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ABSTRACT

Freshwater sponges containing symbiotic algae can serve as a model for the study 

of relationships in which a host and an intracellular symbiont benefit. In freshwater 

sponges, symbiotic algae belonging to the genus, Chlorella, are housed in large 

cytoplasmic vacuoles, called perialgal vacuoles. I used microscopic techniques in an effort 

to determine whether the perialgal vacuoles of the freshwater sponge, Ephydatia muelleri, 

(1) contain active acid phosphatase, a lysosomal enzyme and (2) are acidic. Whereas the 

postcoupling method for localizing active acid phosphatase gave equivocal results, the 

Gomori method for localizing the enzyme revealed that few of the perialgal vacuoles 

possesed active enzyme. The fluorescence of LysoSensor pH-sensitive probes suggested 

that the perialgal vacuoles are not strongly acidic and may have a pH of between -5.5 and 

—8.0. The latter conclusion is considered tentative, however, since the precise location of 

the fluorescing LysoSensor probe within the perialgal vacuoles could not be ascertained.
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INTRODUCTION

Among the more unusual of symbiotic relationships are those in which one 

organism lives inside the cells of another organism. In such relationships, the intracellular 

symbionts are either prokaryotic or unicellular eukaryotic cells. Both prokaryotic and 

eukaryotic cells are of interest since they might provide valuable insights into the evolution 

of the modem eukaryotic cell and into various disease processes (Margulis, 1983; Jeon, 

1995).

The symbiotic relationship existing between the green alga, Chlorella, and the 

freshwater sponge is one in which both partners are thought to benefit (i.e. it is a 

mutualistic relationship) and it can serve as a model through which such relationshipes can 

be examined. The focus of the present study was on the vacuoles that contain the algae 

while they are in the sponge cell. Its objectives were to determine whether these vacuoles 

(1) contain active acid phosphatase, a lysosomal enzyme, and (2) are acidic. The study 

was guided by a hypothesis in which the vacuole is viewed as being acidic and as lacking 

degradative enzymes. There are two reasons to believe that the vacuole is acidic. First, 

when material enters a cell by endocytosis it ordinarily is acidified. A second reason for 

considering the vacuole to be acidic is related to the symbiotic nature of the association 

between the algae and the freshwater sponge. An acidic vacuole would presumably allow 

the algae to release more photosynthetic products (Reisser and Widowski, 1992). 

Regarding degradative enzymes, since the algae can persist for relatively long periods 

inside host cells, they are either not exposed to the host’s degradative enzymes or they are 

resistant to their action. Simplicity favors the former alternative.

*

1



LITERATURE REVIEW

Chlorella

Chlorella is abundant in freshwater environments, both living freely and in a 

number of symbiotic associations with protozoa and invertebrates. In fact, this alga is the 

most common endosymbiotic partner for freshwater organisms (Reisser, 1992). Chlorella 

is a green alga of coccoid morphology (Reisser, 1984), meaning it has a spherical shape.

Its green color is from the chlorophyll that gives it photosynthetic capability. Its 

chlorophyll is contained in a single, cup-shaped chloroplast that is relatively large, 

occupying most of the cell. The small size of Chlorella leads to difficulty in classifying 

these algae by light microscopy alone. Identification of symbiotic Chlorella may also 

present difficulties because the intracellular environments of different hosts may affect the 

physical characteristics of the algae in different ways (Cook, 1983).

Perhaps one reason Chlorella is so well adapted to living intracellularly is the 

resistance of the cell wall to enzymatic degradation. According to Atkinson et al. (1972), 

the mature cell wall of Chlorella consists of two distinct components. The inner portion of 

the cell wall is microfibrillar and about 100 nm thick. The outer component is a trilaminar 

layer and only about 20 nm thick. A substance known as sporopollenin may contribute to 

the strength of the Chlorella cell wall. Sporopollenin is located in the trilaminar outer 

compartment of the cell wall and perhaps at the outer surface. Sporopollenin is one of the 

few organic compounds that is known to withstand acetolysis for more than a few minutes 

at 95° C. This highly resistant compound, which was named for its similarity to two other 

substances, sporonin and pollenin, is made up of oxidative polymers of carotenoids and/or 

carotenoid esters.

This element of the cell wall may be one of the reasons that Chlorella can form a 

stable symbiosis intracellularly. The chemical resists the digestive enzymes of the host
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organism and may provide more time for the newly introduced Chlorella to establish a 

symbiotic relationship. However, it does not provide complete protection against 

digestion. For example, in the food vacuoles of paramecium, residual bodies of 

sporopollenin are the only things that persist (Karakashian and Karakashian, 1973). In 

other words, sporopollenin (at least in paramecium) does not prevent the degradation of 

the algae but is itself not degraded.

Chlorella-Animal Symbiosis

The knowledge of CAZorcZ/a-freshwater sponge symbioses is not as comprehensive 

or detailed as other symbiotic relationships involving Chlorella. Chlorella is a versatile 

symbiotic partner; it can form stable symbioses with partners that seemingly have little in 

common with one another. For example, Chlorella has been found with simple organisms, 

such as amoeba and paramecium, but also with more complex animals such as hydra 

(Rahat, 1992; Reisser and Widowski, 1992; Rands et al., 1992; Reisser et at, 1985)

Although the associations mentioned here are considered symbiotic, it should be 

noted that the Chlorella is not obligately dependent on its host (Sailer, 1989) since it is 

possible to culture the alga outside of the body of the host. The basis of the relationship 

between Chlorella and any animal (including sponges) is the exchange of goods and 

services. In intracellular symbioses, the Chlorella is kept safe from the outside 

environment by actually living in the cells of the host. The algae may also benefit from the 

waste products of the host. Excretory products of the host, such as nitrogen, phosphorous 

and carbon dioxide, are used for photosynthesis by the algae (Frost, 1991; Sand-Jensen 

and Pedersen, 1994). The host may enhance symbiont photosynthesis by removing 

molecular oxygen, a waste product of the algae (Cook, 1983). The photosynthically fixed 

carbon (photosynthate) is made into sugars (mono- and disaccharides) and other products 

of the algae that are transferred to the host. In most cases the photosynthate consists
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largely of maltose. In fact, according to Cook (1983) maltose comprises more than 80% 

of the carbon fixed by algae isolated from hydra. Since animals are heterotrophic, they use 

products of other organisms for energy. A sugar such as maltose cannot be produced by 

heterotrophic animals from carbon dioxide, but Chlorella has this capacity. Therefore, the 

sponge may rely on the photosynthate produced by the Chlorella. The release of maltose 

by Chlorella is affected by the pH of the environment of the Chlorella (Cook, 1983). The 

pH which produces the highest rate of release of maltose and therefore the greatest benefit 

to the host is around pH 4-4.5 (Muscatine and McNeil, 1989). Native Chlorella releases 

maltose at pH 4-5 even though such a low pH may inhibit its growth and survival (Rahat, 

1992). The amount of carbon released from Chlorella as maltose at a neutral pH of 7.0 is 

negligible (Cook, 1983). Further benefit to the host, at least in a Chlorella-hy&n. 

symbiosis, may come from the production of other molecules besides maltose that the host 

is not able to produce for itself. Enzymes for sulfate reduction are not found in hydra cells. 

The algae provides sulfur amino acids that the hydra alone can not produce (Cook, 1983).

These benefits are only obtained once the symbiotic relationship is established. 

Although the mechanism by which the Chlorella enters the cell of the host and establishes 

the symbiotic relationship is not fully known, the process of phagocytosis can be examined 

for clues. Chlorella first enters the host as a potential source of food. The algae are taken 

up by phagocytosis, a type of endocytosis. It is possible that the algae may alter this 

phagocytic vacuole so that digestion does not occur.

Material that is taken into the cell through endocytosis enters vesicles called 

endosomes (Alberts et al., 1994). According to Alberts et al. (1994), the material inside 

the endosome is subjected to increasing acidification as the endosome moves from the

4b periphery of the cell to the Golgi apparatus. The vesicle that surrounds the newly ingested

material is considered to be an early endosome. Early endosomes are found at the 

periphery of the cell with an internal pH of about 6. The material in the early endosome is
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then transferred to a late endosome. It is not known whether this is a physical transfer of 

material or if the nature of the vesicle is changed. There are several differences between 

early and late endosomes. Late endosomes are found closer to the Golgi apparatus and are 

slightly more acidic than the early endosome, having a pH of about 5. In the normal course 

of digestion the late endosome fuses with a lysosome. Lysosomes are organelles which 

contain digestive enzymes called acid hydrolases. These enzymes are deposited in the late 

endosome, where they catalyze the degradation of the ingested material.

The symbiotic interaction begins in the vacuole formed when the algae are taken 

up by the host cells. At times, this interaction has been termed "communication" (Reisser, 

1985), suggesting that the relationship is established and maintained by both partners. The 

close contact between the cell wall of the Chlorella and the membrane of the perialgal 

vacuole is thought to stimulate cell to cell recognition events that result in the formation of 

the perialgal vacuole (Reisser, 1985).

Closer inspection of the vacuole membrane reveals that the membrane differs from 

the plasma membrane from which it was made. According to Reisser (1985), the host 

synthesizes special symbiosis-specific vesicles that are involved in the formation of the 

typical perialgal vacuolar membrane structure. In symbioses with protozoa, the surface 

structures of the algae play an important role in initiating perialgal vacuolar formation. 

Experiments with Paramecium bursaria indicate that when the surface structure of the 

algae are disrupted or altered in some way, such as treatment with suitable antibodies, 

lectins or enzymes, the perialgal vacuoles are not formed (Muscatine and McNeil, 1989). 

However, surface structure of the algae is not sufficient for the maintenance of the 

relationship; algae that are treated with an inhibitor of photosynthesis such as DCMU

b (dichloromethylurea) are eventually digested. Experiments done with aposymbiotic

paramecia (paramecia from which algae have been removed) demonstrate the requirement 

of live algae to prevent digestion. Heat-killed Chlorella were quickly digested when fed to
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aposymbiotic paramecium (Karakashian and Karakashian, 1973). However, half of the 

heat-killed Chlorella were saved from digestion when mixed with live algae before 

feeding. These algae were rescued by being in vacuoles with their live counterparts 

(Karakashian and Karakashian, 1973).

The cytoplasmic side of the perialgal membrane may signal the host cell that the 

vacuole contains a symbiotic partner. The cytoplasmic side of the endosymbiont 

containing vacuole has a unique polypeptide with a molecular weight of about 200,000 

daltons (Reisser, 1985). It is possible that even though algae are usually considered a 

source of energy for the host, Chlorella escapes digestion by somehow changing the 

membrane of the vacuole they are in so that a lysosome does not fuse with the membrane 

of the perialgal vacuole and release its digestive enzymes into the vesicle.

Freshwater Sponge

The sponge is an uncomplicated animal on both macroscopic and microscopic 

levels. This organism has no organs with its highest level of organization being the tissue 

level (Frost, 1991). However, the sponge has many specialized cells to perform necessary 

functions that are the responsibility of specific organs in higher animals.

Pinacocytes cover the outer surfaces and line the internal canal systems of the 

sponge. The pinacocytes are capable of phagocytosis (Simpson, 1984). This capability of 

the pinacocytes is important because of the presence of acid phosphatase and phagosomes 

in these types of cells. Phagosomes are vesicles in the cell that store recently phagocytosed 

material, hence the name. Choanocytes are also capable of phagocytosis and form 

chambers which connect to pinacocyte-lined canals.

Pinacocytes and choanocytes surround an organic matrix, known as the mesohyl, 

that is comparable to the mesenchyme of more complex animals. The mesohyl contains a
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diversity of cells. However, this study focuses on the cells of the mesohyl primarily 

responsible for the uptake and maintenance of algal symbionts, the archeocytes.

Archeocytes are ameboid cells found throughout the body of the sponge. The main 

function of archeocytes is digestion, hence they contain lysosomes. Choanocytes are the 

cells that are responsible for the initial uptake of Chlorella, and it is possible for 

choanocytes to pass the algae on to other cells of the sponge, such as archeocytes. 

Choanocytes play a major role in pumping water throughout the body of the sponge. Since 

sponges are filter feeders, the main way of contacting food (and symbiotic algae) is by 

cycling water through their bodies. The water enters through numerous openings in the 

epithelial layer. These openings, called ostia, lead to a subdermal cavity under the 

epithelial layer. Once water is in the subdermal cavity it can move into smaller canals 

(incurrent canals); these canals terminate in a choanocyte chamber. Choanocytes are 

flagellated cells. The beating of flagella is responsible for water flow into choanocyte 

chambers. Water then flows from the choanocyte chambers into the water expulsion part 

of the sponge which consist of excurrent canals and an atrium (counterpart of the 

subdermal cavity). Finally water leaves the sponge through a large osculum (Frost, 1991).

C/t/ore/Za-Freshwater Sponge Symbiosis

The association of sponge and Chlorella can be documented by the naked eye, 

since the intracellular symbionts give freshwater sponges a green color (Clifford, 1991). It 

could be the green color that causes sponges to sometimes be mistakenly identified as 

plants instead of animals. The endosymbiotic Chlorella of the sponge appears similar to 

that of other species. The algae are round or oval and possess a cell wall. They also 

actively reproduce by binary fission within the host vacuole. This simple form of 

reproduction produces two autospores, or daughter cells (Williamson, 1979).
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Endosymbionts of animals other than sponges and free-living Chlorella can produce four, 

eight or even sixteen autospores.

Chlorella are first brought into the cells of the sponge as food particles. The initial 

uptake of Chlorella by the sponge is known to be the work of the choanocytes. There is 

some discrepancy among authors as to which cells of the sponge the Chlorella are 

eventually housed in, but authors generally agree that the Chlorella are in a vacuole 

provided by the host cell and that the algae are rarely, if ever, released to the extracellular 

spaces of the mesohyl. Williamson (1979) asserts that the algae can be found in the host’s 

digestive cells, specifically, the choanocytes and the archeocytes, whereas Sailer, in studies 

dealing with the uptake and digestion of Chlorella by Spongilla lacustris, specifies that 

the algae are not only found in choanocytes and archeocytes but also in amoebocytes, 

endopinacocytes, spongioblasts and scleroblasts.

It has been established by using autoradiographic techniques that algal 

photosynthate is transferred from the algae to the sponge cell (Gilbert and Allen, 1973). 

The photosynthate that is transferred to the sponge differs from the typical photosynthate 

released in most other C/i/oreZ/a-animal relationships. Glucose instead of maltose seems to 

be the primary constituent of the transferred product to sponges (Cook, 1983). The 

photosynthate of syongp-Chlorella symbioses differs from the products of other Chlorella 

associations not only in its composition, but also in the quantity of photosynthate that is 

transferred. The symbionts of the freshwater sponge Ephydatia fluviatilis only transfer 

9-17% of the total fixed carbon, whereas symbionts of other animals, hydra for example, 

release 25-30% of the total fixed carbon to the host (Cook, 1983).

Acid Phosphatase Cytochemistry

The technique of enzyme cytochemistry exploits the activity of an enzyme to 

produce a colored, insoluble reaction product. The enzyme generates the reaction product
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only when the enzyme is in active form. Thus enzyme cytochemistry demonstrates the 

presence of active enzymes only. The enzyme of interest in this study, acid phosphatase, 

catalyzes the removal of phosphate groups from a phosphorylated molecule. Acid 

phosphatase, which is inhibited by fluoride ions, is present in lysosomes.

Two methods were used to localize acid phosphatase activity. In the Gomori 

method, lead phosphate is produced when the removed phosphate group binds to the lead 

ions of the reaction medium. The colorless lead phosphate is later converted to brown lead 

sulfide. In the postcoupling method, the molecule freed of a phosphate group precipitates 

and is later reacted with a dye to produce a reddish-brown reaction product.

Localization of LysoSensor Probes

Fluorescent probes were used to estimate the pH of different compartments. These 

probes are weak bases that become protonated in acidic environments. Protonation causes 

them to fluoresce and prevents them from diffusing across membranes. Thus they will 

accumulate in membrane-bound compartments.

Two different probes were used in this study. LysoSensor Blue DND-167, a 

narrow spectrum probe, fluoresces at a pH of less than approximately 5.5. A wide 

spectrum probe, LysoSensor Blue DND-192, fluoresces at a pH of less than 

approximately 8 (Figure 1). The probes were used in a complementary fashion. If both 

probes fluoresce, it can be concluded that the pH of the compartment is less than 5.5. If 

only the wide spectrum probe fluoresces, the pH must be between 5.5 and 8. If neither 

probe fluoresces, the pH must be greater than 8.

*
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II DND-192 || DND-167

Figure 1. Intensity of LysoSensor Blue probes as a function of pH. DND-192 and 
DND-167 are broad and narrow spectrum probes, respectively. Intensities are relative to 
the intensity of DND-167 at pH 2.5.
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METHODS AND MATERIALS

Preparation of Cells for Acid Phosphatase Cytochemistry

Samples of the freshwater sponge, Ephydatia muelleri, were collected from the 

outlets of Salmon Lake (47° O6’N/113° 24’W) and Coopers Lake (47° O5’N/112° 

55’W), lakes in the Upper Clark Fork Basin of Western Montana. The samples were 

transported from the lake to the laboratory in closed containers filled with lake water. The 

containers were kept in a cooler during transport and stored in a refrigerator upon arrival 

at the lab. Samples were used within 24 hr. After the sample was removed from its 

container, excess water was blotted with filter paper, and the sample was weighed in a 

tared weighing dish containing calcium-magnesium free medium (CMF). CMF contained 

the following: 6.0 mM Tris, 34 mM NaCl, 1.34 mM KC1, 1.38 mM glucose, 1.07 mM 

NaHCO3, 0.7 mM K2HPO4, and 0.20 mM EDTA.

After the wet weight of the sponge tissue was measured, the sample was minced 

with a razor blade in CMF. The ratio of grams of wet weight sponge tissue to mL of CMF 

was 1:10. Using a VortexGenie 2 at a setting of 5, the minced tissue was subjected to 5 

consecutive pulses lasting 5 s each. The sample was then allowed to settle for 

approximately 1 min after vortexing. Finally, the sample was filtered by pouring the 

suspension through a Swinnex filter unit containing 44 pm Nitex mesh. The holes in the 

mesh allowed single cells and small clumps of cells through but excluded most larger 

particles and spicules.

Flouride-Sensitive Acid Phosphatase Cytochemistry

Two methods were used to localize active acid phophatase in the sponge cells. 

These cytochemical methods were carried out using dissociated cells.
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Gomori method. The reaction medium was prepared according to Bitensky and 

Chayene (1991). The reaction medium contained 0.053 g of lead nitrate and 4 mL of a 3% 

solution of sodium ^-glycerophosphate which were added to 40 mL of 0.05 M sodium 

acetate buffer, pH 5.0. This medium was left overnight at room temperature (~ 25 °C). 

The reaction medium was then filtered through 1 layer of Whatman No. 2 filter paper 

prior to use.

Both fixed and unfixed cells were used. Approximately 100 /zL aliquots of cell 

suspension were placed in 10 mm diameter test tubes and were pelleted in a Dade 

centrifuge at 500 X g for 30 s. The supernatant was then removed. Cells to be left unfixed 

were resuspended in 0.05 M sodium phosphate buffer, pH 7.4, and left for 15 min at room 

temperature. Cells to be fixed were treated with 10% formalin in 0.05 M phosphate buffer, 

pH 7.4, for 15 min at room temperature. Both fixed and unfixed cells were then rinsed 

three times with 0.05 M acetate buffer, pH 5.0. For each rinse, cells were pelleted, and 

the solution was removed. The pelleted cells were then quickly resuspended in the fresh 

solution.

Two types of control samples were prepared. In one the substrate, 

^-glycerophosphate, was replaced with distilled water in the reaction medium. This 

control demonstrates the extent to which reaction product is found in the absence of 

substrate. The second type of control used fluoride to inhibit the staining reaction.

Sodium fluoride, 0.01 M, was incorporated into the third rinse and the reaction medium. 

The fluoride control indicates the reaction product formed by other phosphatases.

All samples were incubated in the reaction mixture for 1-2 hr, rinsed three times in 

acetic buffer, 5 min per wash, and then treated briefly with 2% Na2S in 0.1 N acetic acid.

H Finally, the samples were washed three times with distilled water, 5 min per wash. An

aliquot was then put on a slide for examination by light microscopy.
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Postcoupling Method. The procedure for the postcoupling method as presented by 

Bitensky and Chayen (1991) was followed with minor adaptation. Cells were prepared and 

treated prior to incubation as above except they were washed in 0.1 M acetate buffer, pH 

4.5. The samples were incubated for 1-2 hr in reaction medium. The reaction medium 

consisted of 2 mL of stock substrate solution and 20 mL of 0.1 M acetate buffer, pH 4.5. 

The stock substrate solution was prepared as follows: Naphthol AS-BI phosphate, 11.4 

mg, is added to 1.0 mL of 0.005 M sodium bicarbonate. This solution was mixed with 49 

mL of 0.2 M acetate buffer, pH 4.5. After the incubation the samples were washed three 

times with cold distilled water, 5 minutes each wash. Finally, color was enhanced using a 

saturated solution of Fast Garnet GBC (approximately 1 mg/mL) in 0.01 M phosphate 

buffer, pH 7.4. An aliquot of cells was taken from each tube to be examined with the light 

microscope.

Reaction with LysoSensor Blue Probes

LysoSensor Blue DND-167 (narrow spectrum) and DND-192 (wide spectrum) 

probes were a gift of Molecular Probes, Eugene, OR. Cell suspensions, prepared as 

described above, or small (1X1X1 mm) pieces of sponge tissue were incubated in lake 

water, filtered through Whatman No. 2 filter paper, containing 1 or 10 /zM probe for 1.5-4 

h at room temperature (~25 °C). Dissociated cells were rinsed three times in filtered lake 

water followed incubation. Tissue pieces were first dissociated by vortexing in CMF 

before rinsing with filtered lake water.

Microscopic Examination of Cells and Photography

Cells stained cytochemically or with the fluorescent probes were examined and 

photographed with a Nikon Ophiphot 2 microscope adapted for epifluorescence and

1
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equipped with an AFX camera system. A Nikon UV-2A filter cube (excitation filter, 

330-380 nm; dichroic mirror, 400 nm; longpass barrier filter, >420 nm) was used to view 

fluorescence of the probe as well as autofluorescence of the chlorophyll contained in algae 

associated with the sponge cells.
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RESULTS

Acid Phosphatase Cytochemistry

The purpose of the acid phosphatase cytochemistry experiments was to determine 

whether active acid phosphatase was present in perialgal vacuoles. Two different methods 

were used to examine sponge cells for acid phosphatase activity, the Gomori and the 

postcoupling methods.

Gomori Method. The Gomori method produced a dark brown or black reaction 

product. Three distinct patterns of reaction product were observed in cells stained using 

the Gomori method. Intracellular reaction product was found as small, punctate deposits, 

as slightly larger, amorphous masses, and associated with the nucleus.

In Figures 2 A and B, small, punctate deposits are evident throughout the 

cytoplasm of the cells. They are clearly separate from the algae in the cells. In addition, the 

cytoplasm of the cells in Figure 2 A appears somewhat grainy and textured. Much more 

reaction product is present in experimental cells (Figures 2 A and B) than in either type of 

control (Figures 2 C and D). In Figure 2 C, showing the flouride-inhibited control, there 

are a few deposits of lead sulfide in the cytoplasm; however, these sites are fighter and 

much less numerous than those observed in experimental cells (Figures 2 A and B). Figure 

2 D shows the control in which substrate was omitted from the reaction mixture. Virtually 

no reaction product is present.

Amorphous masses of reaction product can be distinguished from the punctate 

deposits because they are larger and have a less uniform shape (Figures 2 A and B). This 

reaction product appears to be associated with some perialgal vacuoles or other large 

particles. The perialgal vacuoles, however, are for the most part free of reaction product. 

Lightly stained nuclei are visible in Figures 2 A and D.
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Figure 2. Cells reacted for acid phosphatase activity using the Gomori method. Each 
perialgal vacuole contains one green alga. Punctate deposits (arrow heads) as well as

W larger deposits (arrows) of reaction product are present. A and B, Experimental cells,
incubated in complete reaction medium (in A, nuclei stain brown); C, Control cells, 
incubated in complete medium plus 0.01 M sodium fluoride; D, Control cells, incubated in 
medium lacking substrate. 1000 X.
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Postcoupling Method. The postcoupling method also detects the presence of 

active acid phosphatase. The reaction product of this method is a reddish-brown deposit. 

No difference between experimental (Figure 3 A) and control (Figure 3 B) samples was 

detected using this method. Reaction product is present throughout the cytoplasm and is 

associated with all parts of the cell, even the perialgal vacuole. Masses of reaction product 

are present in both the experimental and control samples. The punctate and larger, 

amorphous deposits of reaction product are difficult to distinguish.

LysoSensor Probes

Fluorescence microscopy was used in an effort to determine the acidity of the 

interior of the perialgal vacuole. Two different fluorescent probes were used: LysoSensor 

Blue DND-192, a wide range probe, which fluoresces between pH 2.5 and 8.0, and 

DND-167, a narrow range probe, which fluoresces between pH 2.5 and 5.5.

The fluorescence of the wide range probe and of chlorophyll are visible in Figure 

8. The red chlorophyll fluorescence corresponds to the sites where algal choroplasts are 

located (compare Figures 4 A and B ). The fluorescence of the probe appears light 

blue-violet and is most intense in cytoplasmic vesicles of various sizes. The remainder of 

the cytoplasm stains faintly, whereas the nucleus appears as a negative image (see Figure 4 

B for position of nucleus). Careful inspection of the algae reveals a light blue-violet halo 

which borders the red fluorescence of the chlorophyll.

The fluorescence of the narrow range probe and of chlorophyll is shown in Figure 

5 A. Only a few small vesicles can be made out against the darker background of the 

cytoplasm and the nucleus again shows no fluorescence (see Figure 5 B for position of 

nuclei). The halo visible in Figure 4 A is not evident in Figure 5 A.
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Figure 3. Cells reacted for acid phosphatase activity using the postcoupling method. A 
reddish-brown reaction product is produced. A, Experimental cells, incubated in complete

9 reaction medium; B, Control cells, incubated in complete reaction medium with 0.01 M
sodium fluoride. 1000 X.
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Figure 4. LysoSensor Blue DND-192. The probe is seen as light blue fluorescence. The 
algae fluoresce red with a light blue-violet halo. A. Fluorescence microscopy, nucleus is a 
dark blue negative image in the center of the cell; B, The same microscopic field using 
brightfield microscopy. 1000 X.
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Figure 5. LysoSensor Blue DND-167. The probe is seen as sparse light blue fluorescence. 
The chlorophyll of algae fluoresces red. A, Fluorescence microscopy, the nucleus is 
devoid of any fluorescent activity; B, Bright field microscopy of the same field, green 
alaae surround the unstained nucleus. 1000 X.
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DISCUSSION

There were two main objectives of this project. The first was to determine whether 

active acid phosphatase was present within the perialgal vacuole. The second objective 

was aimed at discovering whether the interior of this vacuole is acidic.

In the normal course of digestion, a lysosome fuses with the vacuole containing the 

ingested algae. The acid phosphatase of the lysosome is released into the phagosome. The 

results using the Gomori method demonstrate the absence of active acid phosphatase in 

most of the perialgal vacuoles. The observation that some perialgal vacuoles contained 

reaction product suggests that some of the algae are degraded. These results also show the 

distribution of lysosomes (small, punctate deposits of reaction product), since lysosomes 

contain acid phosphatase.

There are several possible explanations for the lack of enzyme activity in most of 

the perialgal vacuoles. One possible explanation is that the algae releases an inhibitor of 

the enzyme. In this case, acid phosphatase would be present but it would be in an inactive 

form. The acid phophatase stain would not detect the inactive enzyme.

Another possible explanation is that the lysosome does not fuse with the perialgal 

vacuole. This possibility is supported with evidence from Reisser (1985). The 200,000 

dalton polypeptide on the cytoplasmic surface of the perialgal vacuole (in protozoa) may 

signal the host cell that the contents of the vesicle are symbiotic, so digestion is inhibited. 

Perhaps the polypeptide prevents the fusion of the lysosome to the vacuole. This 

hypothesis is consistent with results from acid phosphatase staining.

In addition, the absence of active acid phophatase in the perialgal vacuole could 

simply be a reflection of the fact that the contents of the vacuole are not acidic. The 

activity of acid phosphatase is optimal at an acidic pH. Lysosomes may fuse with the
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perialgal vacuole and acid phosphatase may be present. But if the interior of the vacuole 

were close to neutral or basic the enzyme would show reduced activity.

The second objective of this study was to measure the pH of the perialgal vacuole. 

An acidic environment would presumably facilitate release of photosynthate. Both wide 

spectrum and narrow spectrum probes were used in combination in an attempt to discover 

the pH of the perialgal vacuole. The fluorescence of the wide spectrum probe alone would 

not indicate whether the vacuole was acidic, since this probe fluoresces over a wide pH 

range (Figure 1). By using both probes, more precise pH estimates could be obtained. For 

example, if both the wide spectrum and the narrow spectrum probes fluoresced, the 

vacuole could assumed to be acidic. If only the wide spectrum, but not the narrow 

spectrum, probe fluoresced, the vacuole could assumed to be weakly acidic or basic.

The light blue circles visible in Figure 4 A are probably lysosomes or endosomes. 

There also appears to be a lighter halo around the red chlorophyll fluorescence. 

Unfortunately, the exact location of this fluorescence cannot be determined. The halo may 

be from fluorescence of material within the vacuole but outside the algal cell wall. 

Alternatively, the halo may be produced by the fluorescence of the algal cytoplasm. If the 

halo fluorescence, seen with the wide spectrum but not the narrow spectrum probe is due 

to probe within the vacuole but outside the algal cell wall, then it can be concluded that 

the pH of the vacuole is not strongly acidic and may be slightly basic.

In conclusion, it appears as if the majority of perialgal vacuoles lack acid 

phosphatase activity. They also may have a pH in the range of ~5.5- ~8.0, but this latter 

conclusion is tentative and needs to be confirmed. The findings of this study represent a 

small piece in the enormous puzzle of symbiosis. Discovering the nature of the

# environment of the perialgal vacuole leads to a variety of other questions. The role of the

mysterious polypeptide on the cytoplasmic side of the perialgal vacuole should prove to be 

significant in the uptake and/or maintenance of symbiosis. The characteristics of Chlorella
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which make it such a suitable symbiotic partner could provide clues about the 

establishment of symbiosis. With so many diverse symbiotic relationships, the study of 

symbiosis could prouce new insights for many years.

*
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