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Ab,tract. By electronmicroscopic C)tochemis!r} the pres­
ent study demonstratcd that aryl-sulfatasc activity was 
present wilhin membrane-coating granules or kcratino­
somes as "el! as in lyso,omes or the oral mucosa of 
rat,. In addition, an cnzymatic activity was found in 
several C}!0plasrnic comPQnents and also, in part, in rough 
endoplasmic reticulum. Thcsc data suggest that MCG de­
rive from rough endoplasmic reticulum. 

�embrane-coating granules (MCG), first noticed 
by Sclhy ( 15) and O<lland (9), are small granules 
with a characteristic lamellar interna! structure, 
which appear in the cyto12.Iasm of CQithelial cells 
in the upper Iayer of the �idcrmis and oral mu­
cosa. The origin and function of these granules 
remain to be established. It has been suggcsted, 
howevcr, that MCG play a specific role in the 
complex process of keratinin1tion in as�ociation 
with desmosomes, keratohyalin granules, and 
tonofilamcnts. Reccntly, Wolff & Holubar (18) 
have demonstrated acid phosphatase act1v1ty 
within MCG and therefore con<;idered them to be 
a special type of cpidermal lysosome. However, 
therc is no information on the presence of other 
enzymes in MCG. Whilst studying these granules 
by means of electronmicroscopy. we ha\'e estab­
lished the presence of aryl-sulfatase activity with­

�MCG. In addition, we have obtained some data 
suggesting that MCG originatc from the rough 
endoplasmic reticulum. as will be described be­
low. 

MATERIALS AND METHODS 

Tissuc specimens werc obtained from normal oral mucosa 
of rats. The specimens were cut into thin slices with a 

ra1.or blade and placcd in 5 00 glutaraldeh)de in 0.05 M 
cacodylate buffcr, pH 7.3, for 2 hours at 4 C. 

for the cytochcmical demonstration of aryl-,ulfatascs, 
thc following substrate medium was used according to 
Hopsu et al. (7) and Goldfischer (4): 5 ml 0.06 M p­

nitrocatechol sulfate, 5 ml 0.2 M barium chloride, and 
10 ml 0.1 M acetate buffer (pil 4.2, 5.2 or 5.6). 

Sucrose was added to each medium al a concentration 
of 7.2°6. The incubation tlme was I hour at 37°C. 

For distinction het"cen sulfata,c t)pe A. 8 and C. cach 
Sl)<!cimen was incuhated at difrcrcnt pH le\'els, 4.2, 5.2 
and 5.6, respecthely (12). Aftcr incubation the slices werc 
bricfly rinsed and postfixed in I% buHered 0s0, for 
30 minutes at 4°C. They were then dehyclratcd in graclecl 
ethanol series and embedded in Ep0n 812. Controls "erc 
proce,.,ed by the same tcchnique except for the incuba­
tion in substrate-free medium. Thin section�. both un­
,tained and ,tained with uranyl acetate and lead nitrate. 
were cxamined in a Hitachi 11 U· I IA clcctron microscopc. 

RESULTS 

Fine precipitates of the reaction products, barium 
sulfate, were found to be localized in lysosomes, 
MCG, and several cytoplasmic components of the 
epithelial cells, of which the latter "'ill be de­
scribed in detail later. These precipitates were 
thought to represent aryl-sulfatase activity he­
cause of their absence in control sections. The 
enzymatic activity varied according to the pH 
levet at which the incuhation was carried out. 
The reaction products at pH 4.2 were very fcw 
"hen compared with tho�e at pH 5.2 or 5.6. Thus 
the results to be presented are drawn mainly from 
the sections at the latter two pH levets. 

Cytoplasmic MCG showed a characteristic 
staining pattcrn in which the enzymatic activity 
was demonstrated along their unit membrane and 
internat lamellar structure (Figs. 1, 2, 3, 4, 5) 
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Fig. I. Aryl-sulfata,e acti\ it) at pH 5.6. Oense, long Jamcllar body, is boundcd by a unit mcmbrane and hnv­ing an interna! lamellar slructure (arro,v). x 84 000. 
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Fig. 2. Aryl-sulfatase acti\ity at pH 5.2. A large numhcr of MCG of varying size and shape can be scen. Mem­brane of MCG is contiguous "ith enl.irged rough endo• 
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pla�mic reticulum or in clo�e proximity to rough ER. 
X 84 000. 
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Fig. 3. Ar)l-,ulfa!asc activity al pH 4.2. MCG in central 
portion is con1iguous with rER. Enzymc activity is found 
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Fig. 4. Aryl-sulfatase actmly at pH 5.6. Al the central 

granule, an arro" indicates the irregular-shaped MCG 
which are bounded by a unit membranc. Internat lamcllar 

in cytoplasmic frce ribosomes. unit membrane of MCG 
and lamellar ,1ruc1ure oF MCG. x 84 000. 

structure runs ,crticall} (/e/1) and horizontally (rig/11) 

X 84 000. 
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Fig. 5. Ar) 1-sulfata,e acti,ity al pl-1 5.1. lrregular shapcd 
MCG. which have a ,mall protuberance (urrow). FnLyme 

actl\llY is found on cytoplasmic-frec ribosomcs and inter­
na) lamellar structure of MCG. x 84 000. 
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Fi11. 6. Ar)l-sulfata,c acti,ity at pH 5.6. En,ymc activity 
is found in intercellular ,pacc, of the upper parts of 
keratinocytes. The retaining l,unellar stmcture of MCG 
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(urrow). x 84 000. 
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and. in some instances, these granules retaining 
the enzymatic activity werc found in the inter­

cellular space of the granular cells (Fig. 6). In 

addition, irregularly shaped MCG with occasional 

protuherances or projections were noted intra­

cellularl} (Fig. 5). Some of them had interna! 

lamellar slructures running in differenl direction� 

as shO\\ n in Fig. 4. The unit membrancs of MCG 

of irregular shape were noted to be contiguous 
with rough endopla�mic reticulum or often in 

close proximity to rough endoplasmic reticulum 

(Figs. 2. 3, 4). ln the vicinity of MCG, elongated 

bodie\ \\Cre found, approximately 600 nm in 
length, cach bounded by unit membranc and hav­

ing an interna! struclure closely resembling MCG 

(Fig. I). ln addition, the en1ymatic patlern simi­

lar to �1 CG was recognized in some parts of 

rough endoplasmic reticulum. ln �uch areas free 

ribosomes and somc vesicles frequently displayed 
enzymatic ac1h ity (Figs. 2, 3. 4). A small amount 

of thc reaction products was noted in some part 

of the Golgi lamella. 

DISCUSSION 

Aryl-sulfatase activity has bcen reported to be 

present in various biological materials including 

human organs. These cnzyrnes were dctected by 

biochemical methods in normal and parakeratotic 

epidermis of man and hairless mice, especially 

in ly�osomal components (2. 6, 14. 19). By elec• 
tronmicroscopy. Olson et al. (10) reportcd that 
the enzymatic activity was localized in MCG in 
the uppcr spinous layer but not in the granular 

laycr, though Rowden (11) failed to detect an) 

acth ity in MCG of either the granular or upper 

spinous layers. In the latter organelles, the ac­

tivity wa<; present along their unit membrane and 

interna] larncllar structure. In addition, somc 

MCG containing the enzymatic acthity were 

found lo be located in the intercellular space of 

the granular layer. The sulfatases demonstrated 

in MCG appear to be of l} pc B or C according 

to Roy ( 12), since thc reaction products werc 

ver) spar�c in the �ections incubated at pH 4.2. 

as compared with thosc incuhatcd at pH 5.2 or 
5.6. lt is of intercst that, by this electron-cyto­
chemical method, irregularly shaped MCG were 
detected within the epithelial cells in addiLion to 

those usually observed and that, in the vicinity 

of thesc granules, thc same interna! structures 

were shown in some elongated bodics and in part 

or the rough endoplasmic reticulum. These find­

ings ha,e not been obtained in previous studies 

including our own (16) using routine and elec­

tron-C) tochemical methods for acid pbosphatase. 

Our findings suggest that MC'G originate from 

the rough endoplasmic rcticulum, i.e. the forma­

tion of MCG hegan with the enlargcment of 

rough endoplasmic reticulum and development of 

an interna! lamellar �Lructure with aryhulfatase 

activity, thereafter small projections or pro­

tuberances hecame segregated, resulting in well­

cleveloped MCG. 
fhcre has becn a divergence of opinion con­

cerning the origin of MCG. Earlier invesligators 

considered them lo be degenerated or fragmented 

mitochondria, or , irus particles, or �egregate 

granules. Later, the following diverse interpreta­

tions were proposed: (a) MCG originate from lhe 

Golgi region (I, 3, 8); (b) MCG originate by the 

invagination of and segregation from thc plasma 

membrane ( I 0, 13). As indicated ahove, our view 

is in contradistinction to both these previous 

interpretations. 

Jn this context, some consicleration shoulcl be 

given lo the function of these granules. tvlatoll�}' 
& Pagakkal (8) hypothesi1ed that lhe inner sub­

stances of MCG may contribute to the highly 

resistant protein that is closcly associated with 

the plasma membrane of horny cells. Hashimoto 

et al. (5) reportecl that the granules containcd 

polysaccharide material, which may play a role 
in hinding together the horny layer,.. On the other 
hand, Wilgram (17) and Bonneville ct al. (I) 
provided evidencc that these granules may harhor 
an enzyme or enzymes that function in the des­

quamation of epithelial cells by hringing about 

thc breakdown of intercellular cement substances. 

Wolff & Holubar (18) showed clectronmicro­

scopically the presence of acid phosphatase ac­

livity within MCG and their rcmnanls in the 

cxtracellular space and considered them to be 

specializecl lysosomes. Our presented previous 

studies ( 16) showed that the granules contain 

ar} 1-sulfatase as well as acid phosphata,e. Addi­

tionally, these enzyrne activitics were found to be 
present in their remnants in the intercellular 
spaces of Lhe granular layer. Thus, we believe 

that M CG produce enzymes '"hich influencc the 
intercellular substances, though thcir precise na­

ture rcmains obscure. 
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