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Abstract 
An attempt has been made to elute tubulin protein from healthy as well as mercury exposed brain tissues of 
Labeo rohita. The brain tissue samples from the fresh water edible teleost common carp Labeo rohita was 
used as a material for the present investigation. The fishes were previously exposed with LC50 value of 
57.074 mg/L of mercuric chloride (HgCl2) for 96 h. Tubulin protein was isolated from L. rohita brain by two 
cycles of processing as adopted by Williams (1982). The quantity of the tubulin protein is derived from 10 g 
of aliquot liquid brain tissue samples. The mean value for the control is 3.0 ± 0.9 mg/mL liquid sample of 
brain tissues obtained from L. rohita. In the same situation, the corresponding mean value for the 
experimental group of fishes is reduced to 01.8 ± 0.6 mg/mL. These values are statistically significant on 
students’t’ test calculation with 95% confident level and this would suggest that mercury exposure has the 
impact on the quantity of brain tubulin protein. 

Keywords: Mercury, Labeo rohita, tubulin protein, mercuric chloride, brain tissue samples.   

Introduction 
Mercury is a naturally occurring toxic metal element and 
human activities have been increased the release of 
mercury into the environment. As a result of this, mercury 
is persistent and accumulative in biological organisms as 
toxic xenobiotics in natural ecosystems. The recent 
mercury action plan provides a thorough description of 
mercury in the environment (Boening, 2000). There has 
been increased concern and alarm about mercury 
contamination in the environment. The lack of knowledge 
of mercury in fish tissues hampers efforts to understand 
the scope of its pollution, managing mercury sources and 
reduce their levels in water bodies. Mahnaz et al. (2008) 
have recently reviewed mercury concentrations in 
several fish species. The earlier findings in this line have 
suggested that mercury level is increasing every year. 
Nearly, 180 tons of mercury is introduced every year into 
the Indian environment alone (Sharif, 2007). 
 
Methylmercury (MeHg) is one of the easily observed 
forms of neurotoxin and interferes with brain 
development. In brain cells, methylmercury adducts with 
cell differentiation and cell division. Mercury and its 
derivatives bind with DNA and RNA causing nerve cell 
death; however there has not been any mutagenic or 
carcinogenic development observed (Marion et al., 
2004). In our earlier findings on the exposure of mercuric 
chloride on fishes have disclosed that mercury may 
causes injuries on brain tissues significantly (Chitra and 
Jayaprakash, 2012, 2013). It is important to know the 
molecular damage especially the effect on the protein 
due to mercury toxicity.   

 
The protein tubulin plays an important biological process 
such as intracellular transport and secretion, 
microtubular formation and hydrostatic skeleton for cell 
stability, morphogenesis, cell division and cell orientation. 
Since, tubulin protein is known for the cell structural 
stability, one can expect the brain tissue injuries of the 
mercury treated fishes may be due to tubulin molecular 
destruction. The tubulin can easily be extracted from 
poiklothermic fishes and preserved in laboratories for 
sequence analysis (Ponstingl et al., 1981; Anuradha 
chaudhuri, 1986). Therefore in this present investigation, 
an attempt has been made to elute tubulin protein from 
healthy as well as mercury exposed brain tissues of 
Labeo rohita and study its effects on the brain tissues.  
 
Materials and methods 
Test organism and brain tissue sample: The brain tissue 
samples from the fresh water edible teleost common 
carp Labeo rohita was used as a material for the present 
investigation. Ethical approval was obtained from the 
institute ethical committee as this basic toxicological 
study on fishes demonstrate the ill effect of mercury 
pollution released by various industrial process on other 
higher organisms. The fishes were previously exposed 
with LC50 value of 57.074 mg/L of HgCl2 for 96 h (Chitra 
and Jayaprakash, 2012). The average body weight of the 
fishes was found to be 22.07 g. The dissected out brain 
tissues were subjected for the determination of the 
tubulin protein. The mercury unexposed fishes were 
maintained as control. 
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Tubulin protein isolation: Tubulin protein was isolated 
from Labeo rohita brain by two cycles of processing 
according to the protocol of Anuradha chaudhuri (1986).  
All the operations were carried out at 4C unless 
otherwise stated. The brains of fish were removed 
immediately after decapitation and kept in ice. The tissue 
was homogenized in cold homogenization buffer  
(100 mM Pipes/0.5 mM MgCl2/1 mM ethylene glycol-bis  
(β-aminoethylether)–N, N, N’, N’–tetraacetic acid 
(EGTA)/0.1 mM GTP, pH 6.9 at a ratio of 1 mL/g tissue). 
The homogenized tissue was centrifuged at 100,000 g 
for 1 h. The resulting supernatant was purified through 
two cycles of assembly-disassembly in a buffer 
containing (100 mM Pipes, pH 6.9/1 mM MgCl2/1 mM 
EGTA/1 mM GTP) according to Shelansky et al. (1973). 
Glycerol (4 M) was added during assembly. The second 
cycle purified microtubule pellet was stored at -70C. 
Goat brain tubulin was used for the comparison was also 
prepared by the above method. 
 
All microtubule assembly experiments were done in 
assembly buffer (0.1 M Pipes, pH 6.9/1 mM MgCl2/1 mM 
EGTA) containing 4 M glycerol. Microtubule assembly 
was monitored turbidimetrically at 400 nm with a 
Shimadzu double beam UV210A. Polymerization was 
initiated with the addition of 1 mM GTP. The critical 
concentration (Ccr) of assembly during the second cycle 
of polymerization of assembly was evaluated by 
turbidimetry (Gaskin et al., 1974). Samples at various 
initial concentrations were assembled to steady state 
(apparent equilibrium) and the change in absorbance at 
400 nm was plotted Vs total protein concentration. The 
apparent critical concentration was estimated by 
extrapolation of the linear regression line to the abscissa 
to zero turbidity, i.e. no assembly. 
 
Statistical analysis: The data was analyzed by students‘t’ 
test distribution to know the significance (p<0.05). 
 
Results 
A standard graph was developed for the purpose of 
estimation of tubulin concentration in unknown brain 
tissue samples (Fig. 1). Table 1 is furnished with data on 
the quantitative determination of tubulin protein present 
both in the control and experimental fishes. The quantity 
of tubulin protein under investigation is derived from 10 g 
of aliquot liquid brain tissue samples. The mean value for 
the control is 3.0 ± 0.9 mg/mL liquid sample of brain 
tissues obtained from Labeo rohita. On the other hand, in 
the same situation the corresponding mean value for the 
experimental group of fishes is reduced to 01.8 ± 0.6 
mg/mL and these values are statistically significant on 
students t' test calculation with 95% confident level.  
This would suggest that mercury exposure had the 
impact on the quantity of brain tubulin protein. 
 
Effect of LC50 mercury exposure on brain tubulin 
polymerization: The assembly of tubulin was determined 
spectrophotometrically in the presence of glycerol. 

Fig. 1. Standard graph for tubulin quantity estimation. 

 
 

Table 1. Tubulin levels of experimental Labeo rohita  
brain tissue samples. 

S. No. Control Experimental 
1. 3.1 ± 0.6 01.9 ± 0.3 
2. 2.8 ± 1.1 01.63 ± 0.07 
3. 2.5 ± 0.7 01.1 ± 0.6 
4. 4.8 ± 1.3 2.3 ± 0.2 
5. 2.1 ± 0.4 01.8 ± 0.15 
6. 3.6 ± 1.7 2.2 ± 0.13 
7. 2.2 ± 1.4 01.6 ± 0.02 

Mean 3.0 ± 0.9≠ 01.8 ± 0.6 
10 g of brain tissue samples of L. rohita; values are after SEM; 
Statistically significant after students’t’ test (p0.05). 

 
Table 2. Polymerization of Labeo rohita brain tubulin at 30C. 

S. No. Time (min) Absorbance (400 nm) 
1. 5 0.002 
2. 10 0.018 
3. 15 0.027 
4. 20 0.054 
5. 25 0.062 
6. 30 0.061 
7. 35 0.033 

 
Table 3. Effect of GTP and mercury on tubulin polymerization. 

S. No. Time (min) Absorbance (400 nm) 
1. 5 0.000 
2. 10 0.001 
3. 15 0.034 
4. 20 0.036 
5. 25 0.002 
6. 30 0.002 
7. 35 0.000 

 
Polymerization was initiated with 1 mM GTP. 
The increase and decrease in the absorbance at 400 nm 
and the turbidity were considered as the assembly and 
disassembly of the tubular components. It is evident from 
Table 2 that fish brain tubulin absorbance at 400 nm with 
relation to the self assembly of the microotubules is 
0.002 at 5th min, the same absorbance values gradually 
raised to 0.62/mL when samples are analyzed at 25 min 
after the incubation of glycerol and GTP. During 10th, 15th 
and 20th min of observations, these units are 0.018, 
0.027 and 0.054 respectively.  
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This would indicate that the increase of absorbance and 
polymerization of the tubulin. The significant point to be 
noted in this study is the identification of critical point 
where the polymerization is at peak. The critical 
absorbance of 0.62 is appeared at 25th min, thereafter 
the tubulin disassembled and the absorbance is reduced 
to 0.033 at 35th min of analysis. This would suggest that 
the polymerization is maximum at 25th min when the 
absorbance attains the maximum level of 0.62. Further 
depolarization occurs gradually and the absorbance 
reduces (Table 2). On the other hand, the mercury 
exposure in experimental animals has resulted in a 
significant reduction on the absorbance units. In this 
context, one would also expect, whether the mercury 
toxicity is having any impact on the polymerization of the 
tubulin. Therefore, the effect of mercury on the property 
of tubulin protein assembly has been studied. For this 
purpose, the lethal concentration of mercuric chloride 
was added along with polymerization inducing factors 
such as glycerol and GTP as said in the concerned 
experiments. The same procedures and observations 
were carried out for the tubulin protein assembly for 
healthy fish brain also.  
 
Table 3 is provided with data of change in absorbance of 
the protein in the presence of GTP and HgCl2 (Addition of 
0.5 mM GTP and Addition of 5 µL HgCl2). It is observed 
that there is no change in absorbance until GTP is 
introduced. During the 10th min, the absorbance started 
to increase in the presence of GTP. There is an increase 
in absorbance until the 15th min. The toxic metalloid 
under investigation is added during the 20th min and this 
affected the absorbance rapidly. Thus, it is presumable 
that HgCl2 has an effect of inhibiting the polymerization 
thereby breaking the tubulin polymers. Further it is 
reasonable to suggest the mercury interfere with the 
tubulin protein polymerization and causes cell structural 
stability and other biological functions of tubulin. It has 
been suggested by many workers that mercury toxicity 
causes brain cell structural and metabolic changes. The 
studies on human being are suggesting the development 
of brain functional defect and causing autism (Clarkson, 
1992). In our earlier studies we reported that mercury 
accumulated significantly in brain tissues than the other 
tissues of fish Labeo rohita (Chitra and Jayapraksh, 
2012). The results of present study also suggesting that 
mercury exposure alters the quantity of tubulin protein 
and interfere the self-assembly and disassembly of the 
micro tubular protein. Microtubular protein tubulin has an 
important role for the cell structural stability and gives 
intracellular organelle skeletal stabilization. Mercury 
exposure causes damage on the brain cell structure. 
Therefore, mercury toxicity affects the brain cells and 
structure. It is reasonable to suggest the structural defect 
due to mercury toxicity may also reflect the functional 
derangement in the brain of fish Labeo rohita.  
 
 

 
Conclusion 
The present mercury exposure studies have exhibited 
unambiguously that mercury interferes tubulin protein 
bio-function and damage the structural stability of brain 
cells. The study would suggest that cause of autuism 
among mercury poison individuals and it is desirable to 
extend molecular studies to substantiate this process. 
However, mercury pollution in environment may be 
viewed seriously to reduce the risk burden in near future.  
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