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ABSTRACT

The mutagenicity study of industrial waste water of oil and soap factory of
Zagazig City was carried out using two microbial assayes, prophage induction and
transduction. Pseudomonas aeruginosa bacterial strain MAM2A1l (Lysogen with
phage F116) was used to prophage induction assay. The results showed that all the
volumes that used before treating of the waste water had a mutagenic activity. The
fold increase than spontaneous release was 11.3 when added 20 ml of the waste
water. However, after treating the high volumes (15 and 20 ml) had only a mutagenic
activity. Phage induced by different industrial waste water volumes allowed to
transduce streptomycin resistance gene. Number of transductants and subsequently
transduction frequency were increased when waste water was used before treating.
Transduction frequency reached 1.3X10, with 6 fold increase by adding 20 ml of the
waste water. After treatment, the transduction frequency was increased in all volumes
but did not reached the mutagenic activity. Effect of waste water on phage F116
lysate was tested. Then the phage was assayed in its ability to form plaques and
transduce streptomycin resistance gene. The efficiency of phage to form plagues was
dropped from 2.1x10° to 1.4x107 pfu / ml by using 0.5 ml of waste water. However by
using 20 ml, the efficiency dramatically decreased to 1.9x105 pfu/ ml.

The effect of industrial waste water on survival of two Pseudomonas
aeruginosa bacterial strains (MAM2 Al and PU 21A3) was assessed. The survival
percentage of both strains was influenced. It was reached 1.3 in strain MAM2A1 and
0.14 in strain PU21 A3 when 20 ml of the waste water before treating was added.
After treating it was ranged from 1.2 to 1.4 for both strains. It seemed that the
treatment of these waste water did not enhance the survival of both bacterial strains
that used in this study.

The results of this investigation clearly showed that the industrial waste water
of oil and soap factory hade a strong mutagenic response in two short assayes,
prophage induction and transduction.The waste water had a powerful killing effect on
two Pseudomonas aeruginosa strains. The treatment of the wastes did not protect
these strains in surviving. However, the efficiency of the phage has been seriously
affected when the phage treated with waste water. Also treating the waste water
before releasing into Mowas River had no remarkable effect in reducing the
mutagenic activity of these wastes. Therefore, strict quality requirement should be set
to protect public health.
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INTRODUCTION

Waste water are universal solvent and may contain a wide diversity of
substances arising from industrial, agricultural and other sources and from
supply systems (De Marini et al., 1989 and Reutova et al., 2005). Waste
water containing diverse substances, can be modified by treatment. The
genotoxicological safety of waste water represents an important issue for
safeguarding of health and well-being of human. It should be assumed that
there is a potential for all members of pollutions may present in the waste
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water which might contain possible hazardous contaminants (Durgo et al.,
2005).Mutagenicity studies are rapid, relatively cheep and predictive of
integral mutagenic activity and can evaluate the combined action of
potentially hazardous compounds present in waste water (Lah et al., 2005).

The difficulties encountered in performing physico- chemical analyses
(i.e detecting only known chemicals, classifying the chemicals present in a
sample and not knowing what their biological effects are, not being able to
detect very low quantities of particular chemical, etc.), long term mutagenicity
assayes have encouraged the analysis of waste water using short term
mutagenicity study.(Fernanda et al., 2004).

The Mowas River which is a branch of Nile River flows through Zagazig
City in Sharkia Governorate , Egypt, is a source of drinking water to that City.
It has over the years, become a dumping ground for wastes from sewage
canals and industrial effluents especially from oil and soap industries. The
effluents are a complex mixture of hazardous wastes such as mutagenic and
carcinogenic heavy metals which may potentiate a major biological hazard
so, the aim of this study was to perform a mutagenicity study of an industrial
waste water of the oil and soap factory in Zagazig City which release to
Mowas River. A battery of short-term model systems revealing different
genetic endpoints was used in this study.

MATERIALS AND METHODS

1- Bacteriophage and bacterial strains:

The generalized transducing F116 phage and bacterial strains of
Pseudomonas aeruginosa (PAOI, PU21 and MAM2) that used in this study
were obtained from M. Day, University of Wales, Cardiff, UK. The strain
MAM2 Al is lysogen MAM2 with F116 phage and resistance to streptomycin.
The strain PU21A3 is non lysogen PU21 and resistance to ampcillin.

2- Growth media:

The nutrient agar (NA) and nutrient broth (NB) media were used. Soft
agar (0.8% w/v agar) was prepared in distilled water and kept at 45°C on
waterbath. Phosphate buffer was prepared from 1/15M potassium phosphate
(KH2PO4) and 1/15M disodium phosphate (Na2HPO4. 2H20). Streptomycin
(12 mg/ml) and ampcillin (600 pg/ml) were added as sterilized solutions by
filtration through 0.2 um filter membrane to the media after autoclaving.

3- Prophage induction from lysogenic strain:

The overnight culture from lysogenic MAM2AI strain was prepared. Two
ml were added to each individual volume(0.5, 2, 5,10,15 and 20 ml) of waste
water and incubated at 30°C for overnight. A few drops of chloroform were
added, centrifuged at 5000 rpm for 30 min and filtered. The supernatant was
assayed, the plaque forming units (pfu/ml) were calculated for each waste
water volume.

4- Phage titration:

Serial hundred- fold dilutions of phage were prepared in phosphate
buffer (PH 7.0). Phage titer was determined by mixing equal volumes (0.1 ml)
of a phage dilution with host cells (growing overnight in NB at 30°C), adding
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soft agar, and pouring immediately onto an NA plate (Gulig et al., 2002) .
Plates were incubated at 30°C for 24h., and pfu/ ml was recorded.
5-Transducing streptomycin resistance gene from MAM2A1 to PU21A3:
The induced phage particles from treated lysogenic strain were used to
transduce streptomycin resistance gene. Recipient cells were grown in NB
overnight. Viable count of the recipient strain was made. Equal volumes (0.5
ml) of phage lysate and recipient cell suspensions were mixed. The mixture
was kept for 15 to 30 min at room temperature, to allow phage adsorption.
Serial dilutions were prepared and placed onto selective media. Number of
colonies (transductants) were recorded and transduction frequency was
calculated.
6- Survival percentage of bacterial strains:

The overnight bacterial cells was prepared, two ml of each individual
strain (MAM2A1 and PU21A3) were added to each individual volume from
industrial waste water before and after treatment. After incubation at 30°C for
overnight, serial dilutions were prepared ,0.1 ml of each dilution was
spreaded onto NA plates. The plates were incubated at 30°C for 24h. The
colonies were counted and the survival was calculated as colony forming
units (Cfu /ml).

7- Treating industrial waste water of becteriophage F116:

The phage lysate was treated with the same previous volumes of waste
water for 24h. The plaques were counted and pfu /ml was calculated. These
phage lysates were used to transducing streptomycin resistance gene.

This investigation was carried out at the Microbial Genetic Lab.,
Genetic Dept., Fac., Agric., Zagazig Univ.

RESULTS AND DISCUSSION

1- Mutagenicity Study of Industrial Waste Water of Oil and Soap Factory
of Zagazig City:
1-1- The mutagenic activity through prophage F116 induction assay:
Data in Table 1 showed the evaluation of mutagenic activity of the
industrial waste water using prophage induction assay.

Table 1: Effect of industrial waste water (LW) on prophage F116
induction from lysogenic Strain MAM2A1 of P. aeruginosa.

Vol of LW (ml) Before treatment After treatment

) (Pfu / ml) F.l M. (Pfu / ml) F.l M.
0.5 6.7x107 3.2 + 2.2x107 1.1 -
2.0 10.8x10’ 51 + 2.8x107 1.3
5.0 15.4x107 7.3 + 3.1x107 1.5
10.0 18.9x107 9.0 + 3.4x107 1.6
15.0 21.4x107 10.2 + + 7.9x107 3.8 +
20.0 23.7x107 11.3 ++ 13.1x107 6.2 +

The spontaneous release of prophage F116 from lysogen was 2.1x10" pfu / ml.
F.l = Fold- increase than spontaneous release.

M.l: Mutagenic index according to Heinmnann 1971.

- = No mutagen. + = Moderate mutagen. ++ = High mutagen.
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Before treating the waste water, all the volumes used had a mutagenic
activity. The fold increase than spontaneous release was 11.3 when 20 ml of
the waste was added. However, after treating the wastes, high volumes (15
and 20ml) had only a mutagenic activity, but, still the other volumes were able
to induce the prophage whereas the fold increase raged from 1.1 up to 1.6
than the spontaneous release. Treating the waste water has no remarkable
impact on inducing the prophage, since high volumes of treated industrial
waste water (15 and 20 ml) result in mutagenic activity with 3 to 6 fold
increase in prophage induction than those observed in the spontaneous
release.

1-2. Mutagenic activity through transduction assay:

Phage induced by different industrial waste water volumes have been
allowed to transduce streptomycin resistance gene. Before treating the
waste, an increase in number of transductants and subsequently transduction
frequency per recipient was correlated with increasing the volume of the
waste water. Transduction frequency reached 1.3x10- with 6 fold increase by
adding 20 ml of the waste( Table 2).

Table 2: Effect of industrial waste water (I.W) on transducing
streptomycin resistance gene.

Vol of Before treatment After treatment
LW (ml)| Transductants10e| TFANSAUCHION | ey e ductants1oe| TransAuction |y, |
frequency frequency
0.5 12.5 5.2x10° 26| - 7.3 3.04x10° 1.5
2.0 14.7 6.1x10° 31| + 9.5 3.9x10° 2.0
5.0 16.2 6.8x10° 34| + 11.7 4.9x10° 24
10.0 17.4 7.3x10° 36| + 10.5 4.4x10° 2.2
15.0 27.3 1.14x10%  [5.7| + 8.4 3.5x10° 1.8
20.0 31.2 1.3x10* 6.5| + 8.3 3.5x10° 1.8

- Cfu/ ml of recipient strain was 2.4x10°
- Number of transductants in control was 4.8x10* cfu /ml
- Transduction frequency in control was 2.0x10®

It seemed that the waste water increased the number of transducing
particles resulting in increasing the number of transductants. All the volumes
used showed a mutagenic activity except volumes 0.5ml.

After treatment, the transduction frequency has been increased in all
volumes but did not reach the mutagenic activity. According to Heinmnann,
1971 3 fold increased than spontaneous or control experiment results in
mutagenic response.
2-The Effect on Survival Percentage of Some Pseudomonas

aeruginosa Strains:

Two ml of overnight bacterial cells have been added to different
volumes of the industrial waste water in order to assess the survival
percentage of two strains. Data in Tables 3 and 4. According to the safety
rules of the oil and soap factory, the waste water should be treated before
released to Mowas River and used for many purposes. The survival
percentage of both strains have been, greatly influenced when mixed with
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waste water. Before treating the waste water, S% reached 1.3 in strain
MAM2A1 and 0.14 in strain PU21A3 when 20 ml of the waste water was
added. However, after treating the waste water, the S% ranged from 1.2 tol.4
for both strains. It seemed that the treatment of these waste water did not
enhance the survival of both bacterial strains.

Table 3: Survival percentage of P. aeruginosa strain MAM2A1l upon
exposure to industrial waste water (1.W).

Volume of (1.W) Before treatment After treatment
ml Cfu / ml S% Cfu / ml S%
0.5 4.4x1018 52.4 6.3x1013 75.0
2.0 2.5x10%3 29.8 3.4x1013 40.5
5.0 1.1x10%3 13.1 2.1x1013 25.0
10.0 0.91x10% 10.8 1.2x10% 14.3
15.0 0.37x10% 4.4 0.7x10'3 8.3
20.0 0.11x10% 1.3 0.1x10*3 1.2

Cfu / ml of strain MAM2AL1 in control was 8.4x10%

Table 4: Survival percentage of P. aeruginosa strain PU21A3 upon
exposure to industrial waste water (1.W).

Volume of (1.W) Before treatment After treatment
ml Cfu /ml S% Cfu /ml S%
0.5 1.4x10%° 48.3 2.1x10% 72.4
2.0 0.9x10% 31.0 1.9x10"3 65.5
5.0 0.42x10% 14.5 0.8x10% 27.6
10.0 0.13x10% 4.5 0.3x10" 10.3
15.0 0.01x10% 0.35 0.1x10% 34
20.0 0.004x10*® 0.14 0.04x10% 1.4

Cfu / ml of strain PU21A3 in control was 2.9x10%

3- Effect of waste water on phage F116:

Phage F116 lysate was treated with the different volumes of waste
water, then the phage was assayed in its ability to form plagues and
transduce streptomycin resistance gene (Table 5). The efficiency of phage
F116 to form plaques has been dropped from 2.1x10° up to 1.4x107 pfu / ml
by using 0.5 ml of industrial waste water. However by using 20 ml of the
waste water the efficiency of the phage dramatically decreased up to 1.9x10°
pfu /ml. Number of transductants have been increased up to 9.6x10* by using
5 ml of the waste water.

Table 5: Effect of industrial waste water(I: W) on phage F116.

Vol of Ab'“th;O ngmmg Ability to transducer
LW Before After Before treatment After treatment
(ml) | treatment | treatment Transductants Transduction Transductants Transduction
(Pfu/ml) | (Pfu/ml) frequency frequency

0.5 1.4x107 2.5x107 6.9 3.3x10° 5.7 2.7x10°
2.0 2.2x107 7.8x107 8.2 3.9x10° 6.3 3.0x10°
5.0 1.9x107 6.3x107 9.6 4.6x10° 7.4 3.5x10°
10.0 1.8x107 4.9x107 8.9 4.2x10° 7.1 3.4x10°
15.0 1.2x10° 4.2x107 8.2 3.9x10° 5.7 2.7x10°
20.0 1.9x10° 3.5x107 7.2 3.4x10° 4.8 2.3x10°

- Pfu/ ml of phage F116 in control was 2.1x10
- Number of transductants in control was 4.7x10*
- Cfu / ml of recipient strain was 2.1x10°
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The results of this investigation clearly showed that the industrial waste
water of oil and soap factory hade a strong mutagenic response in two short
assayes, prophage induction and transduction.

The waste water had a powerful killing effect on two Pseudomonas
aeruginosa strains. The treatment of the wastes did not protect these strains
in surviving. However, the efficiency of the phage has been seriously affected
when the phage treated with waste water. Also treating the waste water
before releasing into Mowas River had no remarkable effect in reducing the
mutagenic activity of these wastes. Therefore, strict quality requirement
should be set to protect public health.

Mutagenic pollution of natural environments seemed to be a general
and serious problem that has been extensively investigated (Sanchez et al.,
1992, Malachova 1999 Czyz et al.,2000, Hu et al., 2003). However, many
studies have been carried out to assess the mutagenic activity of some
Rivers (Otsu et al.,, 1998 , Czyz et al., 2000 Tsukatani et al.,, 2003,
Vijayushree et al., 2005).

REFERENCES

Czyz, A., J. Jasiechi, A. Bogdan, H. Szpilewska and G. Wegrzyn.
2000.Genetically modified Vibrio harveyi strains as potential
bioindicators of mutagenic pollution of marine environments. Applied
and Environ. Microiol., 66: 599-605.

De Marinr, D. M., J. E. Gallagher, V.S. Houk and J. E. Simmons.1989.
Toxicological evalution of complex industrial wastes: implications for
exposure assessment. Toxicol. Lett., 49: 199-214.

Durgo, K., T. Horvat, V. Orescanin, L. Mikelic, J.F. Colic and S. lulic. 2005.
Cytotoxicity and mutagenicity study of waste and purified water
samples from electroplating industries prepared by use of ferrous
sulfate and wood fly ash. Environmental and Ecological Toxicology, 40:
949-957.

Fernanda, M., G.P. Ferrari, F. Toledo,C.L. Rocha and V. E. Vicentini. 2004.
Mutagenic effect of fresh water (Well, revers Ficha and Minas Gerais,
Close to the town of Ubirate, parana, Barazil) in the animal test system.
Acta Scientiarum. Biological Sciences, 26: 101-105.

Gulig, P.A ., K. E. Cerveny, A. DePaola, and D. H. Duckworth. 2002 .Phage
therapy of local and systemic disease caused by Vibrio vulnificus in
iron-dextran-treated mice.Infection and Immunity, 70 : 6251-6262.

Heinemann, B. 1971. Prophage induction in lysogenic bacteria as a method
of detecting potential mutagenic , carcinogenic, carcinestatic and
teratogenic agents. Chem. Muta., 1: 235-266.

Hu, J. Y., S. L. Ong, W. J. Ng, B. P. He, W.J. Liu, Z.D. Fang, X. H. Zhang and
Z. S. Wang. 2003. Mutagenicity of polluted reservoir water and its
reduction by a pilot- scale integrated biological treatment process. Bull.
Environ. Contam. Toxicol., 71: 204-211.

Lah, B., B. Zinko, T. Tisler and R.M. Logar. 2005. Genotoxicity detection in
drinking water by Ames Test, Zimmermann Test and Comet assay.
Acta Chim. Slov., 52: 341-348.

3494



J. Agric. Sci. Mansoura Univ., 32 (5), May, 2007

Malachova, K. 1999. Using short- term mutagenicity tests for the evaluation
of genotoxicity of contaminated soils. Soil and Sediment
Contamination, 8: 667-680.

Otsu, R., K. Horikawa and B. Y. Min. 1998. Mutagenicity of River water in
korea. Bull. Environ. Contam. Toxicol, 60: 615-619.

Reutova, N.V., T.l. Vorobyeva and T.V. Reutova. 2005. Some approaches to
evaluation of the mutagenic effect of industrials waste on the
environment. Russian Journal of Genetics, 41: 608-612.

Sanchez, P.S., C.A. Coimbrao, M. C.L. Coelho, G.U. valent and M. I.Z. Sato.
1992. Assessment of mutagenic activity in drinking water from Sao
Paulo City, Brazil. Environ. Toxicol. and water Quality, 7: 141-155.

Tsukatani, H., Y. Tanaka, N. Sera, N. Shimizu, S. Kitamori and N. Inoue.
2003. Validity of mutagenic activity as an indicator of River water
pollution. Environmental Health and Preventive Medicine, 8: 133-137.

Vijayashiree, B., Y. R. Ahuja, L. Regniers, V. Rao and L. Verschaeve. 2005.
Genotoxicity of the Musi River (Hyderabad, India) investigated with the
VITOTOX Test. Folia Biologica, 51: 133-139.

&j@jﬁ\ 3_'\5.\.4 uﬁ a."uld‘ u“—w‘ L.ﬁ)d\ olaal Q}H\ SJ.\H\ suu.nbd
GO daaly As) ) 31 Al — A5) gl) anid
ég)\ﬁ)” e Gabally uﬁ)n c;..ad Gc\.u.an u)...al\ oludl 4_1)5.}:\5\ oJJﬂ\ @\JJ al

LQA @j)i.t.d\ e_us.\” L)Au.\.u\ ?‘M\J

(e MAM2A1 s gl MJ.uS.ﬂ\ auad) (:\Ja.\.u\ A CNL: L;ua.“ ds.\l\} Clﬁj).\n Galiatia)
Al JS o il cmca gl 5 2l 5l Cliaiul & Pseudomonas aeruginosa by
Mkmwugwmdﬁg\_\d\u)‘aﬂ a\_mwk_mm\u_d‘

AR )\M Caadtuall CM\ DJLI‘)‘;‘ dhdd\ G:;Lual\ u)...al\ a\.uu‘ndh Yo MLA\ die
Yo 10) ullall alaaT b Aalladd) bay e liall ool aboa aloind Lol Lalili gllaial Zdll Cinin
ke LU ) of% 2 K o (U

M} UWJ“)“JJM}M‘UAJM‘QG““G:M‘UJ‘A‘ b\.md.ul:nupu;.mud\cu\
by diniiadll ~lal Alls & Transduction Jae XX Transductants e & 8245 sl
die Cilacal 1334 3 1.3x104 ! Transduction Jaze Jiag s dalladll J8 G‘:L\.A” o uall
Gchml\uﬂ\ahnua&\' Bl

Transduction d&’.n ulﬁ 4\;.“:..&” Az 6:\.\...43\ u)...a” b\_m.i Caatuall Cl_ﬂ\ ladie) adla g_é
skl Llaal JAGX‘JAAJAMSJ}JMJ‘ K]

)dabud\ CL\I\ a)&&r;.us;(.u(u F116 CU&: 6:\.\..4“ o pall sl ).ul_a JL\.\A‘(.\J
u\ A;jum)u)u)l Aagliall s J8 e a5 0 I Plaques 5SS e (eliall o yall
dhe o ahadinls Pfu/ml Y ox), ¢ ) VXYY e Cumids) 3 Plaques B Sle Wl Adeld
pfu/ml ey e x 1,8 ) Gle il cumiail Jle Yo alasinls (Sl s;u.éx\u)@\bmw

Pseudomonas LS e O el L;c Gcl_\..al\ Cayall ola sils i a3
Caa s a8 altld) WIS ey & ) Al of a5 PU21 A3 ,MAM2AL aeruginosa
Yo (:\A;.u\ ae PU21 A3 ALl ‘; % ,Y¢ MAM2A1 AJ)H..JI ‘; %)V,Y ‘_;\ Al ol liayg
KA RN wc,\ﬁg_\ﬁ,uu\dﬁscua\u)@\mwdu
S G WIS o0 a5l obiall o3 Aadlae o eday 138 s dalladd) dey ol aladial
Al pall o3a A Creadiiu

)AJL\LQJ uybaﬂj uy)l\ c_\m.dsch.md\ u)...al\ olia U‘ C}m}amb.\l\ XYY c_aLu k-l)@_k\
ol WS, Pseudomonas aeruginosa LS oe it Je Ji 5l W of LS (g @ ilaa
L@J)AL.A\ )uu\undhaejebd\b.mﬁﬂa.“&nu\ 9¢ aw\a.\g_\da\.tuu‘).\bMFllGCw\dcu

3495



