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ABSTRACT

he present study deals with the effect of some water pollutants;

copper sulfuic as a fungicide, malathion as an insecticide and
paraquat as a herbicide, on ::rum total protein, serum albumin and
glgbulin. Furthermore, protrinogram of blecod serum riloticus in
(Greochromis was done using electrophoresis. It was found that the
control fish have nine serum protein fractions. The exposure of fish to
the examined pollutants induced -a disappearance of some fractions
and consequently changes of relative mobility and area that indicate
genetic damage.

INTRODUCTION

Nowadays, with the extensive use of pesticides and
herbicides, some of these compounds have been drained either
directly or indirectly to the aquatic environment. In such way, the
chemical composition of the water ecosystem was changed. Thus,
pollution of such habitat has been generated. The degree of poltution
in any area in the River Nile depends on the quantity of wastes
washed down (Siliem, 1993; 1994 and Badawy & El-Serafy, 1998).
Serum protein fractions of Clarias gariepinus were used by Badawy
and El-Serafy (1998) to detect the pollution level of the aguatic
habitat. Therefore, the present study aims to investigate laboratory
effect of some water pollutants on protein polymorphism of Nile
tilapia (O. niloticus).
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MATERIALS & METHODS

Nile tilapia fishes were reared in large acquaria in the fish
biclogy laboratory, Benha Faculty of Science, in a healthy status. The
fishes selected for this study nearly measure 17 — 23 cm of both
sexes. The photoperiod in the laboratory was adjusted to 14L : 10D.
The fishes then were transferred to glass acquaria for the
experimental work. One fish group was left as a control. The other
acquaria were used for the pollution study. The insecticide, malathion
(Kafr El-Zayat insecticide Co., Egypt) and the herbicide, paraquat
(methyl viologen) (Sigma) were added separately at levels of 0.1,
0.01, 0.001 and 0.0001 mg/L each in separate tanks. Copper sulfate,
anhydrous (Spectrum quality products Inc., USA) was added at levels
of 1.0, 0.5, 0.1 and 0.01 mg/L in separate tanks. Ten fishes were
raised in each tank. The fishes were fed twice a day with a standard
fish food. The levels of the pollutants were approximately kept
constant throughout the experiment. The experiment continued for
four days. The fishes of the control and polluted exposed groups were
decapitated by heart puncture and the blood samples were collected
into non-heparinized tubes. The tubes were left overnight at 4°C to
complete the clotting. The blood samples were centrifuged at 4000
rpm for 5 min and serum samples were separated and stored in deep
freeze until analysis.

The serum total protein was determined following the Biuret
principle, using Biomereux kit (Sentinel diagnostic kit cat No
17261A). The serum globulin level was calculated by substracting the
atbumin from total protein levels.

Protein fractionation was done using SDS polyacrylamide gel
electrophoresis (SDS-PAGE) (Herzberg & Pasteur, 1975). The gels
were stained in Comassie Brilliant Blue and the excess dye was
washed using destaining solution {methano] & dcetic acid). The gel
bands were scanned using densitometer and the date analysed using
Hoefer 365 software (Heofer Scientific Instruments, CA. USA). The
t-student test was used as atest of significance between the control
and treated groups (Pipkin, 1984).

RESULTS
The data presented in table (1) shows the changes of serum

total protein, albumin and globulin levels of the control as well as the
fishes subjected to the pollutants. Evidently, the serum total protein
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was generally increased in case of the fishes subjected to the
examined pollutant. All malathion concentrations induced a
significant increase of protein level. The serum of fishes exposed to
0.0001 mg malathion /L showed the highest elevation (6.33%) of
serum total protein.

The serum albumin was significantly reduced in case of fish
reared in malathion and CuSO, polluted water, whereas paraquat
induced a significant elevation of albumin level that was evident at
the lowest concentration 0.0001 mg/L.

A general increase of globulin level was recorded in the blood
of tilapia fish reared in water polluted with malathion and CuSQyq
(Table 1). The highest value (1.71+0.14 mg/100m}) was recorded in
case of 0.01 mg/L malathion subjected fishes. This value differed
from the control by 25% percentage difference. The paraquat at a
dose level of 0.01 mg/L induced a significant rise of globulin level
with a percentage difference 17.65%, when compared with the
control group, whereas the lowest tested levels of this insecticide
(0.0001 mg/L) induce a marked reduction of the circulating globulin.

The electrophoretic serum protein fractionations of O.
niloticus reared in non-polluted water displayed 9 fractions (Table 2;
Fig.1). By the exposure of fishes to the highest tested copper level
(1.0 mg/L), the protein pattern showed three fractions only (i.e six
fractions were missing)(Table 2 & Fig.2). The rest of the examined
copper levels showed no effect. One fraction only was missing as a
result of 0.1, 0.01 and 0.00! mg/L malathion exposure (Table 2 &
Fig.3). However, the lowest tested malathion level (0.0001 mg/L)
showed more or less the same pattern as control. In treatment with all
paraquat concentrations two fractions were missing (Table 2 &
Fig.4). Fractions number 2, 3 and 1, 2 were missing in case of
paraquat exposure levels 0.1, 0.01 and 0.001, 0.0001 mg/L,
respectively.

The percentage of frequency appearance of various serum
protein fractions of O. miloticus in different groups is presented in
table (2). This study was confined mainly on the polymorphic
fractions. The polymorphism (appearance > 50%) of protein fractions
of control group was noted for all fractions except fraction number 1.
This phenomenon was also noted for all exposed groups.

Table (3) shows the relative mobility of protein fractions
which indicates the relative genetic distance in which fraction
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migrates from the application sample’s point to its position in the
electropherogram through the gel. Fractions number 1, showed a
significant mobility in all fish groups reared in copper polluted water.
The lowest Cu concentration induced a significant mobility of
fraction numbers 2, 4 and 5. Fraction number 1 showed a significant
reduction of relative mobility after exposure to 1.0 mg/L Cu.

The relative mobility of protein fraction number 1 was
significantly different from the centrol value. This was reported in
case of malathion concentrations 0.01 and 0.001 mg/L and 0.1 mg
paraquat /L subjected groups (Table, 3). Fractions number 2, 4, 5 and
8 showed a significant increase in mobility after exposure to
concentrations 0.001, 0.01 and 0.1 mg malathion /L. The malathion
exposure levels of 0.1 and 0.01 mg/L induced a marked significant
increase in mobility of fraction number 7. No significant changes in
fish exposed to 0.0001 mg malathion /L.

Paraguat exposure levels (0.1 and 0.01 mg/L) induced a
significant difference of relative mobility of fractions number 1, 4, 5
and 9. Fractions number 4 and 5 showed a significant reduction in
mobility as a result of expesure to 0.061 and 0.0001 mg paraquat/L.,
whereas, fraction number 4 was significantly increased over the
contral levels at the lowest two paraquat levels (0.001 and 0.0001
mg/L).

The relative areas of all protein fractions were significantly
changed after the exposure of fish to the highest copper concentration
(1.0 mg/L) {Table 4). Fractions number 1, 2, 3 and 6 showed a higher
relative area after all tested copper levels. Conversely, the bands
number 4, 5, 7 and 9 showed a reduced area (Table 4). The malathion
and paraguat concentrations induced a marked increase of relative
area of bands number 5, 6, 7, 8 and 9 showed a reduced value.

DISCUSSION

The studies on protein metabolism were found to be of a
vulnerable value of fish population. The structure of blood proteins,
muscle proteins, haemoglobins as well as enzymes in the blood and
some organs appear to be variable (Boyd, 1964 and Kirpichinkov,
1973 & 1981). The determination of protein content in the blood
plasma is a good indicator for the ecological stress, physiological
homeostasis and aquatic poliution {Abdel-Hamid, 1994). The results
obtained in the present investigation showed an elevated serum
protein content after the exposure to the tested pollutants. This
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phenomenon reflects the hazardous effect due to such pollutants
(Abdel-Hamid, 1994 and Sharafeldeen, 1999). Maoreover,
Sharafeldeen (1999) reported that the histological investigation of O,
niloticus subjected to sublethal concentrations of CuSQ4, malathion
and paraquat showed expanding hepatic sinusoids, necrosis and
vacuolation of hepatocytes. So, as a result of increasing
hepatocellular damage, the total serum protein content was elevated.
This observation was previously reported by Poleksic and Karan
(1995).

The pollution of aquatic habitat by ametryn (herbicide) caused
a reduction of the plasma total protein content in the grass carp
(Ctenopharyngodon idellay (Abo-Hegab ef al., 1990}. Also, the
moliuscicide and wrea exhibit a similar pattern of effect. This
phenomenon gets thc support from Patterson (1976) who reported
that the pollutants react with the cell nucleoproteins and nucleic acids
and consequenily affect protein synthesis and cell integrity.

The albumin level siowed a general reduced level in ali
treated groups. This may reflect a reduced blood viscosity. This
phenomenon runs parallel with those obtained by Ramalingam (1982)
and Awasthi ef al. (1984).

Sanders {1964) found inter and intraspecific differences in
protein compounds. Many authors studied the protein polymorphism
which is mainly due to genetic disturbances of pollution (Payne es a.,
1971; Badawy and El-Serafy, 1998 and Salama, 2001).

The present investigation found that six protein fractions were
missing due to copper exposure (high level, 1.0 mg/L). This result
revealed ahigh genetic damage that was occurred due to copper. This
phenomenon was previously reported by Badawy and El-Serafy
(1998) and Salama (2001). Avtalion & Wojdani (1971) reported that,
in the serum proteinogram of some tilapia, some fractions are
confined to transferrin (B-globulin) which is an important genetic
area. Also, Bus er al. (1977) described that paraquat induced a
damage of membranes, protein and DNA.

Khud-Bukhsh er al. (1987) mentioned that polyacrylamide gel
electrophoretic bands of glutamine, albumin globulin and muscle
protein of X-radiated tilapia differed significantly with respect to
number, mobility and density of bands than that of the control.

The significance in the relative areas of protein fractions
reported in the present study as a result of pollution is mainly due to
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the polyorphism and disappearance of some fractions. This
explanation was suggested previously by many authors (El-Sharkawi
et ai., 1978; Siliem, 1994, Yacoup, 1994 & Awad and El-Serafy
1998).

The protein electrophoresis revealed a high difference
between control and polluted samples due to the preduction or
activation of a new sequence of DNA responsible for synthesizing
new types of protein as concluded by El-Bermawy et al. (2000)

The present study indicates that the examined pollutants;
copper sulfate, malathion and paraquat induce a rise of circulating
protein content, protein polymorphism and inhibition of some
fractions which reflects a genetic damage due to the pollutants.
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Table 1. Changes of the serum total protein content, albumin and globulin in biood
serum of control Q. miloficus as well as those of fishes exposed to
different levels of Cu8Q,, Malathion and Paraquat.
Total protein (zF100ml) Albumin Globulin {pr1{ ml}
Groups {£N100mh
Menn +SD Y& chinge Mean + SD *a chznpe Mean 1 SD %o chonpe
Control 323004 — 1.8£008 — 142004 —_
1.0 31x0l -1326 1.0+£0.2 389 1.3£0.3 05
Cus0, 0.5 33201 538 17 %01 &1 1.6 £0.03° 20.59
(Me/Ly 01 3.1£0.05 -0.83 1.7%0.1 =333 14201 W
0.01 31£02" - 1.26 LE£0.1 -2.78 1.410.1 o
0.1 33x0.1" 2.85 17401 - 0.67 Lax01" 1691
Malatlion 0.01 131017 [XH 1.6 20.01% 157 .720.1° FINT
ML) 0.001 3.2+003" 2.21 T7%01 -50 1.6203° 12
00001 | 34+0.0%* 6.33 1.7x0.1° -6.67 1.74£0.04% 22,06
0.1 21 +02 -2.21 1.9+004 .78 1.0£02 - gy
Paraquat 801 3.3 £0.05° 4.5 1.7=0.01 -39 1.640.0" Y765
Mgy | OGOl | 3iz02 Ty RETE STE | 13z00 T
0.0001 32x0.1 055 T 2301 25.55 05101° NETH

“ Significant at P < 0.05

Table 2. Percentage appearance of serum protein (ractions of control O. nifoticus as

well as those of fishes exposed to different leveals of CuSO, Malathion and

Paraguat.
. Frctiona nawsber
o 1 2 3 4 5 3 ] X 9
Coatral 3333 50 a3 ] 86,67 100 100 wo | ]
S0, To . - . 100 . . 100 i)
(Ms/3) 05 100 55.67 100 56.67 6567 106 ) 100 10
¢ 0 50 166 10 150 50 100 00 0
201 66.67 100 €67 | 1343 65.67 160 66.67 00 Ga7
Malathion 0.t N 56.67 100 66.67 100 100 100 100 66.67
(ML} 0.01 133 00 (T - 6667 100 66.67 3313 100
0.001 100 100 100 N 100 10d 0 3 T/
0.0001 .33 ] ica fan &6 62 100 T o567 100 667
Paraqun! .1 50 : 189 7] 190 160 wa U T
Me/L) 0.01 33.3% - : 3113 6857 3333 IT) i) 00
0001 - 567 100- G667 €667 100 T 1K)
” 0.000] - . LEE] 100 86 67 66.67 100 100 11
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“Table 3. Relative mobility of serum protein fractions of control O.nilctizus as well as those of fishes exposed to different levels of

CuS0,Malathion and Pdraquat.

Fractions number

1

2

Groups 3 4 5 6 7 B 9
Meau + SD Mean + 5D Mean £ SD Mcan£SD | Mean:SD | Meant 5D | Mean3+SP | Meant SD | Mean 2 5D
Control 15110 25215 37.142) 45.2%1.5 56.1£1.4 67021162 | 77.0%1.26 B6.032.27 | 93.4342.44
Cu30, 1.0 . - - 41,742.4% - - - 88.811.9 96.3+2.1
(Mg/L) 0.5 1654134 24.543.5 331.343,08 45112 56.3+2.05 67.3%1.7 78.5+1.11 88.1320.5 95,840.51
' 0.l 17.741.0* 2535225 35585 443442 360421 69.942.6 78.142.4 85.1+1.34 91.1£1.9
0.01 17.540.5* 28.8+0.7* 36.521.5 411210 |, 54.0x10+ 66.312.5 | 75.044.3 88.1610.88 93.8:+3.0
Malattion 0.1 - 27.0+1.7 336434 42.111.43% 57.544.5 68.744.1 T2442.4% 824427+ 94.044.3
(Mg/L) 0.01 409 +0,1* 25.3342.49 36.3343.77 - $3.33£0.47% | 66.67+1.24 | 79.0540,05* | 88.2%1.2 93.43£1.02
0.004 8.6 1.16* 28340.7% 36.522.45 - 55.6%1.9 67.55t1.15 | 7T.0:L78 | 84.20£2.11 | 92.55:0.55
0.0001 13,8415 25.040.7 35.0+0.77 44.020,74 5574375 | 66.6746.76 | 74.41%4.1] 85.545.7 94.334.91
Parnguat 0.1 174 +1.57* - - 43,57£2.09 53.04+1.6* 67.540 3 77.8540.15 87,0409 94,043.0
(Mg/L) 0.01 121 £0.75 - - 84.3:0 79" 55.4542.85 69.842.6 76.23%1.43 | B4.8313.67 | 96.17H0.46*
0.00% - - 38.720.8 47.93+0.62* | 50.33041* | 66.5£1.5 76.5£1.51 85.642.16 96.410.4*
0.0001 - - 3912111 4R.1 £1.42* 54.904.0 66.043,1 75474111 | BSII43.24 | 96374033

* Significant at P <0.05
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Table 4. Relative area of serum protein fractions of control O niloticus as well as those of fishes exposed to different levels of CuSO,Malathion

and Paraquat.
Fractions mumber
Group 1 2 3 4 3 6 7 8 9

Mean * SD Mean £ SP Mean 4+ SD Mean2SD | Mean 5D | Mean+SD | Mean+SD | Mean£SD | Mean+ 8D

Control 16.01 +0.35 6.81£0.45 8.86 +0.62 11,13£2,92 8.06%1.32 9.36%1.95 10.98 = 1.82 11.5%£2.1 17.66 +£3.62
Cu50, 1.0 - - - 70.9 +£3.95* - - - 155+ L.1° 13621t}
(Mg/L} 0.5 2183 £3.31 ‘ 3251355 234 £5.02% T 6.511.0% 7.6+ 1.8 85x1.42 52+£1.9¢ 86327 16.53 £ 1.93
0.1 22.8 £3,51* 12.7£1,47* 1800 d 41 - 46+£05% 1870+ 1.4% | 3.5x011% | 722037 { 1630x1.04

0.01 23706 ¢ 11.8+1.3* 13.65 £0.45+ 1374100 4.25£0.45* 1241299 13.7£4.1 9740 14.204: 1,80

Es_p::.ez 0.1 - 318.05 +6.15* .G.u.l:._u.._ _c‘uuw‘m.ow 553+£1.19* .o.m._.r. 1.3 547% H.m_r 17.654£343* | 4801 1.1
(Mg/L) .01 17115 29.7£3.45% 26.25+ 1,75+ - 555+0.15% | 14.07+3.23* | 13.210.8* 4.1 0.4 10.70 2 1.14*

* I 6.001 20,14 £2.13* 27.1 £ 0.9* 17.05 £ 1.45* - 76103 11,251 4.75 2.1£091 1.5%50.45% 13.0 £0.20*

0.0001 186041 | IR552005% | 177L£3.42% 8.1+ 111 607093 | 13.1£2.08% [ 7.24£073* | 8.14:2081* | 1362034

Paraquat 0.1 49,31 1,414 - - 94+045 645+1.15 60511.75% | 8.45+£035* | 680%0.70¢ 12,5517+

(Mg, 0.01 10.35 0.1 - - 20.8 £.44% 6.5032.11 7.1 &o.h:... 6.0 +2.6% 685 1.15* 134220
0.001 - - 484 +£3.4* 8.05£2.95 4810.6¢ 4.15+0.75% 9.17 £1.54 973+1.24 157+ 1.06
0.0001 - - 30.11£2.11% 34.8512.8*% [ 3.75+0.45* 48+ 1.4* 567+£1.43* | 8531221 12.40 % ] .85*

* Significant at P < 0.05
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Fig. (1): Serum proteinogram of control O.niloticus.
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Fig. (3): Serom proteinogram of Q.nlfoticus subjected to 0.0001, 0.001, 0.01 and 6.1 mg / L, malatkion (ML).
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