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ABSTRACT 

The retinal pigment epithelium (RPE) is a layer of cuboidal cells located between the 

neural retina and choroid layers of the eye. In teleosts, long and short apical processes are 

characteristic of these cells (Zinn and Marmor, 1979). Furthermore, unlike higher 

vertebrates, teleosts lack the ability to adjust their pupil diameter in accordance to different 

light intensities. However, they have evolved a process called retinomotor movements 

which involve changes in the relative positions of the rod and cone photoreceptors and 

melanin pigment granules within the RPE. In lit environments, the light sensitive rods 

elongate, burying their outer segments between the processes of the RPE, while cones 

contract away from the RPE. Pigment granules migrate into the apical processes where 

they function as a protective shield by absorbing light that would otherwise impinge on the 

rods. In ~ark environments, rods contract and cones elongate while pigment granules 

migrate into the cell body of the RPE (Burnside and Nagle, 1983). 

In eukaryotes, cell shape, architecture, and motility depend on the cytoskeleton 

which is composed of microtubules (MTs; 25 nrii diameter), microfilaments (MFs; 6-7 nm 

diameter) and intermediate filaments (IFs; 8-12 nm diameter) (Alberts et al., 1994). 

Studies conducted on the microfilament and microtubule networks in teleost RPE cells have 

suggested a role for these cytoskeletal elements in the pigment granule translocation 

associated with light and dark adaptation (Klyne and Ali, 1981; Burnside et al., 1983; 

Bruenner and Burnside, 1986; Troutt and Burnside 1989; Dearry et al., 1990; King-Smith 

et al., 1997). However, little is known of the role of intermediate filaments in teleost RPE 

cells or in eukaryotic cells in general. 

The objective of this study was to determine the i1;1termediate filament type or types 

expressed in bluegill RPE cells and to investigate whether the intermediate filament network 

is reorganized as pigment granules translocate. Previous immunolabeling experiments 

revealed the presence of intermediate filaments of unknown type extending from the level 
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of the circumferential microfilament bundles (CMBs) toward the apical processes in bluegill 

RPE cells. In this investigation, W estem blot analysis has revealed the filamentous network 

to be composed of the protein vimentin with a relative molecular mass of 50 kDa. 

Corroborative immunolabeling studies have verified the intermediate filament type as 

vimentin and ruled out the presence of cytokeratin intermediate filaments in isolated RPE 

cells. Furthermore, when pigment granules were induced to aggregate into the cell body by 

the application of cAMP, the density of vimentin intermediate filaments increased in the 

apical processes of isolated RPE cells compared to the density of intermediate filaments in 

the processes of cells with pigment granules dispersed. 
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INTRODUCTION 

The retinal pigment epithelium (RPE) is a monolayer of polarized columnar cells 

located between the neural retina and choroid layers of the eye (Fig. 1 ). These cells are 

differentiated from neighboring cell types by having long and short apical processes which 

interdigitate with the rod and cone photoreceptors (Fig. 2). In addition, as the name 

suggests, light-absorbing melanin pigment granules are found throughout the cytoplasm of 

these cells. RPE has numerous complex functions such as transport of metabolites 

between the photoreceptors and the choroid, phagocytosis of rod and cone outer segments, 

enhancement of image resolution by absorbing excess light, and maintenance of adhesion 

of the neural retina by the pumping of fluids from the vitreous to sclera (Zinn and Marmor, 

1979). Furthermore, in teleosts the RPE plays a role in light adaptation. 

Unlike higher vertebrates, teleosts and lower vertebrates have pupils of fixed 

diameter, thus they are unable to adjust their pupil diameter to changes in light intensity. 

Instead, changes in light intensity are compensated for by the adjustment of photoreceptor 

and pigment granule positions. The adjustments are referred to as retinomotor movements. 

In light, cone photoreceptors contract away from the RPE to maximize their exposure to the 

incoming light while rod photoreceptors elongate, burying themselves between the apical 

processes of the RPE in order to minimize their exposure to the light. During this proc-ess 

pigment granules of the RPE disperse into the apical processes, enabling them to function 

as a protective shield for the light sensitive rod photoreceptors. In dark, rod photoreceptors 

contract away from the RPE, thus maximizing their exposure to low levels of light. 

Furthermore, cone photoreceptors elongate toward the RPE while pigment granules migrate 

into the cell body (Fig. 2; Burnside and Nagle, 1983). 

Pigment granule movement depends on the cytoskeleton of RPE cells, which is 

corµposed of microtubules, intermediate filaments, and microfilaments. In this 
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Figure 1. Illustration of the vertebrate eye showing the location of the retinal 

pigment epithelium (RPE) between the choroid and neural retina. Adapted from 

Adler and Farber, 1986 and Ayoub, 1996. 
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Figure 2. Illustration depicting retinomotor movements involving the retinal 

pigment epithelial cells and the rod and cone photoreceptors. In light, cones 

contract and rods elongate while pigment granules disperse into the apical 

processes. In dark, cones elongate and rods contract while pigment granules 

migrate into the cell body. 
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introduction, the assembly of the cytoskeleton and what is known about the cytoskeleton of 

RPE will be discussed. The role of microtubules and microfilaments in pigment granule 

translocation in teleost RPE will be examined. Finally, the present investigation to identify 

the intermediate filament type or types expressed in bluegill RPE and to determine if the 

intermediate filament network reorganizes in response to the aggregation and dispersion of 

pigment granules will be addressed. 

Assembly of the Cytoskeleton 

Microtubules consist of tubulin molecules which are heterodimers composed of 

globular polypeptides, _ -tubulin and _-tubulin. The tubulin heterodimers associate in a row 

to form a protofilament which aligns linearly with 12 other protofilaments to form a hollow 

cylindrical structure (25 nm diameter) with a fast-growing, plus end and slow-growing, 

minus end giving the microtubule polarity. Furthermore, this cytoskeletal element is in a 

dynamic state of polymerization and depolymerization. It has been determined that the 

dynamic instability of microtubules depends on the hydrolysis of guanosine 5'-triphosphate 

(GTP). In this process GTP binds to the _ -subunit of the tubulin molecule and upon 

addition to the end of a microtubule, GTP is hydrolyzed to guanosine 5'-diphosphate 

(GDP). However, in a growing microtubule, tubulin heterodimers are added to the 

polymer at a faster rate than the hydrolysis of the GTP bound to the _-subunit. As a 

consequence a stable GTP cap is formed which promotes polymerization because of its 

high affinity for heterodimers bound to GTP. Upon hydrolysis of GTP to GDP the bonds 

between tubulin molecules weaken, thus promoting disassembly of the protofilament into 

unpolymerized and free tubulin molecules (Mitchison, 1992; Alberts et al., 1994 ). 

Actin filaments are composed of globular actin (G-actin) monomers in a helical 

arrangement, forming a polymer of 6-7 nm diameter. As with microtubules, 

polymerization of G-actin monomers requires the presence of a nucleotide, in this case 

adenosine triphosphate (ATP), and the presence of K + and Mg2+. Actin monomers carry a 
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bound ATP that is hydrolyzed to adenosine diphosphate (ADP) after the filament is 

assembled. Similar to OTP hydrolysis in microtubules, ATP hydrolysis promotes 

depolymerization by decreasing the affinity of the actin monomers for neighboring actin 

monomers in the polymer. In addition, these filaments maintain a state of polarity by 

having a slow-growing, minus end and a fast-growing, plus end (Mitchison, 1992; Alberts 

et al., 1994). 

The intermediate filament family is composed of three protein classes which include 

the cytokeratins, non-cytokeratins, and lamins. Classes are further subdivided into six 

types based on amino acid and cDNA sequence similarities. Type I are the acidic keratins, 

and type II are the neutral to basic keratins. Both Type I and II are specifically expressed in 

epithelial cells. Type ill proteins are vimentin-related and inclµde vimentin, expressed in 

mesenchymal cells; desmin, expressed in smooth, skeletal, and cardiac muscle cells; 

peripherin, found in neurons of dorsal root ganglia, sympathetic ganglia, cranial nerves, 

and ventral portion of the spinal cord; and glial fibrillary acidic protein (OF AP) specific to 

neuroglial cells. Type IV has four members, including the neurofilament-light chain (NF­

L) , neurofilament-medium chain (NF-M), neurofilament-heavy chain (NF-H), which are 

expressed in the axons of motor and sensory neurons, and _ -intemexin which is 

specifically expressed in embryonic neurons. Type V are lamins A, B, and C, which are 

expressed in the nucleus, interconnecting nuclear pore complexes. Type VI is nestin, 

which is highly expressed in stem cells of the developing central nervous system and by 

somitic myoblasts (Fuchs, 1996; Kreis and Vale, 1993). 

Intermediate filaments are composed of heterogeneous protein subunits which 

polymerize to form 8-12 nm filaments. The intermediate filament protein monomer is 

characterized by having three structural domains: (1) a highly conserved _-helical central 

rod domain, (2) a nonhelical head domain at the NH2-terminus which varies in sequence 

and size in different intermediate filament proteins, and (3) a nonhelical tail domain at the 

COOR-terminus which also varies in sequence and size in different intermediate filament 
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proteins (Georgatos and Maison, 1996). Furthermore, the central rod domain is further 

subdivided into helices lA, lB, 2A, and 2B which are linked by nonhelical linker 

segments 1, 1-2, and 2 (Fuchs, 1996 and Fig. 3). 

Intermediate filaments assemble in the absence of auxiliary proteins or factors (such 

as nucleotides), which suggests that assembly is directed by the primary structure of the 

intermediate filament polypeptide (Fuchs, 1996). In the assembly process, two _-helical 

rods intertwine in a parallel and left-handed fashion due to the presence of heptad repeats 

containing hydrophobic amino acids at the first and fourth positions. As a consequence, 

the two rods form a coiled-coil dimer. Dimers associate into half staggered tetramers in an 

antiparallel orientation. Tetramers then associate head to tail to form protofilaments. Two 

protofilaments intertwine to form a 4.5 nm protofibril, and finally, four protofibrils 

intertwine to form the 10 nm intermediate filament (Fuchs, 1996). 

The Cytoskeleton of RPE 

The organization of microtubules in RPE has been well described. These 

cytoskeletal elements extend from the perinucleaf region toward the periphery of the cell 

(Owaribe, 1988). Ultrastructural studies conducted on light-adapted RPE of brook trout by 

Klyne and Ali (1981) revealed the presence of a microtubule network in association with 

mitochondria, endoplasmic reticulum, pigment granules, and 10-nm filaments in the basal 

area of the cells. Furthermore, microtubules were absent from the cell body of dark­

adapted RPE. However, in ultrastructural studies conducted on green sunfish RPE 

comparing cells with pigment-granules aggregated to cells with pigment granules dispersed, 

the number of microtubules in the apical-processes increased when pigment granules were 

aggregated (Bruenner and Burnside, 1986). Investigations on the polarity of microtubules 

conducted by Troutt and Burnside ( 1988) suggested that in the apical processes of teleost 
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Figure 3. Illustration showing the secondary structures of the intermediate filament 

protein monomer. N and C represent the, NH2-terminus and the COOR-terminus, 

respectively. Helices lA, 1B, 2A, and 2B are linked by nonhelical linker 

segments Ll, Ll-2, and L2 respectively. Adapted from Traub, 1995. 
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RPE, most microtubules are oriented with their fast-growing, plus end toward the cell body 

while the slow-growing, minus end is localized toward the tips of the processes. 

Similarly, studies conducted on chick RPE revealed that microtubules are oriented with 

their minus ends just under the apical process region while plus ends are toward the 

nucleus (Rizzolo and Joshi, 1993). This unusual microtubule orientation is opposite of 

most cell types, in which microtubules are oriented with their plus end toward the cell 

periphery (Euteneuer and McIntosh, 1981; McNiven et al., 1984; Soltys and Borisy, 1985; 

Filliatreau and DiGiamberardino, 1981; Burton and Paige, 1981; Heidemann et al., 1981). 

In RPE, actin filaments exist as two distinct groups. Studies conducted on chick 

RPE revealed loosely packed actin filaments referred to as circumferential microfilament 

bundles in association with the zonula adherens region. These filaments display a 

nonrandom orientation with respect to polarity (Owaribe, 1988). Furthermore, it has been 

shown that isolated chick circumferential microfilament bundles are contractile structures 

which may possibly play a role in maintaining the polarity of the RPE and directly 

participate in changes of the cell shape and tissue shape (Owaribe and Masuda, 1982). In 

addition, actin filame~ts, referred to as the paracrystalline microfilament bundles, are 

present in the apical processes. Unlike the actin filaments of the circumferential 

microfilament bundles, these filaments are arranged in densely packed bundles and display 

the same polarity. It is thought that these filaments function in maintaining the structural 

integrity of the apical processes (Owaribe, 1988) and are likely to play a role in pigment 

granule movement (Burnside et al., 1983; King-Smith et al., 1997). Furthermore, studies 

using floor-conjugated phalloidin as a marker for filamentous actin in bluegill RPE revealed 

the presence of the circumferential microfilament bundles and paracrystalline microfilament 

bundles in situ and in vitro ( Zamora, 1997; Bolanos et al., 1998; this thesis; Fig. 4). 

The distribution of intermediate filaments in RPE has not been well characterized as 

microtubules and actin filaments. Ultrastructural studies conducted on the RPE of gold fish 

revealed the presence of 10 nm filaments confined to the basal and perinuclear regions but 
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not in the apical processes (Takeuchi and Takeuchi, 1979). These early investigations are 

corroborated by a later study in which 10 nm filaments were observed in the basal and 

perinuclear regions of brook trout RPE (Klyne and Ali, 1981). Later immunolabeling 

studies revealed that vimentin intermediate filaments are present in the cell body and absent 

in the apical processes of chick RPE (Philp and Nachmias, 1985). However, it has been 

shown that an intermediate filament network is present in the apical processes of chick RPE 

(Owaribe et al., 1986). Furthermore, preliminary immunolabeling studies conducted on 

bluegill RPE utilizing anti-intermediate. filament antigen (anti-IFA) IgGl mouse monoclonal 

antibodies which recognize multiple types of intermediate filament proteins (Pruss et al., 

1981) revealed the presence of a cytoplasmic network of intermediate filaments extending 

from the level of the CMBs toward the apical processes (Zamora, 1997; Bolanos et al., 

1998; Fig. 5). Based on these observations, it seems more likely that intermediate 

filaments are present in the cell body and the apical processes in RPE. 

The Role of the Cytoskeleton of Teleost RPE in Pigment Granule 

Translocation 

Pigment granule movement may involve the microtubule network in teleost RPE. 

Studies in which colchicine was injected into the eyes of blue stripe grunt suggested that 

dispersion and aggregation of pigment granules within the RPE cell body is a microtubule 

dependent process; however, since microtubules within the apical processes remained 

intact, it could not be determined if microtubules are required for pigment granule 

movement within the apical processes (Burnside et al., 1983). In subsequent microtubule 

disruption studies conducted on green sunfish RPE/retina, the application of nocodazole 

inhibited pigment granule aggregation, thus suggesting that microtubules somehow play a 

role in this process (Troutt and Burnside, 1989). However, microtubule disassembly did 

not affect pigment granule dispersion. Furthermore, based on the unusual microtubule 

polarity orientation and on the observation that microtubules may play a role in pigment 
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granule aggregation in teleost RPE, it was suggested that the microtubule-based motor 

protein, kinesin, may be involved directly in this process. Nevertheless, studies conducted 

by King-Smith et al. (1995) using function blocking antibodies strongly suggested that 

kinesin does not play a role in this process (although it is expressed in RPE). 

Actin filaments may be required for pigment granule movement in teleost RPE. In 

vivo studies in which cytochalasin B was injected into the eyes of blue stripe grunt 

suggested that actin filaments are required for light-induced pigment granule dispersion and 

maintenance of the dispersed state (Burnside et al., 1983). Later studies conducted on 

green sunfish RPE, isolated from the rest of the retina, suggested that actin filaments may 

play a role in pigment granule movements as indicated by the inhibition of pigment granule 

dispersion when teleost RPE was treated with cytochalasin D, an inhibitor of actin filament 

assembly (Dearry et al., 1990). Recently, studies using green sunfish RPE cells cultured 

on glass coverslips suggested that both pigment granule dispersion and aggregation are 

actin-dependent processes and do not involve microtubules (King-Smith et al., 1997). 

Although much progress has been made in microtubule and actin filament studies, 

little is known about what role intermediate filaments play in pigment granule translocation 

in teleost RPE cells or in eukaryotic cells in general. In order to test whether intermediate 

filaments were involved in pigment granule movement, studies were first conducted to 

determine the type(s) of intermediate filament expressed by bluegill RPE. Western blot 

analysis was used to determine the intermediate filament type, and immunocytochemistry 

was then used to verify the identity of the intermediate filament type. To investigate 

whether the distribution of intermediate filaments in isolated RPE cells undergo a change 

when pigment granules are aggregated and dispersed, immunolabeling studies were 

conducted on RPE cells in the aggregated and dispersed states using confocal microscopy. 

Results suggest that vimentin intermediate filaments undergo a subtle reorganization 

concomitant with pigment granule translocation. 
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METHODS 

Fish Culture 

Use of animals was approved by the Southwest Texas State University Institutional 

Animal Care and Use Committee (protocol #1011). Bluegill fish (Lepomis macrochirus) 

were obtained from Johnson Lake Management Service located in San Marcos, Texas, and 

maintained in aerated, chlorinated tap water in 55 gallon laboratory aquaria. Fish were 

entrained to a 12 hr light/dark cycle for at least two weeks prior to experimentation. 

Isolation and Preparation of Bluegill Tissues for Microscopy 

RPE Prep #1 

Dissociation of RPE cells was performed according to a procedure adapted from 

Owaribe et al. (1988). Bluegill fish were dark adapted for 30 min in aerated tanks in the 

afternoon. Fish were sacrificed in complete darkness by severing the spinal cord and 

double-pithing, and the eyes were enucleated and hemisected under dim white light. The 

cornea, vitreous humor, and lens were discarded. From the posterior eye cup, retina was 

carefully peeled free from the RPE and discarded. Eyecups were then incubated for 45 min 

to 1 hr at 37° C in phosphate buffered saline (PBS) (4.3 mM Na2HPO4 · 7 H2O, 1.4 mM 

KH2PO4, 2.7 mM KCl, 137 mM NaCl; pH 7.3) containing 2 mM EDTA. Sheets ofRPE · 

were isolated by gently flushing the eyecup with a steady stream of PBS/EDTA solution. 

Afterwards, RPE sheets were transferred to a 15 ml plastic centrifuge tube containing 

PBS/EDTA solution and dissociated by gently triturating in a Pasteur pipet. Dissociated 

cells were seeded onto glass coverslips. Cells were allowed to settle and adhere onto the 

coverslips at room temperature for 1-1.5 hr or used immediately for immunolabeling. 
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Gel Electrophoresis and Immunoblotting 

RPE sheets and neural retina were obtained from dark adapted fish and incubated 

separately in Ringer solution which contained (in mM) NaCl, 116.3; KCl, 5.4; CaCb, 1.8; 

MgSO4, 0.8; Na2HPO4, 1.0; glucose, 25.5; NaHCO3, 4.0; HEPES, 21; pH 7.2. Bluegill 

heart, brain, and liver were also obtained and maintained in Ringer solution. Tissues were 

homogenized in 1.5 ml centrifuge tubes containing homogenization buffer (50 mM Tris­

HCl, pH 7.4; 10 mM EDTA; 20 µm leupeptin; 1.5 µm aprotinin; 26 µm TAME; 0.5 mM 

PMSF). Retina, liver, heart, and brain homogenates were centrifuged at 800xg for 5 min 

at 4° C using a Spectrafuge Brushless Microcentrifuge with an 18xl.5 ml rotor (National 

Labnet, Woodbridge, NJ) (King-Smith et al., 1995). RPE homogenate was centrifuged at 

2000xg for 5 min at 4 ° C to bring down pigment granules. Supematants were decanted 

into separate centrifuge tubes, and pellets were discarded. Supematants were kept frozen at 

-80° C until protein concentration was determined by Bradford assay (Bio-Rad, Hercules, 

CA) with bovine plasma gamma globulin as a standard to ensure equal loading of protein 

samples during gel electrophoresis (Bradford, 1976). 

Protein samples were diluted in reducing buffer containing 60 mM Tris-HCl, 25% 

glycerol, 2% SDS, 14.4 mM 2-mercaptoethanol, and 0.1 % bromophenol blue. Samples 

were then boiled at 100° C in a water bath for 5 min to facilitate protein denaturation. 

Prestained broad range standards (Bio-Rad, Hercules, CA) and protein samples were 

separated by sodium dodecyl sulfate-polyacrylamide gel electrophoresis (SOS-PAGE), 

using gels composed of a 5% stacking gel and a 12% separating gel. Electrophoresis was 

done at a constant voltage of 200V with duplicate gels (Laemmli, 1970). Electrophoresis 

continued until the dye front migrated to about 1 cm from the bottom of the gels. One gel 
( 

of the pair was stained in Coomassie gel stain solution (0.1 % w/v Bio-Rad Coomassie 

brilliant blue-R-250, 45% methanol, 10% glacial acetic acid) for 30 min and de-stained in 

Coomassie gel destain solution (10% methanol, 10% glacial acetic acid). 
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The duplicate unstained gel and a nitrocellulose sheet were equilibrated in transfer 

buffer (192 mM glycine, 25 mM Tris, 20% methanol; pH 8.1-8.4) for 30 min at room 

temperature. Proteins were transferred from the unstained gel onto nitrocellulose by 

electrotransfer using a Bio-Rad Mini Trans-blot transfer cell containing a frozen cooling 

unit at a constant voltage of 100V at room temperature for 1 hr. After transfer, 

nitrocellulose membrane was washed briefly with PBS and blocked for 2 hr in 20% non-fat 

powdered milk in PBS at room temperature. The membrane was washed 3X for 15 min 

with PBS and incubated for 1.5 hr at room temperature in anti-vimentin polyclonal 

antibodies developed in goat (Sigma, St. Louis, MO) diluted 1 :700 in P~S containing 

0.5% BSA. Nitrocellulose was washed 3X for 15 min with PBS and incubated for 1.5 hr 

at room temperature in rabbit anti-goat IgG alkaline phosphatase conjugated antibodies 

(Sigma, St. Louis, MO) diluted 1:30,000 in PBS containing 0.5% BSA. Membrane was 

washed 2 times with PBS and one time with alkaline phosphate buffer (0.1 M Tris-HCl, 

0.1 M NaCl, 5 mM MgCl2; pH 9.5). Blots were developed by exposure to developing 

solution containing 6 mM p-nitro blue tetrazolium chloride and 11.5 mM 5-bromo-4-

chloro-3-indolyl phosphate in alkaline phosphate buffer. Development was stopped by 

rinsing membrane with 20 mM EDTA fo PBS._ 

Images of the stained gel and immuno-stained nitrocellulose membrane were 

recorded using a flat bed scanner and O-foto software. Images were prepared for 

presentation using Adobe Photoshop and Clarisworks software. 

Isolation and Preparation of Bluegill Tissues for Microscopy 

RPE Prep #2 

Isolation and dissociation of RPE were performed according to a procedure adapted 

from King-Smith et al. (1997). Bluegill fish were dark adapted for 1 hr in aerated aquaria 

during their light period in the afternoon to facilitate separation of RPE from neural retina. 

In complete darkness fish were sacrificed by severing the spinal cord and double-pithing. 
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Under dim white light, eyes were enucleated and hemisected. Cornea, vitreous humor, and 

lens were removed and discarded. Neural retina was isolated from the posterior eye cup by 

carefully peeling it free from the RPE. Sheets of RPE were isolated by gently flushing the 

eye cup with a steady stream of Ringer solution using a plastic pipet. RPE sheets were 

enzymatically dissociated in digest solution containing 11.2 units/ml papain (Worthington, 

Freehold, NJ) activated 30 min before incubation with 3.5 mM cysteine and 0.14 mg/ml 

deoxyribonuclease I (DNase I; Sigma, St. Louis, MO) in calcium- and magnesium-free 

Ringer solution containing 1 mM EGT A. Incubation of RPE in digest medium lasted 30 

min at room temperature. RPE was then transferred to a 15 ml plastic centrifuge tube and 

washed 3X with dissociation/wash solution containing Ringer solution, 0.5 % bovine 

serum albumin (BSA) (Sigma, St. Louis, MO) and 0.14 mg/ml DNase I. RPE was 

dissociated by trituration using a 10 ml glass serological pi pet in dissociation/wash 

solution. Dissociated cells were seeded onto glass coverslips. Cells were allowed to settle 

and adhere onto the coverslips in a humidified chamber at room temperature for 4 hr. Two 

hours into the incubation period, incubation medium for half of the coverslips was replaced 

with Ringer solution containing 0.5 % BSA and 1 mM cAMP (free acid; Boehringer 

Mannheim, West Germany) to induce pigment granule aggregation. 

Liver 

A light adapted bluegill sunfish was sacrificed by severing the spinal cord and 

double-pithing. Liver was isolated and fixed by quick-freezing in -80° C methanol. 

Frozen tissue was then placed on a pre-cooled mounting stud and embedded in Tissue-Tek 

0. C. T. compound (Fisher Scientific, Houston, Texas, U.S. A.) at -23° C. Embedded 

liver was sectioned at 10 µm with a cryotome (Zeiss Microm HM 505 N, Thornwood, 

New York, USA). Sections were placed on 0.1 % poly-L-lysine (Sigma, St. Louis, MO) 

coated coverslips and allowed to dry overnight at 4 ° C prior to immunolabeling. 
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Immunofluorescence Microscopy 

Labeling of RPE Cells (Prep # 1) 

Dissociated RPE cells on coverslips were washed with PBS once and fixed by 

submerging them in -80° C hexane, incubating them in ice cold 5% acetic acid in ethanol 

for 10 min or incubating them in 4% paraformaldehyde for 10 min. Cells were then 

washed 3X for a total of 15 min with PBS containing 0.2% Tween-20 (PBST) and then 

blocked for 1 hr at room temperature in 20% non-fat powdered milk in PBST. Coverslips 

were washed 3X with PBST for a total of 15 min. RPE cells were incubated for 2 hr at 

room temperature in undiluted anti-intermediate filament antigen (anti-lFA) IgGl mouse 

monoclonal antibodies or anti-vimentin lgM mouse monoclonal antibodies (clone 13.2; 

Sigma, St. Louis, MO) diluted 1: 100 in PBST. Control cells were incubated for 2 hr at 

room temperature in normal mouse serum (NMS; Sigma, St. Louis, MO) diluted 1 :200 or 

1:100 in PBST. Cells were then washed 3X with PBST for a total of 15 min. RPE cells 

were incubated for 2 hr at room temperature in anti-mouse polyvalent FITC-conjugate 

antibodies (Sigma, St. Louis, MO) diluted 1:256 in PBST or goat anti-mouse lgG TRITC­

conjugate antibodies (Sigma, St. Louis, MO) diluted 1: 128 in PBST in a dark environment. 

Cells were then washed 3X for a total of 15 min with PBS. Afterwards, cells were 

incubated for 20 min at room temperature in Texas red-conjugated phalloidin or 

fluorescein-conjugated phalloidin (Molecular Probes, Eugene, OR) in a dark environment. 

Cells were then washed 3X for a total of 15 min with PBS. Coverslips were mounted in 

90% glycerol in PBS containing 1 % p-phenylenediamine and examined by a confocal 

microscopy system on an Olympus IX-70 inverted microscope coupled to a Bio-Rad MRC-

1024 laser scanhead (Bio-Rad Laboratories, Hercules, California, U.S. A.). Images were 

acquired and processed using Bio-Rad Lasersharp software running on a Compaq PC. 
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Labeling of RPE Cells (Prep # 2 ) and of Liver Sections 

Prior to the immunolabeling procedure 'differential interference contrast (DIC) 

images of representative RPE cells with pigment granules aggregated and dispersed were 

recorded using the Olympus IX-70 inverted microscope equipped for DIC. RPE cells or 

liver sections were permeabilized by 3 washes with 0.5% Tween-20 in PHEM buffer (50 

mM PIPES, 25 mM HEPES, 8 mM EGTA, 2 mM MgCli, pH 7.0). Cells were then fixed 

for 5 min in methanol chilled to dry ice temperature. Fixed cells or sections were washed 

3X for a total of 15 min with PHEM buffer and blocked for 1 hr at room temperature in 

20% non-fat powdered milk in PHEM buffer. RPE cells were incubated for 2 hr at room 

temperature in anti-vimentin lgM mouse monoclonal antibodies (clone 13.2; Sigma, St. 

Louis, MO) diluted 1: 100 in PHEM buffer or multi-keratin (recognizes keratins 4, 5, 6, 8, 

10, 13, and 18) mouse monoclonal IgG1 antibodies (Neomarkers, Clone C-11, Fremont, 

CA) diluted 1 :300 in PHEM buffer . As a positive control for cytokeratin labeling, liver 

sections were incubated in multi-keratin mouse monoclonal lgG1 antibodies. As a negative 

control for the staining procedure, RPE cells and liver sections were incubated in normal 

mouse serum (Sigma, St. Louis, MO) diluted 1:100 and 1:300 in PHEM buffer 

respectively. Afterwards, liver sections and cells were washed 3X for a total of 15 min 

with PHEM buffer. RPE cells or liver sections were incubated for 2 hr at room 

temperature in anti-mouse polyvalent FITC-conjugate (Sigma, St. Louis, MO) diluted 

1 :256 in PHEM buffer in a dark environment. Cells or liver sections were then washed 3X 

for a total of 15 min with PHEM buffer. Some of the cells were incubated for 20 min at 

room temperature in Texas red-conjugated phalloidin (Molecular Probes, Eugene, OR) in a 

dark environment. Cells were then washed 3X for a total of 15 min with PHEM buffer. 

Coverslips were mounted in 90% glycerol in PBS containing 1 % p-phenylenediamine and 

examined by confocal microscopy. 
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RESULTS 

Immunolabeling of Bluegill RPE (Prep # p 
In paraformaldehyde fixed bluegill RPE cells stained with Texas-Red conjugated 

phalloidin, circumferential microfilament bundles and filamentous actin were distinctly 

labeled (Fig. 4 ). 

In hexane fixed bluegill RPE cells probed with anti-intermediate filament antigen 

antibodies and fluor-conjugated phalloidin, an intermediate.filament network extending 

from the level of the circumferential microfilament bundles toward the apical processes was 

revealed; however, filamentous actin in the apical processes did not label (Fig. 5). No 

labeling was observed in cells incubated in normal mouse serum (Fig. 5). 

In isolated bluegill RPE cells fixed in acetic acid in ethanol and probed with mouse 

anti-vimentin monoclonal antibodies and Texas-Red conjugated phalloidin, a filamentous 

network was revealed extending from the cell body toward and into the apical processes 

(Fig. 6). However, circumferential microfilament bundles and filamentous actin did not 

label (Fig. 6). No labeling was observed in cells incubated in normal mouse serum (Fig. 

6). 

Immunoblots of Bluegill Tissue Homogenates 

In order to determine the intermediate filament type or types expressed in bluegill 

RPE, I subjected homogenates of RPE, neural retina (positive control), brain (positive 

control), liver (negative control), and heart (negative control) to SDS-PAGE and Western 

blot analysis. Blots were probed with anti-vimentin polyclonal antibodies developed in 

goat using purified vimentin protein from cultured human foreskin fibroblasts as the 

immunogen. Anti-vimentin polyclonal antibodies reacted with a polypeptide band with a 

relative molecular mass of 50 kDa in bluegill RPE, retina, and brain protein samples (Fig. 
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7). The anti-vimentin polyclonal antibodies did not label any polypeptide bands in bluegill 

heart and liver protein sample lanes (Fig. 7). 

Immunolabeling of Bluegill Liver and RPE (Prep # 2) 

In Prep# 1 bluegill RPE cells were obtained with a squid-like-appearance which 

made it difficult to determine whether o;r not intermediate filaments are present in the apical 

processes. It is possible that the apical processes failed to adhere to the coverslips thus all 

or parts of the apical processes were washed off the coverglass during the immunolabeling 

procedure. In order to determine whether or not intermediate filaments are present in the 

apical processes, Prep # 2 was used to obtain dissociated RPE cells adhered onto glass 

coverslips with their apical processes spread out in a star-like formation and with pigment 

granules dispersed (Fig. 8). Through the use of Prep # 2, I was able to verify the 

expression of vimentin intermediate filaments by RPE cells and determine its distribution in 

isolated bluegill RPE cells using immunolabeling techniques. 

Through immunolabeling techniques, anti-vimentin monoclonal antibodies, and 

anti-cytokeratin monoclonal antibodies were used to determine the intermediate type or 

types expressed in isolated bluegill RPE cells. Monoclonal anti-vimentin antibodies labeled 

a fine filamentous network throughout the cell body and the apical processes of isolated 

RPE cells (Fig. 9b and 1 Ob). When normal mouse serum was used in place of primary 

antibodies, no labeling was observed in RPE cells (Fig. 9d and 10d). Furthermore, no 

labeling was observed in isolated RPE cells incubated in monoclonal anti-cytokeratin 

antibodies (Fig. llb). However, the same monoclonal anti-cytokeratin antibodies labeled 

hepatocytes and endothelial cells lining blood vessels in sections of frozen bluegill liver 

(Fig. 1 ld). No labeling was observed in liver sections incubated in normal mouse serum 

(Fig. 12b). Additionally, bluegill RPE cells incubated in Texas-Red conjugated phalloidin 

labeled filamentous actin throughout the cell body and the apical processes (Fig. 4 ). 
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Spontaneous dispersion of pigment granules into the apical processes from dark­

adapted fish has been observed to occur within 15 min after isolation of RPE sheets. 

(Garcia and Burnside, 1994). Furthermore, studies have shown that addition of 1 mM 

cAMP to the incubation medium of isolated RPE cells, induces the aggregation of pigment 

granules (Garcia and Burnside, 1994). In the present study, when isolated RPE cells with 

pigment granules dispersed were incubated in Ringer solution containing 1 mM cAMP, 

complete aggregation of the pigment granules was observed (Fig. 8a). Because pigment 

granules undergo spontaneous dispersion and cAMP triggers pigment granule aggregation, 

the distribution of intermediate filaments could be examined by confocal microscopy in the 

dispersed and aggregated state. 

When isolated RPE cells were treated with cAMP, complete aggregation of the 

pigment granules ~nto the cell body was observed (Fig. 8a). In RPE cells with pigment 

granules aggregated, vimentin intermediate filaments were observed throughout the cell 

body including the apical processes. Labeling of the vimentin intermediate filament 

network was greatest in the apical processes devoid of pigment granules and concentrated 

in a central region of the cell (Fig. 9b and 13a). However, in isolated RPE cells with 

pigment granules dispersed vimentin intermediate filament labeling was diffuse and less 

intense in the apical processes. Furthermore, vimentin intermediate filaments were present 

throughout the cell body but not concentrated in a central region as observed in a RPE cell 

with pigment granules aggregated (Fig. 10b and 13b ). 
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Figure 4 

Confocal micrographs of isolated bluegill retinal pigment epithelial cells stained 

with Texas-Red conjugated phalloidin labeling filamentous actin (F-actin) and the 

circumferential microfilament bundles (CMBs). A: Representative RPE cell fixed in 4% 

paraformaldehyde (PFA) illustrating a squid-like appearance. B: Representative cell fixed 

in -80° C methanol with apical processes spread out in a star-like shape. Arrows point to 

the CMBs, F-actin, and apical processes. 
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Figure 5 

Confocal micrographs of isolated retinal pigment epithelial cells fixed in -80° C 

hexane. RPE cells were incubated in anti-intermediate filament an~igen IgG1 monoclonal 

antibodies (Pruss et al., 1981) and in anti-mouse polyvalent FITC-conjugate or anti-mouse 

lgG TRITC-conjugate secondary antibodies. Texas-Red conjugated phalloidin or 

fluorescein conjugated phalloidin were used to label the circumferential microfilament 

bundles (CMBs). A & C: Intermediate filaments (IFs) extend from the level of the CMBs 

toward the apical processes. Arrows point to the CMBs and the IFs. B & D: No 

immunolabeling of IFs was observed in cells incubated in normal mouse serum. 
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Figure 6 

Confocal micrographs of isolated retinal pigment epithelial cells fixed in ice cold 5% 

acetic acid in ethanol. RPE cells were incubated in mouse anti-vimentin IgM monoclonal 

antibodies and in anti-mouse polyvalent FITC-conjugated secondary antibodies. Cells 

were also incubated in Texas-Red conjugated phalloidin. A: Vimentin intermediate 

filaments extend from the level of the cell body toward and into the apical processes. 

Circumferential microfilament bundles and filamentous actin did not label. Arrow points to 

the intermediate filaments. B: No immunolabeling of intermediate filaments was observed 

in cells incubated in normal mouse serum. 
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Figure 7 

Western blot analysis of bluegill RPE . A: SOS-PAGE gel stained with 

Coomassie blue showing separation of proteins in bluegill RPE, liver, neural retina, heart, 

and brain homogenates respectively. B: Corresponding immunoblot probed with goat 

anti-vimentin polyclonal antibodies, showing a prominent band at 50 kDa in RPE, neural 

retina, and brain. 
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Figure 8 

Transmitted light images of isolated bluegill RPE cells illustrating pigment granule 

aggregation and dispersion prior to the immunolabeling procedure. A: RPE cell treated 

with cAMP to induce pigment granule aggregation into the cell body. B: RPE cell without 

cAMP treatment showing spontaneous pigment granule dispersion into the apical . 

processes. Arrows point to pigment granules and apical processes. Calibration bars 

represent 50 µm (A) and 10 µm (B). 
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Figure 9 

Distribution of vimentin intermediate filaments in RPE cells with pigment granules 

aggregated. Sequential Z-plane optical sections were taken through the RPE cells to 

compose a stacked image projection of 13.3 µm depth. A & C: DIC images of isolated 

RPE cells treated with cAMP to induce pigment granule aggregation. Apical processes are 

devoid of pigment granules. B: Confocal micrograph of RPE cell in A after incubation in 

mouse anti-vimentin monoclonal antibodies and in anti-mouse polyvalent FITC-conjugated 

secondary antibodies. Vimentin intermediate filaments are localized throughout the cell 

body including the apical processes. Intense labeling of the vimentin intermediate filament 

network was in the apical processes devoid of pigment granules and concentrated in a 

central region of the cell body. D: Confocal micrograph of RPE cell in C after incubation 

in normal mouse serum in place of the primary antibody which resulted in no labeling. 

Arrows point to apical processes. Calibration bars represent 10 µm. 
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Figure 10 

Distribution of vimentin intermediate filaments in RPE cells with pigment granules 

dispersed. Sequential Z-plane optical sections were taken through the RPE cells to 

compose a stacked image projection of 4.4 µm depth. A & C: DIC images of isolated 

RPE cells without cAMP treatment displaying pigment granule dispersion into the apical 

processes. B: Confocal micrograph of RPE cell iri A after incubation in mouse anti­

vimentin monoclonal antibodies and in anti-mouse polyvalent FITC-conjugated secondary 

antibodies. Vimentin intermediate filaments are distributed throughout the cell body 

including the apical processes. Labeling of vimentin intermediate filaments appears diffuse 

and less intense in the apical processes. Vimentin intermediate filaments are labeled 

throughout the cell body but are not concentrated in one central area. D: Confocal -

micrograph of RPE cell in C after incubation in normal mouse serum in place of the 

primary antibody which resulted in no immunolabeling of intermediate filaments. Arrows 

point to apical processes. Calibration bars represent 10 µm. 



iELEil 



Figure 11 

Immunolabeling of a bluegill RPE cell and a liver section for cytokeratin. A & C: 

DIC image of an isolated RPE cell displaying dispersed pigment granules and of a liver 

section through a blood vessel. B: Confocal micrograph of RPE cell in A after incubation 

in mouse anti-cytokeratin monoclonal antibodies and in anti-mouse polyvalent FITC­

conjugated secondary antibodies. No immunolabe1ing of intermediate fi~aments was 

observed. D: Sequential Z-plane optical sections were taken through the liver section to 

compose a stacked image projection of 18 µm depth. Confocal micrograph of liver section 

in C after incubation in mouse anti-cytokeratin monoclonal antibodies and in anti-mouse 

polyvalent FITC-conjugated secondary antibodies displaying positive labeling of 

cytokeratin intermediate filaments in the endothelial cells of a blood vessel and in 

hepatocytes. Arrows point to apical process, blood vessel, and hepatocytes. Calibration 

bar represents 10 µm (A) and 50 µm (C). 
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Figure 12 

Photomicrograph of a control tissue for figure 11 (bluegill liver section). A: DIC 

image of liver section through a blood vessel. B: Sequential Z-plane optical sections were 

taken through the liver section to compose a stacked image projection of 18 µm depth. 

Confocal micrograph of bluegill liver section in A after incubation in normal mouse serum 

and in anti-mouse polyvalent HTC-conjugated secondary antibodies; no labeling was 

observed. Arrow points to blood vessel. Calibration bar represents 50 µm. 
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Figure 13 

Vimentin intermediate filaments undergq a subtle reorganization in isolated RPE 

cells with pigment granules aggregated and dispersed. A comparison of figures 9 and 10. 

A: Confocal micrograph showing the distribution of vimentin intermediate filaments in a 

bluegill RPE cell with pigment granules aggregated. The intensity of vimentin intermediate 

filament labeling is greater in the apical processes of the RPE cell with pigment granules 

aggregated. Furthermore, vimentin labeling is concentrated in a central region of the cell 

body. B: Confocal micrograph showing the distribution of vimentin intermediate 

filaments in a bluegill RPE cell with pigment granules dispersed. Compared to A vimentin 

intermediate filament labeling is less intense in the apical processes. Furthermore, vimentin 

intermediate filaments labeled throughout the cell body, but are not concentrated within a 

specific area of the cell body. Arrows point to apical processes. 
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DISCUSSION 

In this investigation, results suggest that vimentin intermediate filaments are 

expressed in isolated bluegill RPE cells. In addition, bluegill vimentin appears to have a 

relative molecular mass of 50 kDa. Results have also indicated that RPE cells do not 

express cytokeratin intermediate filaments. Furthermore, results have revealed that the 

vimentin intermediate filament network of bluegill RPE cells undergoes a subtle 

reorganization in accordance with pigment granule aggregation and dispersion. 

Preliminary studies have suggested that the intermediate filament protein expressed 

in bluegill RPE is vimentin as indicated by immunoblotting_using polyclonal anti-vimentin 

antibodies (Garcia and Koke, 1996). Also, immunolabeling studies using anti-intermediate 

filament antigen monoclonal antibodies (Pruss et al., 1981) revealed the presence of 

intermediate filaments extending from the level of the circumferential microfilament bundles 

toward and possibly into the apical processes of isolated bluegill RPE cells (Fig. 5). In 

contrast, in situ immunolabeling studies by Zamora ( 1997) using the same antibodies 

suggested that bluegill RPE cells express a network of intermediate filaments extending 

from the base of the RPE cells toward but not into the apical processes. Furthermore, 

immunolabeling studies using a monoclonal antibody specific for vimentin intermediate 

filaments revealed ~he presence of a filamentous network extending from the cell body into 

the apical processes in isolated bluegill RPE cells (Fig. 6). Based on these observations, 

the possibility arose that bluegill RPE expresses a vimentin intermediate filament network 

in the cell body and in the apical processes. 

Through the use of Western blot analysis, a polypeptide band with a relative 

molecular mass of 50 kDa was detected in bluegill RPE (Fig. 7). In molecular biology 

studies of trout RPE, a gene coding for vimentin was isolated and determined to code for a 

polypeptide with a predicted molecular weight of 53, 325 Da (Herrmann, et. al., 1996). In 

the same report, in situ studies using monoclonal antibodies raised against vimentin from 
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Xeponus laevis revealed the presence of vimentin intermediate filaments in trout RPE, 

neural retina, and brain. Recently, the gene coding for vimentin was isolated from 

zebrafish and was determined to code for a polypeptide with a predicted molecular weight 

of 52, 597 Da (Cerda, et al., 1998). Furthermore, in situ studies, using monoclonal 

antibodies raised against human vimentin ( clone V-9), revealed the presence of vimentin 

intermediate filaments in zebrafish RPE and neural retina (Cerda, et al., 1998). 

Interestingly, efforts to label bluegill RPE using clone V-9 antibodies failed. Nevertheless, 

evidence that bluegill RPE expresses vimentin with a relative molecular mass of 50 kDa is 

consistent with studies reported in trout and zebrafish (Fig. 7). 

To corroborate immunoblot evidence that bluegill RPE expresses vimentin 

intermediate filaments, immunolabeling studies were conducted using isolated RPE cells. 

Since it has been shown that RPE from other vertebrate· species express both vimentin and 

cytokeratin intermediate filaments (Owaribe et al., 1988; Hunt, 1994) and various teleost 

tissues express cytokeratin intermediate filaments (Markland Franke, 1988; Markl et al., 

1989), studies were also conducted to determine whether bluegill RPE expresses 

cytokeratin intermediate filaments. Through the use of confocal microscopy, 

immunolabeling studies on isolated RPE cells using a monoclonal antibody specific for 

vimentin revealed the presence of a network of vimentin intermediate filaments extending 

from the cell body into the apical processes in isolated bluegill RPE cells (Fig. 9b and 1 Ob). 

In contrast, when isolated RPE cells were probed with monoclonal antibodies specific for 

cytokeratin intermediate filaments, no labeling was observed (Fig. 11 b ). In order to 

demonstrate that the monoclonal antibodies recognize bluegill cytokeratin intermediate 

filaments, sections of bluegill liver were also probed. Cytokeratin monoclonal antibodies 

labeled a filamentous network in endothelial cells of blood vessels and hepatocytes in 

bluegill liver (Fig. 1 ld). Taken together, these observations indicate that bluegill RPE cells 

express vimentin intermediate filaments and not cytokeratin. Again, these findings are 
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consistent with in situ studies revealing the presence of vimentin intermediate filaments in 

trout and zebrafish RPE (Herrmann, et. al., 1996; Cerda, et al., 1998). 

In this investigation, evidence suggests that a subtle reorganization of vimentin 

intermediate filaments accompanies dispersion and aggregation of pigment granules in 

bluegill RPE (Fig. 13). When pigment granules were induced to aggregate by cAMP 

treatment, the density of vimentin intermediate filaments appeared greater in the apical 

processes and concentrated in a central area of the cell body, raising the possibility that the 

number of vimentin intermediate filaments increases during pigment granule aggregation. 

In contrast, when pigment granules were dispersed into the apical processes, the level of 

fluorescence was less in the apical processes suggesting that the number of vimentin 

intermediate filaments decreases in this region during pigment granule dispersion (Fig. 13). 

However, vimentin intermediate filaments were present throughout the cell body but not 

distinctly concentrated in a central area of the cell body (Fig. 13). Nevertheless, the 

observed change in the distribution of vimentin intermediate filaments between RPE cells 

with pigment granules dispersed and aggregated is not conclusive evidence to support a 

role in pigment grc;111ule translocation. 

Reorganization of the cytoskeleton has been implicated to be concomitant with 

changes in pigment granule distribution in pigmented cells (Murphy and Grasser, 1984; 

Bruenner and Burnside, 1986; Palazzo et al., 1989a; Walker et al., 1989; Rodionov et al., 

1996). In ultrastructural studies conducted on black tetra chromatophores by Murphy and 

Grasser ( 1984 ), observations were made of pigment granules entrapped within and making 

direct contact with an intermediate filament network. Based on these observations, the 

authors proposed that intermediate filaments may increase the efficiency of pigment granule 

migration by interconnecting all pigment granules into a single physical mass. In 

immunolabeling studies conducted on goldfish xanthophores by Walker et al. ( 1989), 

intermediate filaments were observed to be distributed throughout the cytoplasm of cells 

with carotenoid droplets dispersed; however, when the carotenoid droplets were aggregated 
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intermediate filaments were largely excluded from the aggregated pigmented mass but 

instead formed a band that circumscribed the aggregated mass. Based on these 

observations, it was proposed that intermediate filaments may play a role in carotenoid 

droplet aggregation or the stabilization of the aggregated pigmented mass. 

More recently, ultrastructural investigations by Leonova ( 1992) revealed that in 

black tetra melanophores with pigment granules dispersed, a dense network of vimentin 

intermediate filaments was observed surrounding pigment granules while microtubules 

displayed a wavy appearance; however, when pigment granules were in the aggregated 

state, the intermediate filaments and microtubules reorganized into radially oriented 

structures. Based on these observations, the author suggested that aggregation is a 

microtubule dependent process which may also involve intermediate filaments. Other 

studies conducted on black tetra melanophores have indicated that intermediate filaments 

cross-link pigment granules prior to the onset of pigment granule aggregation, raising the 

possibility that pigment granule motion toward the center of the cell may depend on this 

interaction (Rodionov et al., 1996). Based on such studies conducted on teleost dermal 

pigmented cells and on recent findings implicating that pigment granule translocation in 

isolated teleost RPE cells is an actin dependent process (King-Smith et al., 1997), the 

possibility arises that vimentin intermediate filaments in association with microfilaments or 

microtubules may play a supporting role in the coordination of pigment granule movement 

and stabilization of the dispersed and aggregated states in bluegill RPE. 

To investigate the subtle reorganization of vimentin intermediate filaments in RPE 

cells with pigment granules aggregated and dispersed further, quantitative studies would be 

appropriate to determine if such a change in vimentin intermediate filament distribution is 

significant. Specifically, immunofluorescence labeling of vimentin intermediate filaments 

would be analyzed and compared quantitatively b~tween groups of bluegill RPE cells with 

pigment granules aggregated and dispersed. Furthermore, it would be of interest 

investigating whether vimentin intermediate filaments play a possible role in pigment 
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granule movement. Protocols would have to be developed to disrupt the vimentin 

intermediate filament network without altering the microtubule and microfilament n.etworks, 

and isolated bluegill RPE cells could then be exposed to drugs such cAMP to induce 

aggregation or dopamine to induce dispersion and the role of intermediate filaments in 

pigment granule movement could be inferred. 
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