lysozyme. Osserman E.F., Canfield R.E. and Beychok S. (eds). 
Academic Press. New York. pp 31-55. 

Kamaya T. (1970). Lytic action of lysozyme on Candida albicans. 
Mycopathol. Mycol. Appl. 42, 197-207. 

Keinanen R., Konttinen Y.T., Seberger-Konttinen M., Kemppinen P., 
Kulomaa M., Tuominen S., Gronblad M. and Malmstrom M. (1989). 
Contemplation of virally induced changes in salivary glands in 
Sjogren's syndrome: on the use of in  situ hybridization in such 
studies. J. Autoimrnun. 2, 569-578. 

Klockars M. and Osserman E.F. (1974). Localization of lysozyme in 
normal rat tissues by an immunoperoxidase method. J. Histochem. 

Cytochem. 22, 139-1 46. 
Klockars M. and Reitamo S. (1975). Tissue distribution of lysozyme in 

man. J. Histochem. Cytochem. 23, 932-940. 
Konttinen Y.T., Kulomaa M., Segerberg-Konttinen M., Nordstrom D., 

Keinanen R., Gronblad M. and Malrnstrom M. (1990). Localization of 
lysozyme mRNA in the labial salivary glands by in situ hybridization 
in Sjogren's syndrome. Scand. J. Dent. Res. 98, 318-325. 

Korsrud F.R. and Brandtzaeg P. (1982). Characterization of epithelial 
elements in human major salivary glands by functional rnarkers: 
localization of amylase, lactoferrin. lysozyme, secretory component, 
and secretory immunoglobulins by paired immunofluorescence 
staining. J. Histochem. Cytochem. 30, 657-666. 

Kraus F.W. and Mestecky J. (1971). lmmunohistochemical localization 

of amylase. lysozyme and immunoglobulins in the human parotid 
gland. Archs. Oral Biol. 16, 781 -789. 

Lee S.K., Lim C.Y., Chi J.G., Yarnada K., Kunikata M., Hashimura K. 
and Mori M. (1990). lmmunohistochemical localization of lysozyrne, 
lactoferrin, al-anti-chymotrypsin, and a,-antitrypsin in salivary gland 

of human fetuses. Acta Histochem. 89, 201 -21 1. 
Machino M., Morioka H., Tachibana M., Tsuruoka T. and Mizukoshi O. 

(1984). Studies on the substructures of the lysozyme-rich secretory 

granule of the serous cell in the human nasal gland. Arch. Histol. 
Cytol. 47, 549-551. 

Machino M., Morioka H. and Tachibana M. (1986). Amylase and 
lysozyme differentiate their localization within the serous secretory 
granule of the human salivary gland. Acta Histochem. Cytochem. 
19, 329-332. 

Mandel I.D. (1989). The role of saliva in maintaining oral horneostasis. 
J. Am. Dent. Assoc. 11 9, 298-304. 

Marquis G., Montplaisir S., Garzon S., Strykowski H. and Auger P. 
(1982). Fungitoxicity of muramidase: ultrastructural damage to 
Candida albicans. Lab. Invest. 46, 627-636. 

Mason D.Y. and Taylor C.R. (1975). The distribution of rnuramidase 
(lysozyme) in human tissues. J. Clin. Pathol. 28, 124-132. 

Menghi G., Bondi A.M., Marchetti L., Gabrielli M.G. and Materazzi G. 
(1996a). Glycocytochemistry of the mouse parotid gland. 
Investigation by lectin-gold techniques on Bioacryl and Lowicryl K4M 
embedded specimens. Eur. J. Histochem. 40, 219-234. 

Menghi G., Marchetti L., Bondi A.M. and Materazzi G. (1996b). 
Sialylation patterns of the mouse parotid secretory granules. 
Cornbined deacetylation, enzymatic degradation and lectin-gold 
binding. Eur. J. Morphol. 34, 181-185. 

Menghi G., Marchetti L., Bondi A.M. and Materazzi G. (1997). Double 
labeling on the two faces of the same section with lectin-gold and 
silver enhancement. Ultrastructural detection of the terminal 
disaccharides sialic acid-8-galactose and sialic acid-u-N-acetyl- 
galactosamine. Eur. J. Histochern. 41, 231-233. 

Menghi G., Bondi A.M., Marchetti L., Gabrielli M.G. and Materazzi G. 
(1998a). Sialoglycoconjugate dimorphism of the mouse sub- 
mandibular gland acinar cells. Ultrastructural evidence by lectin- 
protein A-gold probes and sialidase digestion. Histol. Histopathol. 
13, 137-146. 

Menghi G., Bondi A.M., Marchetti L., Ballarini P. and Materazzi G. 
(1998b). Confocal and electron microscopy to characterize sialo- 
glycoconjugates in rnouse sublingual gland acinar cells. Eur. J. 
Morphol. 36, 222-229. 

Menghi G., Marchetti L., Bondi A.M., Accili D., Sabbieti M.G. and 
Materazzi G. (1999). Double-sided staining with a gold probe and 
silver enhancement to detect u-amylase and sugar moieties in the 
mouse salivary glands. Histol. Histopathol. 14, 687-695. 

Miyauchi J.. Sasadaira H., Watanabe K. and Watanabe Y. (1985). 
Ultrastructural immunocytochemical localization of lysozyme in 

human monocytes and rnacrophages. Cell Tissue Res. 242, 269- 
277. 

Montero C. and Erlandsen S.L. (1978). lmmunocytochemical and 
histochemical studies on intestinal epithelial cells producing both 
lysozyrne and mucosubstances. Anat. Rec. 190, 127-1 34. 

Mutasa H.C. (1989). Combination of diaminobenzidine staining and 
immunogold labeling: a novel technical approach to identify 
lysozyme in human neutrophil cells. Eur. J. Cell Biol. 49, 319- 
325. 

Osserman E.F. and Lawlor D.P. (1966). Serum and urinary lysozyme 



Lysozyme and a-amylase in the mouse salivary glands 

(muramidase) in monocytic and monomyelocytic leukemia. J. Exp. 
Med. 124,921 -951. 

Reitamo S. (1978). Lysozyme antigenicity and tissue fixation. 
Histochemistry 55, 197-207. 

Resnitzky P., Shaft D., Yaari A. and Nir E. (1994). Distinct intracellular 
lysozyme content in normal granulocytes and monocytes: a 
quantitative immuno-peroxidase and ultrastructural immunogold 
study. J. Histochem. Cytochem. 42, 1471-1477. 

Samaranayake Y.H., MacFarlane T.W., Samaranayake L.P. and 
Aitchison T.C. (1993). The in vitro lysozyme susceptibility of Candida 
species cultured in sucrose supplemented media. Microbios 74, 23- 
28. 

Schackleford J.M. and Klapper C.€. (1962). Structure and carbohydrate 

histochernistry of mammalian salivary glands. Am. J. Anat. 11 1, 25- 

47. 
Schenkels L.C.P.M., Veerman E.C.I. and Nieuw Amerongen A.V. 

(1 995). Biochemical composition of human saliva in relation to other 
mucosa1 fluids. Crit. Rev. Oral Biol. Med. 6, 161 -1 75. 

Spicer S.S., Frayser R., Virella G. and Hall B.J. (1977). Immunocyto- 
chemical localization of lysozyme in respiratory and other tissues. 
Lab. Invest. 36, 282-295. 

Staneva-Dobrovski L. (1997). Lysozyme expression in the rat parotid 
gland: light and electron microscopic immunogold studies. 
Histochem. Cell Biol. 107, 371 -381. 

Staneva-Dobrovski L. and Zanger K. (1995). lmmunocytochemical 
localisation of lysozyme in epithelial cells of rat parotid gland. J. 
Anat. 187, 21 1-21 2. 

Accepted September 6, 1999 


