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Summary. An ultrastructural analysis of lectin receptors 
on th e submandibular glands fro m mice of both sexes 
was performed utilizing horseradish peroxidase-labelled 
lectins in conjunction with antiperox idase antibody and 
protein A-gold . Both qu alitati ve and quantit ati ve sex ­
related di ffere nces in terminal sugar express ion within 
secre tory gran ul es were detected. Following sia lidase 
digestion. also suhtenninal acceptor sugars for terminal 
s iali c ac ids, proved to be different iall y ex pressed in 
the submandibular g land s of mal es and fe ma le s. 
Heteroge neo us distributi on of sialoglycoconjugates 
characteri zed bv the terminal disaccharide sialic acid-/3-
galactose was f~llIndto occur in female ac inar ce lls. Also 
DBA reacti ve sites indicating the presence of terminal 
CI.-N-ace tylgalactosamin e discriminated betwee n male 
and female ac in ar sec re tor y g lycoco nju ga tes . This 
difference was emphasized by sialidase pretreatment that 
ev idenced a marked occurrence of sialic acid subtended 
to u- N-ace tvlga lac tosa mine in males in contras t to a 
modest pres-e l ~ce in fe males. The different s ial ylation 
pa tt e rn s of acinar cell sec reto ry prod uc ts , pro bab ly 
related to a different exp ressio n of 0- and N-linked 
s ia logl ycoconjugates , g iv e in s ig ht into th e sex ual 
dimorphism of the mouse submandibular gland known 
until rece ntl y for the convoluted granular tubules. 

Key words: Lec tin- go ld tec hniqu es, S ialida se, 
Submandibular gland, Male and female mouse 

Introduction 

Lectins have been extensively experimented with as 
biochemical tools to isolate glycopro teins, glycolipids 
and polysaccharides and have espec iall y been used to 
in ve sti ga te th e quality , distribution, asse mbl y, and 
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turnover of glycoconjugates in normal and pathologica l 
tissues as we ll as during embryonic differentiation (Lis 
and Sharon , 19K6a,b; Sharon and Lis, 1(93). 

When tagged with appropriate markers, lec tins may 
he used as histoc hemica l probes to charac teri ze and 
d isc ri m i na te bet wee n 01 igosaccharid e eha i n residu e. 
( Ro th. I Y83: Spice r e t a I. , 1983; Damj a no v. I YX7: 
Thomopul os et a I. , 1987; Spice r and Schulte, 1992: 
Danguy and Gabius, 1993; Danguy et al.. IYY4; Menghi 
and Materazzi, IYY4: Dang uy, 1995; Garrett et aI. , 
1996). The choicc o f a n adequate mar ker is very 
important at light and electron microscopy leve l. so this 
research fi eld attracted numerous authors and , in the last 
decade. th e s tag in g o f me th odo lo g ies e mpl oy ing 
co lloidal go ld parti c lcs has been emph as ize d (Roth. 
IY X4: Skut e lsk y et aI. , 1987; Fujim ori et a l .. IY X8; 
Bees ly. 19XY; Hori sbe rgc r, 1992: Roth et aI. , IYY2) . 
Lcctins were among the first substances to be conjuga ted 
with colloidal go ld and their rece ptor sites have bee n 
in vesti ga ted in var ious orga n ti ss ues hy transmi ss ion 
(Horisberger. 1979; Roth , 1983; Vorbrodt et al .. 1986: 
Quatacker, I 98\): Herken et aI. , 1990; Ueno and Lim, 
IY91: Castells et aI. , 1992; Martinez- Menarguez et al .. 
19(2) and sca nning electron microscopy (Ho~isbergcr et 
aI. , 1975: Horisbe rge r. 198 1; Hodges et aI. , IY87). By 
appl ying the indirect techniquc of binding, lectins linked 
to horse radi sh peroxidase can also he used and th en 
labe lled to gold particles (Peruzzo and Rodriguez, 198Y). 
In contrast to th c preembedding methods (Gabius an d 
Gabius, 19(3), the postembedding lec tin-gold binding 
allows a \vide range of lectins to be tested on the same 
block of fixed tissue. 

Rece ntl y. we employed both direct and indirect 
techniques of lec tin-go ld labellin g to in vest iga te th e 
di s tributi on of indi v idu a l g lycos idi c resi dues and 
s pec ific carbohydrate se qu e nc es in th e sec re tor y 
granulcs of the mouse parotid acinar cells (Marchetti et 
al.. 1995; Menghi et al .. lY(6). Thc present research was 
undertaken to study, at electron microscope level. th e 
s ub ce llular distribution of s uga rs bio c he mi ca ll y 
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determi ned in the submamlibular gland of mice or both 
sexes (RoukemCl et al.. 197(); Dcnny et aI. , 19HO: Denny 
and Denny. 1 9~2a; Niew Amerongen et al. . I tJR2. 1 9~3: 
Menghi et aI. , I tJB6) amI to ge t insight into the sex ual 
dimorphism of thc submandibul ar gland of this species. 
The g lycosidic res idues were visualized by applying the 
indirect technique of binding based on lectin-horseradish 
pe roxidase co nju gates, antiperox ida se antibody, and 
protein A-go ld . The tcr min a l s ia log lycoco nju gatc 
sequences were characte ri zed by emp loy in g s ialidase 
digestion com bined with lect in histochem istry. 

Materials and methods 

Animals 

Sex ua ll y mature male (10) and fe male ( 10) mi ce 
(/vIli S 1II1I .\ClI/U S) , Swiss strai n (S tock Morini. S. Polo 
d'Enza. RE, It alv) we re used. Subma ndibular !!.Iands 
were rcmoved irn'med iately afte r sacrifice and processed 
for lect in histochemistry. All manipulations were carried 
ou t in accordance with the reco mm e nd ati o ns of the 
It a li an Et hi ca l Co mmittee und er th e supervis io n of 
au thorized in vestiga tors. 

Chemicals 

All horserad ish peroxidase (HRP)-Iabelled lect ins 
(DBA fr o m Dolichus biflorus, PN A from A rachis 
hypog{/('II . WGA from Triticum I'II/garis. Ca n A from 
Ca n al'o/ill e n s ifor llli s, LTA from Tetragon%hll s 
pllrpllrcas), anti-horserad ish peroxidase antibody (raised 
in rabbit ) and reage nt s were ob ta in ed from S igma 
Chemi ca l Co. (St Louis, MO, USA): Bioacry l was 
purchased from Bio-optica (Mil ano. Italy). 

Lectin histochemistry 

The fixation step was ca rri ed out at 4 °C to better 
preserve thc glucidi c components packaged in secre tory 
gra nu les. Pre limin ary expe rim ents provcd that th e 
opt imal fixative was a mi xture co nt ainin g 4(.0 para­
formaldehyde, I % glutaraldehyde, and ().2 r;:~. picric acid 
in 0.1 M phosphate buffer, pH 7.6. in presence of O.S mM 
CaCI2 for 3 h as suggested by Berryman and Rodewa ld 
( 1990). Afte r quenching of free aldehydes wi th 50mM 
ammonium chloride in sucrose-phosphate buller for I h 
at 4 0c, sa mples were treated with n.1 M malea te bu ffer, 
pH 6.5, added with 3.5 % sucrose 4 times. 15 min each at 
4 °C and fixe d in I % uranyl ace tate in n. 1 M malea te 
buffer, final pH 6.0, containing 3.5 '/(;· sucrose for 2 h at 
4 °C. 

The dehydration step was performed twice, S min 
eac h tim e, with aceto ne at in creas in g co ncent ratio ns 
(50%, 70%. 90%), at 4 °C and under ge ntl e st irring. 

The emhedd ing s tep was carr ied out in Bioacryl 
resin (Sca la et aI. , 1(92). The specimens were infiltrated 
in a soluti on of 100% Bioacryl (tw ice . 2 h each time) at 
4 °C under ge ntl e stirring and subseq uent ly immersed 

overn ight in fresh pure resin at 4 °C; the polymerization 
was performed by UY light fo r 72 h at 4 °C in ca refull y 
closed gelat ine embedd ing capsules filled up wi th resin 
and degassed for 30 min at 4 0c, 

The indirect lect in binding was app lied to freshly cut 
thin sec tions (ahout 60 nm thick) mounted on uncoated. 
400 mesh ni cke l gr ids. HRP-Iabelled lecti ns were used 
under the following conditions: DBA. P A. WGA. Con 
A (2 ,Ltg/ml) and LTA ( 10 ,Llglml) we re diluted in 0. 1 M 
TBS (Tris buffered sa lin e), pH 7.4, plus I ~i BSA 
(bovine seru m a lbumin ) and with or w ithout 3mM 
MgCI 2, 3 mM MnCI 2, 3 mM CaC I2 . A ft e r lect in 
in cub atio n, prolonged fo r 3 h at room temperature. 
sections were rinsed with 0.05M TBS containing 10;'­
BSA and reacted with anti -HRP antibody (diluted I: 100 
in TBS-I 7r BSA) for 60 min. Finally. sect ion s we re 
was hed wi th O.OSM TBS-I % BSA and trea ted with 
protein A-gold ( 10 nm ) diluted J:50 in O. IM T13S, pH 
7.4, plus 1% BSA and 0.05 % Tween 20, for 60 min at 
roo m temperature. After counterstaining, with urany l 
aceta te (to min at 30 °C) and lead c itrat e (I min at 
20 °C) by an LKB Ultrostainer, sa mpl es were carbon­
coated and analyzed in a Philips 20 ICTEM. 

Sialidase digestion 

Secti ons were incubated wi th s ialidase (neurami ­
nid ase type y, from Clos trid ium perlrillgells) at a 
conce ntrati o n of n.5U / ml in ace tate buffer. pH 5.5, 
containing IOmM CaCi.., for 16 h at 37 °C (Mengh i et 
al.. 19BtJa) . -

Deacetylation 

This was carr ied out by pretreating sections with 
0.5 % KOH in 7()Lk e th a no l for 30 min at room 
temperature. 

Controls 

The control for the specific ity of the lectin binding 
was run with sections prepared either by incubat ing the 
lectin solutions with their specific competing sugars (N­
acety l-D-ga lactosa mine for DBA, D-galactose for PNA. 
N-acety l-D-glucosa mine for WGA, D-mannose for Con 
A. u -L-fucose for LTA) at a concentration of O.2-0.4M 
or by omitting the antiperoxidase antibody or lectin HRP 
co njugates. Contro ls fo r s ialidase aimed to in ves tigate 
both th e ac ti o n of th e enzy me-free b uffer and the 
specifi city of the enzy mati c treatment. 

Results 

The fine structure of the mouse subm and ibular gland 
has been reported elsew here (Caramia, 1906; M~nghi 
and Bondi , 1987) and the description of the secretory 
trac ts w ill not be detailed here. Briefly, the secretory 
endpieces are co mposed of termin a l ac ini fill ed wit h 
e lec tron-lu cen t g ranul es and pret e rmin al co nvo lut ed 
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Mouse submandibular gland 

Fig. 1. DBA staining. Male submandibular gland. a. Convoluted granular tubule. Electron-dense granule exhibiting affinity sites. b. Acinar cel l. Note the 
moderate binding on electron-lucent granules . c. A very strong increase of gold particles occurred after sialidase digestion that removed terminal sialic 
acids with consequent accessibility of DBA to the « ·galactosamine which acts as receptor sugar. a. x 41,600; b, x 39,600; c, x 31.400 

Fig.2. DBA staining . Female submandibular gland. Acinar cell. a. Some labelling was evident over the rough endoptasmic reticulum (RE R) . b. Also 
Intercellular tissue spaces (TS) shared posi tive sites located above all on membrane protrusions. c. The removal of sialic acid induced modest binding 
to appear over the electron-lucent granules. a, x 29,700; b. x 59.400; c, x 33,000 . 

... 
granular tubules containing electron-dense granules. The 
fix ati o n ,1Ild emb eddin g me th ods he re use d le t us 
ev idence pa ler areas within the electro n-luce nt granul e 
matri x in both se xes. 

OBA 

Pos iti ve sites were obse rved o n both co nvo lut ed 
granul ar tubul e (CGT) (Fig. l a) and ac inus (Fig. Ib) 
se creto ry g ranul es of ma le s ubj ect s . T he mode rat e 
affinit y or the elec tron-lu ce nt g ranul es of ac inar ce lls 
was g rea tl y enh anced by sialid ase d igestion (Fig. Ic). 
KOH deace tylati on did not a ffec t th e s iali dase/ DBA 
bi nding. In females, DBA binding was ev ident on the 
electron-dense g ranules of CGT. whereas the nega ti ve 
e lec tro n-luce nt secretory granules of ac in ar ce lls (Fig. 
2a .b ) we re found to exhibit sca rce binding s it es only 
after remova l of sialic ac id (Fig. 2c). Affinit y sites fo r 
DB A before sialid ase digcs tion we re restricted to th e 
ro ugh endoplasmic reticulum (Fig. 2a) and interce llul ar 
t issue space membranes (Fig. 2b) . 

PNA 

No grea t ddfere nces we re ev idenced betwee n male 
and fe male PNA staining. Indeed, secretory products of 
both sexes (Figs. 3a, 4a) showed mode rate labelling on 
CGT elec tron-dense granules, whereas onl y few binding 
sites wen: di scovered on the electron-luce nt granules of 
acinar ce lls and int erce llul ar ti ss ue s paces~(F i g. 3b). 
Diffe rences betwee n sexes e me rge d. in s tea d. a ft e r 
s ialid ase di ges ti on s in ce thi s trea tment produ ced a 
ho moge neo usl y distributed PNA bindin g o n th e 
electron-luce nt granule matrix of males (Fig. 3c), where­
as it induced new positive sites to occur mainly in the 
paler areas of ac inar secretory granules in fe males (Fig. 
4b). Alcoholi c deacetylati o ll was ineffec ti ve. Cont ro l 
sections did not ex hibit appreciable staining (Fig. 4c). 

Can A 

Affinit y sites were obse rved with different intensity 

in bo th CGT (Fig. 5a) and ac ini ( Fi g . Sb) . A large 
var iabilit y of staining was found at CGT leve l. Some 
labe llin g was also fo und on th e roug h e nd opl as mi c 
re ti culum . Co ntro l sa mpl es fa il ed to s tain (F ig. Sc). 
A pprec iab le diffe re nces be twee n sexes we re no t 
observed. 

WGA 

WGA binding showed modest di ffere nces related to 
the sex ge notype. Although the electron-dense as we ll as 
the elect ron-lucent granules were fo und to cO Il ta in WGA 
reactive sites in both sexes (Fig. 6a,b), females ex hibited 
more numerous affinity sites located on the pale r zo lles 
of the ac inar electron-lucent gra nul es. 

LTA 

CGT e lec tro n-d ense sec reto ry granul es s tro ngly 
reacted (Fig. 7<1) in contrast to acinar ce ll gran ules that 
did not show staining. Reacti ve patterns were restricted 
to int erce llul ar ti ssue spaces and materi a l c :-J nt a in ed 
inside the lumen (Fig. 7b). Differences were no t found 
bet\vee n sexes. 

Controls 

Cont ro l experiments substantiated the nomi na l lectin 
spec ific it y and s ia lid ase effi cacy. Th e e nzy me-free 
buffer did not seem to affect binding. 

Discussion 

In th e orga n cxa min ed, background labelling wit h 
th e lec tin go ld probes was ve ry low over th e ti ss ue 
exce pt fo r th e co nv o lut ed g ranular tubul es th a t 
constantly ex hibi ted staining betwee n secretory granul es. 
rega rdless of the lectin tested, maybe due to the intricate 
asse mbly of th ese sec reto ry cell s that ca n preve nt a 
sa ti sfactory fix ation. Control experiments resulted in no 
labelling. 

It has bee n e xp e rim e nt ed a nd e mph as ized by 

... 
Fig . 3. PNA staining. Male submandibular gland. a. Convoluted granular tu bule . Electron-dense granules show gold particles reflecting the presence of 
terminal f)-galactose. b. Acinar cell exhibits very few gold particles distributed over the rough endoplasmiC reticulum (RER), intercellular tissue spaces 
(TS) and electron-lucent granu les. c. The sialidase digestion promoted an increased PNA staining of the electron·lucent secretory granules. a. b, 
x 33 .000; c, x 19,800 

Fig. 4. PNA staining . Female submandibular gland. a. The binding of electron-dense granules was scattered over the matrix . b. The cleavage of sialic 
acid produced a PNA staining that appeared heavier over the paler regions of the matrix of the acinar cell granules. c. Control section showing the 
heterogeneous matrix of the acinar cell secretory granules. a, b. x 39.600; c. x 24.750 
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Bend aya n et al. (19R7) that always, for each class of 
antige ns and binding molecules, conditions for optimal 
labelling mu st be worked out , since there is no single 
procedure that can be recommended as the best approach 
fo r colloidal gold cytochemistry. We encountered man y 
prohlems in scarc hin g for appropriate f ix ation and 
dehydrati on age nts for the submandibular gland , also 
probably on acco unt of the very differcnt deg ree of 
condensation and chemical nature of the granule contcnt. 
For the morphological and ultracy tochcmi ca l analys is. 
ge nerall y, the idea l conditions of fixation foresee the usc 
of aldehydes at high conccntrations and a post-fixation 
with osm ium tetroxide, For immunogold techniqucs. it is 
reco mm e nd ed to e mpl oy formaldehyde and low 
concentrations of glutaraldehydc to reduce molec ular 
modifi cat ions and, accordingly, minimize the loss of 
antigenicity without compromising the cytoarchitcc ture. 
The addition of picric ac id to the fixation agents has 
bee n advoca ted to improve antigen retention (Dae et al.. 
1982; Somogi and Takag i, 1982). Many co mponcnt s 
generall y stand the above fixati ons without undergoing 
relevant structural alterations but do not res ist osmiulll 
treatment (Berryman and Rodewa ld , 1990; Stirlin g. 
1990; Bendaya n, 1995). 

Com pared to o th e r ac ry li c res ins , tcs tcd in 
preliminary studies, show ing some disadvantages related 
to the lahorious staging of monomeric mi xtures or to the 
difficult sectioning, we noted that Bioacryl resin (a lso 
termed Unicryl) offe red advantages consisting in easy 
sec ti o nin g, s tab ilit y und er th e e lectro n beam. and 
res istance to enzy matic trea tm ent at low pH for long 
time with minim al backgrou nd sta ining or sa mple 
damage, Analogously 10 Lowicryl K4M (Roth. 1 9~3). 
also Bi oacry l embedding permits th e dctection of 
va ri ous lec tin binding sit es in different subce llular 
structures as well as sa ti sfactory preservation of surface 
and cytoplasmic glycoconjugates. 

The acinar ce ll s of sa livary glands have served as 
useful mode ls for studying var io us as pec ts of the 
secretory process. The appearance of secretory granul es 
strictl y depends upon th eir chemical compos iti on. but 
th c biochemical basis for th e ir co mpl ex s tru c tu ra l 
arrangement is poorly unders tood. Previous researches 
demonstrated th at the mo use subm anuibular g land 
contains large quantities of hexosa mines, hexoses. and 
sia lic acid, whereas fucose and uronic acids arc present 
in modcst amounts (Roukcma et aI. , 1 Y76: Denny et al.. 
1<)80; Denn y and Denny, 1982a; Menghi et al. . I 9~6 . 
1989 b), The prese nt resea rc h indicat ed th at N­
acc ty Igl ucosa mi ne, N -acety 19a1actosa m i ne, l3-ga lactose, 
D-mannose , L-fucose and siali c ac id s are loca ted on 

Fig. 5. Con A staining. Male submandibular gland. a. Numerous binding 
Sites were distributed on electron-dense granules . b. Electron-lucent 
granules shared a conspicuous reactivi ty. Gold particles were also 
located inside intercellular tissue spaces (TS) and rough endoplasmic 
reticulum . c . In control section , the Con A staining performed in the 
presence of 0 .2M mannose was not appreciable . a, b, x 27 .700 : 
c, x 19,800 

- - ---~------------- ------------_. _. - -



143 

Mouse submandibular gland 

convo lut eu granul ar tubul e or ac in ar ce ll sec reto ry 
granul es. Siali c acids linked to f3- ga lactose and a -N­
ace tylga lac tosa min e we re exc lu sive ly fo und o n th e 
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Fig, 6. WGA staining. Male submandibular gland. Sites of labelling were 
more evident in electron-dense granules of CGT (a) than in electron­
lucent granules of acini (b). Sparse gold particles are also located at 
in tercellular tissue space (TS) level. a, x 33,000: b, x 31,000 
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Fig . 7 . LTA staining. Male submand ibular gland. Electron-dense 
granules of CGT were heavily stained a , whe reas electron-lucent 
secretory granules failed to react b. Only material contained inside the 
acinar lumen (L) strongly reacted. a, x 26,400: b. x 19,800 
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el ectron-lucent granul es of ac ini . Only rare go ld particl es 
specified the presence of 13 -ga lac tose on the elec tron­
luce nt granules of acin ar ce lls of bo th sexes, sincc at this 
s ite these res idues seem to ac t as acceptor suga rs fo r 
tcrminal sialic ac ids. Di fferences betwcc n sexes werc not 
ev idenced on th e bas is of the amount of acinar s ialo­
g lycoco nju ga tes c hara c te ri ze d by th e te rmin a l di ­
saccharide s ialic ac id-13-galactose but a di fferent location 
inside the granul e matrix was pointed out. Indeed. th e 
disacc har id e s ialic acid-B-ga lac tose was fou nd to be 
alm ost ho moge neo us ly di s tribut ed o n th e ac in a r 
secretory products of males, while it was restrictcd to the 
paler areas of granule matrix in fc males. Conve rse ly. the 
sia loglycoconjugates hav ing u -N-ace tylga lactosamine as 
s ubt e rminal s uga r rcs idu e fo r s ia li c ac id s howe d 
qu antit a ti ve rath e r th an di s tributi o na l dif fe re nces 
be tw ec n sexes and suc h d imo rphi s m result ed in a 
prominent occurrence of these sialoglycoconjuga tes in 
acin ar sec retory produ c ts o f malcs and in a modes t 
occ urr c nce in fe ma les . Th e prese nt findin gs a re 
co nf irmatory of and suppl ementary to prev ious data 
conce rning the s ialic ac id di stribution and charac teri­
za tion at light microscopy leve l (Accili et aI. , Il)YO), and 
add new parameters to th e sex ual dim orphi sm of the 
mo us e s ubm a ndibul a r g land ( Lacas sag ne , 1940; 
Ca ramia. 1l)66: Tsukitani and Mori, 1 9~6 : Schulte, 1987; 
Menghi et aI. , 199 L Akif et aI. , 19l)3). Indecd, while the 
di ffe rences kn ow n until now in th e male and fem ale 
g land s appear to be an ex press io n o f th e cy toso li c 
di ffe rcnti ation of the tubul ar portion of the gland . in this 
report we de monstrated th at s triking di fferences also 
co nce rn th c ac in a r ce ll s ia log lycoc onju ga tcs th a t 
ex hibited th e most pronounced scx rcla ted dimorphism. 

There are va lid indications that sialic ac ids influence 
or evc n dctc rmin e th e recog niti on of low and hi g h 
molec ular weig ht co mpound s, th e ac ti on o f ce rta in 
hormones, ph ys icochemica l and ca talytic propertics of 
enzy mcs, hemostas is, cellular adhesive ness, antigenicity, 
trans port processes and sy napti c tr ans mi ss io n. In 
parti cular, s ialic acid s are in vo lve d in protection of 
g lycoco nj uga tes and ce ll s f ro m recog niti o n a nd 
degrad ation (Schauer, 1985; Reuter et aI. , 1988; Niew 
Ameronge n et aI. , 1995). It is difficult to explain the sex ­
related expression of s ialoglycoconjugates in males and 
fe ma les s in ce o nl y few da ta ar e ava il a hl e o n th e 
hormonal influence on both biosy nthes is and fun ction of 
sialic acid containing glycoconjuga tes. It is know n that 
oes trogens lead to a fluctuation of pro tein-bound siali c 
ac id in serum (Reutter et a!. , 1982) and protc in - and 
lipid-bound sialic ac id in the rat sali va ry g lands (L. 
Vit aioli , personal communica tion), but this is the first 
report show in g both qu antitati ve and di s tri buti ona l 
diffe re nces of s ia log lycoco nju gates w ith di ffe rent 
penultim ate acccptor sugars. Biologica l processcs such 
as saliva lubri catin g and supp ortin g fun c ti o ns can 
in vo lve th e participation of carbohydrate- rich macro­
mo lecul es pro babl y co nt a inin g s iali c aci ds . Thi s 
correlates well with the present sialic acid di stributional 
patt e rn s, diffe re ntl y ex presse d o n th e ac in a r ce ll 

sec reto ry g ranul es of fem ales, lik e ly lin h d to th e 
reproductive cycle, and of males, probabl y in rclation to 
di stinct fun cti ons such as the producti on of territori al 
markers. Thus, dive rse arrange ments and compos ition of 
secretory sialoglycoconjugates might be attribu ta bl e to 
different be hav iour trends related to th e anim al's sex. 
Howevc r, most of these functions and their mechani sms 
have not ye t bee n eluc id atcd. Many di fferent theo ri es 
have bee n adva nced conce rning the biological roles of 
the oligosaccharidc units of individual classcs of glyco ­
conjuga tes and it is also possible that the sa me o ligo­
saccharide sequence may mediate different funct ions at 
diffe rcnt loca tions (Varki , 1993). 

The mucous producing ce lls are widely distribu ted 
in th e alimentary trac t and secrete a large amount of 
mucin. It has bee n found that o ligosaccharide chains of 
salivary gJycoprotcins are linked O-glycos idica ll y to the 
core polypeptide, bur the moderate to strong atlinity of 
ac ini and co nvoluted granul ar tubul es for Con A and 
WGA emphas izes their ri ch suppl y of N-linked oligo­
saccharides in accordance with prev ious findings (Dcnn y 
and Denn y, 1982a; N iew Amcronge n et a!. , 1983; Denny 
et a!. , 1995, 199() . In addition , th e fa ilure to detec t 
fu cose at electron-luce nt granul es, wherc sialic ac ids are 
prese nt , is fa irl y co ns is tent with th e immun ohi s to­
chemical demonstration of the fucose- less sialomucin in 
thc mouse ac in ar ce ll s and thcir put ati ve proge nitors 
( Denn y and Denn y, 1982 b; De nn y e t a I. , Il)KS). A 
di stributi on of fu cose res idues as detec tcd with Ulex 
europaeus lectin , virtuall y the oppos ite of that of si ali c 
aci d. was prev io us ly fo und a lso o n th e rat s mall 
intestinal epithelial ce lls during post natal deve lopment 
(Taatj es and Roth. 1l)l)O). 

In conclu sion, our study indicated that the terminal 
sial ylated sequences can serve as markers of sex- related 
dimorphism in the mouse subm andibul ar gland ac inar 
ce ll s. A determination of biochemica l and phys iologica l 
signifi ca nce of the suga r moieti es identifi ed by actual 
lec tin bindin g patt e rn s w ill require furth e r s tud y. 
Prelimin ary bi oc hemica l data, obtaincd by mea ns of 
fluorimetri c high perform ance liquid chro matography, 
indicated that flu ctuations of N-ace tylncuramini c ac id 
and N-glycolylneuraminic acid, as we ll as their a-acy l 
deriv ati ves , occ ur betw ee n male and fcmale Jll ouse 
submandibul ar glands. 
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