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Abstract 
Aim: To evaluate the functional relationship between the nitric oxide synthase (NOS) 
and superoxide dismutase (SOD) enzymes in the pathogenesis of human senile cataract 
lenses of non-diabetic patients. Methods: Total solubilized proteins from human cata-
ract lens were compared with normal lens (control) by 2-Dimenstional gel electropho-
resis (2-DE). Proteins with different abundances were identified by matrix-assisted la-
ser desorption/ionization time-of-flight mass spectrometry (MALDI-TOF-MS). 
Western blot analysis was used to verify the changes in expression of NOS3 and 
SOD2. A further functional association of NOS3 with SOD2 and other proteins was 
seen by STRING 8.3 databases. Results: In the 2-DE maps, the cataract and normal 
lens proteins migrated in the region of pH 3 - 10 with a relative molecular weight of 
20 - 130 kDa. Approximately two protein spots with differential intensity were de-
tected as NOS3 and SOD2 using MALDI-TOF-MS. Western blot analysis showed high 
expression of NOS3 in cataract and SOD2 in normal lens samples. String interaction 
network revealed strong interactions between NOS3 and SOD2 at high confidence 
score, which is helpful in characterization of functional abnormalities that may be a 
causative factor in the pathogenesis of cataract. Conclusion: This study will offer new 
avenues for mechanistic evaluation and future prevention of cataractogensis. How-
ever, large scale studies will be required to evaluate the effect of this interaction on 
the clinical outcome in human cataract. 
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1. Introduction 

Cataract is the major cause of visual disability and it is estimated that over 17 million 
people are blind worldwide [1]. Cellular damage or oxidative damage caused by reactive 
intermediates (ROI) acts as a major cause in the progression of numerous age-related 
disorders, such as age related macular degeneration, and age-related cataract [2]. Among 
many contributing factors, age is by far the most apparent risk factor for cataract de-
velopment [3] [4]. 

Previous studies have investigated differences in age related lens proteomic profiles 
with diabetic cataract to determine the mechanism underlying the formation of diabetic 
and non-diabetic cataract [5] [6]. While comprehensive analysis of non-diabetic age 
related cataract has not been done to date but has the potential to explore important 
information regarding the pathogenesis of non-diabetic age related cataract. According 
to the free radical theory of ageing, [7] oxidative damage caused by free-oxygen radicals 
and other reactive oxygen species (ROS) contributes to the development of age-related 
cataract [8]-[15]. In the lens, both the ROS like superoxide, nitric oxide (NO) [16] and 
the glycation of proteins may initiate toxic biochemical reactions, leading to extensive 
damage [17]. 

Nitric oxide (NO) generated by nitric oxide synthases (NOS3), and known as a de-
trimental free radical, play an important role in the various physiological, pathological 
and aging process [18] [19]. Various biological functions are controlled by NO produc-
tion which can be served as a second messenger intracellularly and extracellularly as 
conveyor of information between cells. However, excessive NO production can result in 
cellular damage via various mechanisms, which include the formation of highly reactive 
free radicals such as peroxynitrite and its activity is strongly influenced by its concen-
tration [20]. In addition, NO levels in the aqueous humor increase with age and in pa-
tients with age-related cataract [21] [22]. However, the precise mechanism is not fully 
understood. 

Antioxidants such as ascorbic acid and antioxidant enzymes like superoxide dismu-
tase (SOD), catalase are responsible for neutralizing the harmful effects of the ROS [23] 
[24]. Antioxidant enzymes work with reducing systems and protein repair systems to 
protect against ROS-induced damage. In the mitochondria matrix, MnSOD (SOD2) 
converts the superoxide anion, which is generated by the electron transport chain, into 
hydrogen peroxide. By regulating the level of SOD2, lens epithelial cells can overcome 
oxidative stress and elevated level of SOD1 protects the lens from H2O2-mediated 
damage [25]. ROS due to its instability and rapid reactions is difficult to detect; there-
fore study on antioxidant enzyme in cataract lens is most reliable alternate. 

The present study investigated the level of expressions and interaction of enzymes 
NOS3 and SOD2 with respect to non-diabetic senile group of patient’s cataract lens. We 
also tried to explore the role of these enzymes in the development of non-diabetic cata-
ract and hoped to find an association between NOS3 molecule and SOD2 in the devel-
opment of human cataract. In the future, association of these enzymes may be used as 
an alternative way to prevent cataract progression and will be important for a better 
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understanding of catractogensis. 

2. Materials and Methods 
2.1. Tissue Collection 

The investigation was approved by the Institutional Ethical Committee and informed 
consent was obtained from the study patients. In this study, total n = 30 non-diabetic 
senile patients with nuclear cataract, 20 males and 10 females (age range, 45 to 75 years); 
and age-matched normal lenses (n = 10), 6 males and 4 females (age range, 40 to 70 years 
old) were obtained from LRBT (Layton Rahmatulla Benevolent Trust, Karachi) during 
surgery and after normal lenses analysis. All normal lenses did not reveal any opacity, 
thereby confirming their control samples status. 

1) Inclusion criteria 
All patients were above the age of 40 years, had no history of diabetes and smoking. 

They had normal serum glucose values (range 65 - 110 mg/dl) and HbA1c. They were 
not taking any supplements such as vitamins or antioxidants. 

2) Exclusion criteria 
History of any ocular eye surgery, diabetes, ocular trauma, corneal scar, dry eye syn-

drome, glaucoma, uveitis and chronic systemic illness. Patients with steroid medications 
were also excluded. 

2.2. Protein Extraction 

The lens tissue was homogenized with homogenizer in 1 ml of 20 mM phosphate 
buffer containing proteases inhibitor (pH 7.0). This suspension was centrifuged at 
20,000 X∙g for 30 minutes at 4˚C to remove insoluble material. The supernatant was 
separated in an eppendorf and stored at −80˚C before use. Protein concentrations of 
all the samples were determined by bicinchoninic acid (BCA, Thermo Fisher Scien-
tific) method [26]. 

2.3. Two-Dimensional Gel Electrophoresis (2-DE) 

Isoelectric focusing (IEF) was carried out as described previously [27] with immobiline 
dry strips kit (GE Healthcare Life Science, NJ, USA) using multiphor II electrophoresis 
system according to the manufacturer’s instructions. Briefly IPG (Immobiline PH gra-
dient) strips (11 cm, pH 3 - 10) were allowed to rehydrate overnight in the rehydration 
buffer containing 8 M urea, 2% CHAPS, 0.1 M DTT, and 0.5% IPG buffer, the strips 
were overlaid with mineral oil. Equal amounts of epithelial proteins from both migrat-
ing (48 hours) and non-migrating cornea were solubilized in sample solution contain-
ing 9 M urea, 50 mM DTT, 2% pharmalyte (3 - 10) and 0.5% triton X-100 and loaded 
onto caps at the cathodic end of the rehydrated IPG strips, and covered with low-vis- 
cosity paraffin oil. IEF was run at 150 V for an hour. The voltage was progressively in-
creased from 300 to 600 V during first three hours, followed by 3500 V for two hours. 
The IPG strips were equilibrated for 15 minutes with a solution of 0.05 M Tris-HCl, 6 
M urea, 30% glycerol and 1% SDS. Proteins were separated on 10% gels by standard so-
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dium dodecyl sulfate polyacrylamide gel (SDS-PAGE). 

2.4. Mass Spectrometry 

Single protein spots were excised from the 2-D gels and in-gel digested as described 
previously [27] [28]. The tryptic fragments were analyzed by MALDI MS (Voyager 
DE-PRO; Applied Biosystems) and, where necessary, also by ESI-Q-TOF MS/MS (Mi-
cromass) for sequence information. Samples for MALDI analysis were mixed in a 1:1 
v/v ratio with a saturated CHCA solution in 50% ACN/0.1% TFA. Samples for the ESI 
analysis were introduced via gold-coated nano-ES needles (Protana). A capillary voltage 
of 800 - 1000 V was applied together with a cone voltage of 40 - 45 V and collision 
energy of 4.2 eV. The sample aerosol was desolvated in a stream of nitrogen. During the 
CID, the collision energy was in the range of 15 - 30 eV with argon as the collision gas. 
Proteins were identified from peptide masses and amino acid sequences using NCBI 
blast search (http:// www.ncbi.nlm.nih.gov/blast/blast.cgi). 

2.5. Western Blot Analysis 

The protein extract was dissolved in sample diluting buffer and resolved on 10% SDS- 
PAGE gel. Protein bands were transferred to PVDF membrane and then blocked using 
5% bovine serum albumin (BSA) solution for an hour. The membrane was incubated 
individually with respective primary antibodies for NOS3 & SOD2 (1:500) overnight. 
After washing, the blot was incubated with secondary antibodies horse radish perox-
idase (HRP) conjugated goat anti-rabbit. The bands were visualized using TMB West-
ern blotting detection reagents (Thermo Fisher Scientific). 

2.6. Statistical Analysis 

NOS3 and SOD2 densitometric analysis expressions data are presented as the mean ± 
SD. Statistical analyses were carried out by Graph Pad Prism 5 software (San Diego 
California USA, www.graphpad.com) p < 0.05 was taken as significant. The level of sig-
nificance was determined at 95% confidence level. 

2.7. The Predicted Functional Association Network of NOS3 and SOD2 

The functional association network of the identified proteins was generated through 
protein interaction network STRING 8.3 http://string-db.org. Identified proteins were 
submitted to database to generate and to specifically figure out functional association 
network of the NOS3 and SOD2. 

3. Results 
3.1. Two-Dimensional Analysis of Proteins of Cataract and  

Non-Cataract Samples 

To examine the differences in protein expressions between cataract and non-cataract, 
whole-tissue extracts were prepared and analyzed by 2-DE electrophoresis. Representa-
tive 2-DE gels show (Figure 1(a) & Figure 1(b)) with loading of an equal amount of  

http://www.ncbi.nlm.nih.gov/blast/blast.cgi
http://string-db.org/
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Figure 1. Two-dimensional gel electrophoresis (2-DE) gel image of the non-diabetic senile (a) 
Normal lens proteins and (b) cataract lens. The proteins were separated by 2-DE and stained with 
Coomassie brilliant blue. This spot was excised and analyzed by MALDI-TOF mass spectrometry, 
(c) β-Actin used as loading control, (d) Western blot analysis of NOS3 and SOD2 was done in 
cataract (c) and normal (N) lens samples (e) graph indicates relative NOS3 & SOD2 expression 
compared with normal (N) lens. Values (n = 8) are expressed as mean ± SD. Comparison between 
different groups, indicate significant difference at p < 0.05. Groupings are N: Normal, C: Cata-
ract, NOS: Nitricoxide Synthase, SOD: Superoxide dismutase. 
 
total protein (100 µg/gel) revealed approximately 22 protein spots in normal and 17 
spots in cataract sample. Lens protein spots in both sample types were distributed in the 
following region: isoelectric point (PI) (pH = 3 - 10) and relative molecular weight 
(RMW) 130 - 20 kDa. All gel spots showing significant changes in abundance were hig-
hlighted and few protein spots with at least 3-fold difference in abundance between 
cataract and normal lens samples were detected. Moreover, two protein spots 130 kDa 
and 32 kDa demonstrated higher abundance in the cataract group than in the normal 
samples. 

3.2. Western Blot Analysis 

It demonstrated a potential distinction in the expression of NOS3 and SOD2 (n = 3 
each) with respect to the cataract and non-cataract samples (Figure 1(c) & Figure 1(d)). 
Furthermore, an increase in the expression of SOD (5%) and NOS3 (12%) (p > 0.05) in 
normal samples. Densitometric analysis NOS3 and SOD2 as compared to control accu-
rately reflects the contribution that each protein makes in the progression of catarac-
tractogensis (Figure 1(e)). 

3.3. Spot Analysis and Mass Spectrometry Identification of Cataract and  
Normal Lens Proteins 

To identify the proteins whose spots indicated changed expression, the differentially 
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expressed spots were excised from the gels and subjected to in-gel digestion with tryp-
sin, and the resulting peptides were identified by MALDI-TOF-MS as described in Ma-
terial and Methods. From a total of three differentially expressed protein spots identi-
fied by MS, two were identified as nitric oxide synthase (NOS3) and Superoxide dis-
mutase (SOD2) with the matched sequence coverage of 46%; the and 60% (Table 1). 
However, the remaining spots were not identified because of interference by the dopant 
(maybe). Moreover, the expression of the two identified proteins was consistently in-
creased in cataract sample relative to normal. 

3.4. The Functional Association Network of Identified Proteins 

The functional association network of the candidate proteins was generated through 
protein interaction network, STRING 8.3. The interaction patterns are helpful in pro-
viding a better understanding of the protein functional activities. A strong interaction 
of SOD2 and NOS3 with several other important proteins is evident with a high confi-
dence score (>0.7) Figure 2. 
 
Table 1. Differentially expressed NOS3 and SOD2 proteins in human cataract lens as identified 
by MS/MS. 

Acc # Name Abbr 
Thr. pI 

Mass kDa 
Score Peptide Match % age Cov 

CAA53950 
Nitric Oxide  

Synthase,  
endothelial/eNOS 

NOS3 5.8/130 140 
lcmdeydvvs pqllrllstl cafaravdtr 
aeglqllpgl pqllrllstl svssapsthp 

geihltvavl 
74 

AAA62278 
Superoxide  
Dismutase 

SOD2 4.5/32 70 gcestgphynpl 40 

Accession no. is obtained from SWISS/Prot and % age Coverage refers to the percentage of protein sequence cover-
age, determined by number of matched peptides. Acc: accession number; Abb; abbreviation; Thr. pI: theoretical 
isoelectric point; % age. Cov: percent coverage. 

 

 
Figure 2. In Silico analysis of NOS3 and SOD2: A functional association network analysis. 
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High-confidence protein-protein interaction network of identified proteins derived 
from the STRING database (http://string-db.org/). Each protein is represented as a 
node with edged interactions. NOS3 nitric oxide synthase 3 (endothelial cell), produce 
nitric oxide (NO): superoxide dismutase 2, mitochondrial; Destroys radicals which are 
normally produced within the cells: catalase; occurs in respiring organism and serves to 
protect cells from hydrogen peroxide: Tumor necrosis factor Precursor (TNF-alpha): 
sirtuin (silent mating type information regulation 2 homolog): interleukin 6 (interfe-
ron, beta 2); Cytokine with a wide variety of biological functions: tumor necrosis factor 
(TNF super family, member 2): ENSG00000228978; Tumor necrosis factor (TNF super 
family, member 2) fragment: FOXO1; fork head box O1; Transcription factor: FOXO$; 
fork head box O4; Transcription factor involved in the regulation of the insulin signal-
ing pathway. 

4. Discussion 

Reactive oxygen species (ROS) in the lens, causing biochemical changes that gradually 
disarrange the lens proteins, light scattering and loss of transparency which induced 
cataract development. Cataract is considered a major cause of visual impairment and it 
is found to be elevated in diabetic patients [29] [30]. Continuous chronic exposure with 
ROS may lead to age-related cataract however, in diabetes mellitus due to increased 
glucose levels causes increased generation of ROS that could lead to cataract formation. 
Furthermore, patients with diabetes mellitus have higher complication rates from cata-
ract surgery [31]. However, previous study showed combination of superoxide and NO 
contributes to diabetic cataractogenesis in SOD null mice [32]. 

The present study demonstrates the interaction between NOS3 (eNOS) and SOD2 
and how this interaction correlates with the etiology of non-diabetic senile cataract. 
This study also explore that SOD is important for the protection against age-related and 
non-diabetes cataract development. In contrast, Eva and his group reported that com-
bination of high glucose and absence of SOD1 increases the formation of cataract and 
that nitric oxide probably contributes to this process [33]. 

In our study SOD expression was high than normal lens and this may be a compen-
satory mechanism to eliminate oxidative stress, suggesting that oxidative mechanisms 
may play a role in the etiopathogenesis of cataract. Ucakhan [34] and his group also 
found SOD activity was increased in the lens capsule of patients with cataract, which 
may support our findings. 

Previous study by Sawada et al. supported our findings, they found SOD activity was 
significantly increase in advanced cataract lenses that of normal human lenses [35], 
while present study demonstrated SOD high expressions of in senile non-diabetic cata-
ract lenses. However, it was demonstrated that SOD activity levels were significantly 
increased in diabetic senile cataract group in comparison with the control group [18]. 

In addition, higher levels of NO end products are found in cataractous lenses of di-
abetic patients compared to cataractous lenses of healthy individuals [18]. The present 
study also report high expressions of nitric oxide synthase in cataract samples as com-

http://string-db.org/
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pared to non cataract samples in senile non-diabetic samples. These observations may 
emphasize that high expression of NOS3 and low expression of SOD2 in could lead to 
catractogensis. 

Combination of superoxide and NO contributes to on-diabetic cataractogenesis [32] 
contrary to our findings that NO participates in the formation of non-diabetic cataract 
as well and that SOD may protect against this type of cataract. Previous studies reported 
that pathogenesis of diabetic cataract associated with polyol pathway (process linked to 
the diabetic cataractogensis in which an enzyme aldose reductase (AR), catalyzes the 
reduction of glucose to sorbitol [36]. Accumulation of sorbitol leads to osmotic changes 
resulting in hydropic lens fibers that degenerate and form sugar cataracts. However 
previously Kao et al. showed NO levels in the aqueous humor increased with age and 
traumatic events in non-diabetic patients and could be a risk factor in cataract forma-
tion [22]. 

The functional association of NOS3 and SOD2 enzymes, was further validated using 
In Silico method. The computational prediction of interaction reveals that the number 
of plausible site on NOS3 with SOD2 and other molecules which may lead to more in-
sights into the underlying mechanisms of cataract disease. They also predict a mutual 
mechanism of action to mediate various cellular and molecular processes that lead to 
cataractogensis. The association of ROS and antioxidants in non-diabetics and diabetics 
with cataractogenesis is still debated but we may proposed that expression of NOS3 is 
an important factor in the development of diabetic cataracts, and SOD2 may have a role 
in decreasing the incidence of cataract. 

Future studies should compare the levels of ROS, antioxidants and the antioxidative 
enzymes, in the vitreous, aqueous humor, lens, and serum of the aged non-diabetic cat-
aract patients. It may also necessary to evaluate the effect of interaction of NOS3 and 
SOD2 on the clinical outcome in human cataract.  

5. Conclusion 

The high level of NOS3 and low level of SOD2 expressions in the cataract lens of 
non-diabetic patients may be important factors associated with the onset of catarato-
gensis. 
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