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ABSTRACT
$

Carbohydrates have been implicated in cell adhesion and in developmental 

processes. Lectin histochemistry using ConcanavalinA and Lotus lectin was used to 

localize lectin-accessible mannosyl and fucosyl residues in a maturing sponge developing

from histoblasts generated during germination of a gemmule. With the exception of

cystencytes found in the sponges stained with Lotus lectin, a similar staining pattern was

seen with the two lectins, but there was a rather significant difference in the intensity of

staining. This difference in staining intensity was thought to be a result of either more

mannosyl residues available to the lectin or that the concentration of mannosyl residues in

Ephydatia mulleri is greater than the concentration of fucosyl residues.
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INTRODUCTION AND LITERATURE REVIEW

*

*

One of the most basic principles in biology and chemistry is that structure 

correlates with function. By understanding the proximate and ultimate causes of structure,

we can develop an idea of how and why particular functions arise in certain areas can be

developed. This principle can be used at the organismal level as well as the cellular and

molecular levels. Due to the importance of certain molecules at each of these levels, we

can use approaches that allow us to exploit these molecules. A type of molecule that is

found in all organisms and is increasingly playing a larger role in understanding this

principle is the carbohydrate. These molecules can be free floating inside or outside the

cell as well as bound to the cell surface by proteins, lipids, or other carbohydrates. The

importance of carbohydrates as mediators of function is now becoming understood. By

using probes, such as lectins, we can see a distribution of these carbohydrates. Through

binding other molecules that will stain in the places where the probes have bound, we will

be able to see the distribution and consequently the structure. Because this principle can be

seen in such a broad spectrum of organisms, we can use relatively simply structured

organisms. Understanding what is happening in the simply structured organisms can

provide insights into what is happening in more complexly structured organisms. One

simple organism widely used is the freshwater sponge, Ephydatia miilleri.

The goal of this research project was to attempt to find any structural differences

in Ephydatia iniilleri development based on the distribution and localization of the two

lectins, Concanavalin A and Lotus lectin, which bind preferentially to mannosyl and
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fucosyl residues, respectively. Both types of residues are present in a related sponge,
*

Ephydatia fluviatilis (6), and previous work has demonstrated ConcanavalinA binding

sites in Ephydatia mulleri (8).

Sponge Organization

Freshwater sponges are primitive, sessile metazoans belonging to the phylum

Porifera, class Demospongiae, and nearly all are in the family Spongillidae (2,3). They are

abundant in the lakes and streams throughout the world and can be found feeding on a

variety of bacterial and algal life (3). All members of the class Demospongiae exhibit a

leuconoid organizational plan (2).

Water flow through a leuconoid sponge occurs as follows [adapted from

Frost (3) except where noted]. Water first moves through the many ostia found on the

sponge surface and enters a subdermal cavity. From here water flows into the incurrent

canals that branch into channels of successively smaller diameter until the water flows into

the prosopyle. the opening to the choanocyte chambers (1). These chambers are the

central feeding units for the sponge. Each chamber is composed of numerous

choanocytes, each of which contains a single apical flagellum and is surrounded by a collar

of approximately 20 microvilli. These structures create a current that pulls water from

the external environment into the choanocyte chambers. The sponge removes food

particles from the water by filtering it through the collar of microvilli. Particles with a 

0 diameter of 0.1 pm or greater cannot pass through the collar and are consequently

trapped by the choanocyte. These particles are phagocytosed and then passed through the
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basal membrane of the choanocytes to cells in the mesohyl. The water in the choanocyte

4
chambers exits through the apopyle into the excurrent canal. These canals get

progressively larger until the water reaches the atrium. From the atrium water is forcefully

expelled through the osculum so that the waste water is not recycled into the sponge. In 

addition to the cells involved with water processing, numerous cells play a role in the basic

organization of the sponge body.

Many cell types are needed to make a fully functional sponge. The following

information concerning cell types comes from Berquist (2), unless noted otherwise. A

continuous layer of cells known as the pinacoderm separates the environment from the

mesohyl. It lines the external surface of the sponge, lines the incurrent and excurrent

canals, and forms the basal attachment lamina. The pinacoderm, comprised of

pinacocytes, can be divided into three regions depending on location. The exopinacoderm

lines the surface of the sponge, the endopinacoderm lines the canals, and the

basopinacoderm forms the basal lining. The regions of the sponge surrounded by the

pinacoderm are the mesohyl. which has numerous cell types associated with it.

Cells found in the mesohyl are generally called amoebocytes. Archeocytes are

large, motile amoebocytes with multiple phagosomes containing acid phosphatase,

proteases, amylase, and lipase. These cells play a major role in digestion, but they are also

totipotent, capable of undergoing any kind of differentiation and consequently giving rise

to many other cell types. The archeocytes transfer nutrients to other cells in the mesohyl

£ and release wastes back into the excurrent canals. Four other cell types of the mesohyl are

important in forming the microstructure of the sponge. Sclerocytes are motile mesohyl
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4
cells responsible for spicule formation. Stationary collencytes secrete the fibrillar collagen 

which functions as the framework of the sponge matrix. Lophocytes are large, motile 

cells, found mainly just above the base of the sponge, that also secrete fibrillar collagen. 

Lophocytes and collencytes can be distinguished from one another because the former has 

a nucleolus while in the latter it is absent. Spongocytes secrete a fiber-forming substance 

called spongin, which is a major binding element of the skeleton in many orders of

Demospongiae. Spongocytes can always be found clumping around spicules or growing

fibers because they are the major suppliers of material for the sponge body. The

cystencyte is another cell type found only in freshwater sponges and consequently

Ephydatia mulleri. These nucleolate cells have a single, large vesicle containing

amorphous material and occupying most of the cell. The cytoplasm is reduced to a thin

film around the periphery of the cell. The vesicle contains glycoprotein and acid

phosphatase (1). It has been shown that cystencytes are not involved in any phagocytic

activity such as digestion of the vitelline platelets (food storage granules) and nutrient

processing. In E. miilleri, cystencytes are thought to function in the production of the

ground substance of the sponge.

In order for many of these cell types to develop and form a mature sponge,

asexual reproductive structures, called gemmules, usually must go through a dormant

stage followed by a period of germination and hatching. Two other cells are necessary

for gemmule germination and hatching. Thesocytes are binucleate storage cells in the

gemmule: they have no phagosomes but contain numerous, lightly packed ellipsoidal yolk 

packages, the vitelline platelets. As the gemmule germinates, motile, anucleolate
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histoblasts are derived from thesocytes. Intermediate cells of the transition from

thesocytes to histoblasts are called prohistoblasts, and they have a reduced number of

vitelline platelets. During hatching most of the histoblasts form a new pinacoderm while

the remaining histoblasts in the mesohyl are referred to as collencytes because of their 

ability to secrete collagen. All of these cells are important for the proper functioning of a

mature sponge.

Gemmule Germination and Hatching

The following section is based on Simpson (1) unless noted otherwise. The

gemmule is a spherical structure that ranges from 300-1000 |im in diameter. They have

collagenous coats containing siliceous spicules called gemmoscleres. In E. mulleri, the

gemmule coat consists of three layers: the external, the alveolar, and the internal layers.

The site where the internal and external layers fuse and the alveolar layer is absent is

referred to as the micropyle, a circular region with a thickness of about 1.0 ptm. At the

time of hatching, the micropyle opens, and the cells contained in the gemmule move

through to begin the formation of the sponge. The micropyle opening is smooth rather

than jagged signifying possible enzymatic activity and not mechanical rupture. Gemmules

form and remain dormant during periods of environmental stress such as the cold

temperatures of winter, dropping water levels, and the drying of ephemeral habitats. In

general, two types of gemmules can be distinguished according to structural and 

I biochemical conditions: nondiapausing and diapausing. The dormancy of nondiapausing
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gemmules is maintained by either low temperatures, around 3 to 4°C, or an inhibitor

produced by the parent tissue. The dormancy of diapausing gemmules, such as those of

E. imilleri, is maintained by an endogenous condition that inhibits germination but is

overcome by cold treatment.

The term germination refers to the events that lead up to the time at which the

internal cells of the gemmule migrate through the open micropyle and begin to establish

the new, functional sponge. The initiation of germination cannot be attributed directly to

cold exposure or physiological conditions alone, but rather both can be considered

significant contributors. Three major steps occur in germination. First is the separation of

the two nuclei present in each thesocyte followed by karyokinesis which yields

tetranucleate cells. Finally cytokinesis results in 4 mononucleate cells from each

thesocyte. After approximately 24-48 hours, most thesocytes have completed division,

and the gemmules contain mononucleate archeocytes, prohistoblasts, and histoblasts. In

the gemmule, a specific gradient of histoblasts can be seen. These cells are most

numerous directly underneath the micropyle and around the periphery of the gemmule.

The number of histoblasts decreases as the distance from the micropyle increases. The

higher concentration of histoblasts could be caused by the stimulation of platelet

breakdown which may be due to the increased exchange of water and solutes between the

gemmule and the environment. Experiments have shown that puncturing a gemmule coat 

prior to germination causes hatching through the artificial hole and not the micropyle.

Hatching involves the movement of cells, primarily histoblasts and archeocytes, out 

of the gemmule coat and into the environment to begin the formation of a functioning
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sponge. The histoblasts, while still in the gemmule, form a continuous pinacoderm around
*

the developing cells. As the histoblast migration out of the micropyle begins, histoblasts

are added to the developing pinacoderm which forms two layers: a basopinacoderm which

is in contact with the substratum and an exopinacoderm which is raised above the 

basopinacoderm. Thus a space forms which will eventually be filled with the cells and cell

products of the mesohyl. After approximately 8 hours, archeocytes start their migration

into the space. These cells begin to differentiate into sclerocytes and start spicule

formation. Within the mesohyl a reserve of archeocytes and histoblasts develops and is

eventually used in canal formation and choanocyte chamber formation.

When hatching has progressed and the new sponge starts to form, the cells can be

marked with lectins and stained to paint a picture of the developing structural organization

of the sponge.

Lectins

In the experiments to be described, lectins were used as the primary means of

identifying specific carbohydrate residues. By definition, lectins are proteins or

glycoproteins of non-immune origin that agglutinate cells and/or precipitate complex

carbohydrates (5). Lectins can be isolated from many naturally occurring organisms, such

as plants, bacteria, fungi, invertebrates, and vertebrates (5). Lectins have been a great

benefit in many in vitro studies such as blood grouping and erythrocyte polyagglutination 

W studies, mitogenic stimulation of lymphocytes, lymphocyte subpopulation studies,

fractionation of cells and other particles, and histochemical studies of normal and
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pathological conditions (5). Two common lectins and the ones used in this study are

e
Concanavalin A (ConA), which forms complexes with six carbon sugars, a-D-mannose 

S ' (it also has some affinity for a-D-glucose), and Lotus lectin, which forms a complex with

another six carbon deoxysugar, a- L-fucose. ConA is isolated from the plant, Canavalia

eniformis, and Lotus lectin is isolated from the plant, Tetragonolobus purpureas. Both

ConA and Lotus lectin have four subunits. The former has a molecular weight (MW) of

102,000 and needs calcium and manganese ions for its activity. The latter has a MW of

120,000 and does not require any cofactors for its activity. These lectins were used to

mark the sites where lectin-accessible mannosyl and fucosyl residues were located.

Lectin Histochemistry

Histochemistry is the study of the chemistry of tissues by using markers to

elucidate the distribution of a molecule of interest. It can be done in numerous ways such

as localizing enzyme activity, antibodies and lectins.

The lectins bind to the six carbon sugars indirectly linking the six carbon sugars to

the peroxidase, which can produce a colored, insoluble reaction product visible with the

light microscope. Before the procedure can be started, two preliminary steps need to be

taken in order to prepare the tissue for staining. The tissue is washed in an acid methanol

solution which inactivates any endogenous peroxidase activity (the activity corresponding

to the enzyme introduced). The inactivation is followed by washing the tissue in a bovine

serum albumin solution which prevents any non-specific binding of the reagents to the

tissue. Now the lectin is incubated with the tissue and should bind to its specific

8



carbohydrate residues. Once the preliminary steps are finished, the tissue is ready for

e
staining.

* The enzyme used in this staining procedure is horseradish peroxidase (HRP). It 

has a molecular weight of 40,000 and is effective in catalyzing oxidation/reduction

reactions, the transfer of hydrogen atoms from a donor to an acceptor (4). A compound

that can be used with this enzyme is 3,3’-diaminobenzidine-HCl (DAB) (5). The DAB is

oxidized by the HRP to produce the colored, insoluble reaction product and consequently

can be used to identify the distribution and localization of the lectin in the tissue.

ABC Reagent

In order for the HRP to become associated with the lectin, the HRP comes in a

form already bound to biotin. Biotin, a low-molecular-weight vitamin, is excellent in

labeling compounds, especially proteins (4). Avidin, a protein from egg white that has

four binding sites for biotin, will form associations with the biotin-peroxidase complexes.

By incubating the biotinylated lectin in an excess of avidin, the avidin-biotinylated HRP 

(ABC) can be formed (4). Because of avidin’s high affinity for biotin (1015 M'1), 

irreversible complexes of the ABC can be formed making it possible to use them as

markers of the lectin localization and distribution (4). The avidin-biotinylated HRP can

now bind to the lectin which has also been biotinylated and can then be visualized by the

addition of the reducing agent, DAB (Fig. 1).

•
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DAB ppt

Figure 1. Lectin histochemistry staining of a cell surface carbohydrate.
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MATERIALS AND METHODS

♦ Gemmule Germination

Sponges of the freshwater species Ephydatia miilleri were grown from gemmules

collected at Salmon Lake in West Central Montana (T15N, R14W, S8). Before use, the

gemmules had been stored at approximately 4-5°C to retard any chances of premature

germination. Gemmules were separated from the rest of the sponge material with

dissecting probes.

The culture chamber for the gemmules was comprised of two rectangular glass

pans, one larger pan that held the smaller. The smaller pan was filled about halfway with

water from Salmon Lake. A gentle stream of cold tap water was run through tubing

placed in the larger pan to keep the temperature of the water in the smaller pan between

15-2O°C.

Approximately 10 slides and 8 coverslips, cleaned in ethanol and rinsed with water,

were placed at the bottom of the smaller pan. The gemmules were added with a pasteur

pipette and distributed evenly over two-thirds of the slide (leaving enough room for 

handling) and over the entire surface of the coverslips. Spacing of at least 1 mm was left

between the individual gemmules to allow enough room for growth.

The germinating slides were monitored over the next 2 to 3 days for signs of

hatching. A white halo appearing around the dark gemmule coat signified the gemmules 

♦ had hatched and were growing. The sponges were allowed to grow for about another 24

hours. Due to the fact that hatching did not occur synchronously, the gemmules used in
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these experiments were of various ages, permitting a small range of developmental stages

to be studied.

Fixation

The slides and coverslips were carefully transferred from the culture chamber to a 

wet chamber (consisting of a base of moist paper towels, stands to keep the slides and 

coverslips off the paper towels, and a rectangular glass pan to cover the sponge cultures

and reduce evaporation, which could cause a change in the concentration of added

reagents). Before fixation the sponges were rinsed in phosphate-buffered saline-low salt

solution (PBS-LS) with final concentrations of lOmM Na2HPO4- NaH2PO4/50mM NaCl,

pH 7.2 for 5 min at room temperature. The sponges were fixed by treating them with a

2% formaldehyde solution (prepared from paraformaldehyde) in PBS-LS, pH 7.2. This

step preserved the sponge tissue by cross-linking the protein within the sponge tissue. The

sponges were then washed with the PBS-LS 3 times (5 min each wash). The solutions

were removed by tipping the slides and coverslips on end and letting the solution drain

onto the paper towel.

Inactivation of Endogenous Peroxidase

Endogenous peroxidase activity was destroyed by adding an acidic solution of

hydrogen peroxide in methanol (0.034% HC1/ 1% H2O2/ methanol). The sponges were

treated with the solution for 15 min at room temperature. The HC1 and the methanol

cause dissociation of the heme group from the apoprotein of the enzyme while the H2O2

12



£ oxidized the iron component of the heme group. This incubation also fixed the sponges

further and permeablize the cell membranes of the sponges, which allows for a greater
ff

transfer of molecules in and out ot the cell. The sponges were then rinsed for 5 min with

Tris-buffered saline-low salt solution (TBS-LS; 10 mM Tris/ 50mM NaCl, pH 7.4),

which also contained 2 mg/ml bovine serum albumin (BSA)/0. ImM CaCC/ 0.1 mM MnCB

(TACM).

Lectin Histochemistry

Following the treatment with TACM, the sponges were incubated with the lectin

for 1 hr. Biotinylated ConA was added in a final concentration of 20-25 |lg/ml from a

10,000 (ig/ml stock solution while Lotus lectin was added to a final concentration of

20 pg/ml from a 4 pg/pl stock solution. Two types of controls were run. For both ConA

and Lotus lectin, minus lectin controls, where no lectin were added, were used. A second

type of control for ConA was run using excess a-methylmannoside (5). The a-

methylmannoside acts as a competitive inhibitor to the binding site (the carbohydrate) for

the ConA. With no ConA bound to the carbohydrate units of the sponge, the biotinylated

HRP cannot bind and no reaction product should be seen. After the slides were rinsed

with TACM, the control slide was preincubated with the a-methylmannoside at a

concentration of 0.1M in TACM for 10 min The a-methylmannoside control slides were

• then completed following the same steps as in the experimental slides.

After incubation with the biotinylated lectin, the sponge cultures were rinsed 3

times for 5 min each to wash out any unbound lectin and prepare the sponge cultures. The

13
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sponges were then incubated in the ABC in TBS-LS/ 2 mg/ml BSA (TA) for 45 min to 1 

hr. The ABC was made at least 0.5 hr before use following instructions provided by the 

supplier, Vector. The sponges were rinsed in TBS-LS 3 times for 5 min each rinse to

wash away unbound ABC.

The peroxidase reaction mixture contained 0.1M Tris-HCl, pH 7.2/0.02% H2O2/

0.1 % DAB. The sponges were incubated in the solution for about 6 min for ConA and for

about 7-10 min for Lotus lectin. The reaction was stopped by rinsing the sponges with

distilled water.

The stained sponge cultures were then covered with a 1:1 dilution of glycerin and

TBS-LS and a coverslip. They were stored in the refrigerator at 4-5°C in a moist

container until examination.

The slides were viewed and photographed with a Nikon Optiphot microscope

equipped with a Nikon AFX-II camera system.
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RESULTS AND DISCUSSION
W

• The difference in staining between experimental and control sponges is illustrated

in Figs. 2-6. In the minus lectin controls, there was little non-specific binding of ABC to 

tissue components as indicated by the small amounts of staining in comparison to the

staining in the experimentals (Figs. 2-5). However, the results from the a-mannoside

control for ConA (Fig. 6) suggest that, even though the amount of staining was much less

than in the experimentals, some non-specific binding of the ConA may have occurred (a

corresponding control for Lotus lectin was not performed). The distribution of the

staining in the a-mannoside control was similar to the experimentals in that the basal layer

appeared to stain lightly while the upper layer stained more intensely.

Upon closer examination of the experimental sponge cultures, a definite difference 

in staining intensity was seen between the ConA and the Lotus lectin (Figs. 2 and 3). Both

ConA and Lotus lectin have 6 moles of biotin bound per mole of lectin. Since the

concentrations are the same, the amount of ABC associated with the each of the lectins

should be the same as well. One possibility is that the amount of fucose is less than

mannose or that the fucose is less available for the binding of ABC. According to

MacClennan (6), the concentration of fucose in Ephydatia fluviatilis is much higher

concentration than that of mannose. In this experiment with Ephydatia mulleri, those

findings cannot be confirmed. With the possible exception of vacuole staining in the
t

cystencytes, no obvious differences in the distribution and localization of bound ConA and

Lotus lectin could be seen.
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Fig. 2 Developing sponge stained using ConcanavalinA. f, cell front (195X).

Fig. 3 Developing sponge stained using Lotus lectin, f, cell from (195X).
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Fig. 4 Minus lectin control ol'ConcanavalinA. Note little nonspecific binding resulting in no 
staining (195X).

Fig. 5 Minus lectin control of Lotus lectin. Note little nonspecific binding resulting in no 
staining (195X).
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Fig. 6 a-methylmannoside control ol'ConcanavalinA. Note some nonspecific binding of lectin 
resulting in staining (195X).

Fig. 7 Developing sponge stained using ConcanavilinA. f. exopinacoderm folded back revealing die 
underlying basopinacoderm; g, geinmulc coat; Ii. mesohyl (39X).
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Overall, the general pattern of growth is consistent with the idea that a pouch
t

comprised of two thin layers, the exopinacoderm and the basopinacoderm, forms and is

* filled in with a middle layer containing cells that form canals and chambers as well as the

remaining mesohyl histoblasts (1,7). In Figures 2 and 6, the front of mesohyl cells

developing in this pocket can be seen. The density of cells around the gemmule coat is 

high (Fig. 7) and decreased toward the periphery. Near the edge of the sponge tissue, 

there was a region where the upper tissue layer, the exopinacoderm, appeared to be folded •

back from the basal layer, the basopinacoderm. This observation is consistant with there

being a pouch consisting of upper and basal tissue layers. The separation of the two tissue

layers was most likely caused by the manipulation of the sponges during the staining 

procedure. The basopinacocytes which form the basopinacoderm (Fig. 8) play a major 

role in the sponge’s ability to anchor itself to a substrate. These hexagonally shaped cells 

stained the least intensely of any of the sponge cells. Near the center of the cell is a

circular region, most likely the nucleus, that stained a light brown and had a sandy or

gritty appearance. These cells contained numerous vacuoles or vesicles, especially around

the area of the nucleus. The possibility that these regions scattered throughout the cell

were perforations due to the staining procedure could not be eliminated. The membrane

enclosing the nucleus stained darker than the interior area suggesting the membrane

contained a higher carbohydrate concentration than the interior region. According to

Simpson (1), desmosome-like differentiations of the cell membrane have been reported

•
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Fig. 8 A basopinacocyte stained using ConcanavalinA. v, vesicles in die cytoplasm, 
n, nucleus; s, cellular extensions (975X).

Fig. 9 A possible developing ciioanocyte chamber stained using ConcanavalinA. Note the thin 
filamentous projections, flagella, extending toward the inside of the ciioanocyte cell cluster, 
c, ciioanocyte; cc, ciioanocyte chamber (975X).
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between some exopinacocytes in E. miilleri, but no extensive research on basopinacocyte

connections or on other intercellular connections has been done. In the intercellular

* regions formed between the cells, it was difficult to judge whether any staining occurred.

Some regions looked as though carbohydrate residues were involved with the connections;

however, many of the cellular boundaries appeared to lack any staining. This could be due

to the fact that the lectins used in this experiment did not have an affinity for the sugar

residues involved in the cellular connections or that the sugar residues were there, but not

available to the lectin for binding to occur. The exopinacoderm was not observed except

in the case of the layer separation (Figs. 2 and 6).

In between the exopinacoderm and the basopinacoderm behind the front, there was

one distinguishable cell type. The cells nearest the gemmule coat had a consistent brown

staining, and many appeared to be clustered together into canals or chambers (Figs. 2

and 3). These cells appeared to make up the bulk of the front that was infiltrating the

periphery of the sponge (Figs. 2 and 7). The front can be seen in the Lotus lectin sponges

as well, but it is not as distinguishable (Fig. 3). Many of these cells appeared to be filled

with algae, so these cells probably play a significant role in food degradation or they

contained symbionts. Evidence for these observations was that many of the cells had

numerous smaller spherical objects creating a slightly greenish tint to the overall

appearance of the sponge tissue.

Beyond the boundary of the front was possibly a developing choanocyte chamber

• (Fig. 9). Two groups of about 20 or so cells had developed into a circular formation. It

appears that extending from the interior edge of the cells facing the center of the opening
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were thin, filamentous structures that are roughly similar in size to flagella. According to 

Simpson (1), there are two hypotheses for choanocyte chamber development. Both

# stated that in the development of the mesohyl, choanocyte chambers developed from

archeocytes and histoblasts remaining in the mesohyl after hatching. Rozenfeld and

Rasmont maintain that each choanocyte chamber arises from repeated mitoses of a single

archeocyte that gives rise to 20 or so cells. Weissenfels, on the other hand, thinks that 

choanoblasts, derived from archeocytes, aggregate together to form the choanocyte

chamber primordium in which they develop flagella and then collars. The chamber

primordium then migrates to the developing excurrent canal where it completes its

development into a mature choanocyte chamber. In the present study, well developed

choanocyte chambers were not seen probably due to their relatively young ages. The age

of the sponges after the onset of hatching was no more than 4 days.

One other cell type in the periphery beyond the front was found in the sponges

stained using Lotus lectin but not using ConA. Scattered sparsely in the second layer of

cells was a cell type that had an intensely stained circular region which appeared to be

some kind of vacuole (Fig. 10). The region around the vacuole stained much less

intensely, and it was difficult to discern any nucleus. Because the vacuole stained so

intensely, it was thought that this cell could possibly be a cystencyte because the 

composition of the vacuoles of cystencytes contained large amounts of glycoprotein (1).

Another cell of the mesohyl appeared to make contact with the periphery of the 

♦ sponge where the tissue was only one to two layers thick (Figs. 11 and 12). These cells

stained darkly around the perimeter of the cell, except for a small, circular region that
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stained a lighter brown, which was probably the nucleus of the cell. Another clear, central 

region that was probably a vacuole filled with algae could be seen. Evidence for this was

that the clear regions were filled with small, spherical cells with a light tint to them. Two

distinct layers of cells could also be discerned. They were the lightly stained

basopinacoderm that is partially obscured by a more intensely stained upper region 

(components of the mesohyl). Throughout the entire body of the sponge, an elaborate

network of extensions among these cells could be observed (Figs. 13, 14, and 15). These

extensions are most likely involved with the structural support of the sponge. There were

cellular extensions which appeared to interconnect the cells of the mesohyl and the

basopinacoderm (Figs. 8, 16, and 17). It was difficult to discern if the extensions were

continuous, connecting the cytoplasm of both cell types or if the connections attached to

the cell surface of the basopinacoderm so from this experiment, it could not be confirmed

if the extensions were continuous or not.

In conclusion, with the possible exception of the cystencyte described above,

staining using ConA and Lotus lectin produced a similar pattern. The intensity of staining

using the two lectins, however, differed significantly. These results suggest that there are

either more mannosyl residues accessible to the lectins or simply that the concentration of

mannosyl residues in Ephyclatia imilleri is greater than the concentration of fucosyl

residues.
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Fig. 10 Cystencytes scattered sparsely throughout sponges stained using Lotus lectin. Rust colored 
vacuole, u; c, cytoplasm concentrated around the periphery of the cells (975X).

Fig. 11 A peripheral cell stained using Concanavilin A. Note the nucleus, n, located near’ the edge of the 
cell and the large vacuole, u; s, cellular extensions in contact with basopinacoderm (975X).
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Fig. 12 A peripheral cell stained using Lotus lectin. Note the nucleus, n, which is a little more difficult 
to see and the vacuole, u; p, thin, filamentous projections extending from the cells (975X).

Fig. 13 Cytoplasmic extensions seen under phase contrast microscopy after being stained with 
ConcanavalinA. Note the extensive network developing and the hasopinacodenn, b (390X).



Fig. 14 Cytoplasmic extensions seen under phase contrast microscopy alter being stained with 
ConcanavalinA. Note die extensive network developing (390X).

Fig. 15 Cytoplasmic extensions seen under phase contrast microscopy after being stained with Lotus 
lectin. Note the extensive network developing (390X).
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Fig. 16 A developing sponge’s cellular connections stained using ConcanavalinA. Note the cellular 
extensions extending from under the folded back exopinacoderm, x (195X).

Fig. 17 Cellular extensions stained using ConcanavalinA. making contact with basopinacocytes (detail of 
Fig. 16). s. cellular extensions; n. nucleus of basopinacocyte (975X).
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