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SECTION 5 – IMMUNHISTOCHEMCIAL LOCALISATION OF CYTOSKELETAL PROTEINS 

IN THE OVINE LENS 

 

 

5.1 Introduction 

 

Immunohistochemical observation of lens proteins in histological sections has assisted in 

elucidating the function or functions for a protein or proteins, on the basis of cellular 

localisation or temporal distribution (Donaldson et al., 2004). Immunohistochemistry has 

been used to examine the lens cytoskeleton qualitatively in a wide variety of species. For 

example, studies in the rodent and bovine lens have described the localisation of vimentin and 

beaded filament proteins CP49 and filensin (Lindsey-Rose et al., 2006; Alizideh et al., 2003; 

Blankenship et al., 2001; Ireland et al., 2000; Sandilands et al., 1995; Colucci-Guyon et al., 

1994), spectrin (Beebe et al., 2001), and actin (Lee et al., 2000; Woo et al., 2000). Most of 

these studies observed changes in the cytoskeleton of lens cells as they differentiated from 

nucleated epithelial cells into fibre cells during growth of the lens. There is a dearth of 

literature with respect to the ovine lens and in particular the ovine lens cytoskeleton. 

Furthermore, the examination of cytostructure and cytoskeletal components in the ovine lens 

by means of immunohistochemical localisation may be helpful in further establishing the 

ovine lens as a large animal model for studying cataract. 

 

The cytoskeleton has essential roles in the normal growth, maturation, differentiation, 

integrity, and function of cells in the human lens (Bozniac et al., 2006). Its main components 

are actin microfilaments, intermediate filaments and microtubules. Actin is a major 

cytoskeletal protein in the lens, participating in and regulating events associated with fibre 

cell differentiation and it possibly plays a role in lens accommodation through stabilisation of 

epithelium under tension with myosin (Rao & Maddala, 2006; Kivela & Uusitalo, 1998). 

Actin, along with associated actin binding proteins such as spectrin, has been localised in the 

lens in association with the lens fibre cell plasma membrane, where actin has been detected 

with an increased presence at the short sides of these cells (Struab et al., 2003). Electron 

micrographs indicate that the majority of actin in the lens exists in a network configuration 

associated with the cell membranes of lens fibre cells (Lo et al., 1997). Little appears to be 

known about actin in the nucleus of the lens, although Lee et al. (2000) located actin in this 
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region of the lens that was associated with the fibre cell membrane without preference toward 

any particular region of membrane. Spectrin has been found to be associated with the plasma 

membrane in the outer epithelial cells of the lens (Beebe et al., 2001), and the onset of 

organelle loss in lens fibre cells is known to coincide with spectrin cleavage (Zandy et al., 

2005). As a result, spectrin fragments have been detected in the organelle-free fibre cells in 

the late embryonic stage, and are restricted mostly to the cells of the nucleus in adult lenses 

where they are known to accumulate in a range of species (Lee et al., 2001). In fibre cells of 

the lens cortex, spectrin has been localized by immunohistochemistry to the plasma 

membrane in bovine and chicken lenses (Woo et al., 2000). Less is known about the 

localisation of spectrin in the nuclear fibre cells using the same technique, possibly due to 

difficulty associated with obtaining adequate tissue samples from this region of the lens, but it 

is thought the spectrin-actin cytoskeleton maintains its role in these cells (Alizadeh et al., 

2003; Lee et al., 2000). There is some histological evidence that suggests that spectrin 

remains localized to the membrane of nuclear fibre cells, and other techniques such as 

Western blotting corroborate these findings (Lee et al., 2001; Lee et al., 2000; Matsushima et 

al., 1997). 

 

Intermediate filaments are known to sequentially appear and disappear during the 

developmental progression of cells in both rodents and humans (Bozniac et al., 2006). Of the 

intermediate filament proteins found in the lens fibre cells, vimentin makes the earliest 

appearance, as it is localised in epithelial cells and early differentiating fibre cells. In mature 

fibre cells deeper within the lens vimentin is absent with its disappearance defining a specific 

stage of differentiation (Perng & Quinlan, 2005; Quinlan et al., 1996; Sandilands et al., 1995). 

The lens specific intermediate filament protein filensin is distributed in the fibre cell in a 

manner that is dependent on the age of the lens. In mature lenses, filensin is found 

predominantly associated with the fibre cell plasma membrane, with its distribution becoming 

cytoplasmic toward the lens nucleus, while still being associated with the plasma membrane 

(Lee et al., 2000; Sandilands et al., 1995a). In the young lens however, the distribution of 

filensin is localised primarily in the cytoplasm (Blankenship et al., 2001; Ireland et al., 2000; 

Sandilands et al., 1995).  

 

The aim of these experiments was to carry out immunohistochemical labelling of a 

selection of targets based around the cytoskeleton in the ovine lens. The intention of which 
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was to study the structure of the lens cytoskeleton and examine the subcellular localisation of 

these proteins, and to compare ovine lens with lenses of other species. A variety of proteins of 

the lens cytoskeleton were selected as targets in this study, including vimentin, filensin, 

spectrin, and actin. These proteins were chosen on the basis that there is a reasonable amount 

known about their distribution within the lens in other species (e.g. Bozniac et al., 2006; 

Alizadeh et al., 2003; Beebe et al., 2001; Ireland et al., 2000; Lee et al., 2000; Woo et al., 

2000; Sandilands et al., 1995; Sandilands et al., 1995a). Other cytoskeleton associated 

proteins such as tubulin were not investigated in the current study as there was little research 

to be had in the literature regarding the distribution of these proteins. Actin, spectrin, 

vimentin, and filensin thus represent a logical choice for an immunohistochemical 

investigation of the ovine lens cytoskeleton, and allow comparison with what has been found 

in other species. Furthermore, several of the selected proteins are representative of those that 

are generally degraded early on in cataract development in other species, and are known 

calpain substrates (Goll et al., 2003; Lee et al., 2001; Matsushima et al., 1997). 

The experimental approach taken in this investigation of the ovine lens cytoskeleton 

revolved around the use of immunohistochemistry coupled with Western immunoblotting of 

separated lens USF extracts. Immunoblots were used to identify the presence of target 

proteins and fragments, and as a proxy for the results obtained by immunohistochemistry, 

with the combined aim of isolating and localising lens cytoskeletal proteins to discrete regions 

of the lens. 

 

 

5.2 Methods 

 

Tissue Collection 

Eyes from sheep of unknown breed and that were 1 year old or less were obtained from a 

local abattoir, and the lenses removed using a posterior approach (Robertson et al., 2005). 

Lenses to be processed for Western blotting had their capsule containing epithelial cells 

removed and collected, and the lens mass was separated into cortex and nucleus as for Section 

4 (see Materials and Methods 4.2 Sample Collection). Lenses were processed for 

immunohistochemistry whole. 
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Western Immunoblotting 

USF proteins were separated from collected lens fractions as for Section 4 (see Materials and 

Methods 4.2 Extraction of Urea-soluble Protein Fraction (USF) from Lens Homogenates and 

Band Identification by Western Immunoblot). The protocol was modified for the lens capsule 

containing epithelial cells (referred to here on as capsule/epithelial cells) due to the negligible 

mass of this lens fraction. Collected capsule/epithelial cells were placed in 1 mL of Buffer A 

prior to homogenisation by sonication only (applied in three 5-second bursts at medium 

power to prevent overheating the sample). All subsequent steps for Western blotting of 

capsule/epithelial cells were carried out as for lens cortex and nucleus samples (see Section 4 

– Materials and Methods 4.2 Extraction of Urea-soluble Protein Fraction (USF) From Lens 

Homogenates).  

 

USF protein (10 µg) was separated by SDS-PAGE for all proteins that were 

immunoblotted. Western immunoblotting was carried out for each of the chosen proteins in 

this study (spectrin, actin, vimentin and filensin) using the same antibodies as used for 

immunohistochemical localisation (see Immunohistochemical Localisation, below), and lens 

fractions (capsule/epithelial cells, cortex, nucleus) were separated and blotted in duplicate.  

 

 

Processing of lenses for immunohistochemistry 

Lenses in all cases were processed for immunohistochemistry following the protocol 

developed in Section 3 – Optimisation of a Method for the Processing of Ovine Lenses for 

Immunohistochemistry (see Section 3 – 3.6.1 Final Protocol for details). Briefly, lenses were 

fixed whole in 4% PFA in PBS for 120 hours, followed by cryoprotection in 10-30% sucrose 

in PBS solution overnight. Lenses were frozen and embedded in O.C.T., frozen in liquid 

nitrogen and sectioned with a cryostat microtome (Leica Microsystems, Nussloch, Germany) 

set at -20 
o
C. Sections were cut at 16 µm and collected on HistoBond

®
 adhesion microscope 

slides (Marienfeld GmbH & Co., Germany). 

 

 

Immunohistochemical Localisation 

The method for immunohistochemical staining of proteins and other cellular material was 

adapted from Reed et al., (2001), and personal communication (Marc Jacobs, Department of 
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Physiology, School of Medical Science at Auckland University, November 2005; see also 

Jacobs et al., 2003, 2004 and Grey et al., 2003 for relevant details). In all cases non-ovine 

derived antibody specificity for the ovine antigens was specified initially with 

immunoblotting. 

All incubations with antibody were performed either at room temperature for 2 hours, or at 

4°C overnight, in a humid box. Antibodies were applied to blocked sections following 

sectioning and two washes in distilled water to remove O.C.T. freezing medium. For primary 

antibody labelling, sections were stained at various dilutions between 1:100 and 1:1000 in 

blocking solution. This was necessary to determine optimum staining of target proteins. 

Antibodies were visualised with Alexa Fluor 488
®
 tagged secondary antibodies directed 

against the primary antibody species as necessary. Secondary antibodies were diluted from a 2 

mg/mL stock solution that had been stored in aliquots at -20
o
C protected from light, and 

dilution was at 1:200 in blocking solution. Incubation in the presence of antibodies was in all 

cases followed by three five minute washes with 250 µL of PBS and thorough drying of the 

sections using dust-free paper towels followed each PBS wash. Prior to viewing, lens sections 

were mounted in a single drop of anti-fade fluorescent mounting medium (DakoCytomation, 

USA) and cover slipped. Sections were viewed and images collected as for sections in Section 

3 using a Leica DMIRB microscope equipped with a mercury light source, filters, and digital 

RT camera. Exposure time for image collection was set to “auto”, and some image 

manipulation was necessary post collection (brightness/contrast).  

 

Control staining of all antibodies was carried out as follows: minus primary antibody and 

positive for the equivalent secondary being investigated, and minus secondary antibody but 

positive for primary antibody. For example if actin was being investigated, the equivalent 

primary negative control would have first been incubated in blocking solution alone followed 

by incubation with Alexa Fluor 488
®
 labelled chicken anti-goat IgG antibody, and in the case 

of the secondary negative control, the lens section initially would have been incubated in the 

presence of anti-actin antibody, followed by a blank incubation of blocking solution in place 

of the chicken anti-goat IgG. In addition to antibody controls, randomly selected sections 

were stained with FITC and/or PI, so as to assess lens morphology in a batch of sections.  

In a selection of sections, TRITC conjugated Triticum vulgaris lectin (Sigma, Missouri, 

USA) was employed as counter-stain on lens sections. Propidium iodide (PI) was also used as 

a counter stain for detecting cell nuclei. While primarily used to assess morphology of section 
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in batches of lens sections, membrane and organelle identification with TRITC-lectin and PI 

also allowed distinction of cellular components and confirmation of the localisation of target 

proteins (Reed et al., 1999). TRITC-lectin was used a dilution of 1:200 of a 1 mg/mL 

solution, and PI at 1:3000 of a 1 mg/ml stock solution. PI was applied to sections diluted in 

secondary antibody incubation solution, and was thus applied to sections at room temperature 

for 2 hours, or at 4°C overnight in a humid box (as described in Section 3). PI and TRITC-

lectin were visualised with mercury lamp excitation at 535 nm and emitted light was filtered 

at 615 nm. 

 

 

 

5.3 Experiment 1 - Spectrin 

 

 

5.3.1 Methods 

 

Spectrin was detected in immunoblots and lens sections using a polyclonal anti !-spectrin 

(fodrin) raised in rabbit (Santa Cruz Biotechnology, California, USA). Spectrin was visualised 

in sections using Alexa Fluor 488
®
 labelled goat anti-rabbit IgG secondary antibody 

(Molecular Probes, Oregon, USA). The Alexa Fluor 488
®
 fluorescent dye used to tag the goat 

anti-rabbit IgG had an absorption maximum of 495 nm and an emission maximum of 519 nm. 

The fluorophore was excited with a mercury lamp and filtered at 520 nm for detection under 

the microscope with the digital camera. 

 

 

5.3.2 Results 

 

Immunoblotting 

Spectrin was detected predominantly in the lens cortex by immunoblotting as whole spectrin 

at greater than 250 kDa (the limit of the molecular weight markers used in the immunoblot), 

as well as break-down products at just over 150 kDa and between 100 and 75 kDa (labelled 

bands in fig. 5.3.1), the latter of which are known to accumulate during normal lens aging 

(Lee et al., 2001). Additionally, a weak band was observed at approximately 145 kDa in the 
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cortex samples. Spectrin was expected to be present in the lens nucleus, as it is known to 

accumulate there as has been found in other studies on lenses in different species (Lee et al., 

2001; Lee et al., 2000; Matsushima et al., 1997). A very faint band corresponding to full-

length spectrin was detected in the nucleus extract, more so in one of the replicates. A 150 

kDa spectrin fragment was detected in nucleus samples. No spectrin was detected in the 

capsule/epithelial cell extracts. 

 

 

 

Figure 5.3.1 Spectrin Immunoblot 

Full-length and fragments of spectrin were detected in the cortex samples only, with a faint full length 

band detected in one of the nucleus samples. An extremely weak band was observed at around 145 

kDa in the cortex sample, corresponding to a specific calpain II product (Robertson et al., 2005), and 

at 150 kDa a band can be seen in nucleus samples. •, full length spectrin; !, spectrin fragments (as 

identified by molecular mass in kDa); MWt, molecular weight marker (in kDa); C/EC, 

capsule/epithelial cells; Cort, cortex; Nuc, nucleus. 

 

 

 Immunohistochemical localisation 

Spectrin primary antibodies were initially tested at a dilution of 1:100 in blocking solution, 

and this dilution was gainfully increased to 1:500, while further dilution above this level was 

found to be inadequate for detection with the fluorescent secondary antibody. In sections that 

were treated as controls, negligible fluorescence was detected at the wavelength used for 

detection of spectrin. 

 

In the outer cortex fluorescence associated with spectrin staining could be identified 

throughout the membrane, and it was generally a very weak signal that was obtained 

regardless of the antibody concentration above 1:500, hence the decision to use 1:500 

dilution. While some sections appeared to favour spectrin in either the long sides or short 

sides (see fig. 5.3.2, b, and fig. 5.3.3, c-d), the majority of sections stained showed spectrin 
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signal at all sides of the fibre cells. There did not appear to be any difference in the 

distribution of spectrin on/in the membrane across the cortex – i.e. between fibre cells in early 

maturity that were located near the periphery of the lens section, and the older cells deeper in 

the cortex. 

The lens nucleus showed positive signs for spectrin on essentially all sides of the fibre cells 

and followed the irregular contours of the membranes of these cells (fig. 5.3.2, e and d). Areas 

of increased intensity for spectrin labelling were detectable in the nucleus that perhaps 

coincided preferentially at junctions of two or more cells, as opposed to the margin bordering 

two proximate cells that generally displayed spectrin localisation but at a less intense level. 

Occasional sections immunostained for spectrin displayed a signal that was difficult to 

interpret owing to its seeming intense cytoplasmic localisation (see fig. 5.3.3, a-b). Again 

these results were likely due either to sectioning plane difficulties outlined in Section 3, non-

specific staining by secondary antibodies, or unexpected cytoplasmic localisation of proteins. 

Section (b) presented in fig. 5.3.3, is a noticeable example of the plane of sectioning along 

fibre cells rather than through the cells as was originally desired (discussed in Section 3). 

 

 

a) 

 

 

 

 

 

 

 

 

 

 

 

 

Figure 5.3.2. Spectrin Distribution in the Ovine Lens Cortex.  
Spectrin was found to be distributed evenly about the cortical fibre cell membrane. Inset schematic 

illustrating approximate location within the lens where the picture was taken (after Taylor et al., 

1997). Scale bar is 10 µm. 
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Figure 5.3.2. Spectrin Distribution in the Ovine Lens - Cortex.  
Section (b) gives the impression of a slight increase in the presence of spectrin in the short sides 

compared with the long sides of the fibre cell (contrast with fig. 5.3.2 a). The membranous spectrin 

was confirmed TRITC-lectin (red, c) matching closely the spectrin signal detected on a double 

labelled section (i.e., the section presented in fig. 5.3.2  b) Inset as for fig. 5.3.2. Scale bar is 10 µm. 

 


