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Figure 5.6.3 Filensin Distribution in the Outer Cortex and Nucleus 
(e) TRTIC-lectin membrane counterstain of the section presented in fig. 5.6.3 (f), and then 

enhanced in (h). The pattern of TRITC-lectin staining confirmed the membrane distribution of 

filensin seen in fig. 5.6.3 (f). Inset is as above. Scale bar is 10 µm. 
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5.7 Discussion 

 

The major objective of this investigation was to specifically label cytoskeletal proteins of the 

ovine lens. A selection of proteins were chosen which were representative of those which 

were generally degraded early on in cataract development in other species (Lee et al., 2001; 

Matsushima et al., 1997), were known calpain substrates, and had a reasonable amount known 

about their distribution within the lens in other species (e.g. Alizadeh et al., 2003; Beebe et 

al., 2001; Ireland et al., 2000; Lee et al., 2000; Woo et al., 2000). Table 5.7.1 is a summary 

of significant findings from the immunohistochemical investigation.  

 

 

Table 5.7.1 Summary of findings relating to immunohistochemical localisation of cytoskeletal 

proteins in the ovine lens 

 Location in lens  
Target 

Outer Cortex (o.c.) Inner Cortex (i.c.) Nucleus (n.) 

Spectrin Weak non-specific* 

membrane pattern. 

No change between i.c. 

and o.c. 

Membrane, 

possible 

accumulation at f.c. 

junctions.  

Actin Increased localisation at cell 

junctions, short sides of f.c. 

membrane, long sides 

reduced actin signal 

Present at a reduced 

level to the o.c., signal 

diminishes at depth in 

cortex. 

Not detected. 

Vimentin Membrane and cytoplasmic 

localisation.  

Difficult to discern vimentin 

localisation due to 

background interference. 

Diminished vimentin 

presence with depth, 

membrane localisation 

detected deeper in i.c. 

after loss of cytoplasmic 

signal. 

Potentially detected 

in the n., extremely 

faint signal; 

possible 

interference from 

TRITC hampered 

confirmation.  

Filensin Predominantly cytoplasmic, 

difficult to discern between 

cytoplasm and membrane. 

Membrane only. Potentially 

membranous.  

* Non-specific with respect to any particular region of the fibre cell, and instead found at all 

points in these cells (c.f. increased actin at short sides). 

f.c., fibre cell 
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Spectrin 

Spectrin is a vital component of the cytoskeleton and is found throughout the lens, and is 

known to alter in its distribution in the fibre cell during lens growth and the differentiation of 

fibre cells (Zandy et al., 2005; Beebe et al., 2001; Woo et al., 2000). Immunoblotting of lens 

USF extracts in this investigation revealed the presence of spectrin in the lens cortex, with the 

existence of full length (>250 kDa) spectrin detected, in addition to several breakdown 

products (see fig. 5.3.1). Immunohistochemical localisation of spectrin confirmed the 

immunoblot results, with positive staining for spectrin in the fibre cells of the inner and outer 

cortex. Spectrin was found to be associated with the plasma membrane of fibre cells and did 

not show any preference for either the long or short sides of the fibre cells in this region of the 

lens, as was the case for other proteins investigated (such as actin). The pattern of spectrin 

localisation in cortical fibre cells was in common with what has been found in other species 

such as chicken (Lee et al., 2000; Beebe et al., 2001). It may have been expected that spectrin 

would be distributed favouring the short sides of the fibre cells, as it is known to associate 

with actin in the cell (Straub et al., 2003) and actin itself was identified in this part of the lens. 

Some sections displayed preferential localisation of spectrin along either edge of the fibre 

cell, but this may have been the result of variation in sectioning angle or thickness of the 

section itself (Lo et al., 1997), since it was not seen in all samples.  

Immunohistochemical staining also revealed the presence of spectrin in the lens nucleus. In 

this part of the lens spectrin was distributed on the membranes of fibre cells and followed the 

irregular membrane contour of these cells, again with positive staining for this protein at all 

points around the fibre cell(s) membrane. Immunoblotting of USF extracts from the lens 

nucleus revealed a much-reduced presence of spectrin compared to the cortex. Spectrin has 

been identified in lens nucleus extracts obtained from rat (Lee et al., 2001; Matshshima et al., 

1997). Full-length spectrin, as well as fragments of the type that was identified in the cortex in 

this investigation (see fragments between 75 and 100 kDa in fig. 5.3.1), have been identified 

elsewhere in the lens nucleus. Notably, Lee et al. (2000) carried out a separation of the lens 

into sections similar to that completed in this investigation, however the separation of the lens 

was into cortex, outer nucleus and inner nucleus, whereas lenses were separated in this 

investigation into cortex and one nuclear fraction only. Thus the differences seen between the 

two studies may be due to the determination of the cortex/nucleus fraction between the two 

studies or that Lee et al (2001) studied chicken and rat lenses. The sheep lens is much larger 
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and softer than both the chicken and rat, and as such makes complete separation of nucleus 

and cortex material difficult. 

The immunohistochemical localisation of spectrin in the nuclear fibre cells of the lens has 

not been covered to a great extent in the literature, possibly due to difficulty associated with 

obtaining adequate tissue samples from this region of the lens for immunohistochemistry 

(Alizadeh et al., 2003; Lee et al., 2000). It is known that during the course of normal lens 

fibre cell differentiation spectrin is proteolytically processed by a range of proteases to 

fragments ranging in mass from 60 to 160 kDa, with a highly sensitive cleavage site 

producing a spectrin fragment of 150 kDa (Lee et al., 2001; Lee et al., 2000; Fukiage et al., 

1997). 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 

this hypothesis (Lee et al., 2001; Lee et al., 2000; Matsushima et al., 1997). It was found in 

this investigation that spectrin in the lens nucleus was associated with the plasma membrane 

of fibre cells, with of increased signal detected that appeared to be located preferentially at 

junctions of two or more cells, possibly indicating increased presence of spectrin in these 

regions. The finding of increased presence of spectrin in particular regions of lens fibre cells 

in the nucleus is not without precedent. Lee et al. (2000) described a similar pattern of 

distribution of spectrin in the lens nucleus, describing these observed regions on increased 

signal as “ball-like foci and protrusions” on the membranes of nuclear fibre cells, and it 

would appear that these are the same as what was seen in the present study. Tropomodulin, 

actin and tropomyosin were also distributed in this way in the nucleus of chicken lenses, and 

the explanation given for these foci/protrusions by Lee et al (2000) was that they are the 

location of membrane interdigitations, as confirmed by scanning electron microscopy.  

 

 

Actin 

Actin is an important cytoskeletal protein in the lens, participating in and regulating events 

associated with fibre cell differentiation and possibly with a role in lens accommodation 

through stabilisation of epithelium under tension with myosin (Rao & Maddala, 2006; Kivela 

& Uusitalo, 1998). Histological sections obtained from lenses in this investigation 

conclusively presented an actin pattern that was localised preferentially to the short sides of 

the fibre cell in the lens cortex. Actin was detected in the lens nucleus in immunoblots of USF 

extracts from this region (fig. 5.4.1), although at very minor amounts compared to the cortex. 
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No actin breakdown products were observed by immunoblotting, and this was not 

unexpected, as actin is known to be highly resistant to proteolysis by proteases such as calpain 

(Goll et al., 2003). 

The pattern of actin localisation detected in the ovine lens was similar to that reported in 

other species including rat (Lo et al., 1997), chicken (Lee et al., 2000), and quail (Weber & 

Menko, 2006). It is thought this pattern of staining may be associated with a population of 

actin filaments additional to those of the membrane cytoskeleton (Lee et al., 2000). Actin was 

observed at the long sides of the fibre cell, albeit at a much reduced intensity to that detected 

in fibre cell short sides. It has been suggested that increased intensity of protein detected at 

particular regions of lens fibre cells, as has been found for actin, is the result merely of 

increased membrane density at the short sides and apices of fibre cells (Lindsey-Rose et al., 

2006). This explanation does not account for the increased signal that was detected for actin 

only in this investigation. Other proteins studied in this investigation did not equally show any 

propensity for these presumed areas of increased membrane density even though they were 

found similarly throughout the rest of the membrane – i.e., to satisfy the explanation of 

increased membrane density at the corners, all proteins that have been detected in the fibre 

cell membrane would presumably have an increased presence in this part of the fibre cell also.  

Selected sections stained for actin appeared to display a slightly altered pattern of actin 

localisation in the fibre cells. Most prominently, these fibre cells displayed intense “dots” of 

actin concentrated in the corners of the cells (see section fig. 5.4.2, a), instead of evenly 

distributed actin along the short sides that was the case in other lens sections observed. Lo et 

al. (1997) encountered similar such localisation of actin in rat lenses, and explained that each 

dot may be a composite of up to three actin bundles located at the intersection where the fibre 

cells meet.  

Actin could not be identified in the nucleus of lenses in the current study by 

immunohistochemistry. Actin that was detected in the cortex nearer the lens nucleus appeared 

to be diminishing in intensity (see fig. 5.4.2, d). This possibly indicates that the presence of 

actin reduces in fibre cells as they enter the lens nucleus in ovine lenses, however others have 

had success in detecting actin in the lens nucleus in other species. Lee et al. (2000) detected 

actin in the nucleus of bovine lenses, and suggested that it was indeed the first time that actin 

had been identified in the lens nucleus in any species. It was found by Lee et al. (2000) that 

actin remained associated with the fibre cell membrane in the nucleus, following closely the 

irregular contours of these highly compacted cells rather than displaying enrichment at any 
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particular region (as is the case in the cortical fibre cells). Actin was detected using 

immunoblot in lens nucleus extracts in the current study, albeit at a much reduced level to that 

seen in the cortex. It may be that the actin detected was the result of contamination during 

separation of cortex and nucleus material, which is a distinct possibility given the difficulty of 

completely separating the two (see also Grey et al., 2003). However given that actin has been 

observed in the nucleus of lenses in other species, there is no reason to think that the case 

would be any different in the sheep, and consequently the absence of actin by 

immunohistochemical localisation may have been the result of inadequate technique. As such, 

further work is required to determine if this is so.  

Another possible reason that actin was not detected by immunohistochemistry in the lens 

nucleus was that the antibody employed in this investigation may not have been capable of 

detecting actin that was processed (i.e. proteolysed/truncated) during normal lens growth, as is 

known to be the case for other proteins in the lens such as filensin (Sandilands et al., 1995, 

1995a). The antibody used was raised against a peptide mapping at the caboxy terminus of 

actin (actin (C-11); Santa Cruz Biotechnology, California, USA). Should this caboxy-

terminus peptide have been removed as the result of proteolytic processing during normal lens 

growth and differentiation, any actin in the lens nucleus would have been for all intents and 

purposes invisible to the antibodies used here to detect it. Lee and co-workers (2000) used 

monoclonal antibodies to actin (C-4) to detect actin in the lens nucleus, thus their finding of 

actin in the lens nucleus may be the result of the use of the different antibody. Incidentally, 

the “C-4” actin antibody apparently is named after the “original wells in which they [the 

antibody] were detected” (Lessard, 1988), which does not give any clue as to the specific 

difference between the C-4 and C-11 epitopes. Indeed, the localisation of actin as well as the 

other proteins of interest in this investigation would benefit from the use of a wide range of 

antibodies directed toward a variety of epitopes on the chosen target protein in order to further 

clarify their localisation in the lens, and would be of interest in future investigations. 

Interestingly, actin has been found to show some association with gap junctions in the lens 

fibre cell of human and monkeys, a feature that may be exclusive to primates and could be 

related to the highly accommodating nature of primate lenses (Lo et al., 1994). This feature 

was not investigated here, but may be of interest in future investigations of the ovine lens, 

particularly in establishing the usefulness of the ovine lens as a model for human cataract.  
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Vimentin 

Vimentin is known to exist in cells in a network that extends out from the cell nucleus in a 

radial organisation (Clarke & Allan, 2002). Vimentin is found in the lens in epithelial cells 

and early differentiating fibre cells, but is absent from mature lens fibre cells, with its 

disappearance defining a specific stage of differentiation (Quinlan et al., 1996). Using 

immunohistochemical localisation, vimentin was found in this investigation to be located in 

the lens cortex with both a membrane and cytoplasmic localisation, with first cytoplasmic 

vimentin disappearing from the deeper cortex followed by membranous vimentin. In the 

nucleus of lens little vimentin was present as observed by immunoblotting and 

immunohistochemistry. Several bands of less than 56 kDa, the approximate molecular mass 

of vimentin (Robertson et al., 2005; Guest et al., 2006), that were reactive to the vimentin 

antibody were detected in cortex extracts. 

 

The immunohistochemical results obtained in the current experiments were in agreement 

with what has been found in other investigations in both lens extracts obtained from the lens 

nucleus (Fleschner, 2002; Matsushima et al., 1997) as well as other immunohistochemical 

investigations (Bozanic et al., 2006; Sandilands et al., 1995), where vimentin has been found 

to diminish in its presence as epithelial cells begin to elongate during differentiation into fibre 

cells, resulting in decreased presence in the deep cortex and nucleus. Sandilands et al. (1995) 

reported peripheral and membrane localisation for vimentin as observed by immunohisto-

chemistry, but no mention is made regarding cytoplasmic localisation of vimentin of the type 

that was observed in the outer cortex in this investigation. What is shown by Sandilands et al. 

(1995), as well as Blankenship et al. (2001), is that the pattern for vimentin labelling changes 

deeper in the lens, becoming associated with the membrane clearly, rather than between both 

the membrane and cytoplasm. The findings of Sandilands et al. (1995) and Blankenship et al. 

(2001) therefore provisionally confirm the results found in this experiment in this regard (see 

figs. 5.5.2).  

 

The conclusion that vimentin was absent in the lens nucleus using immunohistochemistry 

was made with some obvious weaknesses in the evidence presented. Weak fluorescence was 

detected in the lens nucleus of control sections at the same wavelength as the fluorescent tag. 

The photos presented in fig. 5.5.3 show an example of this weak signal detected that could 

only be readily observed following manipulation of the images with photo editing software, in 
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particular altering the brightness and contrast parameters. It is possible that the green signal 

observed in these sections was again due to defective filtration of the TRITC signal that was 

also included in these sections, the likes of which were observed in filensin sections. More 

robust images of control sections were required to determine the quality of vimentin signal 

detected in lens sections, but were not collected in abundance at the time of section viewing 

under the microscope as no signal could be detected and photography was considered neither 

useful, nor even possible. As such, comparatively few images were taken of controls 

compared to those of positive sections.  

A systematic approach for image collection of lens sections stained for vimentin with 

TRITC counter-stain and control sections may be beneficial in discounting the effects of non-

specific background fluorescence. A proposed approach would involve all sections regardless 

of their staining being photographed with the green filter in place and the camera set up to 

detect green fluorescence, followed by the red filter in place and the camera set for detecting 

green fluorescence, followed by the red filter and red detection, and finally green filter and 

red detection. The addition of a further set of controls for TRITC in future investigations may 

also be required, in which sections are stained alternatively with or without TRITC for each 

batch of the current used sections – i.e. vimentin positive+TRITC, vimentin positive-TRITC, 

minus primary/plus secondary+TRITC, minus primary/plus secondary-TRITC, and plus 

primary/minus secondary+TRITC, plus primary/minus secondary-TRITC. This approach 

would allow for the collection of conclusive evidence of inadequate filtration of a particular 

wavelength of light, as well as confirmation/rejection of the hypothesis that the fluorescent 

secondary antibody used in these sections was causing background fluorescence that could be 

detected in some sections. Some image collection was attempted following this routine and 

tentatively confirmed the detection of green fluorescence through the red filter and the camera 

set to detect light at the green wavelength (see fig. 5.7.1), again at a very low level but all the 

same casting some doubt on the results collected in this investigation for vimentin. TRITC-

lectin might be abandoned as a counterstain in future investigations of this type.  
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Filensin 

It was difficult to obtain a clear picture of filensin distribution in the ovine lens from 

immunohistochemical sections. The observed filensin localisation in the outer cortex in the 

plasma membrane as well as in the cytoplasm was in contrast to what has been the described 

in other species (e.g. Lindsey-Rose et al., 2006; Ireland et al., 2000; Sandilands et al., 1995; 

Merdes et al., 1993). Filensin could not be conclusively identified by immunohistochemical 

localisation in the lens nucleus, although a membrane-associated signal was identified in 

selected sections that could not be verified as filensin due to background fluorescence in 

control sections. 

    
 a)                b) 

 

     
 c)                d) 

Figure 5.7.1 TRITC/488 Signal 

A section of lens immunostained for vimentin and with TRITC-lectin photographed as follows: a) 

Red filter, camera set to detect green (b) red filter, red camera (c) green filter, red camera (d) 

green filter, green camera. These images confirm the detection of green signal when the red filter  

is in place (a), thus lending confusion to the interpretation of staining for that particular protein – 

(d) would otherwise be assumed to be depicting positive signal for vimentin (pending antibody 

controls) that may actually be the result of the TRITC-lectin counterstain.  
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The immunoblot results presented for filensin in fig. 5.6.1 show the filensin antibody used 

in this investigation was highly reactive with several bands in lens extracts from all fractions 

of the lens, particularly the lens cortex and nucleus. In extracts of these parts of the lens, 

intense bands were observed for full length (115 kDa) and a 53 kDa filensin cleavage product 

fragment (Lindsey-Rose et al., 2006; Masaki & Quinlan, 1997; Sandilands et al., 1995a), in 

addition to 100 and 50 kDa band in nucleus extracts, as well as several bands between 37 and 

50 kDa that have also been identified in research on lenses carried out elsewhere (Guest et al., 

2006; Sandilands et al., 1995a). Filensin is known to change its presence in the fibre cells at 

different times in different regions in the lens (e.g. Sandilands et al., 1995, 1995a), with full 

length filensin found at lower amounts toward the nucleus of the lens as fibre cells become 

more differentiated, and this was observed in immunoblots produced in this investigation 

where the filensin band was seen to be reduced in the nucleus compared to the cortex, while 

other bands, notably the one corresponding to the 53 kDa fragment, were seen to be increased 

in the nucleus, corresponding to the build up of filensin processing products in the nucleus.  

Consequently, filensin immunoblots may offer some explanation for the poor 

immunohistochemical results obtained in this set of experiments. The immunoblots were 

characterised by an abundance of reactive bands, similar in some ways to the results of the 

immunohistochemical sections where the abundance of fluorescence detected made 

interpretation difficult. What the immunoblot results show is that filensin is found in the ovine 

lens in multiple forms, all of which are identified by the antibody used. The numerous filensin 

bands seen are due to extensive proteolysis and processing of this filensin that takes place 

during growth and differentiation of the lens (Lindsey-Rose et al., 2006). Given that there was 

no way to discern between full length and processed fragments of filensin using 

immunohistochemistry without fragment-specific antibodies (as carried out for example by 

Sandilands et al., 1995a), it may have been that the fluorescence witnessed in sections stained 

for filensin was the result of several of the bands identified by immunoblot reacting in situ 

with the antibody as proteolytic fragments that have been released into the cytoplasm from the 

membrane (Blankenship et al., 2001). Indeed it has been shown elsewhere (Sandilands et al., 

1995a) that the various fragments are found in distinct compartments in the cell by 

immunohistochemical localisation. Another interesting facet of the extensive presence of 

filensin products is that the work carried out in the previous section (Section 4) found that 

filensin was somewhat resistant to calpain-induced proteolysis, and it might have been 

expected that there would not be an abundance of filensin products detected in the lens on the 
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basis of the results of incubation of filensin with calpain. Thus calpain may not be responsible 

for filensin proteolysis resulting in the breakdown products seen in the current work that are 

found in the lens during normal growth and differentiation. As mentioned in the discussion in 

Section 4, several other proteolytic systems have been identified in the lens that may be 

responsible. 

The work of Lindsey-Rose et al (2006) investigated the interaction of filensin and 

aquaporin 0 in the bovine lens, and reported filensin localisation in both the fibre cell 

membrane and cytoplasm, but failed to mention specifically where (i.e. in the cortex, nucleus, 

or both) in lens the cytoplasmic filensin was detected. Images presented by Lindsey-Rose et al 

(2006) appear to show filensin with a membrane localisation only, and nothing is shown with 

regards to the presence of filensin in the cytoplasm of fibre cells. It is interesting to note that 

they found filensin and CP49 to be more apparent in the short sides of the fibre cells when co-

localised with aquaporin 0, which they put down to the likelihood that membrane density was 

increased in these regions, rather than any specific requirement for either protein there. 

Sandilands et al (1995a) described a similar pattern of filensin staining in the short sides 

preferentially in mature lens fibre cells also, but if this was the case in the current 

investigation it was not distinguishable from the general membrane pattern witnessed. Lo et al 

(1997) have suggested that lens specific filensin and CP49 are related to the unique actin 

bundles seen that localise in the short sides and corners of the fibre cells also, but did not 

elaborate on this statement, and the only link that could be made was that they are both found 

only in the lens.  

Straub et al (2003) detected CP49 (phakinin) in the cytoplasm of lens fibre cells in the 

cortex in bovine lenses. Their description of “the notorious intense positivity for [intermediate 

filament] proteins such as vimentin and phakinin” in this region suggests that this is a 

common finding. The CP49 distribution Straub et al (2003) found was comparable to the 

signal detected in sections stained for filensin presented in this investigation. As filensin and 

CP49 co-localize in the lens (Blankenship et al., 2001), their findings would be in agreement 

with what was describe here for the ovine lens.  

Rodent lens sections stained for filensin display an abundance of filamentous structures in 

the cytoplasm when observed with an electron microscope (Alizadeh et al., 2003). Suffice to 

say, magnification at this magnitude was not attempted in this study and it is not known 

whether filensin visible at the magnification afforded by electron microscope would 



Section 5 – Immunhistochemcial Localisation of Lens Cytoskeletal Proteins 

 

123 

necessarily transfer to something that was visible at the level of magnification used in this 

study.  

Ireland et al (2000) detected filensin in chicken lenses that transitioned from a membrane 

to cytoplasmic distribution as fibre cells progressed toward the nucleus, which is also the case 

for bovine lenses as seen in the work completed by Sandilands et al (1995). Blankenship et al 

(2001) investigated the distribution of filensin in the developing lens, and gave a thorough 

account of the distribution of filensin from embryonic stages through to adulthood. In this 

account they describe that during the early postnatal stage filensin is not found to be 

principally membrane associated, as is the case in older lenses, and rather is located chiefly in 

the cytoplasm. Since the sheep lenses used for the filensin localisation in this investigation 

were not considered to be early postnatal, it seems unlikely that this would explain the 

potential filensin pattern observed in this investigation.  

 

A common theme has emerged from reviewing the literature regarding the distribution of 

cytoskeletal proteins covered in this study. All have been found to be localised at one time or 

another in the fibre cells of the lens with an increased presence at the plasma membrane along 

the short sides of these cells preferentially. For example vimentin has been observed by 

Blankenship et al. (2001) in pre- and early postnatal mice lenses “in cross sections [of lens] … 

as though concentrated at the corners of this roughly hexagonal cell”. The same localisation 

and distribution in fibre cells has been reported for filensin in bovine lenses (Lindsey-Rose et 

al., 2006; Sandilands et al., 1995a), and actin in rat, chicken, mouse, and quail (Lo et al., 1997 

Lee et al., 2000; Blankenship et al., 2001; Weber & Menko, 2006, respectively). The 

exception was spectrin for which no studies could be found in the literature that suggested any 

thing other than an even distribution of spectrin around the fibre cell membrane (Lee et al., 

2000; Beebe et al., 2001) and which was observed in this study. Conflicting reports showing 

localisation not favouring the short sides for filensin (Ireland et al., 2000; Merdes et al., 1993) 

show that there is variation in the localisation of these proteins in the lens between studies. It 

may be that preferential localisation of cytoskeletal proteins in the corners/short sides of fibre 

cells is an artefact related to sectioning or staining lenses this way. Species differences would 

not appear to explain the different findings of cytoskeletal distribution and localisation, as 

Merdes et al. (1993) observed an even distribution of filensin about the lens fibre cell in 

bovine species, the same animal used by Lindsey-Rose et al. (2006) when they observed 

filensin localisation preferentially at the short sides of the fibre cell.  
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Immunological detection of proteins in this study was carried out using an indirect method, 

whereby two antibodies were used to localise an antigen; a specific antibody directed toward 

the antigen of interest is detected by means of a secondary antibody that has been conjugated 

with either a fluorescent dye or an enzyme tag that is visible under a microscope under a 

particular wavelength of light in the case of fluorescent dyes, or following treatment with the 

enzyme substrates (Mao et al., 1999). Enzymatic tags used in immunohistochemistry are 

typically alkaline phosphotase or peroxidase, while fluorescent tags are often fluorescein 

isothiocyanate (FITC) or tetramethylrhodamine isothiocyanate (TRITC) based (Cregger et al., 

2006; Mullins, 1999). The relative advantages and disadvantages of the two types of tagging 

are controversial, as some authors suggest enzymatic methods are difficult and can be 

hampered by high background, low resolution and/or lower sensitivity, and as staining 

depends on an enzyme reaction, endogenous enzymatic activity also may be a problem (Reed 

et al., 2001; Mao et al., 1999). Others argue that background fluorescence or autofluorescence 

can make analysis of fluorescent labelled specimens difficult (Niki et al., 2004). Various 

methods are available to block non-target enzymatic activity or fluorescence deal. Direct 

staining of antigens is possible, and indeed is faster owing to its use of a single antibody, 

however direct staining results in lower signal intensity and is more expensive as each 

primary antibody must be labelled rather than being detected with a secondary (Javois, 1999). 

As there appear to have been problems associated with background fluorescence in this 

investigation, future studies of this type would probably benefit using enzymatic tags either 

instead of or supplementarily to fluorescent tags, in order to clarify labelling of antibody 

targets in the lens. Additionally, problems associated with sectioning plane that may have 

prohibited localisation of target proteins in this investigation, as well as with thick sections of 

the type used in this investigation, could be mitigated with the use of confocal microscopy 

(Reed et al., 2001). One other point to make about the antibodies used in this examination of 

the ovine lens was that none of them were sheep specific, and instead were purchased from 

various antibody manufacturers. All were confirmed to work in the case of the ovine lens by 

Western blotting, however the development of sheep specific antibodies might be beneficial 

in optimising this procedure to achieve better results than were obtained.  

 

To conclude this section, actin and spectrin have been conclusively localised in the ovine 

lens using immunohistochemical localisation. These results were provisionally confirmed via 

immunoblotting of separated lens extracts from the capsule/epithelial cells, cortex and 



Section 5 – Immunhistochemcial Localisation of Lens Cytoskeletal Proteins 

 

125 

nucleus. Actin was found to display preferential distribution in the short sides of the fibre 

cells in the cortex of the lens, while spectrin was found in the cortex associated with the fibre 

cell membrane in common with what has been described in the literature in other species. In 

the lens nucleus, spectrin was not found to change its association with the fibre cell 

membrane, but actin could not be detected in this region of the lens by 

immunohistochemistry.  

The distribution of filensin and vimentin in the lens was more difficult to ascertain with 

certainty. Filensin and several of its proteolytic products were identified in immunoblots, and 

immunohistochemical localisation revealed a general pattern of membrane association and 

cytoplasmic localisation in the outer cortex, however the pattern of localisation was indistinct 

due to the abundance of filensin products in the lens. Finally vimentin appeared to display 

both membrane and cytoplasmic association in the outer cortex, gradually diminishing with 

depth in the lens with membrane associated vimentin found only weakly in the deeper regions 

of the cortex and nucleus.  

These results show proteins from the lens cytoskeleton as they change during growth and 

differentiation from the outer regions of the lens to the nucleus region, and provide the basis 

for future studies on the lens and cataract. Of particular interest for future research is the role 

of calpain in normal lens development and fibre differentiation, as well as the role of 

cytoskeletal proteolysis in the process of catractogenesis. Immunohistochemical 

characterisation and localisation of calpain, similar to that completed by Ma et al. (2001), and 

cytoskeletal proteins in normal and cataract lenses may offer some insight into these processes 

in the ovine lens. While actin may not be useful in cataract studies as it is relatively resistant 

to proteolysis, as was in Section 4 of this thesis, filensin may present a useful target should 

proteolysis-product specific antibodies be employed (e.g. Sandilands et al., 1995a) as it 

undergoes extensive proteolysis during normal differentiation. Vimentin potentially would be 

an interesting target for this type of study as it has been shown to be susceptible to proteolysis 

and is known to undergo changes in cataract models (e.g. Sanderson et al., 2000; Robertson et 

al., 2005). The immunohistochemical localisation of vimentin as it stands in the current 

investigation would require optimisation however as it was not entirely conclusive. The ideal 

cytoskeletal targets to follow as it emerges from this investigation would be spectrin, as it has 

been shown to undergo proteolysis by calpain during cataract development elsewhere (e.g. 

Robertson et al., 2005), and was successfully localised in the current study.  


