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SECTION 4 – CALPAIN-INDUCED PROTEOLYSIS OF THE LENS CYTOSKELETON  

 

 

4.1 Introduction 

 

Currently there is no effective treatment against cataract, and the only medical solution for the 

condition is lens replacement surgery (Carragher, 2006). Lens replacement surgery is an 

expensive procedure and is thus unavailable to many patients, in addition to being a time 

consuming and burdensome treatment (Olson et al., 2003). Widespread “reticence” toward 

surgical procedures makes this form of treatment unappealing, and the need of less invasive 

treatments is thus desirable (Biswas et al., 2004). It is estimated that a delay in cataract 

formation of about 10 years would reduce the prevalence of visually disabling cataract by 

about 45% (Kyselova et al., 2004).  

 

While preventative treatments for cataract involving antioxidant micronutrients remain 

controversial (Asbell et al., 2005; Olson et al., 2003; AREDS, 2001), inhibitors of calpain 

activity have long been of interest to researchers as non-surgical therapeutic agents for 

diseases including cataract. This stems from the large amount of evidence that points to a role 

for calpain in cataract development, and also in the pathology of other diseases such as 

diabetes, muscular dystrophy and conditions associated with ischemic injury and 

neurodegeneration (Cuerrier et al., 2007; Carragher, 2006; Robertson et al., 2005; Zatz & 

Starling, 2005; Biswas et al., 2004; Nakamura et al., 2003; Perrin & Huttenlocher, 2002; 

Fukiage et al., 1997; Sanderson et al., 1996; Lampi et al., 1992). Peptide inhibitors such as 

calpain inhibitor SJA6017 developed by Senju Pharmaceutical (Kobe, Japan) have emerged in 

recent times as potential cataract treatments (Robertson et al., 2005), and Cat0059 and 

inhibitor Cat811 are examples of two novel calpain inhibitor compounds that have been 

developed locally for application in the same way. The objectives of calpain inhibitor 

development are to increase solubility and cell permeability of the inhibitor, in addition to 

addressing concerns regarding the reactivity of the aldehyde functional group with other 

molecules and proteins under physiological conditions (Carragher, 2006; Abell et al., 2005; 

Biswas et al., 2004; Nakamura et al., 2003).  
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No calpain-like cleavage sites have been detected on human lens crystallins in aged human 

lenses (Nakajima et al., 2006; Ma et al., 2005), which suggests that for calpain to play a role 

in human cataract as has been postulated (or indeed accepted by some as the following quote 

indicates: “The proteolytic action of calpain 2 on lens crystallin proteins causes cataracts in 

humans.”; Saez et al., 2006), proteolysis of proteins other than crystallin may be significant. 

Cytoskeletal proteins, particularly vimentin and spectrin, are prime substrates for calpain 

degradation. A decreased content of cytoskeletal proteins is among the biochemical changes 

observed in human cataracts (Matsushima et al., 1997). These proteins are among the earliest 

proteins degraded during cataractogenesis, and are excellent biochemical markers for calpain 

activity. Other researchers found that cytoskeletal proteins were not protected from 

proteolysis in lenses treated with calpain inhibitors (specifically, E64; Matsushima et al., 

1997; Sanderson et al., 1996), and consequently this aspect of calpain inhibition warrants 

further investigation for potential cataract treatments that are based on calpain inhibitors.  

 

In this set of experiments the goal was to evaluate the role of the cytoskeleton and calpain 

in the ovine lens, as part of the investigation into the ovine cataract model. This was to be 

achieved by investigating the proteolysis of lens cytoskeletal proteins by calpain using a lens 

based cell-free (LBCF) method adapted from Sanderson et al. (1996). The efficacy of a 

selection of novel calpain inhibitors in preventing proteolysis of lens cytoskeletal proteins by 

calpain was then investigated in order to confirm calpain proteolysis and compare the potency 

of the inhibitors. Calpain inhibitors developed using SJA6017 as a lead compound have been 

developed in collaboration between a group researching the role of calpain in cataract 

development at Lincoln University and synthetic chemists at the University of Canterbury. A 

selection of these novel inhibitors, as well as SJA6017, were assayed with urea-soluble 

fraction (USF) lens extracts that contain cytoskeletal proteins in the presence of calpain and 

calcium.  

 

 

4.2 Materials and Methods 

 

Sample Collection 

Eyes were obtained from a local abattoir from sheep of unknown age and breed. Lenses were 

removed using a posterior approach and weighed. Lenses were separated into cortex and 
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nucleus/core fractions, on the basis of discernable differences in consistency and texture 

between the soft outer cortex and the hard nucleus sections (e.g. Robertson et al., 2005; Grey 

et al., 2003; Matsushima et al., 1997). The outer cortex was removed from the solidified 

nucleus tissue using forceps, and yielded cortex tissue samples of an average weight of 495 ± 

0.01 mg (n=6) from lenses of an average weight of 1545 ± 0.06 mg (values are means ± 

standard error of the mean).  

 

 

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

The separated cortex tissue was then homogenised using an Eppendorf
™ 

homogeniser 

(Eppendorf, Hamburg, Germany) in 1x volume of Buffer A (20 mM Tris-HCl, pH 7.5, 1 mM 

EDTA, 1 mM EGTA, 2 mM DTT) containing Complete Mini/Minicomplete™ (Roche, 

Germany) protease inhibitor cocktail, prepared as per company instructions. Further, finer 

homogenisation was necessary and was carried out using sonication applied in three 5-second 

bursts at medium power to prevent overheating the sample. Homogenised samples were then 

separated by centrifuge (1 hour at 15,000 g at 1
o
C) into soluble and insoluble protein 

fractions. The supernatant containing the soluble fraction proteins was discarded, and the 

pellet containing insoluble proteins was re-suspended in 1 mL Buffer A minus protease 

inhibitor and centrifuged at 15,000 g for an hour at 1
o
C to remove any residual soluble 

protein, and this procedure was repeated twice (see fig. 4.1; Robertson et al., 2005).  

 

The pellet was resuspended in a small volume of 6 M urea (typically 100 µL), 

homogenised by sonication for 5 seconds three times, and then centrifuged again as above. 

Following centrifugation, the supernatant containing the urea soluble protein fraction (USF) 

was collected, then the pellet resuspended in 6 M urea and centrifuged again, and once more 

the supernatant containing the USF was collected. 

 

Cortex USF samples were then pooled and a sample from this pool assayed for protein 

content using the BCA Protein Assay Kit (Pierce, Rockford IL USA), as per manufacturers 

instructions. Briefly, a 10 µL sample of USF protein diluted 20 times its original volume in 

purified water was assayed, and protein concentrations determined against a standard curve 

constructed using BSA as a standard (0, 0.0625, 0.125, 0.25, 0.5 and 1.0 mg/ml). The protein 
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concentration of the USF pooled fractions was then adjusted to 10 mg/ml, and stored at -20
o
C. 

A summary of USF extraction from lenses is given in fig. 4.1. 

 

Band Identification by Western Immunoblot  

USF protein (10 µg) was separated by sodium dodecyl sulphate-polyacrylamide gel 

electrophoresis (SDS-PAGE) in NuPAGE
®
 LDS buffer containing !-mercaptoethanol carried 

out on NuPAGE
®
 4-12% Bis-Tris Gels (Invitrogen, Carlsbad, USA). Separation was at 200V 

for 1 hour, and was followed by transfer to polyvinylidine difluoride (PVDF) membrane at 

100V for 1 hour in ice-cold transfer buffer (25mM Tris(hydroxymethyl)methylamine, 192 

mM glycine, pH 8.3; Robertson et al., 2005).  

 

Monoclonal filensin antibody (Sigma, Missouri, USA) directed against full length and a 53 

kDa filensin fragment (see Masaki & Quinlan, 1997) immunogencially derived from human 

and bovine lens, rabbit polyclonal anti-"-spectrin (fodrin), monoclonal anti-vimentin (V9 

clone; e.g. Fujita et al., 2003), and goat polyclonal anti-actin (C-11) raised against an carboxy 

terminus peptide of human actin, (all Santa Cruz Biotechnology, California, USA) were 

initially diluted 1:1000 in 5% non-fat dairy milk (NFDM) powder in Tris-HCl buffered saline 

(TBS) with 0.05% Tween-20 (TTBS) added, and incubated at separate times with the PVDF 

membrane for 1 hour at room temperature. The membrane was then washed 3 times for 10 

minutes each in TTBS following antibody incubations.  

 

Alkaline phosphatase conjugated secondary antibodies directed against the primary species 

of origin (rabbit, goat, and mouse; Sigma, Missouri, USA) were used at 1:2000 dilution in 5% 

NFDM in TTBS for 1 hour at room temperature, or alternatively overnight at 4
o
C, followed 

by two 10 minute washes in TTBS, one 10 min wash in TBS. Molecular weight standards 

were visualised by incubation with Precision™ StrepTactin alkaline phosphatase conjugate 

diluted in the secondary antibody wash at 1:5000. Colour development of the alkaline 

phosphatase conjugate was achieved using an alkaline phosphatase Bio-Rad Conjugate 

Substrate Kit (Bio-Rad Laboratories, California, USA) as per manufacturer’s instructions. 

The development step was run for several minutes then stopped by washing for several 

minutes through several changes of distilled water.  
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Calpain Inhibitor Assay 

Cortex USF protein (1 mg) was incubated in microcentrifuge tubes with 100 mL of m-calpain 

purified form sheep lung using a combination of hydrophobic, ion exchange, Reactive Red 

and Mono Q chromatography, which resulted in a pure sample of m-calpain with very few 

contaminants observed in SDS-PAGE-separated extract. To test the efficacy of calpain 

inhibitors in the USF assay, 12mM calcium and one of a selection of calpain inhibitors, 

including SJA6017 (N-[4-fluorophenylsulfonyl]-L-valyl-L-leucinal), and two novel calpain 

inhibitors "Cat0059", and "Cat811" were included in the assay. All inhibitors were added to 

the assay at concentrations ranging from 0.1-10 mM. Assays were run twice, except for the 

Cat0059 assays that were run three times. 

 

Inhibitor assays were carried out at room temperature for l hour, timed from when the 

calcium necessary for calpain activation was added. Sample buffer for SDS-PAGE containing 

NuPage
®

 LDS sample buffer (4x) and 5% !-mercapto ethanol was then added to stop the 

assay after 1 hour. USF proteins were then separated by SDS-PAGE as for Western blots. 

Gels that the proteins were separated on were fixed in gel fixative solution (50% methanol 

and 7% acetic acid in nanopure water), as per manufacturers instructions, and stained with 

GelCode
®
 Blue Stain (Pierce, Rockford, USA) for visualisation and optical density analysis. 

Precision Plus Protein
TM

 standards (Bio-Rad Laboratories, California, USA) were run 

alongside lens USF samples to determine the mass of protein bands.  

 

 

Separated Protein Band Optical Density Analysis 

Separated proteins were analysed using Gel Doc EQ™ (Bio-Rad Laboratories, USA) gel 

imaging hardware and Quantity One
®
 (Bio-Rad Laboratories, USA) imaging and analysis 

software. Analysis of the proteins included measuring the intensity (peak and average 

intensity) of bands separated by electrophoresis. The band intensity was based on 

measurements of the Optical Density (O.D.) of bands, where a band is defined as the area 

where the signal intensity of a cluster of pixels is higher than the intensity of pixels that make 

up the background (Quantity One
®
 User Guide; see fig. 4.1 below for theoretical explanation). 

Molecular weights of separated protein bands on the gels were also analysed using the 

Quantity One
®
 software pre-defined standards feature for estimating molecular weight from 

the standards run concurrently with assay samples. Raw band optical density data were 
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normalized to the average band intensity of USF-/- across 5 gels, so as to adjust for 

differences in intensity measurements that resulted from variations in the degree of staining of 

protein bands or changes in light conditions when optical density measurements were taken. 

To assess the sensitivity of optical density measurements, an SDS-PAGE gel with 0.625, 

1.25, 2.5, 5 and 10 µg of USF protein was loaded and imaged. Optical intensity measurements 

were obtained using the Gel Doc EQ™ and Quantity One
®
 imaging and analysis software, 

and using these data a curve illustrating the change in optical density for particular protein 

bands versus change in the amount of protein loaded was constructed. 

 

 

 

Figure 4.1 Theoretical basis of Optical Density measurements.  

On the left (“2-D View”) is a schematic of an electrophoresis gel that shows two bands of different 

intensity that have been separated. On the right (“3-D View”) is shown a representation of the pixels 

in those bands following digitally imaging. It can be seen that the larger band on the left transfers in a 

digital image to a cluster of higher intensity pixels compared to the smaller band on the right, and this 

is the basis of the optical density measurements from which the presence of particular protein and the 

extent of cleavage was estimated (image from the Quantity One
®

 User Guide). 

 

 

In determining the efficacy of calpain inhibitors in inhibiting proteolysis of lens 

cytoskeletal proteins, the normalised optical density value was first converted to amount of 

protein using the regression equations derived from the dilution series (fig. 4.3), where the 

optical density value was substituted for the ordinate and the equation solved for the x-

coordinate – i.e. the amount of protein. The same volume of assay-extract was always applied 

to a gel, while each assay contained different components by virtue of the activity of calpain, 

thus the amount of proteolysis for a specific protein between two gels could be deduced by 

dividing the amount of protein for a specific band in any assay by that in the control (USF-/-) 

gel. The result was a ratio that expressed the amount of a particular protein in the inhibitor 

assay that was remaining relative to the control (after Sanderson et al., 1996). The mean band 
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density resulting in the inhibitor assays was compared with the equivalent band in control 

assays using the t-test for significance. 

 

Controls run in tandem with inhibitor assays included the following: a negative control that 

contained USF alone (USF -/-), as well as a positive control that contained USF with 12 mM 

calcium and added calpain but without inhibitor (USF +/+). Controls containing USF with 12 

mM calcium but without added calpain (USF +/-), and USF without 12 mM calcium but with 

added calpain (USF -/+) were also run carried out and were found not to differ from the 

results gained for the USF-/- control. 

 

Graphs were produced using GenStat graphing software and Excel
®
 (Microsoft, Seattle, 

Washington) and t-tests were carried out using Excel
®
. Images were edited using Adobe

®
 

Photoshop CS
®
 8 and ImageReady

®
 CS 8 (Adobe Systems Inc., San Jose, California) image 

editing software. A summary of the overall procedure applied to the lenses for extraction and 

calpain proteolysis is outlined in fig. 4.2. 
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Figure 4.2 Flow chart outlining general procedure employed in this set of experiments.  

O.D., optical density; USF, urea soluble fraction (insoluble fraction proteins from lens – see method 

for further details). 
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4.3 Results 

 

Extraction of USF Proteins 

The protein profile from sheep lens USF includes spectrin (>250 kDa; Robertson et al., 2005), 

filensin and a filensin breakdown product (115 kDa and 53 kDa, respectively; Masaki & 

Quinlan, 1997), vimentin (57 kDa; Perng & Quinlan, 2005; Colucci-Gyon et al., 1994), 

tubulin (55 kDa; Padgaonkar et al., 1999) and actin (42 kDa; Rao & Maddala, 2006; Lee et 

al., 2000), and these proteins were confirmed in the USF profile by immunoblotting (see fig 

4.4). Other bands putatively identified on the basis of their mass but were not positively 

identified by immunoblotting included several crystallin proteins between 20 and 30 kDa. 

 

Optical Density Assessment 

All the protein bands measured displayed a linear increase in optical density as the amount of 

protein applied to the gel increased (fig. 4.3). The R
2
 values for spectrin, filensin and vimentin 

were all 0.97 or greater, indicative of high degree of correlation between increasing protein 

amount and the change in optical density of the band. Spectrin could not be detected when the 

amount of protein loaded fell below 2.5 µg. The regression equation for each protein dilution 

was used later on to estimate the relative amount of protein in a given band from the intensity 

measurements taken following calpain/inhibitor assay.  
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Figure 4.3 Dilution Series Optical Density Measurements.  

Optical density measurements for spectrin, filensin and vimentin bands were obtained at a range of 

protein loading concentrations (0.625, 1.25, 2.5, 5 and 10 µg of USF protein). The unit of signal 

intensity plotted on the ordinate is optical density (O.D.). 
 

 

USF Optical Density Measurements 

An assay of USF+/+ was run where aliquots were removed at regular time intervals over an 

hour (fig. 4.4, in minutes) and placed immediately in SDS-PAGE LDS running buffer to 

denature the calpain. Later the proteins were separated by SDS-PAGE with controls so as to 

investigate the relative amount of protein degradation. This was necessary to both verify that 

calpain sourced from lung tissue was capable of proteolysis of lens USF protein in a manner 

that was both reproducible and controllable, as well as to aid in the overall goal of 

investigating the role of calpain proteolysis on lens cytoskeletal proteins.  

 

A positive control that contained USF with 12 mM calcium and 1 mg of extracted calpain 

(i.e., USF +/+) was assayed over an hour, with aliquots removed as 1, 2, 10, 30 and 60 

minutes and placed in SDS-PAGE running buffer to immediately halt calpain action. Lanes 5-

8 (fig 4.4) contained protein from this assay. Controls containing USF without 12 mM 

calcium but with added calpain (USF -/+), USF with 12 mM calcium but without added 
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calpain (USF +/-), and a negative control of USF extract alone (USF -/-) were also assayed 

and run in the SDS-PAGE alongside the time controlled USF+/+ assays (fig 4.4, lanes 2-4, 

respectively,). The control assays (USF-/+, USF+/-) were carried out for 1 hour at room 

temperature and revealed a minor change in band intensity, with spectrin, filensin, and 

vimentin present at a ratio of 0.98 or more relative to amounts in the USF-/- control (fig. 4.4, 

lane 9, “USF”,).  

 

A decrease in band intensity for spectrin, filensin, and vimentin was detected over the 60 

minutes incubation period (lane 2, “+/+”), compared to corresponding bands in the USF-/- 

control (i.e. USF incubated without calpain), indicative of calpain-induced proteolysis 

 

Vimentin was present at a ratio of 0.8 at 1 minute and below 0.6 at 10 minutes in the 

USF+/+ assay, and could not be found after this time. The ratio of vimentin did not change in 

the control assays over the course of an hour. The removal of vimentin from the assay by 

proteolysis is clear in fig. 4.4. The intense band at approximately 55 kDa in control assays 

confirmed by immunoblot to be vimentin is seen to slightly diminish in intensity at 1 and 2 

minutes following calcium addition, then can be seen to further diminish in intensity at 10 

minutes, and is not detectable after 60 minutes (lane 2, “+/+”).  

 

At 60 minutes, 30% of spectrin was present compared to USF-/-. Accumulation of several 

spectrin breakdown products of between approximately 148 and 162 kDa was detected almost 

immediately after calcium addition, and are visible as unlabeled bands at 1 minute. These 

bands were confirmed as spectrin products by immunoblotting, and were clearly absent in the 

USF-/- control assay. By 30 minutes these breakdown associated bands were found to have 

increased in their intensity 1.4 times over what was present after 10 minutes when they were 

first seen to appear at levels detectable with the instruments used (they were visible after 1 

minute, fig 4.4).  

 

A filensin band at approximately 100 kDa in mass was present at a ratio of 0.7 relative to 

USF-/- after 30 minutes of assay, and this ratio remained essentially unchanged after 60 

minutes. This indicated a somewhat reduced degree of calpain proteolysis on filensin 

compared with vimentin and spectrin. 
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 < Filensin 

 

 < Vimentin 
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 ! Vimentin product 

 

 

 

< Approximate 

location of crystallin 

proteins 

 

Other proteins identified immunologically or on the basis of their mass in the SDS-PAGE 

separation of lens USF protein included actin. Actin is known to be resistant to calpain 

proteolysis (Goll et al., 2003), and this was born out in these results where its ratio after 1 

minute was 1.08, and this value did not drop below 0.9 after an hour.  

 

 

 

 

 

Figure 4.4 SDS-PAGE of USF Time-series Assay.  

Bands that were identified by Western blots are labelled along the right hand side, with “!” 

indicating extra bands associated with calpain activity that emerged over an hour in the presence of 

calpain. Estimated molecular mass values (in kDa) are shown in blue, yellow values are molecular 

masses of the molecular weight marker from which the estimates were made. Lanes are numbered at 

the top (in blue) MWt, molecular weight marker; +/+, USF with calpain + calcium; -/+, USF control 

without calcium + added calpain; +/-. USF with calcium but without calpain; 1, 2, 10, 30, time in 

minutes. +/+ equates to 60 a minute assay of USF with added calpain and calcium. 

MWt      +/+          -/+ +/-        1    2    10           30       USF-/- 
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Figure 4.5. USF Time Course Assay – Change in Cytoskeletal Proteins over an Hour in the 

Presence of Calpain  
Optical density values as seen in figure 4.4, plotted against time. Vimentin could not be detected after 

10 minutes, and it can be seen clearly that filensin was the least sensitive to the action of calpain of the 

three cytoskeletal proteins followed in the time course assays. Values are mean band density ± SEM, n 

= 5. 

 

 

 

Calpain Inhibitor Assay 

Generally speaking, proteolysis of USF protein constituents was effectively inhibited using 

inhibitors, and all of the inhibitors had comparable effects in the cell free system. In the 

majority of cases the addition of inhibitor had some perceptible positive effect that resulted in 

a larger amount of the selected protein remaining after 1 hour in the presence of calpain and 

calcium plus inhibitor when compared to the positive control assay (USF+/+). This indicated 

the lens based cell free assay itself was successful and validated its usage here as an assay of 

inhibitor efficacy.  
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               C  100 nM   1 µM 

     Mwt        -/-        +/+      S      8     0     S     8    0 

   C          10 µM           C 

    Mwt       +/+         -/-           S  0  8  -/+      +/- 

 

The concentration of inhibitors in the respective assay is as shown (in µM). Molecular weight 

standards are indicated in kDa on the left of each gel in yellow and blue, respectively. C, controls 

(positive and negative, as shown); S, SJA6017; 8, inhibitor Cat811; 0, inhibitor Cat0059. 

 

 

 

 

   

 

  

Figure 4.6 SDS-PAGE Illustrating the Efficacy of Calpain Inhibitors at 0.1-1 µM (top) and 

10 µM (bottom). 

 

 

 

• The presence/absence of 

spectrin, (>250 kDa) is an 

obvious indicator of 

calpain activity. In the 

USF+/+ and at 100 nM of 

all inhibitors, spectrin 

breakdown products are 

visible between 160-200 

kDa. The absence of these 

bands at higher 

concentrations of inhibitor 

and in the USF-/- control 

indicates absence/ 

inhibition of calpain. Nb. 

spectrin breakdown 

products are not visible at 

1 µM SJA6017.  

 

• The presence of 

vimentin (between 59-61 

kDa) seen at 10 µM 

inhibitor, strongly 

suggests calpain 

inhibition. The complete 

absence of vimentin in 

USF+/+ lane contrasts 

with the other lanes.  

 

• A slight change in the 

appearance of the 

filensin band (107-110 

kDa), between the 

USF+/+ and the 

inhibitor/USF-/- lanes is 

seen.  
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• Cat0059 

The presence of 100 nM of Cat0059 resulted in 0.83 ±0.08 and 0.94 ±0.07 (values are means 

± SEM) of spectrin and filensin respectively remaining relative to the negative control (USF-

/-) assay, while vimentin was detected at 0.62 in one assay only but was absent in other 

replicates (n = 3; see fig. 4.7). At 1 µM, Cat0059 educed a significant (p < 0.01) degree of 

protection upon spectrin (0.95 ±0.05). Presence of any of the inhibitors at 10 µM was found to 

significantly increase the ratio of protein to what was found in the USF+/+ control (p < 0.05). 

Filensin bands from assays containing 10 µM of inhibitor Cat0059 were present at an average 

ratio of 0.91 ±0.05 of that which was found in the negative control and this was significantly 

higher than what was found in the positive control (p < 0.05). Vimentin was present at a ratio 

of 0.90 ±0.07, and this was a significant (p < 0.05) increase. 

 

 

Figure 4.7 Relative Lens Cytoskeletal Protein Proteolysis in the Presence of Calpain and 

Calcium – Processed Dose-Response Data for Cat0059. 
Inhibitors were tested in the lens based cell free inhibitor assay, over a period of 1 hour. The amount 

of selected protein remaining in an inhibitor assay is shown relative to the amount found in the control 

assay, i.e. USF-/-, and is expressed as a ratio where the amount of any protein in USF-/- is 1. Data are 

means ± SEM. USF+/+ produced in all cases spectrin (n = 4), filensin (n = 4) and vimentin (n = 2) 

bands that were significantly less intense than what was found in USF-/- (p < 0.01)  
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• Cat811 

Assays where 0.1 µM (100 nM) of calpain inhibitor Cat811 was applied, spectrin and filensin 

remained present at respective ratios of 0.76 ±0.15 and 0.87 ±0.02, while vimentin could not 

be detected in any assay that contained this concentration of Cat811 (see fig. 4.8). One µM of 

Cat811 also was associated with a very significant (p < 0.01) degree of protection upon 

spectrin 1.11 ±0.15. At 1 µM concentration, filensin was found to have decreased compared 

to the amount found in the 100 nM assay, but as can be seen in the graph, there was extreme 

variation experienced in the amount of filensin found at 1 µM Cat811. Ten µM of Cat811 

inhibitor prevented calpain proteolysis of filensin such that a ratio of 1.07 ±0.01 was 

observed, again significantly higher than that found in the positive control (p < 0.05). 

Vimentin was present at a ratio of 1.00 ±0.08 when assayed with 10 µM of inhibitor Cat811, 

which was a significant (p < 0.05) increase over what was found in the positive control. 

 

 

 

Figure 4.8 Relative Lens Cytoskeletal Protein Proteolysis in the Presence of Calpain and 

Calcium. – Processed Dose-Response Data for Cat811. 
Assay conditions were as for Cat0059 inhibitor. No vimentin band could be detected in replicates (n = 

3) for vimentin at 100 nM of Cat0059. 
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• SJA6017  

SJA6017 applied to USF+/+ at 100 nM resulted in spectrin and filensin remaining at a ratio of 

0.79 ±0.06 and 0.86 ±0.06 respectively, and vimentin again was detected in only a single 

assay at 0.57 of that detected in the UFS-/- control (see fig. 4.9). There was a very significant 

increase (p < 0.01) in the band intensity ratio for spectrin with 1 µM SJA6017 added (0.89 

±0.05). Vimentin was detected at a significantly higher (p < 0.05) level in the presence of 1 

µM of SJA6017 0.76 ±0.02, however the others inhibitors failed to generate a significant 

increase in vimentin relative to the USF+/+ control. 

 

 

 

Figure 4.9 Relative Lens Cytoskeletal Protein Proteolysis in the Presence of Calpain and 

Calcium – Processed Dose-Response Data for SJA6017  
Assay was carried out as for the other inhibitor assays.  

 

 

 

 

 

 

 

In all cases where there was protein in the assay that could be measured (i.e. all selected 

proteins in all assays except for vimentin in the Cat811 assay) there was an increase in the 
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ratio of protein remaining relative to the positive control. Addition of 100 nM of SJA6017 or 

Cat0059 was found to produce a significant (p < 0.05) difference in average band intensity 

ratio for spectrin and filensin (Cat0059 only) over the USF+/+ control.  

 

Addition of Cat811 and Cat0059 at 1 µM to the cell free assay resulted in vimentin bands 

that were 0.69 ±0.07 and 0.63 ±0.07, respectively, which, while higher than what was 

observed in the positive (USF+/+) control, was a non-significant increase (p > 0.05). A 

significant change (p < 0.05) was detected for filensin with inhibitor Cat0059 (0.86 ±0.02), 

while the ratio was increased for SJA6017 (0.87 ±0.04) but this was not found to be a 

significant increase over the positive control. The average ratio of filensin in the presence of 

Cat811 was 0.66 (±0.22; n = 2 for SJA6017 and Cat811, n = 3 for Cat0059). 

 

Ten micromole of SJA6017 prevented calpain proteolysis of filensin with 0.94 ±0.08 of the 

negative control, again significantly higher than in the positive control (p < 0.05). Spectrin in 

all cases was well protected by the inhibitors, present at levels that were significantly higher 

than that which was observed in the positive control (p < 0.01). Vimentin was present at a 

ratio of 0.96 ±0.05 when assayed with SJA6017 inhibitor, which was a very significant (p < 

0.01) increase over what was found in the positive control. There was no significant 

difference between bands in assays containing 10 µM of inhibitors and the negative control, 

except for 10 µM of Cat811 which was associated with an extremely significant (p < 0.001) 

increase of band intensity ratio to the negative control (1.23 ±0.01).  

 
 

Table 4.1 shows the cumulative inhibitor data collected in these experiments. In all but a 

few cases (filensin in the presence of Cat0059 between 0.1 and 1.0 µM and spectrin between 

1.0 and 10 µM of the same inhibitor) it may be seen that the amount of protein detected in a 

particular band increases with increasing concentration of inhibitor. Additionally the effect of 

the inhibitor on preventing vimentin proteolysis is obvious, as is the resistance of filensin to 

the action of calpain. 
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Data are means (± SEM) band intensity relative to the negative control (USF-/-), inhibitor 

concentrations are listed in italics in µM. 

* Significantly different to the applicable +/+ (plus calcium plus calpain – positive control) control for 

that protein (p < 0.05) 

** Significantly different to the applicable +/+ control for that protein (p < 0.005) 

 

Table 4.1 Summary Data: Efficacy of Calpain Inhibitors in Preventing Proteolysis of Lens 

Cytoskeletal Proteins in the Presence of Calpain 

 0.1 µM 1.0 µM 10 µM 0 µM 

Vimentin    USF+/+ USF-/- 

SJA6017 0.57 0.79 ±0.03* 0.96 ±0.06* 0.54 ±0.04 1.00 ±0.01 

Cat0059 0.62 0.63 ±0.07 0.90 ±0.07*   

Cat811 N/A 0.69 ±0.07 1.00 ±0.08*   

      

Spectrin 0.1 µM 1.0 µM 10 µM 0 µM 

SJA6017 0.79 ±0.06* 0.89 ±0.05** 0.96 ±0.05** 0.65 ±0.04 1.00 ±0.01 

Cat0059 0.83 ±0.08* 0.95 ±0.05* 0.94 ±0.04**   

Cat811 0.76 ±0.15 0.94 ±0.04* 1.23 ±0.01**   

      

Filensin 0.1 µM 1.0 µM 10 µM 0 µM 

SJA6017 0.86 ±0.06 0.87 ±0.04 0.94 ±0.08* 0.82 ±0.08 1.00 ±0.03 

Cat0059 0.94 ±0.07* 0.86 ±0.02* 0.91 ±0.05*   

Cat811 0.87 ±0.02 0.91 ±0.05 1.07 ±0.01*   

 

 

 

 

 

4.4 Discussion 

The aim of these experiments was to investigate the effect of calpain activity on cytoskeletal 

proteins as part of understanding the role of these proteases and the breakdown of the lens 

cytoskeleton in the ovine cataract model, as well as to investigate the efficacy of calpain 

inhibitors in preventing proteolysis of cytoskeletal proteins from the lens. Incubation of lens 

USF proteins in the presence of calcium and calpain lead to breakdown of lens cytoskeleton 

proteins spectrin, vimentin and filensin, with spectrin and vimentin particularly susceptible to 

calpain-induced proteolysis.  

 

To test the ability of calpain inhibitors to inhibit the proteolysis of lens proteins, a lens 

based cell-free method was used that was adapted from Sanderson et al. (1996). Of the 

inhibitors used (SJA6017, Cat0059 and Cat811), all offered some degree of protection of 

cytoskeletal proteins from calcium-induced calpain proteolysis. A significant amount of 

protection was detected when the inhibitors were present at 10 and 1 µM. All inhibitors were 

effective at the latter concentration, while SJA6017 was found to provide significant 
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protection to spectrin and vimentin at 1 µM. One µM of Cat0059 was found to protect 

spectrin and filensin, but not vimentin, while inhibitor Cat811 was found to protect spectrin 

only at this concentration, with filensin protected in some replicates but experiencing wide 

variation such that no statistically significant protection was found at this concentration. 

SJA6017 added to assays at 100 nM offered significant protection to spectrin, and Cat0059 

was found to protect filensin and spectrin to a significant degree at 100 nM.  

 

On the basis of these results it may be deduced that the novel calpain inhibitor Cat0059 

was the most effective inhibitor by virtue of its superior quantitative protection of lens 

cytoskeletal proteins to a statistically significant level at the lowest concentration tested in this 

investigation. However, the SJA6017 inhibitor seemed to offer the best overall protection of 

lens cytoskeletal proteins, due to its ability to inhibit proteolysis of vimentin, the most 

sensitive indicator of calpain proteolysis (Goll et al., 2003; Sanderson et al., 1996), at the 

lowest comparative concentration. SJA6017 also offered the greatest absolute protection of 

spectrin and filensin at the lowest concentration (100 nM), although only the latter was 

protected at a level that was statistically significant. Additionally, spectrin breakdown 

products were not observed in assays that contained 1 µM of SJA6017, while they were 

perceptible in the other inhibitor assays at this concentration. Future investigations may 

benefit from testing SJA6017 and Cat0059 inhibitors together, so as to gainfully utilize the 

vimentin-protective benefits of SJA6017 at low (1 µM) concentrations with the protection 

afforded to filensin and spectrin at 100 nM (and potentially less) of inhibitor Cat0059, 

although a mechanism explaining these findings is not immediately apparent. 

 

Sanderson et al. (1996) carried out a similar investigation with calpain inhibitors and USF 

extracts from bovine lenses. In this investigation the inhibitors cBz-Val Phe, E64c and 

calpeptin were used and were found to provide maximal protection of spectrin filensin and 

vimentin when they were used at 20 µM, while 2 µM of calpeptin provided protection to 

spectrin and filensin, with vimentin “75%” protected. These results are in line with what was 

experienced in this investigation, where vimentin typically was found to be the most sensitive 

indicator of calpain activity, while spectrin and filensin were more resilient to calpain. 

Vimentin is known to be a prime substrate for calpain, and protection of vimentin similar to 

that achieved by Sanderson et al. (1996) was possible at 1 µM of SJA6017 and in isolated 

cases with Cat811 and Cat0059.  
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Filensin was particularly resistant to calpain proteolysis, and would typically be present at 

a high ratio (greater than 0.8) in the positive control compared to filensin in the negative 

control. The resistance to calpain induced proteolysis found in this investigation had the side 

effect that inhibition of calpain proteolysis in the Cat811 and SJA6017 assay was not found to 

have a statistically significant effect, even though there was an increase in the amount of 

filensin found in the inhibitor assay relative to the positive control. The resistance that filensin 

displays toward calpain proteolysis may be linked to its longevity in the lens, where it is 

found in at all stages of differentiation (Lee et al., 2000; Sandilands et al., 1995; Quinlan et 

al., 1996), although it must be noted that filensin is known to undergo proteolytic processing 

during lens fibre cell differentiation, producing a range of stable fragments between 51 and 62 

kDa that suggest multiple processing pathways for this protein in the lens (Perng & Quinlan, 

2005; Sandilands et al., 1995a). Vimentin and spectrin were found in the current research to 

be comparatively more susceptible to calpain proteolysis, as they have been elsewhere 

(Sanderson et al., 1996; Marcantonio & Duncan, 1991). In contrast to the localisation of 

filensin, spectrin and vimentin are found mostly in the outer regions of the lens with 

fragments surviving in the older fibre cells as these proteins are proteolysed during 

differentiation (Lee et al., 2001; Blankenship et al., 2001). To this end, the lens based cell free 

assay that was used in this investigation made use of protein from the lens cortex in part due 

to the fact that the sensitive markers of calpain proteolysis, spectrin and vimentin, are difficult 

to isolate in the rest of the lens mass – specifically, the lens nucleus. This was confirmed in 

Western blots of the lens core region in which vimentin could not be identified, and spectrin 

was present only as proteolysed bands (see Section 5 fig. 5.3.1). Also, calpain activity 

(specifically, m-calpain) in the human lens has been found to be at its highest in the cortex 

and lowest in the nucleus (Sanderson et al., 2000; David et al., 1989), coinciding with the 

disappearance of spectrin and vimentin, while filensin remains present.  

 

Robertson et al. (2005) carried out an investigation into the ovine cataract wherein 

cataractous lenses were compared with normal lenses for signs of proteolysis. Their 

investigation identified several bands that they associated with calpain activity arising from 

spectrin and vimentin, and several of these bands were encountered in this investigation. The 

most obvious was the appearance of spectrin products of between approximately 148 and 162 

kDa in cataractous ovine lenses. These products have been quoted as 145 and 150 kDa 

(Robertson et al., 2005), but are certainly the same bands that were reported in the current 
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investigation. The larger of the two has also been linked to caspase activity and is known to 

be present in the normal lens (Lee et al., 2001), while the smaller of the spectrin breakdown 

products has been attributed to calpain activity specifically (Robertson et al., 2005; Goll et al., 

2003; Wang et al., 1998). Neither of the spectrin-product bands was apparent in the negative 

control that contained only lens USF extract, however incubation of that extract with calpain 

and calcium was found to produce those very bands that can be seen in fig. 4.4, and so can be 

attributed to the activity of calpain with a reasonable degree of certainty. Additionally a 

decrease in a vimentin breakdown product of approximately 40 kDa was also detected in the 

positive control (i.e. USF+/+, fig. 4.4), again similar to what has been seen in the cataractous 

ovine lens (Robertson et al., 2005). The current set of results therefore demonstrates that the 

degradation of isolated ovine lens cytoskeletal proteins by exogenous calpain in the presence 

of calcium follows essentially the same pattern witnessed in the ovine cataract.  

 

Thus it may be that calpain is responsible for the proteolysis of spectrin and vimentin that 

was witnessed in the lens during differentiation and cataract, while filensin remains largely 

intact throughout the lens owing to its increased comparative resistance to calpain-induced 

proteolysis. As has been noted, other proteases including caspase-3, caspase-6 and caspase-7 

also exist in the lens. The caspases are known to be calpain substrates with caspase 3 cleavage 

by calpain involved in the activation of apoptosis (Raynaud & Marcilhac, 2006; Saez et al., 

2006), and in common with the calpains have been implicated in the lens fibre cell 

differentiation events that share some similarities with apoptosis such as organelle loss and 

proteolysis (Weber & Menko, 2005; Zandy et al., 2005). Additionally, caspases have been 

found to play a role in differentiation in several other cell types (Fernando et al., 2002; Sordet 

et al., 2002; Weil et al., 1999). The caspases thus cannot be ruled out as responsible for the 

cytoskeletal breakdown encountered during normal lens differentiation. One weakness of this 

argument would be that there has been few caspase substrates identified in the lens, and aside 

from their possible role in the degradation of the fibre cell nucleus, only spectrin and 

connexin 45.6 are commonly regarded caspase substrates in the lens (Lee et al., 2001; Yin et 

al., 2001).  

 

In addition to the calpains and caspases, the ubiquitin-proteosome pathway is also known 

to be operational in the lens (Huang et al., 1993), as well as other proteolytic systems 

including trypsin-like protease, proteosome and aminopeptidases (Girao et al., 2005). The 
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ubiquitin-proteosome pathway appears to be the most specific of the proteolytic systems in 

the lens, and it is thought that this pathway is involved in regulating cell cycle events in the 

lens (Guo et al., 2004). As such its targets involve chiefly cell cycle regulators such as 

p21
WAF

 and p27
Kip

, cyclins, and transcriptions factors (Girao et al., 2005; Guo et al., 2004). 

Inhibition of the ubiquitin-proteosome pathway for example has been found to decrease the 

expression of CP49, filensin and major intrinsic protein MIP26 in cultured lens, giving an 

indication of its proteolytic effect in the lens (Guo et al., 2006). Decreased proteosome (as 

distinct from the ubiquitin-proteosome pathway) activity has been identified in the lenses of 

elderly patients suffering cataract (Zetterberg et al., 2003), indicating perhaps that reduced 

proteosome activity may be involved with cataract development as a result of the inability to 

remove damaged proteins (Viteri et al., 2004). The evidence would seem to suggest that 

inhibition of some of these other proteolytic systems would be detrimental to the lens. While 

this might appear consequently to lend favour to the calpain-induced model of cataract 

development, it could also be construed as a caveat in the inhibition of proteolytic systems in 

the lens as a treatment or preventative measure.  

 

In future studies it would be worthwhile to complete a similar investigation to the current 

research making use of cataractous lenses. In particular, it would be useful to compare 

directly the proteolysis witnessed in cataract with that induced in the cell free lens based 

calpain assay, in order to further substantiate the role of calpain proteolysis the ovine cataract 

that is apparent from comparison with other studies. Further investigations with the inhibitors 

used in these experiments, in order to obtain more precise data regarding the working 

concentrations and limits for these compounds would substantiate the significance of these 

findings. In the current study, a concentration of 10 µM appears certain to inhibit the 

breakdown of cytoskeletal proteins for all of the inhibitors tested, while lower concentrations 

of inhibitors were not consistently effective. Some promising results were obtained at lower 

concentrations with Cat0059 and SJA6017 in particular, and future investigation may also 

benefit from examining the benefits of using these inhibitors in together, combining the 

protection provided by SJA6017 at low concentrations for vimentin with that achieved when 

using Cat0059 at 100 nM where it was found to have some protective effect on filensin and 

spectrin. 


