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ABSTRACT

The capitate-sessile and capitate-stalked glands of the glandular secretory system in Cannabis,
which are interpreted as lipophilic type glandular hairs, were studied from floral bracts of pistillate
plants. These glands develop a flattened multicellular disc of secretory cells, which with the extruded
secretory product forms the gland head and the auxiliary cells which support the gland head. The
secretory product accumulates beneath a sheath derived from separation of the outer wall surface of
the cellular disc. The ultrastructure of secretory cells in pre-secretory stages is characterized by a
dense ground plasm, transitory lipid bodies and fibrillar material, and well developed endoplasmic
reticulum. Dictyosomes and dictyosome-derived secretory vesicles are present, but never abundant.
Secretory stages of gland development are characterized by abundant mitochondria and leucoplasts
and by a large vacuolar system. Production of the secretory product is associated with plastids which
increase in number and structural complexity. The plastids develop a paracrystalline body which
nearly fills the mature plastid. Material interpreted as a secretion appears at the surface of plastids,
migrates, and accumulates along the cell surface adjoining the secretory cavity. Extrusion of the

material into the secretory cavity occurs directly through the plasma membrane—cell wall barrier.

THE GLANDULAR SECRETORY SYSTEM in Can-
nabis was first described during the 19th century
as a lipophilic type producing abundant essential
oils and resins in association with external glan-
dular hairs (Martius, 1855; Unger, 1866; Fliick-
iger and Hanbury, 1878; Tschirch, 1889). Morpho-
logically, a variety of gland hair types including
small, bulbous as well as large, tall-stalked or
stalkless capitate forms have been described
from light microscopic and most recently from
scanning electron microscopic investigations
(Hammond and Mahlberg, 1973, 1977). Mor-
phological interest in the glandular hairs has per-
sisted not only from their potential in illuminating
problems of Cannabis systematics and forensic
identification, but more basically because of their
chemobotanical association with the active natu-
ral product, tetrahydrocannabinol (Bouquet,
1950; Fujita et al., 1967; Fairbairn, 1972;
Malingré et al., 1975; Turner, Hemphill, and
Mahlberg, 1977).

Little is known about the structure of these
glands in relation to their functional secretory ac-
tivity. Bouquet (1950) noted from light micros-
copy the large nucleus and dense protoplasm of
young glands and described the secretion of an
oleoresin in mature glands which became stored
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beneath a distended cuticle. Abundant glandular
secretion often resulted in the rupture of the cuti-
cle and the spreading of the resin over the gland
surface. Formation of an external secretory cav-
ity by separation of the cuticle from secretory
cells was generally accepted by early workers
and was incorporated into Hayward’s (1938) re-
view of the structure of Cannabis.

DePasquale (1974), in a brief treatment of
gland ultrastructure in Cannabis, described the
accumulation of an osmiophilic material, as-
sumed to be the secretory product, within a large
vacuole system of the secretory cells. Secretion
was believed to occur by emptying of the vac-
uoles and exiting of the product through existing
pores in the wall and cuticle layers.

Our investigations on the ultrastructure of
Cannabis were initiated to elucidate the devel-
opment of the protoplast in the glands and its
functional relationships to the secretory process
in this lipophilic glandular system.

MATERIALS AND METHODS—Plants of a Mexi-
can, high drug-producing strain of Cannabis
sativa L. were derived and cultured as previ-
ously described (Hammond and Mahlberg, 1973).
All observations were made from developing
bracts which ensheath the ovary of pistillate
plants.

Bracts were prepared for transmission electron
microscopy (TEM) by fixation overnight at room
temperature in a 4% glutaraldehyde solution con-
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taining picric acid (Turner, 1970). After fixation,
tissues were washed in 0.05 M sodium cacody-
late buffer (pH 7.2), post-fixed with 2% OsO4
vapor for 2 hr, soaked in 1% aqueous uranyl ace-
tate, dehydrated in ethanol followed by acetone,
and embedded in Spurr low-viscosity resin
(Spurr, 1969). Thin sections were cut on a Sorvall
T-2 ultramicrotome, post-stained with uranyl
acetate and lead citrate, and viewed with a
Hitachi HU-11C electron microscope at 50 kV
accelerating voltage.

A periodic acid-silver method was used for EM
localization of polysaccharides (Hayat, 1970;
Marinozzi, 1961; Rambourg and Leblond, 1967).
Thin sections were mounted on formvar coated
gold grids and treated with 1% aqueous periodic
acid for 15 min. Sections were then washed and
incubated in a silver methenamine solution at 60
C in the dark for 30 min, washed, soaked in 3%
sodium thiosulfate at room temperature for 5
min, washed again, dried, and viewed without
post-staining. Control sections were treated as
above, but incubated in the absence of silver
methenamine to check on the complete oxidation
of the OsO, post-fixative.

A variation of the above procedure, the
periodic acid-chromic acid-silver method (Hayat,
1970), was used as a selective cytoplasmic mem-
brane stain. The staining procedure is similar to
that for the periodic acid-silver method with the
addition of a 10% aqueous chromic acid treat-
ment for 5 min following the periodic acid oxida-
tion.

OBSERVATIONS—Early gland ontogeny—The
glandular covering of mature bracts is charac-
terized by an abundance of capitate-sessile and
capitate-stalked gland types. In addition to
glands, numerous nonglandular trichomes also
are present on the bract. Capitate-stalked glands
arise relatively late in bract development as
compared to capitate-sessile glands (Hammond
and Mahlberg, 1977) and are thus more fre-
quently encountered in early stages of their de-
velopment surrounded by more mature capitate-
sessile glands (Fig. 3). Gland initials can be
clearly distinguished from nonglandular trichome
initials which develop a specific directional
orientation to the tip of the bract and by their
characteristic wall thickenings. Capitate-stalked
gland initiation begins as a vertical enlargement
of an epidermal initial (Fig. 1). This initial divides
first anticlinally (Fig. 2), bisecting the initial, then
periclinally (Fig. 3), delimiting an upper pair of
cells which form the secretory portion and a
lower pair of cells which form the auxillary por-
tion. The secretory portion is delimited very
early in gland development and will be seg-
mented by additional anticlinal divisions into a
8-13-celled secretory disc (Fig. 5). The auxiliary
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portion, which will mature into a short, few-
celled support for the secretory disc, further de-
velops by a periclinal division which divides it
into an upper stipe cell layer and a lower base cell
layer (Fig. 4). Capitate-stalked gland develop-
ment continues with the formation of a secretory
cavity (Fig. 6) followed by a proliferation of adja-
cent epidermal cells which form a tall multicellu-
lar stalk that lifts the gland proper (secretory
cells, stipe cells, base cells) above the bract sur-
face (Fig. 7).

Pre-secretory stages of gland development—
The ultrastructure of capitate-stalked gland ini-
tials closely resembles that of surrounding pro-
todermal cells in that they possess a dense
ground substance with a large central nucleus
(Fig. 1). Gland initials, however, are distinguish-
able from adjacent protodermal cells by their
early radial enlargement. Additionally, the vac-
uolar system is frequently less well developed
than in other nonglandular protodermal cells
(Fig. 2) and the initial contains few endoplasmic
reticulum (ER) elements, dictyosomes, or plas-
tids. Plastids when encountered in gland initials,
have a poorly developed internal membrane sys-
tem compared to chloroplasts of adjacent pro-
todermal cells.

In the older 4-celled disc stage, the secretory
celis are characterized by numerous spherical
lipid bodies which vary in size and degree of elec-
tron density, and an extensive cytoplasmic fibril-
lar system (Fig. 10). Lipid bodies are frequently
found in close association with mitochondria,
ER, and the fibrillar material.

The fibrillar material consists of compact bun-
dles of unbranched parallel filaments, approxi-
mately 0.01 wm in diam that ramify throughout the
cytoplasm (Fig. 10). Filaments appeared as rods
of variable length in longisection and as dots in
transection (Fig. 9). Both the lipid bodies and the
fibrillar material are ephemeral and disappear
well before the onset of secretory activity.

Plastids in gland cells of the 4-celled stage are
spherical in shape, 1.5 um in diam and lack a
granal lamellar system. Plastids frequently ac-
cumulate an electron dense material within the
stroma and at scattered locations within the
plastid envelope (Fig. 10).

In glands at an 8-13-celled disc stage, and just
prior to onset of secretory activity, the cyto-
plasm of the disc cells is highly electron dense as
compared to cytoplasm in adjoining auxiliary and
dermal cells (Fig. 5, 6). This increase in electron
density may reflect an increase in ribosomes
within the secretory cells. At this stage plastids
and mitochondria are abundant and dictyosomes
and dictyosome-derived secretory vesicles are
few in number (Fig. 12). The plastids are elongate
in shape and have a dense stroma. Frequently
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plastids contain rudimentary internal membranes
consisting of isolated lamellae in small clusters or
short dilated strands.

Secretory cells in their transition from the 4- to
8-13-celled state develop a large central vacuole
that appears to be derived from ER. ER partici-
pation is suggested by regions of ER cisternae
which have become dilated (Fig. 11, between ar-
rows) and by the presence of flattened portions
of larger vacuoles which appear to have arisen
from further dilation of lamellar sheets. Dilation
of ER into small vacuoles and subsequent con-
tinued dilation and/or fusion of these vacuoles
(Fig. S, 6) could account for the appearance of
the large central vacuole characteristic of mature
secretory cells (Fig. 7, 8). Prior to the onset of
secretion, the large central vacuole accumulates
an electron dense material that typically occurs
along the inner surface of the vacuole membrane
(Fig. 6, 7). Localization of this material within
the vacuole, as opposed to an acumulation on the
outer surface of the vacuole membrane, is dem-
onstrated by staining of the vacuole membrane
with the periodic acid-chromic acid-silver
method (Fig. 8).

Secretory cells prior to the onset of secretion
also proliferate an abundance of tubular and
branched ER scattered within the cytoplasm
(Fig. 12). The origin of ER at this stage may be
from the nuclear envelope as suggested by ER-
nuclear membrane connections (Fig. 12, arrow).

A distinctive feature of the Cannabis glandular
system is the development of a symplast within
the secretory disc. Large, intercellular cyto-
plasmic connections develop between cells of the
secretory disc (Fig. 5, 7, arrows). These connec-
tions are often large enough for the free exchange
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of cellular organelles. Intercellular cytoplasmic
connections of this type were never observed be-
tween secretory cells and the underlying auxil-
iary cells or between the auxiliary cells them-
selves. The absence of these large cytoplasmic
connections in early gland stages and the evi-
dence of wall removal at plasmodesmata sites
(Fig. 10, arrows) suggests that their formation
results from removal of existing walls rather than
from incomplete wall formation in cytokinesis.

Secretory stages of gland development—
Gland secretory activity commences with the
production and extrusion of a secretory product
resulting in the initiation of a secretory cavity
(Fig. 6). Production of the scretory product is
closely associated with developmental changes
in plastids which at this time greatly increase in
number and structural complexity (Fig. 13). Plas-
tids, initially containing a dense stroma and few
internal membranes, gradually form a complex,
paracrystalline membranous inclusion as they
mature. Layers of membrane are observed in the
stroma which appear to become incorporated
into a highly ordered membrane system which
closely resembles a prolamellar body (Fig. 195).
Unlike a prolamellar body, the paracrystalline
body in Cannabis continues to grow in size until
it occupies nearly all of the open stroma area of
the mature plastid (Fig. 14, 16). The pattern of
membrane organization observed within the
paracrystalline body will vary with the plane of
section through its three-dimensional structure.
At maturity plastids cease to divide and assume a
spherical shape 1.4-1.6 um in diam.

Plastids containing a paracrystalline body are
restricted to secretory cells of the glandular disc.

BC, base cell(s); CW, cell wall; D, dictyosome; ER, endoplasmic reticulum; F, fibrillar material; L,

lipid body; L,, cuticle layer; L,, middle wall layer; L3, inner wall layer; M, mitochondrion; M S, multicellular stalk; N, nucleus;

P, plastid; PS, secretory product; S, secretory cavity; SC, secretory cell(s); Se, capitate-sessile gland; SP, stipe cell(s); SM,
sheath; V, vacuole.

Fig. 1-4. Early development of capitate-stalked glands. 1. Gland initial. X6,400. 2. Two-celled gland stage from
anticlinal division of initial cell. x9,000. 3. First periclinal division in gland creating upper secretory portion and lower
auxiliary portion. x4,100. 4. Periclinal division in auxiliary portion establishing upper stipe cells which support gland head
and lower base cells which are embedded in epidermis. x3,900.

Fig. 5-8. Mid and late stages in capitate-stalked gland development. 5. Anticlinal divisions in secretory portion produce
multicellular secretory disc. Note large cytoplasmic connections between cells of secretory disc (arrows). x 1,400. 6. Stage in
gland secretion and formation of secretory cavity. Note portion of secretory cavity formed above a few secretory cells and
further wall wrinkling above adjacent secretory cells. x3,300. 7. Mature gland with gland proper (base, stipe, and secretory
cells) positioned atop multicellular stalk. x 1,200. 8. Large central vacuole with included osmiophilic material. x 8,300.

Fig. 9-12. Ultrastructure of secretory cells prior to secretion stage. 9. Fibrillar material with filaments in trans- and
longisection. x21,000. 10. Young 4-celled secretory disc stage. Arrow points to one of several plasmodesmata sites where
wall perforation may be occurring. Secretory cells contain lipid bodies, plastids, and fibrillar material. x10,300. 11. Early
development of vacuole system by dilation of ER (several lamellae between arrows) and dilation of lamellar sheets. % 10,200.
12. Secretory cells just prior to secretion. % 19,600.
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Cells of the auxiliary portion of the gland and
surrounding epidermal cells contain typical
chloroplasts, although starch accumulates only
in epidermal plastids (Fig. 17). Occasionally,
chloroplasts of the stipe cells become greatly
elongated to more than twice their normal length.

Plastids of the secretory cells appear to be the
probable source of the main secretory product.
Material interpreted as a secretion appears at the
surface of immature plastids as a narrow zone of
electron transparent material (Fig. 14, 15). An
increasing quantity of similar material aggregates
along the periphery of the plastids as they mature
(Fig. 16, short arrow) and then migrates through
the cytoplasm and accumulates along the cell
surface adjoining the secretory cavity (Fig. 16,
long arrow). This product does not appear to be
membrane bound and may fuse with other aggre-
gations of similar products in route to and at the
cell surface.

Formation of the secretory cavity—A single,
large secretory cavity forms over the secretory
disc by a process involving separation within the
outer wall layers of the disc (Fig. 6, 19). Forma-
tion of the secretory cavity and its outer bound-
ing layer, the sheath, begins as a swelling and
loosening within the cell walls. As secretion be-
gins, the sheath becomes folded and wrinkled,
and with continued accumulation of secretory
material (Fig. 6) this layer becomes stretched to
form the boundary of the secretory cavity (Fig.
6). Under conditions of growth in this study the
sheath layer did not rupture.

The secretory product within the secretory
cavity, although subject to extraction by stan-
dard EM methods, becomes organized during
gland development into closely packed spherical
bodies of large (4-5 wm diam) and small (0.1-0.3
um diam) size (Fig. 18). The spherical secretory
bodies seem to be delimited by a membrane-like
structure. This is suggested because the spherical
bodies remain distinct despite being in contact
under pressure and because a boundary of some
nature has been stabilized by fixation and sub-
sequently stained.

The organization of the secretory product into
the spherical bodies must occur in the secretory
cavity and not within the secretory cells because
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extrusion of the product occurs directly through
the intact cell wall and cell membrane barrier.

Structure of the sheath layer—At the time of
wall separation and sheath formation, the cell
wall of the secretory disc surface is conspicu-
ously multilayered (Fig. 6, 19). The wall is com-
prised of three distinct layers which vary in den-
sity and texture. The outer, thin, amorphous
layer is believed to be cuticle (Fig. 19, L,). Be-
neath this layer is a middle layer in which wall
separation occurs to form the secretory cavity
(Fig. 19, L,). A portion of this layer along with
the cuticular layer will form the relatively thick
sheath layer. The innermost layer (Fig. 19, L;) of
the three-layered wall is a portion of the primary
cellulosic wall of the secretory cells.

The sheath layer was suspected to be com-
prised of both cuticle and a portion of the pri-
mary cell wall because of its bilayered ultrastruc-
ture and its relatively thick and elastic nature.
The existence of a polysaccharide layer, presum-
ably cellulose, beneath the cuticle layer in the
sheath was demonstrated histochemically using
the periodic acid-silver method. Comparison of
cell wall staining of treated tissues (Fig. 21) with
epidermal cell walls of control tissues (Fig. 20)
demonstrates the specificity of the stain for cel-
lulosic walls in this material. Sheath layers
stained with periodic acid-silver show a con-
spicuous layer of silver deposited beneath the
unstained cuticular layer (Fig. 21, 22, between
arrows). The lightness of the silver staining
suggests a layer not wholly composed of cel-
lulose. Interestingly, the membranes of the se-
cretory bodies also stain lightly with silver de-
posits.

DiscussioN—Glandular secretory systems,
despite their structural diversity, are broadly
classifiable on the basis of function into either
lipophilic or hydrophilic types (Uphof, 1962;
Schnepf, 1974). Lipophilic glands, which are
poorly understood, include glands which secrete
terpenes (essential oils and resins), waxes, and
fats.

Lipophilic glands of the terpene type have
been studied ultrastructurally in a number of
species and are characterized by their dense
ribosomal groundplasm and extensive, often

Fig. 13-17.

Ultrastructure of secretory cells during secretory stage. 13. Early secretory stage with well-formed secretory

cavity. Plastids increase in number by pinching process (arrow) and begin to organize a paracrystalline inclusion. % 11,000. 14.
Mid stage in secretory activity. Plastids are dominant organelle and most contain a well-developed paracrystalline body.
x 10,800. 15. Plastids with growing and well-developed paracrystalline bodies. x 13,300. 16. Late stage in secretory activity.
Numerous plastids with secretion product at their surface and stages of migration and accumulation of secretory product
along cell surface adjoining secretory cavity. X 12,500. 17. Comparison of plastids in gland cells and surrounding epidermal

cells. x6,800. See p. 142 for Key to Labeling.
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Fig. 18-22.—Fig. 18, 19. Organization of the secretory product and formation of the secretory cavity. 18. Secretory
product of spherical bodies of varying size. Organization suggests partitioning of lipophilic material within aqueous phase.
x4,900. 19. Formation of secretory cavity by separation in middle layer of three-layered cell wall. x32,100.—Fig. 20-
22. Histochemical staining with periodic acid-silver method to demonstrate polysaccharides. 20. Control section unstained
with silver to demonstrate lack of prior staining in sheath and cell walls. x3,900. 21. Treated sections showing silver staining
of epidermal cell wall and inner portion of sheath. x12,200. 22. Close up of silver stained inner portion of sheath (between
arrows) and unstained outer cuticular portion. X 36,200. See p. 142 for Key to Labeling. We thank Dr. F. R. Turner for Fig. 19.
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massive, development of smooth ER during the
secretion phase (Amelunxen and Arbeiter, 1969;
Schnepf, 1969a, 1969b; Wollenweber and
Schnepf, 1970; Dell and McComb, 1975). In
other terpene secreting glands the ER is less well
developed and leucoplasts become the most
prominent organelle during secretion (Heinrich,
1966; Amelunxen and Arbeiter, 1967; Amelun-
xen and Gronau, 1969). The leucoplasts, which
typically lacked well-developed thylakoid sys-
tems, were observed to accumulate lipophilic
materials which were then released with the
breakdown of the plastids and general degenera-
tion of the secretory cells. Although sites of lo-
calization of terpenes can be identified, the na-
ture of the secretory process is often not clearly
defined. In some glands, such as Pinus resin duct
epithelial cells (Wooding and Northcote, 1965),
terpene synthesis may be more complex, involv-
ing both elements of the ER and leucoplasts in
conjunction or separately as steps in the elabora-
tion and secretion of the product.

The Cannabis glandular system is a terpene
type producing mono- and sesquiterpene essen-
tial oils and a series of terpenophenolic com-
pounds, the cannabinoids, which includes the
marijuana hallucinogen, tetrahydrocannabinol
(Hegnauer, 1964; Mechoulam, 1970; Hendriks et
al., 1975; Malingré et al., 1975). The ultrastruc-
ture of Cannabis glands fits the general pattern
for terpene secreting glands in having a dense
ground plasm, abundant ER, and numerous
leucoplasts. However, Cannabis displays several
distinctive ultrastructural and functional features
not previously reported for Cannabis or other
lipophilic glands. Foremost among these features
is the development and function of its highly
modified plastids. The plastids in presecretory
stages resemble typical leucoplasts with few
internal membranes, but with the onset of secre-
tion undergo a rapid and extensive increase in
number and develop a highly organized paracrys-
talline body. The paracrystalline body increases
in size until it nearly fills the plastid, leaving only
a small open stromal area. Presumably the
stroma is not obliterated, but may occupy space
within the lattice of the paracrystalline body. The
structure of the paracrystalline body of mature
plastids, with the exception of its large size,
closely resembles that described for the pro-
lamellar body of etioplasts (Klein and Schiff,
1972) and proplastids (Gunning, 1965). The vari-
ety of membrane profiles encountered in Can-
nabis closely resemble those generated by sec-
tions of the cuboidal lattice structure of the
Avena prolamellar body (Gunning, 1965). Func-
tionally, the plastids in Cannabis are associated
with a product that accumulates and migrates
from their surface. The dominance of this plastid
type in actively synthesizing glands, its large
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internal membrane surface, and its close associa-
tion with a product suggests a functional role in
synthesis.

DePasquale (1974), apparently unaware of the
specialized plastids in Cannabis, related the se-
cretion process to the accumulation and disap-
pearance of osmophilic materials from the large
vacuole system. The role of the vacuole in secret-
ing glands is difficult to assess. Their involve-
ment in the accumulation and secretion of a gland
product, perhaps even in association with plas-
tids or ER, certainly is possible. However, vac-
uoles might also function primarily in osmotic
regulation or in a cell space-filling role.

A major problem in interpreting gland function
in a complex system such as Cannabis where
glands may be concurrently or sequentially
elaborating several products is in identifying a
specific product at a specific organelle site. This
problem is compounded by the potential extrac-
tion of the lipophilic product in processing the
material. Nevertheless, the observations of the
extensive development and function of plastids
at the time of active secretion coupled with the
prior association of cannabinoids with the major
secretory product (Turner, Hemphill, and
Mahlberg, 1977), suggest that the unique plastid
complement found in Cannabis may play a role
in the synthesis or elaboration of the marijuana
cannabinoids. This relationship can be estab-
lished with certainty only by future ultrastruc-
tural studies which histochemically localize can-
nabinoids at specific cytomembrane sites.

Ultrastructural observations of developing
glands contributes to an understanding of the
formation of the secretory cavity and the secre-
tory process. The relatively thick and tough
sheath enclosing the secretory product is now
shown for Cannabis to consist not of cuticle
alone, but of cuticle and a portion of its as-
sociated primary wall. Wall separation begins
presumably by enzymatic breakdown of a middle
wall layer perhaps rich in pectin. Actual separa-
tion of the wall and initiation of the secretory
cavity begins with the accumulation of the se-
cretory product. The symplastic condition formed
by cytoplasmic connections within the secretory
disc may account for the coordinated separation
which occurs along the entire outer surface of the
secretory disc. Sheath formation by separation
within an outer wall layer has also been de-
scribed for capitate glands of Silene (Frid-
valszky, Rakovan, and Keresztes, 1970) and
Mentha (Amelunxen, 1965). In Mentha,
Amelunxen considered the sheath to be com-
posed of a cuticle and a ‘‘cuticular layer’” which
separated from the underlying primary cellulosic
wall. Our ultrastructural and histochemical ob-
servations on the sheath of Cannabis suggest the
presence of cellulose both in the sheath inner sur-
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face and in the disrupted primary wall layer. This
may have bearing on the secretion process. The
rapid and extensive movement of lipophilic ma-
terials from the cell cytoplasm to the external
secretory cavity may be facilitated by the disrup-
tion of the intervening wall layer. DePasquale
(1974) noted the three-layered structure of the
wall in the secretory disc of Cannabis but de-
scribed secretion as occurring through preexist-
ing pores within the cell wall and cuticle. We
have not observed pores in either the cell wall or
sheath layer.

The secretory product accumulating within the
secretory cavity is structurally organized into
spherical bodies of varying size bounded by a
membrane layer. Recognizing the difficulties of
constructing and regulating an extensive mem-
brane system external to the cell protoplast, we
believe that the spherical bodies are delimited by
half unit membranes (Yatsu and Jacks, 1972;
Kwiatkowska, 1973). In this system, the mem-
brane would be constructed entirely of lipid in
which an artificial membrane is created by parti-
tioning of the lipophilic product in an aqueous
environment. Such a membrane model could ac-
count for its formation by self-assembly in an
external cellular environment as well as stabiliza-
tion of its structure by osmium fixation. An
added dimension to the structure of this mem-
brane is suggested by observations of its silver-
methenamine staining properties. This his-
tochemical test is not completely specific for
polysaccharides, but also certain amino acids can
become stained by this method (Nicolet and
Shinn, 1939). Thus, the possibility exists for a
more structurally complex membrane than pre-
viously envisioned.
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