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Abstract

This preliminary study investigated the distribution and role of cell 

surface carbohydrates which were suspected to affect proximal cell interactions 

such as recognition and adhesion. Recognition and adhesion play roles in the 

development of many organisms but are easily followed in freshwater sponges.

The distribution of glycoconjugates in a freshwater sponge Ephydatia 

mulleri was investigated with the Periodic acid-Schiff (PAS) reaction and lectin 

histochemistry. PAS revealed the distribution of general carbohydrate in the 

sponge. Lectin histochemistry used Concanavalin A (ConA), a mannose

binding lectin, coupled through avidin and biotin to horseradish peroxidase 

enzyme (HRP) to reveal the location of mannose-containing glycoconjugates.

PAS disclosed an abundance of carbohydrates in the extracellular 

matrix. Localization of ConA-binding glycoconjugates revealed their presence 

in the extracellular matrix, inside the cells, and on cell surface.

The role of these glycoconjugates in sponge development from 

gemmules was assessed by ConA blockage of cell surface glycoproteins.

Blocking the cell surface recognition glycoproteins with Concanavalin A

showed no clear cut effect on cell adhesion and sponge fusion.
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Introduction and Literature Review

One of the phenomena which has earned a distinct position in 

contemporary biological research is cell surface interaction. Processes 

depending on cell surfacereceptors, like hormone uptake and fertilization, play 

a major role in human development and progression of disease. Some of these 

disorders have become at least partially curable due to discoveries concerning 

proximal intercellular contact. Many problems, however, remain unsolved. The 

delicate processes of embryonic development, coordinated by receptor-based 

cell communication, are far from understood. Likewise, the inability of immune 

system to eliminate cancer tissue possibly involves unidentified cell surface 

interactions. These problems are difficult to tackle directly due to the complexity 

of higher organisms where they are of the prime concern. Therefore, it is 

advantageous for cell surfaceresearch to look for simple models on which cell 

surfaceinteractions can be studied. One of these models is a freshwater

sponge.

Sponge Body Organization

Freshwater sponges are primitive sessile animals classified in the 

phylum Porifera. They live in streams and lakes where they feed by filtering 

bacteria and possibly algae (1) from the water (2). The water is driven through a 

system of channels (aquiferous system) in the sponge by the action of flagella 

which are found on the surfaces of choanocytes (2). These small cells are 

clustered in "choanocyte chambers" (3) and have, in addition to a flagellum, a 

collar of microvilli which combs food particles out of the water current. Once
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trapped, the food particles are phagocytosed (2, 3).

After phagocytosis, food is passed on to digestive cells called

archaeocytes. Archaeocytes process the food and travel through the sponge's 

mesohyl (cells and extracellular matrix between pinacocyte layers) by an
• amoeboid motion to deliver food products to other cells of the mesohyl (2, 3). 

These other mesohyl-residing cells include scleroblasts (which secrete 

siliceous spicules--a part of the sponge's skeletal framework), spongocytes and 

lophocytes (which secrete different kinds of sponge collagen), and trophocytes 

(which produce and store yolk) (3).

Archaeocytes also aid in nourishment of the surface epithelium 

(pinacoderm) which envelopes the mesohyl and serves as an interface 

between the sponge and its surroundings (2). The epithelium is significant for 

three reasons: first, it anchors the sponge on a substratum and thus stabilizes 

the sponge in a water current (4); second, it contributes to secretion of the 

extracellular matrix which enhances the cohesion of cells in mesohyl (4); and 

third, pinacocytes are the only type of cells which are arranged into a tissue; the 

rest of the sponge cells interact much like a colonial organism, giving the 

sponge a good deal of organizational flexibility (2, 3).

Cell Recognition and Adhesion

• The pinacoderm is also important in the interaction of two neighboring 

sponges. Two sponges belonging to the same species and strain fuse upon 

contact (Van de Vyver, 5, cited in 6). Their approaching pinacoderms 

presumably determine each other's strain identity by a recognition mechanism 

shown to handle identification in archaeocyte-containing sponge cell
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suspensions: the aggregation factor (AF)-aggregation receptor (AR) interaction 

(6).

Both AF and AR are glycoproteins. AF is soluble and requires calcium to 

maintain its activity (7). AR is an integral membrane glycoprotein (7, 8). In cell 

aggregation experiments (which study the ability of cells in suspension to 

associate with cells of the same species), the species-specific AF cross links 

cells of the same strain through their ARs, which results in a primary cell 

adhesion (attachment of cells to one another) (6). This adhesion is 

subsequently replaced by the cells' secondary binding to the extracellular 

matrix (9).

Cells of different strains are kept separate from one another by the action 

of an inhibitory aggregation factor (IAF) (10). IAF is a soluble glycoprotein which 

binds AF: the IAF-AF complex is unable to participate in the AR-AF-AR cross 

linking and leaves the cells without the means for primary adhesion (10).

Cell adhesion can also be weakened by an anti-aggregation receptor 

(aAR); aAR is an integral membrane glycoprotein which destabilizes the AR-AF- 

AR complex unless endogenous extracellular lectin (distinct from AF) binds to a 

terminal galactose residue on the aAR and overrides the aAR's disruptive 

influence (8).

The Role of Carbohydrates

Many of the cell adhesion reactions seem to take place between the 

carbohydrate portions of AF, AR, IAF, and aAR. AF and AR activities are 

sensitive to periodate oxidation which cleaves carbohydrate chains (7, 11). The 

aggregation receptor can be deactivated by reversible deglucuronylation (8).
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The IAF loses its function irreversibly upon experimental incubation with 0.5 M 

trichloroacetic acid which is capable of dissociating the oligosaccharide portion 

of IAF into its component monosaccharides (Bugni, personal communication, 

10). Finally, experimentally added free sugars which are characteristic of 

several sponges' AFs inhibit aggregation of dissociated sponge cells; this 

suggests that the sugars compete with AF for cell ARs and thus are the ones 

responsible for the AF function in cell adhesion (7).

The carbohydrate portions of sponge cell surfaceglycoconjugates are 

well suited for their functioning in cell recognition. Mannose, galactose, 

glucuronic acid and other monosaccharide units can be arranged into 

oligosaccharide chains in different orders and various combinations of 1-4- and 

1-6- glycosidic linkages; these linkages can also differ by their alpha versus 

beta configurations (12). Variability of cell surfaceglycoconjugates can be 

further enhanced by the type of attachment of the oligosaccharide chain to the 

protein component of a glycoconjugate. Two principal attachment types are 

characterized by either binding through nitrogen to asparagine or through 

oxygen to serine or threonine (13). The substantial variety of possible 

carbohydrate arrangements allows for formation of many identification 

sequences and distinction between many types of sponge strains.

Cell adhesion glycoproteins, which are not integral membrane proteins, 

are represented mostly by lectins present in the extracellular matrix (8). Lectins 

are generally classified as a group of glycoproteins (though some lack

• covalently attached carbohydrate) originally recognized for their ability to

agglutinate specific blood types (7, 14). They are found in plants, viruses, and 

animals where they perform as yet unidentified functions (7). It is known, 

however, that they can bind carbohydrate arrangements with a specificity which 

sometimes distinguishes even alpha from beta anomerism (7).
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One of the best studied lectins lacking a covalently attached 

carbohydrate is Concanavalin A (ConA) (14). ConA exists as a globular 

tetramer of four identical subunits in the pH range 5.6-7.0; each subunit has 

binding sites for calcium and manganese, the presence of which is required for 

ConA activity (14). ConA binding, directed preferentially to alpha-linked 

mannose, is accompanied by a conformational change in the lectin; ConA will 

also recognize alpha-D-glucose (14, 15).

Objectives

The above lectin properties and sponge characteristics were exploited in 

this study in the following way.

First, periodic-acid Schiff reaction (PAS) assessed relative amounts of 

extracellular and intracellular carbohydrate in a sponge. Periodic acid initially 

oxidized all carbon-carbon bonds between two vicinal diol groups into 

aldehydes. The aldehyde groups then formed complexes with added Schiff 

reagent yielding a colored product. Staining was not specific to any 

carbohydrate kind or arrangement.

Second, a lectin histochemistry technique was used to localize 

mannose-containing cell surface glycoconjugates. Biotinylated ConA, linked 

through avidin to three biotinylated horseradish peroxidases (HRPs), was

• applied to a fixed sponge; ConA location, revealing the position of mannose-

containing glycoconjugates, was visualized by addition of HRP substrate 

diaminobenzidine tetrahydrochloride (DAB), which the HRP converted into a 

fine reddish brown precipitate.

Finally, developing sponges were treated with ConA to study the effect of
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lectins on sponge cell adhesion and recognition.

Fig. 1 ConA histochemistry molecular arrangement. Note that 
the monosaccharide (represented by one hexagon) binding to 
ConA does not terminate the oligosaccharide chain.
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Materials and Methods

Gemmule Treatment

Sponges were grown from gemmules of Ephvdatia mulleri. The 

gemmules had been collected from Salmon Lake, a lake situated approximately 

35 miles east of Missoula, MT (T15N, R14W, S8), approximately seven months 

before use and kept frozen at -20°C.

Frozen gemmules were thawed overnight before each experiment in a 

refrigerator. They were washed for 1 minute in 1% H2O2 (v/v) and then in three 

brief rinses with distilled water.

Clean gemmules were placed with a pipette onto ethanol-cleaned slides 

or cover slips which had been set in round (diameter 10 cm) or rectangular (15 

cm x 25 cm) clean coverable culture chambers. The chambers contained water 

from Salmon Lake and were kept at room temperature (23°C) for 5 to 10 days 

before the gemmules germinated.

Periodic Acid-Schiff Assay

Sponges, which had grown for up to 7 days, were fixed for 10 minutes in 

Bouin's fixative (15 parts picric acid, 5 parts formalin, 1 part acetic acid). 

Following three 2-minute washes in 70% ethanol, the sponges were incubated 

for 5 minutes in periodate solution (400 mg HIO4, 15 mL H2O, 81.4 mg sodium 

acetate, 35 mL ethanol) to achieve oxidation of vicinal diol groups into 

aldehydes. After another three 2-minute washes in 70% ethanol, persisting
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HIC>4 was removed with a 5-minute reducing rinse (1g Kl, 1g sodium thiosulfate, 

20 ml_ H2O, 30 ml_ ethanol, 0.5 mL 2M HCI). Sponges were again washed with 

three 2-minute changes of 70% ethanol and were then treated with the Schiff 

reagent (Sigma) for 30 minutes to form colored complexes. Finally, the sponges
* were rinsed with three 3-minute changes of freshly prepared sulfite water (25 

mL of 1M HCI, 50 mL of 0.5% potassium meta-bisulfite) which binds any 

unreacted Schiff reagent, effectively terminating the reaction (11).

Stained sponge tissue was covered with glycerine and a cover slip 

before examination.

In addition to a dark incubation environment, suggested by Chayen (11), 

the entire procedure was carried out in a moist chamber to prevent evaporation 

and a consequent change in concentration of the applied reagents.

Eliminating Endogenous Peroxidase Activity

Sponges, grown for up to 7 days, were removed from a culture dish and 

placed in a moist chamber. Excess water was removed by tipping the slides on 

end.

A routine procedure started with washing sponges with half strength 

phosphate buffered saline (0.5X PBS; final concentrations: 5 mM sodium 

phosphate buffer, pH 7.2 / 75 mM NaCI) for 5 minutes. The sponges were then

• fixed for 15 minutes in 2% formaldehyde, prepared from paraformaldehyde and 

full strength phosphate buffered saline (1X PBS; final concentrations: 10 mM 

sodium phosphate buffer, pH 7.2 / 150 mM NaCI). After fixation, the sponges 

were rinsed three times in 1X PBS (5 minutes each). Then the sponges were 

incubated with an acidic peroxide solution [0.034% HCI (v/v) / 1% H2O2 (v/v) /
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methanol] for 15 minutes to inactivate endogenous peroxidase. Following three 

5-minute rinses in 1X PBS, the sponges were incubated for 5 to 10 minutes in a 

substrate solution [0.1% diaminobenzidine tetrahydrochloride, DAB, (Sigma) /

0.02% H2O2 / 0.1 M Tris-HCI, pH 7.2] which is converted by active peroxidase
9

into a reddish-brown precipitate. Three brief washes with H2O stopped the 

peroxidase reaction. Reacted sponge tissue was covered with glycerine and a 

cover slip before examination.

Different approaches seeking elimination of endogenous peroxidase 

activity were tried before the above procedure became the standard. They 

followed almost the same procedure differing only in the nature and incubation 

times of the acidic peroxide solution.

In one experiment, fixed sponges were treated with 0.25% H2O2 / 1X 

PBS for 30 minutes. In a second experiment, fixed sponges were exposed to 

0.25% H2O2 / 0.034% HCI in water for 30 minutes. In a third experiment, fixed 

sponges were incubated in 1% H2O2 / 0.034% HCI in water for 30 minutes. In a 

fourth experiment, fixed sponges were treated with 1% H2O2 / methanol for 15 

or 30 minutes. In a fifth experiment, unfixed sponges were treated with 1% H2O2 

/ methanol for 15 or 30 minutes; the unfixed cells were incubated for 15 minutes 

in 1X PBS instead of the 2% formaldehyde which was the only additional 

deviation from the routine procedure.

• Concanavalin A Localization

The entire procedure was carried out in a moist chamber to prevent 

evaporation and a consequent change in concentration of the applied reagents.

The sponge was first treated with 0.5X PBS for 5 minutes. Then it was
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fixed in 2% formaldehyde I 1X PBS for 15 minutes and rinsed with three 5- 

minute changes of 1X PBS. Subsequently, the sponge was incubated for 15 

minutes in acidic peroxide solution and washed three times with 5-minute 

changes of 1X PBS. Then the sponge was treated for 10 minutes with bovine 

serum albumin solution [CMA--1 mg/mL bovine serum albumin (Sigma) / 0.1 

mM CaCl2 / 0.1 mM MnCb] which reduced non-specific ConA binding.

Following the CMA treatment, the slide with experimental sponge was 

incubated with 10 or 50 pg biotinylated ConA (Sigma)/mL CMA for 1 hour. After 

the initial incubation and three subsequent 5-minute rinses with CMA, the 

sponges were incubated for 30 minutes to 1 hour with ABC complex (15) 

consisting of avidin-biotin-horseradish peroxidase triplet, synthesized according 

to the manufacturer's instructions by combining 490 pL of CMA with 5 pL of 

"reagent A" (avidin) and 5 pL of "reagent B" (biotinylated peroxidase).

Afterward, the sponge was rinsed with three 5-minute changes of CMA 

followed by 5 to 10-minute color development in the substrate solution. The 

reaction was stopped by several brief H2O washes. Stained sponge tissue was 

covered with glycerine and a cover slip before examination.

Two types of controls were employed. In one type, 100 mM alpha-methyl 

mannoside (Sigma) was added to the 10 pg biotinylated ConA/mL CMA 15 

minutes before its 1-hour incubation. In the second type, the biotinylated ConA 

was omitted from the first incubation solution and plain CMA was used in its 

place also for 1 hour.

«
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Glycogen Digestion With Alpha Amylase

The entire procedure was carried out as in Concanavalin A Localization 

with the following exception. After the elimination of endogenous peroxidase 

and three rinses in 1X PBS, the sponge was incubated for 1 hour with 2.5 mg 

fungal alpha amylase (Carolina Biological Supply)/mL of 1X PBS. Three 

subsequent 5-minute washes in 1X PBS immediately preceded the 10-minute 

CMA application in the routine Concanavalin A Localization procedure. No 

controls were run in this experiment.

Fusion Study

Sponge gemmules were placed on cover slips so that adjacent 

gemmules were no more than 2 mm apart. Six days after being set on the cover 

slips, the sponges were transferred into incubation wells containing ConA. 

ConA, dissolved in Missouri River water and filtered free of bacteria and algae 

with a 0.45 pm Acrodisc, was present at concentrations of 1250 pg/mL, 250 

pg/mL, 50 pg/mL, and 10 pg/mL. At the two higher concentrations, the ConA 

solution appeared turbid as some of the solid ConA never dissolved.

After 8 days in the incubation wells, the sponges received one 5-minute 

wash with 1X PBS. Following a 1-hour fixation in 2% formaldehyde/1X PBS, the

• sponges were rinsed with three 5-minute changes of 1X PBS and stored in a

refrigerator.

Six days later, the sponges were removed from the refrigerator and 

treated with methanol for 10 minutes and then incubated in Giemsa stain (Gurr) 

for 10 minutes. They were then rinsed twice with H2O. Stained sponge tissue
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was covered with glycerine and a cover slip before examination
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Results

Periodic Acid-Schiff

This experiment assessed the distribution of carbohydrate in the sponge 

by first oxidizing all carbon-carbon bonds between two vicinal diol groups into 

aldehydes and then coupling the aldehyde groups to the colored Schiff reagent.

The periodic acid-Schiff reaction revealed an abundance of 

carbohydrate in the sponge body. The carbohydrate distribution varied 

markedly between the central and peripheral regions of the circular sponge 

body.

In the thicker center, where the aquiferous system develops, intense pink 

color revealed the presence of carbohydrate. This carbohydrate appeared to be 

mostly extracellular even though intracellular or cell surface staining could not 

be ruled out (see Fig. 2).

On the periphery, where a single layer of cells forms an exploratory zone 

devoid of spicules, the absence of pink color on darkfield micrographs 

documented a lack of abundant quantities of extracellular or intracellular 

carbohydrate (see Fig. 3).

Endogenous Peroxidase Inactivation

This set of experiments defined the solution suitable for inactivation of 

endogenous peroxidase activity.

A standard 15-minute incubation in 1% peroxide and 0.034% HCI in
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methanol rendered fixed cells completely free of endogenous peroxidase 

activity. A 5-minute incubation in the substrate solution yielded no brown 

precipitate meaning that the endogenous peroxidase could not catalyze DAB 

precipitation (results not shown).

A group of unsuccessful attempts to eliminate endogenous peroxidase 

activity consisted of 15 and 30-minute incubations of fixed and unfixed sponge 

in 1% peroxide dissolved in methanol.

The 30-minute incubation in 1% peroxide and 0.034% HCI in water 

provoked bubbling from inside the gemmule. The fixed sponge broke up into 

pieces. Those that stayed attached to the slide remained clear through 5-minute 

color development in the substrate solution.

Application of 0.25% peroxide with 0.034% HCI in water (free of 

methanol) for 30 minutes left the endogenous peroxidase functioning in fixed 

cells. A 5-minute color development in the substrate solution produced brown 

color in cells.

Treatment in 0.25% peroxide in PBS (without acid or methanol) for 30 

minutes broke the fixed sponge body up. The free floating sponge pieces 

developed no color when exposed to the substrate solution.

Lectin Histochemistry

• This experiment localized mannose-containing glycoconjugates with

mannose-binding ConA. ConA was linked through biotin and avidin to 

horseradish peroxidase which became visible when the peroxidase catalyzed 

oxidation of added DAB substrate to a reddish brown precipitate. The controls 

either lacked biotinylated ConA or contained alpha-methyl mannoside
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preincubated with ConA for 15 minutes and present in the incubation mixture.

ConA probe targeting of the cell surfacecarbohydrates rich in mannose 

revealed the presence of glycoconjugates in the whole sponge body (Fig 4). 

The distribution did not fluctuate with respect to any region in the sponge.

The arrangement of stain in cells was not uniform. The cells displayed a 

deposit punctate appearance as the cell nucleus and other roughly spherical 

organelles posed negative images against an evenly brown cell body. This 

distribution of color evidenced a strong intracellular staining (see Fig. 5).

Cell surface staining was apparent at the cell outline; the cell edges were 

distinctly brown. Looking at the cells, an observer sees cell cytoplasm through 

the transparent plasma membrane everywhere but the cell edge where the cell 

orientation affords a profile view. Because in this view the observer sees no 

cytoplasm, the intense brown staining must be interpreted as originating at the 

cell surface (see Fig. 6).

Some extracellular matrix staining was present throughout the sponge. It 

never precluded identification of cells. Definite cell outlines often clearly stood 

out.

Staining of the experimental sponges was compared against the 

controls. Both mannoside and minus ConA control sponges exhibited almost no 

staining showing that all of the experimental staining was specific to mannose- 

rich glycoconjugates (see Figs 7, 8).

•
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Amylase Treatment

This experiment aimed to digest intracellular carbohydrate which would 

reduce ConA binding inside the cells. Reduced, intracellular staining would let 

cell surface staining stand out.

Digestion of intracellular (and possibly other polysaccharides) with alpha 

amylase reduced matrix staining. It, however, also enhanced the vacuolated 

appearance of cells. This was particularly obvious at the sponge periphery 

where numerous round intracellular structures were concentrated in the cell 

centers (see Fig. 9).

The vacuole-like structures stood out due to the faint surface staining. 

Dark cell outlines which formed distinct cell rims in the plain lectin 

histochemistry runs were lost along with the brown cell surface in the amylase 

experiment.

Fusion Study

This experiment investigated the effect of ConA solution on growth and 

fusion of two sponges of the same species and strain. ConA was expected to 

bind cell surface glycoconjugates and interfere with cell recognition and 

adhesion.

• Incubation of growing sponge in a solution of ConA resulted in altered

morphology at all ConA concentrations. A mound of sponge body usually 

developing in the center around the gemmule coat was displaced to one side 

(see Fig. 10).

Examination of the zone between the two neighboring sponges
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incubated in 250 pg ConA/mL showed no distinct line separating cells of one 

sponge from cells of the other sponge. The peripheral regions of the two 

neighboring sponges intermingled which could be interpreted as an initial stage 

of sponge fusion (see Figs. 11,12).

17



Fig. 2 PAS reaction. Individual cells show very little staining. The space devoid of cells 
(marked with an X) is the center of the sponge where the gemmule coat was pulled away during 
slide manipulation. (X 1000).

Fig. 3 Darkfield micrograph of PAS reaction. Notice the essential lack of pink color on the 
periphery and the absence of gemmule coat in the middle. The dark space at the lower right 
corresponds to the space marked with X in Fig. 2. (X100).
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Fig. 4 Localization of ConA at the edge of a growing sponge. Incubated with 50 |^g 
biotinylated ConA/mL for 1 hr and with DAB for 5 min. Brown color is associated primarily with cells. 
Note intensely stained cells positioned above more lightly stained cells (light brown background in 
sponge). (X 200).

Fig. 5 Intracellular staining suggested by negative images of nuclei. Incubated with 50 |ig 
biotinylated ConA/mL for 1 hr and with DAB for 5 min. Nuclei appear as light circles in the middle of 
darkly stained cells. Note punctate deposits of reaction product (arrows). (X 1000).
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Fig. 6 Cell surface staining. Sponge was incubated with 10 p.g biotinylated ConA/mL for 1 hr 
and with DAB for 5 min. Staining is visible at cell edges (arrows). (X 1000).

Fig. 7 Minus ConA control. Cells are mostly clear of staining. Gemmule coat is at lower right. 
(X 200).
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Fig. 8 Mannoside control. Little reaction product is evident. (X 400).

21



Fig. 11 Possible fusion of two sponges. Incubated at 250 pg ConA/mL. (X 43).
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Fig. 12 The region between two growing sponges. The line of approximate contact lies 
between two arrows. (X 200).
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Discussion

Carbohydrate distribution

The distribution of mannose-containing glycoconjugates was disclosed 

by ConA histochemistry. Dark cell outlines as well as brown cells standing out 

against lighter background reflected the position of the (DAB) precipitate and 

documented the association of mannose-containing carbohydrates with sponge 

cells.

The amount of these cell-related glycoconjugates was difficult to assess. 

Negative images of the nucleus and other cell organelles visible in brown cell 

bodies suggested that the bulk of the staining (at least in the darkly stained 

cells) was intracellular. Intracellular staining required penetration of biotinylated 

ConA as well as the large avidin-biotin-enzyme complexes inside the cells. This 

was possible because prior to the application of the probe components the cells 

were fixed and treated with methanol. Both the fixative and methanol 

permeabilize cell membranes and thus allow the passage of biotinylated ConA 

and avidin-biotin-enzyme complexes inside. In order to circumvent the use of 

methanol and to diminish intracellular staining (so that cell surface staining 

could stand out), a substitute for horseradish peroxidase exogenous to sponge 

might be employed.

An assertion that some of the targeted cell glycoconjugates extend off the 

plasma membrane can be supported by the presence of dark cell outlines 

which appeared quite clearly when the incubation with DAB was extended to 7 

minutes. At the cell margin, the view at the membrane does not include 

underlying cytoplasm. The dark boundaries can be, therefore, reasonably
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interpreted as the accumulation of DAB precipitate formed by the horseradish 

peroxidase linked through ConA to the cell surfacecarbohydrates. The 

presence of cell surface mannose-containing glycoconjugates is consistent with 

the proposal that cell surface carbohydrates could play roles in cell adhesion 

and recognition.

Lectin histochemistry also showed some matrix staining (some fibers 

were visible in Fig. 6). The primary extracellular element binding the ConA 

probe was most likely a polysaccharide, the presence of which was revealed by 

the periodic acid-Schiff (PAS) reaction. Even though PAS did not register any 

extracellular polysaccharide in the peripheral region of the sponge where the 

search for ConA-adhesive glycoconjugates focused, some extracellular 

carbohydrate was more than likely present as a part of the matrix. This small 

amount of matrix carbohydrate could still have far outnumbered the cell 

surfacemannose-containing glycoconjugates. Considering that cell 

surfaceglycoconjugates commonly branch into three dimensional 

configurations, making some of the scarce mannose binding sites inaccessible 

to the ConA probe, it is noteworthy that cellular staining far surpassed that of the 

matrix.

When amylase degraded extracellular and intracellular polysaccharides, 

individual cells stood out much more clearly. The surface as well as the cell 

edges were, however, not as heavily stained as when amylase was not used. 

Therefore, the hope to enhance surface staining by disintegration of

• intracellular carbohydrate with amylase did not materialize. On the contrary,

amylase might have reacted with the cell surfaceglycoconjugates and thus 

brought about less intense surface staining.

The use of amylase proved disadvantageous in another aspect. The 

pinacocyte intracellular contents appeared to accumulate in cell centers. Also,
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the cells appeared to undergo some shrinkage; they withdrew from contact with 

one another to a considerable degree leaving only protruding cell extensions 

attached to their neighbors (see Fig. 9). This unusual appearance might have 

been caused by some degradative enzymes present as impurities in the 

amylase stock. The amylase introduced an unwanted variable into the 

experiment which made its use impractical.

Endogenous Peroxidase Inactivation

The solution which was routinely used for eliminating endogenous 

peroxidase activity contained 1% peroxide and 0.034% HCI in absolute 

methanol.

In agreement with the use of methanol in fixation procedures (16), it 

appears that methanol mainly protects the sponge from disintegrative effects of 

the peroxidase inactivating solution; 0.25% peroxide in PBS eliminates 

peroxidase activity but breaks the sponge up. Likewise, 1% peroxide combined 

with 0.034% HCI in water managed to destroy endogenous peroxidase while 

failing to protect sponge integrity.

The key component for peroxidase inactivation seems to be the peroxide. 

This assertion can be derived from the following comparison: 1% peroxide with 

0.034% HCI in water inactivated the peroxidase (and dissolved the sponge) 

whereas 0.25% peroxide with 0.034% HCI in water failed to inhibit the enzyme 

(while leaving the sponge body mechanically intact).

The role of HCI is unclear. HCI is required at 0.034% in the 1% 

peroxide/absolute methanol mixture. One percent peroxide combined with
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methanol alone failed to defeat endogenous peroxidase activity even after a 30 

minute incubation. On the other hand, 0.25% peroxide in PBS inactivated the 

peroxidase in the absence of acid. It seems that if sponge integrity is of concern, 

the combination of peroxide and methanol is required at the present intensity of 

sponge fixation; this combination further necessitates the use of acid.

The Effect of Cell SurfaceCarbohydrates on Sponge Fusion

The morphological abnormalities brought about by Concanavalin A 

could be explained by the lectin's possible interference with the sponge 

adhesion system. Because it seems clear that carbohydrates play a central role 

in sponge cell recognition and adhesion, it is plausible to argue that ConA's 

affinity for mannose disrupted the cell surface processes such as cell adhesion.

An explanation for the effect of exogenous lectin on sponge fusion can 

also be suggested. If the added ConA bound to a component of the AR-AF-AR 

complex before this complex has had a chance to form and thus incapacitated 

the cell recognition system, two approaching sponges (of the same or different 

strains) could not fuse. They could not fuse because their incapacitated 

recognition system does not detect the incoming sponge as self.

The sponges also could not reject each other. In the absence of 

• exogenous lectin, sponge grafts of different species reject each other by

secreting inhibitory aggregation factor (IAF) which disables cell adhesion by 

binding to AF (10). It is unclear what the IAF is made in response to. If it were 

synthesized due to interaction of AR and AF of different species, IAF could not 

be synthesized by sponges grown in ConA which is at least theoretically

27



capable to bind either AF or AR or both.

If the sponges neither fuse, nor reject each other, they could grow 

through one another. A result matching this description was indeed observed 

with two Ephvdatia mulleri sponges meeting in a solution of Concanavalin A. 

On the other hand, the fusion experiment micrograph might be interpreted as 

the initial stage of sponge fusion where blending of cells is the major 

characteristic.

It would be interesting to see whether two sponges of different strains 

would behave the same way as the sponges of the same strain did.
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Summary

This study determined the distribution of ConA-binding glycoconjugates 

in the freshwater sponge Ephvdatia mulleri. Periodic acid-Schiff showed the 

presence of glycoconjugates in the sponge not specifically to any carbohydrate 

kind or arrangement. Lectin histochemistry using biotinylated ConA-avidin- 

(biotinylated HRP)3 complex showed mannose-containing glycoconjugates 

associated with extracellular matrix, cytoplasms, and cell membranes. The 

presence of the glycoconjugates at the cell surface supported the proposal that 

they play role in cell adhesion and recognition. To test this proposal, sponges 

were grown in ConA solutions. Resulting abnormal growth patterns suggested 

that ConA bound to cell surface glycoconjugates. However, no conclusion was 

reached on whether or not two approaching sponges were able to fuse. 

Additional work in this area may explain this and other ambiguities.

e
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