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Abstract 

 

Phosphorus bioavailability is often limited in agricultural soils. In this work, two 

bacteria were isolated from Tunisian phosphogypsum (PG). These ones have the capacity to 

dissolve inorganic phosphate (CaHPO4 and Ca3(PO4)2). This capacity is determined by the 

clear halo formation around colonies in NBRIP agar medium. To confirm the solubilization 

phenotype, the concentration of solubilized phosphate by isolates cultivated in NBRIP broth 

containing PG was measured. These two bacteria noted BRM17 and BRM18 are identified as 

Pantoea sp. and Pseudomonas sp, respectively. The results show that BRM17 solubilizes 

about 2 times more phosphate in broth NBRIP medium after 48 hours of incubation than 

BRM18. 

 Tunisian phosphogypsum contains 1100 ppm of strontium (Sr). Sr toxicity on bacteria 

was determined by concentration that gives half-maximal inhibition of bacteria (IC50). 

Compared with Cupriavidus metallidurans (bacteria tolerant to most of heavy metals), 

BRM17 and BRM18 cultivated in broth medium containing increasing concentrations of Sr 

were found tolerant to Sr. The potential of bioremediation is tested by the rate evaluation of 

Sr adsorption  by these bacteria. The results show the high ability of BRM18 to adsorb Sr. 

The resistance of isolates to ionizing radiation is also determined by the exposure of 

bacterial cultures to various doses of gamma radiation. BRM17 is considered radioresistant 

while BRM18 is radiosensitive.  

The effect on seed germination of wheat and pea inoculated with bacteria was tested. 

No positive effect was detected. 

  This study is considered with the use of BRM17 and BRM18 in a bioremediation 

process and the improvement of phosphate uptake by plants cultivated in polluted 

environments. 

Keywords: bacteria- phosphate- bioremediation- germination- heavy metals- gamma 

radiation. 
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Résumé 

 

Le phosphore est un élément nutritif dont la biodisponibilité est souvent limitée dans 

les sols agricoles. Dans ce travail,  2 bactéries ont été isolées à partir du phosphogypse (PG) 

Tunisien pour leurs pouvoirs de la solubilisation du phosphate inorganique (CaHOP4 et 

Ca3(PO4)2. Ce pouvoir est déterminé par la formation d’un halo clair autour des colonies en 

milieu NBRIP solide. Afin de confirmer le phénotype de solubilisation, on a mesuré  la 

concentration du phosphate solubilisé par les isolats cultivés en milieu NBRIP liquide 

contenant le PG. Les deux bactéries notées BRM17 et BRM18  ont été identifiées Pantoea sp 

et Pseudomonas sp., respectivement. Les résultats montrent que BRM17 solubilise à peu près 

2 fois plus du phosphate en milieu  NBRIP liquide après 48 heures d’incubation que BRM18. 

La teneur du PG Tunisien en strontium (Sr) est de 1100 ppm. Nous avons caractérisé 

la toxicité de ce Sr pour les deux bactéries en déterminant les concentrations donnant 50% 

d’inhibition de la croissance bactérienne (IC50). En comparaison avec Cupriavidus 

metallidurans CH34 (bactérie tolérante à la plupart des métaux lourds), BRM17 et BRM18 

cultivées dans un milieu de culture liquide contenant des concentrations croissantes en Sr sont 

avérées tolérantes pour Sr.  Le potentiel de bioremédiation des bactéries est testé aussi par 

l’évaluation de leur taux d’adsorption du Sr.  Les résultats prouvent  une plus grande  capacité 

de BRM18 à retenir le Sr. 

La résistance des isolats aux radiations ionisantes est déterminée par l’exposition de 

cultures bactériennes à différentes doses de radiation gamma. BRM17 est considérée 

radiorésistante alors que BRM18 est radiosensible. 

L’effet  sur la germination des graines du blé et du petit pois inoculées par les 

bactéries a été testé. Mais aucun effet positif n’a été décelé. 

Cette étude permet donc d’envisager l’utilisation des BRM17 et BRM18 dans un 

procédé de bioremédiation et dans l’amélioration d’assimilation du phosphate par les plantes 

cultivées dans des environnements pollués. 

Mots clés : Bactéries- phosphate- bioremédiation- germination- métaux lourds- 

radiation gamma 
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 الملخص

نظرا لتزايد الحاجة لتحسين امتصاص . في التربة الزراعية اإلتاحة ةمحدودال ةالمغذي العناصر يعتبر الفسفور من

رتان على جعل الفوسفات الفسفوجبس التونسي قاد مادة بكتيريتان من ناعزل في هذا العمل، . النباتات للفسفور بيولوجيا

 NBRIP"تم تحديد هذه القدرة بتشكل هالة حول البكتيريا في وسط د وق. ليتحل   (CaHPO4 ;Ca3(PO4)2) الصلب

و قد . يحتوي على الفسفوجبس "سائل NBRIPوسط "، قمنا بقياس الفوسفات المتحلل في  هذه القدرة للتأكد من و " صلب

 .لتوالي على ا   sp  Pseudomonasو   Pantoea sp بالنوع BRM18 و  BRM17بـ المشار إليها البكتيرياحددنا 

 48 بعد  NBRIP في السائل  BRM18بمرتين أكثر من  حوالي  الفوسفات  اقدر على تذويب  BRM17 أظهرت النتائج أنو

 . ساعة

فقد بينا درجة تسمم البكتيريا ppm 0011في الفسفوجبس تساوي  سيومنالسترومن جانب اخر و حيث نسبة  

واثر مقارنة النوعان (. IC50) من نمو البكتيريا 01%المتسببة في توقف ز المعدن الثقيل يقيمة ترك بحساب  بالسترنسيوم 

 لتواجد المعادن الثقيلة تسامحااألكثر   Cupriavidus metalliduransالبكتيريا ب  BRM18و   BRM17من البكتيريا 

تسامح بينها بالنسبة بينا تقاربا شديدا في مستوى ال  وسط سائل يحتوي على تركزات متزايدة من السترسيوم المزروعة

 .لمعدن السترنسيوم

 أثبتتقد  و. سيومنسترلل تثبيتهابحساب درجة  وذلك المعالجة البيولوجية قدرة هذه البكتيريا علي يميتم أيضا تقو  

 .تثبيت السترنسيوم BRM18 أفضليةالنتائج 

 

على خالف  لإلشعاعة مقاوم BRM17أثبتنا أن , لجرعات مختلفة من أشعة غاماو اثر تعرض البكتيريا  

BRM18   لإلشعاعحساسة التي تبين أنها. 

 

وبينا .  قمنا باستعمال البكتيريا على بذور القمح و البازالء اإلنباتعلى تعزيز  البكتريا  نوعي قدرة قييممن أجل ت 

 .القمح و البازالء انه ال تأثير لهذه البكتيريا على قدرة اإلنبات لكل من بذور

 

لجة البيولوجية و تحسين افي عملية المع  BRM18و   BRM17 تفتح اآلفاق من أجل استخدام  هذه الدراسةوب

 . في بيئات ملوثة للفسفور امتصاص النباتات المزروعة

 .أشعة غاما -المعادن الثقيلة -االنبات -لجة البيولوجيةاالمع -الفسفور -البكتيريا  : تاحاالكلمات المف

 



7 
 

 

Abbreviations 

Al: aluminum 

ATP: adenosine triphosphate 

BET: Ethidium bromide 

Bq: Becquerel 

BRM: bioremediation 

°C: degree Celsius 

Ca: calcium 

CFU: Colony Forming Units 

CNSTN: National Center for Science and Technology nuclear 

Cr: chrome 

DNA: Deoxyribonucleic acid 

dNTP: Deoxyribonucleotide triphosphate 

rDNA: Deoxyribonucleic acid ribosomal 

DO: optical density 

DTPA: Diethylene Trinitrilo Pentaacetic Acid 

EDTA: Ethylene Diamine Tetracetic Acid 

Fe: iron 

GA: gluconic acid 

GADH: flavoprotein gluconate dehydrogenase 

γ: gamma 

GCT: groupe chimique tunisien 

GDH: glucose dehydrogenase 

g: gram 

Gy: Gray 

http://en.wikipedia.org/wiki/Adenosine_triphosphate
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H
+
= hydrogrn 

h: hour 

IAA: indole-3- acetic acid 

IC: inhibition concentration  

ICP-AES: Inductively Coupled Plasma – Atomic Emission Spectrometry 

2-KGA: 2-ketogluconic acid 

Kg: kilogram 

kGy: kilogray 

L:liter 

LB: Lysogeny Broth or Luria Bertani or Luria Broth 

M: molar 

Mn: manganese 

µl: microliter 

µm: micrometer 

mg: milligram 

ml: milliliter 

mM: millimolar 

min: minute 

MPS: mineral phosphate solubilizing phenotype 

NaCl: Sodium chloride 

NBRIP:  National Botanical Research Institute’s Phosphate 

nm: nanometer 

ORF: open reading frame  

.
OH: hydroxyl radical 

P: phosphorus 

pb: base pair 

Pb: plomb 
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PCR: polymerase chain reaction 

PG: phosphogypsum 

pH: potential hydrogen 

PQQ: pyrroloquinoline quinine 

PR : phosphate rock 

PSB: phosphate solubilizing bacteria 

Ra: radium 

ROS: reactive oxygen species 

r.p.m: revolutions per minute 

SOD: superoxide dismutase 

Sr: strontium 

TBE : Tris Borate EDTA 

TGY: Tryptone Glucose Yeast 

Th: thorium 

Tris HCl : 2-Amino-2-(hydroxyméthyl) -1,3-propanediol, hydrochloride  

UV: ultraviolet 

 U: uranium 

Zn: zinc 
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Introduction 
 

World food security is threatened today because of the constant increase in human population. 

The challenge is to increase food production by 50% in the next 20 years to sustain population 

growth (Gyaneshwar et al., 2002). 

Phosphorus is a vital plant nutrient. Adding phosphate to soil by chemical fertilizer has played 

a significant role to improve agriculture yields (Ben Farhat et al., 2009).   

Tunisia is a leading country in phosphorus production. Annual production of phosphate 

merchant in 2007 reached 8 millions, placing Tunisia the fifth country in the world for 

phosphate production (GCT, 2011). 

An assessment made by experts from the United States Geological Survey and the 

International Association of Fertilizer Producers shows that the demand for fertilizers over the 

next 5 years will increase by 2.5% annually. With such rate of phosphate consumption, all 

global phosphate resources would be exhausted within 100-125 years (Aipova et al., 2010).  

Taking into account the long-term increase in phosphate demand, phosphate deficit in the 

future and intense use of chemical fertilizers which can disturb the ecological balance of soil 

and lead to the depletion of nutrients; efforts to study and apply microbiological phosphate 

solubilization processes are well justified (Ben Farhat et al., 2009).  

 

Scientists are interested to use phosphate solubilizing bacteria (PSB) which can transform the 

insoluble form of immobilized phosphate in the soil to soluble form to provide phosphate 

from the less fertile areas and minimize the dependence on chemical fertilizers (Ben Farhat et 

al., 2009).  

 

Researches concerning the isolation of PSB from phosphates ores (Ben Farhat et al., 2009), 

rhizospheres (Behbahani, 2010) are numerous, but no study has yet taken into consideration 

PSB isolation from phosphogypsum and affects of heavy metals and ionizing radiation on 

them. This is the aim and the originality of our research. 
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Phosphogypsum (PG) is a byproduct of phosphoric acid production from phosphate ore and it 

is a new ecological niche that appeared after the industrial revolution. It is composed below 

1% of phosphate, heavy metals and radionuclides (Azabou et al., 2005). 

Presumably, PSB isolated from PG are able to play an important role in bioremediation and in 

mobilization of phosphate from infertile and contaminated soil in order to improve agronomic 

effectiveness.  

Our main objective: 

Characterize PSB isolating from tunisian phosphogypsum produced in Sfax, in order to use 

them in biotechnological and bioremediation technology.  

Specific objectives:  

The specific objectives of this work were: 

 Isolate PSB from PG. 

 Examine the capacity of isolates to tolerate heavy metal, in our case the strontium, and 

their possible application in bioremediation. 

 Examine the resistance of isolates to ionizing radiation. 

 Evaluate biotechnological potentials of isolates and determine the inoculation impact 

of these bacteria on germination for several crops (pea and wheat). 

This report is divided into three parts: In the first part, a bibliographical study concerns the 

characterization of PSB, their tolerance to heavy metals, their resistance to ionizing radiation 

and finally the effects of PSB on the germination of seeds. Materials and methods are 

included in the second part while, discussion and result are presented in part three. 
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1.1 Isolation and characterization of phosphate solubilizing bacteria 

1.1.1. Phosphate availability in soil 

 

Phosphorus (P) is an essential macronutrient of cellular compounds and it is a vital element 

for plant. It plays a major role in certain key processes in plant metabolisms such as cell 

division, development, photosynthesis, break down of sugar, nutrient transport within the 

plant, transfer of genetic characteristics from one generation to another, release and 

accumulation of energy during cellular metabolism (Bagyaraj et al., 2000).  

P is a limited nutrient although it is abundant in soils in both inorganic and organic forms due 

to its low solubility and high fixation in the soil. A great proportion of the P applied as 

chemical fertilizer is rapidly immobilized through precipitation reaction with highly reactive 

Al
3+ 

and Fe
3+ 

in acidic soils and with Ca
2+ 

in calcareous or normal soil. P may quickly be 

washed away by the raining waters, polluting rivers and become unavailable to plants (Khan 

et al., 2009). A small fraction (10-15%) of the P in fertilizers is taken up by plants in the year 

of their application. So farmers have used several times more P than plant needs by excessive 

application of chemical fertilizers (Hwangbo et al., 2003). Consequently, accumulation of P 

led to environmental and economic problems (Naik et al., 2008).  

Given the negative environmental impact of chemical fertilizers and their increasing costs, the 

use of PSB as natural fertilizer is advantageous to the crop yield (Rodrıguez et al., 2006). PSB 

have been shown to enhance the transformation of  insoluble P to soluble forms HPO4
2-

 and 

H2PO4
-
 (Chang and Yang, 2009). 

1.1.2. Phosphate solubilizing bacteria 

1.1.2.1. Mineral phosphate solubilization phenotype 

 

 The insoluble inorganic P can be transformed into soluble forms by the action of some soil 

bacteria termed as PSB (Ben Farhat et al., 2009) which mobilize fertilizers added to soil (Son 

et al., 2006). 

The concept of using soil microorganisms to improve mobilization of poorly available forms 

of soil P is not new. It is now over 50 years when it was shown that pure cultures of soil 

bacteria could increase the P nutrition of plants through increased solubility of Calcium-P. A 

large volume of literature has since been published (Richardson, 2003).  
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The most studied Psolubilizers are: Pantoea (Son et al., 2006), Pseudomonas, Bacillus, 

Rhizobium, Aereobacter, Flavobacterium (Rodriguez and Fraga, 1999) Burkholderia cepacia, 

Citrobacter, Erwinia herbicola (Buch et al., 2008), Actinomycétes, Serratia marcescens 

(Hamdali et al., 2008), Rhodococcus erythropolis, Bacillus megaterium, Arthrobacter 

ureafaciens, Arthrobacter sp., Gordonia sp., Chryseobacterium sp., Phyllobacterium 

myrsinacearum and Delftia sp (Chen et al., 2006). 

Most of the early studies were centered on the isolation of PSB and the characterization of 

their P solubilizing activity under in vitro conditions. 

1.1.2.2. Isolation of phosphate solubilizing bacteria and culture medium 

  

Visual detection of the P solubilization ability of bacteria has been possible using plate 

screening methods. We can show clearing zones around the microbial colonies in agar 

medium containing insoluble mineral phosphates as the single source of P (Figure 1). This 

method can be regarded as generally reliable for isolation and characterization of PSB. In 

order to confirm the solubilization P phenotype, the pure cultures were further screened in 

liquid medium. The P released into culture broth was measured but this estimation has the 

disadvantage of not taking into account the P used by the cells during growth (Rodriguez and 

Fraga, 1999) . 

 

 

Figure 1: Solubilization of tricalcium phosphate on Pikovskaya's agar medium by phosphate 

solubilizing bacteria after 10 days of incubation (Naik et al., 2008) 

 



21 
 

 PSB are routinely screened in the laboratory by a plate essay method using mediums as 

Pikovskaya (PVK) (Pikovskaya, 1948), Sperber (Sperber, 1958) or National Botanical 

Research Institute’s Phosphate Growth medium (NBRIP) (Nautiyal, 1999).  

Morphology and zone of solubilization of bacteria are different from one medium to another 

(Tripura et al., 2007). 

Nautiyal (1999) identified elements that are essential to the solubilization of P in vitro and 

their concentrations.  Following his investigations, he observed that glucose and tricalcium 

phosphate Ca3(PO4)2 are essential components of the culture medium, whereas yeast extract 

and ammonium sulfate ((NH4)2SO4) are not. Indeed, he showed that increasing the 

concentration of yeast extract at a level greater than 0.5 g /l, leads to a decrease in 

phosphates solubilization. While dissolution rate increases with increasing glucose 

concentration in the medium. He also showed that phosphates solubilization is higher when 

using ammonium sulfate at a concentration of 0.1g /l. While an increase in the 

concentration of magnesium sulfate (MgSO4) from 0.1g /l to 0.25 g/l increases phosphates 

solubilization. Following these observations, Nautiyal (1999) demonstrated that NBRIP 

medium, which contains per liter of distilled water: glucose (10 g), (NH₄)SO₄(0,1 g), KCl 

(0,2g), MgSO₄7H₂O (0,25g) and 5 g of inorganic phosphate, is very effective for studying the 

solubilization of inorganic P. He showed that solubilization of mineral P in this medium 

resulted in wider and clearer zones than on the other mediums.  

1.1.2.3. Mechanism of phosphate solubilization 

 

Inorganic forms of P are solubilized to soluble forms HPO4
2-

 and H2 PO4
-
 by a group of 

bacteria (Khan et al., 2009). The mineral phosphate solubilizing phenotype (MPS
+
) exhibited 

by soil bacteria was generally correlated with the ability of microbes to produce  a variety of 

low molecular weight organic acids (Table 1) mainly gluconic, 2-ketogluconic acid, oxalic, 

citric, butyric, malonic, lactic, succinic, malic, acetic, glyconic, fumaric and adipic (Hwangbo 

et al., 2003). Via their hydroxyl and carboxyl groups, they chelate the cations bound to P and 

decease pH in basic soils (Ben Farhat et al., 2009).  

Bacteria which produce organic aids to solubilize P are: Pantoea (Pérez et al., 2007), 

Pseudomonas, Enterobacter intermedium, Acetobacter, Klebsiella, and Serratia species, 

acetic acid bacteria (Hwangbo et al., 2003) and Erwinia herbicola (Rodriguez and Fraga, 

1999).  
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Table 1: Organic acids involved in phosphate solubilization by bacteria 

Phosphate-solubilizing bacteria  Organic acids References 

Acetobacter sp. Gluconic acid  

 

 

(Bagyaraj et al., 2000) 

Escherichia freundii Lactic acid 

Pseudomonas sp. Citric, Gluconic acid 

Pseudomonas aeruginosa Gluconic acid 

Pseudomonas striata Tartaric, Citric acid 

Rhizobium leguminosarum 2-Keto gluconic acid 

Pseudomonas  fluorescens Citrate,Lactate,malate, 

Succinate 

(Hoberg et al., 2005) 

Pseudomonas cepacia Gluconic acid  (Babu-Khan et al., 1995) 

Pantoea agglomerans Gluconic acid,  

2-Keto gluconic acid 

(Pérez et al., 2007) 

Serratia marcensens Gluconic acid (Ben Farhat et al., 2009) 

 

In the most PSB, gluconic acid is one of the prominent organic acids responsible for 

phosphate solubilization resulting from the direct oxidation of glucose (Patel et al., 2008). 

PSB produce gluconic acid from glucose by the action of glucose dehydrogenase (GDH) 

(Kim et al., 2003). Gluconic acid can be further oxidized to 2-KGA by a flavoprotein 

gluconate dehydrogenase (GADH) (Hwangbo et al., 2003). MPS
+ 

phenotype generally 

requires the presence of both glucose dehydrogenase and its redox cofactor pyrroloquinoline 

quinine (PQQ). The enzymes of the direct oxidation pathway are oriented in the cytoplasmic 

membrane. Glucose (or other aldose sugars) undergoes up to three oxidations of two electrons 

and two protons in the periplasmic space. As a result of these oxidations, gluconic, 2-

ketogluconic, and/or 2, 5-diketogluconic acid is formed in the periplasmic space and diffuses 

freely outside of the cells and might release high amounts of soluble phosphate from mineral 

phosphate. The release of phosphate is accompanied with acidification of the medium (Babu-

Khan et al., 1995; Sulbaran et al., 2009).   

The production of organic acid is one of the major factors but not the sole factor responsible 

for phosphate solubilization by bacteria (Chen et al., 2006).  

Others studies have shown that another way of solubilization is the release of H
+ to the outer 

root surface in exchange for cation uptake or with the help of H
+
 translocation. ATPase could 

constitute alternative ways for solubilization of mineral P. Some bacterial metabolites, 
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different from organic acid , may also contribute to phosphate solubilization through chelation  

as well as the production of inorganic acids, such as sulphidric, nitric and carbonic acid 

(Rodríguez and Fraga, 1999), exchange reactions and polymeric substances formation (Khan 

et al., 2009). Siderophores are biogenic chelators with a high affinity and specificity for iron 

(Yarzabal, 2010). 

Several researchers have studied the PSB isolated from different locality as soils, 

rhizospheres, crops… but little is known about PSB lived in polluted soils as PG. 

1.1.3. Study of the tunisian phosphogypsum  

1.1.3.1. Definition of phosphogypsum 

 

Phosphogypsum (PG) mainly calcium sulfate , it is a moist, gray, powdery and acidic (pH = 2 

to 3) material (Rutherford et al., 1994; Azabou et al., 2005) as shown in figure 2.    

 

Figure 2: General aspect of phosphogypsum of Sfax, Tunisia (Ajam et al., 2009) 

 

PG is a by- product of the “wet process” for producing phosphoric acid. Basically, it involves 

by reacting phosphate rock with concentrated sulfuric acid and water and separating by 

filtration (Azabou et al., 2005).   

Wet-process phosphoric acid manufacture is based upon a very simple reaction (Felfoul et al., 

2002): 

[Ca3 (PO4)2 ]3 CaF2 + 10H2SO4 + 20 H2O                          6 H3PO4 + 10(CaSO4 2 H2O)+ 2HF 
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In Tunisia, for several years, a set of phosphoric acid production factories have produced PG 

in large quantities approximately 10 million tons per year. Currently, in Sfax (Center-East of 

Tunisia), the PG is stored into piles in the vicinity of the factory, by moist  process (Ajam et 

al., 2009). 

1.1.3.2. Characterization of phosphogypsum  

1.1.3.2.1. Granularity 

 

The granular distribution of PG depends on the quality and the reaction of the time of the 

phosphate attack. PG appears like fine sand, of a granulometry lower than 250 mm. The 

Tunisian PG presents a percentage of fines of about 80% (Ajam et al., 2009) 

 1.1.3.2.2. Chemical composition  

 

The chemical and mineralogical characteristics of PG depend on the nature of the phosphate 

ore, the type of wet process used, the age of the stockpile, and any contaminants which may 

be introduced into the PG at the production process (Rutherford et al., 1994). The PG consists 

essentially of gypsum dihydrate CaSO4.2H2O (95.5%) mixed with some phosphate of calcium 

under various forms, the silica and the other impurities such as oxides of iron, magnesium and 

aluminum, sulphides, some organic matter and heavy metals (Felfoul et al., 2002) (Table 2). 

Table 2: Chemical composition of phosphogypsum dihydrate (Felfoul et al., 2002) 

Component SO3 CaO F P2O5 SiO2 Fe2O3 Al2O3 MgO H2O Crist. 

% 44 32.5 1.20 0.65 0.50 0.10 0.10 0.10 19.00 

   

PG contains below 1% of P2O5 which generally exists as H3PO4, Ca(H2PO4)2.H2O, 

CaHPO4.2H2O and Ca3(PO4)2. P2O5 found adhered to the surface of gypsum crystals is 

waterleachable, whereas P2O5 present in the crystal lattice is difficult to be removed by simple 

water washing (Singh, 2002). As shown in table 3, PG contains different concentrations of 

heavy metals coming from phosphate ore.   

 

Table 3: Composition of tunisian phosphogypsum and soil in heavy metals (Felfoul et al., 

2004) 

Value (ppm) Tunisian phosphogypsum soil 

Strontium (Sr) 1247 240 
Zinc (Zn)  46.40   60 

Chromium (Cr) 14.80   54 

Barium (Ba) 14.50 580 

Cadium ( Cd) 7.50   0.35 
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 The tunisian PG is concentrator in strontium in comparing with normal soil.       

1.1.3.2.3. Radioactivity of tunisian phosphogypsum  

 

Generally PG is considered to be radioactive. Their radioactivity is due to the radium content 

coming from the natural decomposition of uranium (present in the phosphate ore). Table 4 

shows the values of 238 U, 226 Ra and 232 Th present in PG for different regions in the 

world. The concentrations of 238 U and 232 Th are low in the tunisian soils (17.1 Bq/kg for 

Uranium and 19.5 for Thorium) and thus do not present any risk for the environment. The 

table 4 shows also that the activities of 226 Ra found in tunisian PG (215 Bq/kg as an 

average) remain lower than those found for the majority of PGs (Ajam et al., 2009).  

Table 4: Phosphogypsum radioactivity throughout the world (Bqa/kg)(Ajam et al., 2009) 

Origin of PG Origin of Phosphate 
238

U 
226

Ra 
232

Th 

Sfax, Tunisia Tunisia 47 215 15 

Greece Togo - 261 - 

Australia - 510 451-500 10 

Florida, USA Central Florida 130 1120 3.7 

Morocco Morocco - 1420 - 

Egypt Egypt 134 411 19 

Spain - - 727 - 

1.1.3.3. Valorization of phosphogypsum 

 

The management of the industrial PG is an environmental problem which concern several 

countries that produce high quantities of phosphoric acid as Florida (USA), Jordon, Turkey, 

Morocco, Senegal, ect… The storage of PG causes the pollution of the watertable by acid and 

heavy metals infiltration. Its valorization leads to environmental protection and the 

minimization of the storage costs, so some researchers had studied the use of PG in various 

fields (Ajam et al., 2009). 

In Tunisia, the most successful application was in the manufacture of cement and plaster 

manufacture. It has been found that PG is suitable for making good quality plaster showing 

similar proprieties to natural gypsum plaster. This field is advantageous for the countries 

which do not have natural quarries such as Japan and India. The PG has been sought also to 

be used in agriculture. 

Crop yields and quality of a variety of fruit, vegetable, grain, forage and oilseeds have 

generally been found to be higher on PG amended soils.  
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In plant nutrition studies, PG has been used as a source of calcium, sulfur and phosphate on a 

broad range of soils differing in pH and fertility. Some studies have described the influence of 

PG on the availability and uptake of other nutrients. PG increased the availability of iron and 

manganese through a localized acidifying action around roots, and increased the availability 

of nitrogen, phosphate and potassium in calcareous soils (Rutherford et al., 1994).  

The wide scale use of PG appears to be restricted until concerns regarding associated natural 

radionuclides and heavy metals. PSB isolated from PG are the well adapted to survive in 

polluted environment. So application of such bacteria presents a promising strategy for 

bioremediation and improvement of plant growth.  

  

1.2. Tolerance of phosphate solubilizing bacteria to heavy metals and 

application in bioremediation 
 

1.2.1. Description of heavy metal: Strontium 

 

Heavy metals are metals with a density above 5 g/cm
3
. Among 90 naturally occurring 

elements, 21 are non-metals, 16 are light metals and the remaining 53 (with As included) are 

heavy metals  (Nies, 1999). 

Strontium (Sr) is a soft, silver-gray metal that occurs in nature as four stable isotopes. 

Strontium is element number 38 of the periodic table of elements. It was discovered in 1808 

and was named after Strontian, a town in Scotland. Strontium is in row of the periodic table, 

just below calcium. Like calcium, strontium has two positive charges in its ionic form. 

Strontium is one of the most abundant elements on earth, comprising about 0.04 percent of 

the earth's crust. At a concentration of 400 parts per million, there is more strontium in the 

earth's crust than carbon. Strontium is also the most abundant trace element in seawater, at a 

concentration of 8.1 parts per million (Dean, 2005). 

The detoxification of strontium by naturally occurring microorganisms provides available 

option to protect the environment from strontium toxicity. Moreover, the continuous exposure 

of microbial populations in polluted environments to heavy metals selects resistant strains 

(Wani et al., 2007). 
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1.2.2. Selection of heavy metal tolerant bacteria 

 

Mining operations provide obvious sources of heavy metal contamination which have 

hazardous environmental impact causing serious damage to human health, biodiversity and 

ecosystem (Choudhary and Sar, 2009). Heavy metals get accumulated in time in soils and 

plants and could have a negative influence on physiological activities of plants (e.g. 

photosynthesis, gaseous exchange, and nutrient absorption), determining the reductions in 

plant growth, dry matter accumulation and yield (Suciu et al., 2008) 

Environments heavily polluted with metals are rich sources of metal resistant bacteria which 

acquired resistance against these metals as strontium. Under such condition, bacteria may 

activate and adapt a mechanism of detoxification to ensure survival (Sayyed and Patel, 2011). 

The selection of bacteria tolerant to heavy metals, is done according to their ability to grow by 

increasing concentrations of metals (Sun et al., 2010). 

1.2.2.1. Cupriavidus metallidurans CH34: a model of tolerance to heavy metals 

 

Cupriavidus metallidurans are facultatively aerobic Gram negative rods bacteria which 

tolerate extreme pH and heavy metal concentration (Guiné et al., 2007). 

C. metallidurans was isolated from industrial sites characterized as soils or sludges strongly 

affected by the presence of industrial wastes rich in toxic heavy metals, often mixed with 

organic recalcitrant compounds and hydrocarbons. Such conditions allow C. metallidurans to 

be grouped under the extremophiles. 

C. metallidurans is a multimetal resistant strain and it posses genetic determinants encoding 

resistance to various toxic cations thus displaying a variety of reponses and resistance to 

several heavy metals (Choudhary and Sar, 2009). The bacterium can solubilize the metals or 

increase their bioavailability via the production of siderophores and subsequently adsorb the 

metals on their biomass, on metal-induced outer membrane proteins and by bioprecipitation 

(Diels et al., 2009). 

1.2.2.2. Tolerance of phosphate solubilizing bacteria to heavy metal 

 

A series of experiments were conducted to investigate the influence of heavy metal on 

bacteria. Table 5 shows the tolerance of some PSB to some heavy metals. 
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Table 5: Tolerance of some phosphate solubilizing bacteria to heavy metals (cited in articles)  

Phosphate Solubilizing 

Bacteria 

Tolerance to heavy 

metals 

References 

 

 

 

 

Pseudomonas sp. 

Chromium (Wani et al., 2007) 

Cuivre (Rojas-Tapias et al., 2011) 

Copper (Sze et al., 1996) 

Cadmium (Choudhary and Sar, 2009) 

 Nickel 

Zinc (Gadd, 2000) 

Iron 

Pantoea sp. Copper, chromium, 

Cadmium, Cuivre 

(Ozdemir et al., 2004) 

Serratia sp. 

 

Cadmium 

Zinc 

(Luo et al., 2011) 

Enterobacter aerogenes Nickel, Chromium, 

Cuivre, Zinc, Cadmium 

(Kumar et al., 2009) 

Rahnella aquatilis Nickel, Chromium, 

Cuivre, Zinc, Cadmium 

(Kumar et al., 2009) 

1.2.3. Mechanisms of tolerance to heavy metals 

 

Bacteria are important agents in determining the form and distribution of metals in the 

environment. They play a major part in the modification, activation and detoxification of 

heavy metals (Sterritt and Lester, 1980). The metal resistance systems are known as flowing: 

(i) export mechanisms which extruded the metal ions from the cell by activated energy 

consuming transporter (ii) import mechanisms which involves the contribution of diffusion, 

sorption, chelation, complexation or micro-precipitation mechanisms, basically depending on 

the intrinsic surface properties of the cells (Guo et al., 2010). These mechanisms are 

summarized in figure 4. 

1.2.3.1. Metal biosorption 

 

Several types of microbial biomass can retain relatively high quantities of metals by means of 

passive processes known as biosorption, which is dependent on the affinity between the 
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metallic species or its ionic forms and the negatively charged binding sites on the molecular 

structure of the cellular membrane, cell wall and capsule (Ozdemir et al., 2004). 

Gram negative bacteria produces exopolysaccharide which can desorb a metal bound to a 

mineral surface and transport the complexed metal through a porous medium (Tabak et al., 

2005). Ozdemir and al. (2004) show that Pantoea sp. is a good adsorbing medium for metal 

ions and it has a high adsorption yields for treatment of waste water containing chromium, 

cadmium and copper ions. It has functional groups such as anion carboxylic, sulphydryland 

phosphates groups capable of binding to heavy metals. 

Both living and dead biomass are capable to biosorption of metals. The ligands involved in 

metal binding are carboxyl, amine, hydroxyl, phosphate and sulfhydryl groups (Tabak et al., 

2005). 

The sorption of strontium by bacteria can be described using a basic sorption reaction based 

on the assumption that protonated functional groups (example carboxyl, phosphoryl, and 

hydroxyl) which are present on the surface on the sorbing substrate bind Sr (Small et al., 

2001). 

1.2.3.2. Enzymatic transformation of metals 

 

Bacteria exhibit a number of enzymatic activities that transform certain metal species through 

oxidation, reduction, methylation and alkylation. The enzymatic transformations lead to metal 

precipitation and immobilization (Valls and de Lorenzo, 2002). 

1.2.3.3. Bioaccumulation 

 

Bioaccumulation is the retention and concentration of a substance within an organism. The 

solutes are transported from the outside of the microbial cell through the cellular membrane 

into the cell cytoplasm where the metal is sequestered (Tabak et al., 2005). 

1.2.3.4. Production of organic acids  

 

Many bacteria in the soil are able to solubilize heavy metal by excreting organic acids (Sheng 

and Xia, 2006) or by proton efflux via plasma membrane H
+
 - ATPases. Acidification can 

release metal via a number of obvious routes: competition between protons and the metal in a 

metal anion complex or in a sorbed form, resulting in the release of free metal cations. 

Organic acids can supply both protons and metal complexing anions, example pyromorphite 
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(Pb5(PO4)3Cl) can be solubilized by phosphate solubilizing fungi with concomitant production 

of lead oxalate (Gadd, 2000). 

 

 

 

 Figure 3: Metal- microbe interactions (Tabak et al., 2005) 

 

Mechanisms of microbial solubilization and immobilization of metals are of clear potential 

for bioremediation (Gadd, 2000). 

1.2.4. Application of metal tolerant bacteria in bioremediation 

 

The presence of heavy metals in high amounts in the soil can cause hazardous effects on the 

environment. Some traditional remediation methods were used to immobilize metals in 

contaminated soils as: addition of cement or chemical fixatives, capping with asphalt, use 

chelator agents such as EDTA and DTPA and in situ vitrification. These methods are rapid 

but they are expensive and can destroy the soil’s future productivity (Hietala and Roane, 

2009; Rojas-Tapias et al., 2011). 
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Bioremediation which involves the use of microbes to detoxify and degrade environmental 

contaminants has received increasing attention in recent times to clean up a polluted 

environment (Guo et al., 2010). Using microbes isolated from natural environments 

contaminated with heavy metals often exhibit tolerance to multiple pollutants because they 

are adapted to such medium (Rajkumar and Freitas, 2008). Bacteria can interact with metals 

via many mechanisms some of which may be used as the basis of potential bioremediation 

strategies. In some bioremediation strategies, the solubility and the mobility of the 

transformed metal increase and allow it to more easily be flushed from the environment 

(Rojas-Tapias et al., 2011). 

The ability of C. metallidurans, which is a metal resistant bacteria, to bio-remediate heavy 

metal polluted waters or soils, has already been demonstrated (Guiné et al., 2007). 

1.2.4.1. Bacterial immobilization  

 

To remove heavy metals, some experiences mixed contaminated environment with bacterial 

cultures grown as a film on a supporting material. The supporting material can be sand, 

anthracite coal particles, polyvinyl chloride, glass discs. Metals are removed by biosorption 

into microbial biofilm (Gadd, 2000; Diels et al., 2009).  

Biofilms are formed when bacterial consortia attach to mineral surfaces and produce hydrated 

extracellular polymers. The biofilms may act as an “insulating layer” between the solution 

and the mineral surface (Tabak et al., 2005). 

The advantages of using of immobilized microbial cells are well documentated. Pseudomonas 

sp. were immobilized into polyacrylamide and magnetite in order to remove and recover 

copper ion from aqueous solution; more than 90% of Cu
2+

 was removed by magnetite 

immobilized cells (Sze et al., 1996). 

 1.2.4.1.1. Bacterial immobilization into alginate 

 

Alginate is an anionic linear polysaccharide composed of (1,4)- linked β-d-mannuronate (M) 

and its C-5 epomer α-l-guluronate (G) residues arranged in a nonregular blockwise pattern 

along the linear chain ( Figure 4) . The most attractive property of alginate is the gel 

formation simply induced by adding various divalent cations, except Mg
2+

. Alginate gel beads 

are commonly formed by dropping sodium or potassium alginate solution into an aqueous 

solution of Ca
2+ 

typically made from calcium chloride (CaCl2). As the encapsulation method 
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is mild, and done at room temperature in aqueous medium, several sensitive drugs, proteins, 

living cells, etc. have been successfully released through alginate beads (Gaoa et al., 2009). 

 

 

 

 

 

 

Figure 4: Structural data for alginates: (A) the monomers in alginate; (B) the alginate chain 

(Sriamornsak and Sungthongjeen, 2007) 

  

 Ganguli and Tripathi (2002) prepare an artificial biofilms immobilizing Pseudomonas 

aeruginosa cells in alginate agarose films. This biofilm was better able to reduce Cr (VI) even 

at higher concentrations. 

 

1.3. Resistance of phosphate solubilizing bacteria to ionizing radiation 

 

1.3.1. Ionizing-radiation-resistant bacteria 

 

Ionizing-radiation-resistant bacteria as non-spore-forming bacteria that can protect their 

cytosolic proteins from oxidation and tolerate many DNA double-strand breaks after exposure 

to high, acute ionizing radiation (dose greater than 1 kilogray (kGy) for 90% reduction (D10) 

in Colony Forming Units (CFUs)), and can resist prolonged desiccation  (Sghaier et al., 

2008).   
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1.3.1.1. Deinococcus radiodurans: Model of radioresistance bacteria 

 

D. radiodurans has been a model for understanding many of the basic principles that govern 

resistance to ionizing radiation. 

D. radiodurans was discovered by Anderson and coworkers in X-ray-sterilized canned meat 

that was found to have undergone spoilage. Culture yielded a red-pigmented nonsporulating 

gram-positive bacterium that was extremely resistant to ionizing radiation and many other 

agents that damage DNA (Daly et al., 1994). D. radiodurans is a polyextremophile, showing 

remarkable resistance to a range of severe damage caused by ionizing radiation, desiccation, 

UV radiation, oxidizing agents, or electrophilic mutagens. This bacterium is most famous for 

its resistance to ionizing radiation. It survives acute exposures to gamma radiation that exceed 

1,700,000 rads without lethality or induced mutation and is capable of vigorous growth in the 

presence of chronic irradiation (6,000 rads per h) (Kim et al., 2002) . It can repair >100 

double-strand breaks per chromosome induced by ionizing radiation without lethality or 

mutagenesis (Carroll et al., 1996). 

D. radiodurans shows no loss of viability up to radiation doses of 5 kGy while Escherichia 

coli cultures are 100 times less resistant. We can explain this phenotype by: (i) D. 

radiodurans uses conventional repair pathways with greater efficiency than other bacteria, (ii) 

there are repair functions encoded among its hypothetical genes; or (iii) repair is facilitated by 

its ringlike nucleoids (Le-Tien et al., 2007). 

1.3.1.2. Resistance of phosphate solubilizing bacteria to ionizing radiation 

 

PSB isolated from phosphogypsum is subject to various environmental stresses including pH, 

temperature, irradiations, and high salt. To survive, these bacteria have developed diverse 

adaptation, which enhance stress tolerance. 

Pantoea agglomerans and Burkholderia vietnamiensis have been reported to be able to 

solubilize phosphate under different environment stress. They are acid- and alkali tolerant 

bacterium and they are also resistant to gamma radiation (Le-Tien et al., 2007; Park et al., 

2010). 

1.3.1.3. Mechanisms of the radioresistance 

 

Various mechanisms are involved to protect PSB of radiation toxicity. 
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 1.3.1.3.1. Condensed structure of the nucleoid 

 

DNA supercoiling is important for DNA repair following the deleterious effects of ionizing 

radiation and desiccation (Sghaier et al., 2008). 

 1.3.1.3.2. Intracellular Mn and Fe concentrations 

 

Cellular damage during dehydration has been attributed to the formation of reactive oxygen 

species (ROS) (Fredrickson et al., 2008). Mn (II) is essential for the detoxification of ROS 

which can kill cells, principally as a cofactor for Mn-dependent enzyme superoxide dismutase 

(Mn-SOD). In the presence of free Fe (II), the Fenton and Haber-Weiss reactions decompose 

H₂O₂ to HO· (Daly et al., 2004). 

Searches proved that γ-radiation resistance and desiccation tolerance of D. radiodurans 

resides in cytosolic Mn-dependent mechanisms that protect proteins from oxidative 

modification, but not DNA. This organism accumulates about 300 times more Mn (II) than 

ionizing-radiation-sensitive bacteria such as E. coli (D10 ≈ 0.7 kGy) (Makarova et al., 2007; 

Sghaier et al., 2008). 

Pantoea agglomerans as PSB is able under anaerobic conditions of coupling acetate oxidation 

to dissimilatory metal reduction, mainly Mn and Fe. In this context, it is possible that this 

bacterium uses this pathway of metal reduction to accumulate intracellular Mn ions, which 

react directly with ROS and/or indirectly as co-factor for enzyme defensive systems (i.e. 

SOD). This could be an important mechanism to explain the radiotolerance of Pantoea 

agglomerans (Le-Tien et al., 2007). 

1.3.1.3.3. Carotenoid pigment 

 

Carotenoids are valuable non enzymatic quenchers of ROS, especially of cytotoxic singlet 

oxygen. It has been reported that carotenoid producing bacteria are more often isolated in 

areas known for their high natural radioactivity. 

Certain bacteria able to produce carotenoids pigments or other membrane pigment such as D. 

radiodurans are more resistant to 
.
OH than the colorless ones. 

D. radiodurans produces a red carotenoid pigment as extremely resistant to ionizing radiation. 

P. agglomerans produces a yellow carotenoid pigment. It has been shown that cloned 

carotenoid genes allowing the production of the pigment in E. coli protected against the 

deleterious effects of ultraviolet radiation (Dussault et al., 2008). 
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 1.3.1.3.4. Antioxidants 

 

Radiation produces many reactive oxygen species (ROS), such as superoxide,   hydrogen 

peroxide and hydroxyl radicals (
.
OH). Radiations influence the cell principally by inducing 

damage to its DNA. Only 20% of the damage to the DNA is caused by direct effect of 

irradiation; the majority of damage is believed to be caused by ROS production by radiation. 

ROS leads to series of biological damage including protein alterations, membrane lipid 

peroxidation and DNA strand cleavage (Le-Tien et al., 2007; Dussault et al., 2008). However, 

cells achieve the removal the reactive oxidants and diminish the negative effects of the ROS 

by the action of antioxidant scavenging enzymes such as catalase, peroxidases, and different 

metal specific superoxide dismutases and by a number of non enzymatic antioxidants 

(vitamins A and E) (Khairnar et al., 2003). 

 1.3.1.3.5. Pyrroloquinoline–quinine (PQQ) 

 

PQQ has been classified as a member of β group vitamins, many of which serve to protect the 

cellular machinery from different forms of oxidative stresses. Thus, role of PQQ may be in 

the protection of cellular components from oxidative stress (Khairnar et al., 2003). 

Genome sequence analysis of D. radiodurans revealed the presence of a putative ORF for 

pyrroloquinoline quinine synthase and the absence of apo-glucose dehydrogenase gene (gcd). 

This bacterium is incapable of mineral phosphate solubilization (MPS), a phenotype which 

requires both PQQ and gcd gene to be functional in a system.  

E. coli contains the gene apo-glucose dehydrogenase enzyme but lacks genes for PQQ 

synthase and it is therefore MPS negative. Expression of pqq gene cloned from D. 

radiodurans complemented the MPS activity in recombinant E. coli and protected the cells 

from ROS mediated killing possibly through activation of antioxidant enzymes. D. 

radiodurans lacking PQQ becomes sensitive to gamma radiation and other DNA damaging 

agents and shows an impairment of double strand break repair (Shrivastava et al., 2010). The 

results obtained by Khairnar and al. (2003) show the stimulation of major antioxidant 

enzymes in E.coli cells expressing PQQ synthesis protein. The stimulation of catalase and 

SOD activities was respectively 6 and 3 fold in transgenic cells as compared to non transgenic 

controls clearly suggest the presence of higher intracellular levels of PQQ. Thus in addition to 

its known function in bacterial system, PQQ enhance expression of SOD, catalase and other 

antioxidant enzymes and could also help to protect the cells against ROS generated during 

growth under stress. 
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1.4. Assessment of biotechnological potentials of phosphate solubilizing 

bacteria 

1.4.1. Interaction between phosphate solubilizing bacteria and plant  

 

The Green Revolution in agriculture has been one of the most successful human realizations 

in this century. The yields increase in the food productions are related with a constant increase 

in human population. As a result maintaining global food safety still threatened. The world 

today needs a second Green Revolution with the aim of a continuous expansion of food-

producing ecosystems in the least fertile areas to support the increase of the population  

(Gyaneshwar et al., 2002). 

In order to anticipate food production crisis as it relates to phosphate deficit in the future, 

chemical fertilizers have played a significant role but excessive use of them has led to 

reduction in soil fertility. Scientists are currently interested in alternative and eco-friendly 

methods for improving the status of P in soils and minimize the dependence on chemical 

fertilizers. Very attractive in this regard is the possibility of enhancing Puptake of crops by 

inoculation of PSB (Yarzabal, 2010). 

In natural environments, PSB are playing an important ecophysiological role, indeed PSB 

mobilize insoluble inorganic phosphates from their mineral matrix to the plant roots. In turn, 

the plants supply root – borne C compounds, mainly sugars which can be metabolized for 

bacterial growth (Pérez et al., 2007). 

The mechanisms which PSB affect the ability of plants to acquire P from soil are:  (i) Increase 

in the surface area of roots by either an extension of existing root systems or by enhancement 

of root branching and root hair development (i.e growth the stimulation through 

phytohormones), (ii) Displacement of sorption equilibrium that results by the transfer of 

phosphate ions into soil solution or by increasing in the mobility of organic forms of 

phosphate.(iii) stimulation of metabolic processes that are effective in directly solubilizing 

and mineralizing phosphate from poorly available forms of inorganic and organic phosphate. 

These processes include the excretion of hydrogen ions, the production of siderophores and 

the production of phosphatases enzymes that able to hydrolyze soil organic P (Richardson, 

2003). 

Figure 5 shows other mechanisms that use PSB either than phosphate solubilization. Indeed, 

they can release phytohormones that promote root growth, enhance availability of other 
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nutrients (ex Mn and Fe), and control plant pathogens. Additionally, some PSB may protect 

plants against the detrimental effects of heavy metals and induce plant systemic resistance 

(Yarzabal, 2010). 

 

 

Figure 5: Interactions plant- phosphate solubilizing bacteria (Zaidi et al., 2010) 

 

The mutual relationship between plants and PSB encouraged the development of new 

technologies, such as the use of PSB for biofertilization to improve crop yield. 

1.4.2. The effect of phosphate solubilizing bacteria on germination and plant growth 

 

The purpose of applying biofertilizer is to bring PSB in contact with plant during or after seed 

germination. Experiments have shown that the direct inoculation of the seed is most 

convenient, easy, economic and the most effective method of inoculation (Menaka and 

Alagawadi, 2007) 

Yarzabal (2010) reported that seed inoculation with PSB increases significantly the grain and 

vegetative yield of finger millet, maize, amaranth, buck wheat and French bean. An 

experiment shows that Pseudomonas sp. strain significant improved sorghum and maize 

growth, height, root phosphate content, shoot dry weight and root dry weight when compared 

to the uninoculated control. 

Treatment of stone fruits (apricot, peach and nectarine) with Pantoea agglomerans (PSB) 

decreases the incidence of lesions caused by fungi (Bonaterra et al., 2002). Pantoea sp. 

increases also the biomass of peanut plant in inoculation experiments (Taurian et al., 2010). 
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Other experiments show that treatment with PSB increases yield of pea and barley. Indeed, 

treatment with Pseudomonas fluorescens and bacillus megaterium is beneficial as a general 

increase on seed germination as well as ridicule and plumule length as compared to control 

(Sharma et al., 2007). Inoculation with Pseudomonas sp. also enhanced wheat growth (Zabihi 

et al., 2011), growth of pea, chickpea and barley (Zaidi et al., 2010). Moreover, it can enhance 

the number of nodules, dry weight of nodules, yield components, grain yield, nutrient 

availability and uptake in soybean crop (Khan et al., 2009). 

Pseudomonas sp. can also either promote the growth plant protect plant against 

phytopathogenic fungi by production of indole-3- acetic acid (IAA) and protease (Jha et al., 

2009). 
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Recapitulative organization chart 
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2.1. Isolation and characterization of phosphate solubilizing bacteria  

 

Scientists have tried to use biological means to improve the agronomic effectiveness by P 

mobilization from the infertile and polluted soil. In our study we try to isolate bacteria which 

have the ability to solubilize P from tunisian PG sample. 

2.1.1. Materials: Tunisian phosphogypsum 

 
PG sample (Figure 6) which we used in this project was collected in summer 2010 under 

aseptic conditions. The PG is produced by SIAPE factory, a tunisian company manufacturing 

phosphoric acid and fertilizers, located in Sfax, Center- East of Tunisia. Analyzes of chemical 

composition of PG are made by GCT, Sfax. 

Table 6: Chemical composition of phosphogypsum dihydrate (Oral communication with 

GCT) 

Component Value (%) 

CaO 

 

31.55 

SO3 45.95 

P2O5 

 

1.00 

F 

 

1.20 

SiO2 1.20 

Fe2O3 

 

0.13 

Al2O3 0.12 

MgO 

 

0.10 

Na2O 0.30 

H2O Cris 19.25 

 

The phosphorus concentration in PG is 1%.  An analysis of samples representing an average 

of PG from November 2007 until January 2010 treated in Sfax factory shows that P2O5 was 

formed mainly by: syncrystallized P2O5 (6.4 g/Kg), Unattacked P2O5 (1.9 g/Kg) and 

Washable or soluble P2O5 (2.8 g/Kg). Washable P2O5 were a track of acids which gives the 

low pH of PG (2-3) (GCT, 2011). 
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Figure 6: General aspect of phosphogypsum sample.  

2.1.2. Methods 

2.1.2.1. Isolation of phosphate solubilizing bacteria from tunisian phosphogypsum 

 

To screen bacterial isolates from PG, 2 g of sample was suspended in 40 mL NaCl (0.9%) 

with stirring for one hour at room temperature. From this suspension, series of dilution going 

from 10
-1

 to 10
-7  

were made ; a volume of 100 µl of every dilution was then plated on LB ( 

Luria Bertani) medium composed by tryptone (10 g); yeast extract ( 5 g); NaCl (5 g) and agar 

(15 g) per liter. The pH of the medium was adjusted to 7 (Guo et al., 2010). Colonies 

exhibiting different morphological aspect were picked up individually and further purified on 

agar plate. To isolate bacteria able to solubilize phosphate, overnight culture in LB medium 

was spread on National Botanical Research Institute’s Phosphate Growth Medium (NBRIP) 

which contains per liter of distilled water: glucose (10 g), (NH₄)SO₄(0,1 g), KCl (0,2 g), 

MgSO₄7H₂O (0,25g) and CaHPO4 (5 g) as source of phosphate, the  pH was adjusted to 7.00. 

To confirm the phenotype of phosphate solubilization by bacteria, Ca3(PO4)2 was used as the 

only source of phosphate on the NBRIP agar medium. Series of dilution were made going 

from 10
-1

 to 10
-9

 and a volume of 100 µl of every dilution was then spread on NBRIP agar 

medium and the plates were incubated at 30°C. The presence of phosphate solubilizing 

bacteria was identified by clear zones around colonies. Uninoculated plates and E. coli 

inoculated plates served as controls. These colonies were picked, purified on agar medium 

and preserved by freezing at – 80°C in 40% glycerol for further analysis. 

2.1.2.2. Morphological and biochemical characterization of the selected strains 

 

The selected PSB were identified on the basis of morphology and biochemical tests including 

Gram stain, the activities of catalase, API 20E.  
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2.1.2.2.1. Morphological identification 

 

We proceeded to the identification of isolates according to its macroscopic and microscopic 

aspect. So, the Gram staining was done: First, a drop or a few loopful of water was added on 

the slide and a colony from the Petri dish was transferred aseptically. The culture was spread 

with an inoculation loop to a thin film. The culture was air dried and fixed over a gentle 

flame. The applied heat helps the cell adhesion on the glass slide to make possible the 

subsequent rinsing of the smear with water without a significant loss of the culture. Crystal 

violet stain was added over the fixed culture. Let stand for 10 to 60 seconds; then the stain 

was poured off and the excess stain was gently rinsed with a stream of water.  The iodine 

solution was added on the smear, enough to cover the fixed culture. Let stand for 10 to 60 

seconds. The iodine solution was poured and the slide was rinsed with running water.   A few 

drops of alcohol were added and rinsed off with water after 5 seconds. The exact time to stop 

is when the solvent is no longer colored as it flows over the slide.  A basic fuchsine solution 

was added for 40 to 60 seconds. The solution was washed off with water. The slide was 

observed by a light microscopy (Xu, 1997). 

  2.1.2.2.2. Catalase test 

 

Catalase is the enzyme that breaks hydrogen peroxide (H2O2) into H2O and O2. The bubbling 

that is seen is due to the evolution of O2 gas.  A small amount of growth was placed from a 

culture onto a clean microscope slide. A few drops of H2O2 were added onto the smear. A 

positive result is the rapid evolution of O2 as evidenced by bubbling. A negative result is no 

bubbles or only a few scattered bubbles (Pejman et al.). 

 

Figure 7:  Slide catalase test results. (Right) The positive reaction was produced; (left) the 

negative reaction 
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 2.1.2.2.3. Determination of biochemical characteristics by API 20E 

 
Biochemical characteristics of PSB were analyzed by the API 20E which is a bacterial 

biochemical identification system (BioMérieux) widely used in routine in microbiology 

laboratories for identification of members of the family Enterobacteriaceae. 

The API's test comprises a plastic strip that generally contains 20 miniature tubes. Almost all 

bacterial groups and over 550 different species can be identified used these API's tests. The 

identification is quite easy way and the API's tests give accurate identification results. The 

identification system has extensive databases of characteristic biochemical reactions of micro-

organisms and is standardized. 

 The bacterial suspension was inoculated into each well with the sterile pipette.  Then, the top 

of the incubation chamber was placed over the bottom, and labeled at 37° C for 18-24 hours. 

The proper reagents were added to the compartments and all other tests were read (Reynolds). 

 

 

 

 

Figure 8: The API 20E 

2.1.2.3. Molecular identification of phosphate solubilizing bacteria 

 2.1.2.3.1. Extraction of genomic DNA  

 

Extraction of DNA is performed with the Qiagen DNeasy Tissue Kit (QIAGEN) according to 

instructions of the manufacturer. 

First, one colony was picked from LB plate and incubated on 5 mL LB medium overnight at 

30°C shaken at 180 rpm then cell pelled was resuspended from 2 mL of overnight culture to 

180 µL of lysis buffer ( 2 X TE/ 1.2 Triton X – 100/20 mg per mL lysozyme). After 
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incubation at 37°C for 40 min, the pell was mixed with 4 µL of 100 mg/ mL RNase and 25 

µL of Qiagen proteinase K and the mixture was incubated at 55°C for 30 min.  Second, 200 

µL of Buffer AL was added and incubated  at 70°C for 30 min. After that, 200 µL of ethanol 

was added; Qiagen DNeasy column was applied and centrifuged at 1000 rpm for 1 min at 

room temperature. Subsequently, the column was set to a new collection tube; 500 µL of 

buffer AW1 was added and the mixture was centrifuged at 15000 rpm for 3 min at room 

temperature.  This step is repeated but at this time adding the buffer AW2. Finally, the 

column was set to a new 1.5 mL volume tube; 200 µL of buffer AE was added and 

centrifuged at 1000 rpm for 1 min. 

After these steps, we obtained a purified DNA. 

 2.1.2.3.2. Identification of the bacterium by 16S rDNA gene 

 

Full- length 16 S rDNA gene was PCR amplified by using 2 µL genomic DNA as template in 

total volume of 50 µL. The PCR master mixture contained 10 µL of 5X PCR reaction buffer , 

5 µL of 2 mM dNTPs, 4 µL MgCl2 of 2 mM,  5 µL of 10 µM of each oligonucleotide primers 

UP1-F/5’-AGAGTTTGATCCTGGCTCAG-3’ and UP1-R(5’-GTTACCTTGTTACGACTT-

3’), 1 µL of Taq DNA polymerase and 18 µL of glass-distilled PCR water. Initially 

denaturation accomplished at 95°C for 5 min. Thirty cycles of amplification consisted of 

denaturation at 95°C for 30 s, annealing at 55°C for 1 min and extension at 72°C for 1.5 min.   

Samples were electrophoresed in a 1% agarose gel with TBE buffer (108 g Tris base, 55 g 

boric acid and 40 mL EDTA 0.8 M [pH 8.0]), stained with ethidium bromide BET, and 

photographed with UV light using a gel document camera. The band of 1500 pb corresponds 

to rDNA 16S. Finally, the PCR products were sequenced at the Institute Pasteur of Tunis. 

A representative genomic 16S rDNA sequence of the strains was aligned and compared using 

with Greengenes database (http://greengenes.lbl.gov/).  

2.1.2.4. Activity of phosphate solubilizing bacteria on NBRIP broth medium 

 

In order to confirm the mineral phosphate solubilization activity, cultures were performed on 

NBRIP broth containing 5g/L of tunisian PG. The experiments were carried out in 1 L 

erlenmeyer flasks which were filled with 200 ml of NBRIP medium. Bacteria were inoculated 

in NBRIP medium by adding 2 mL aliquots of an overnight grown culture in LB broth. 

Uninoculated flasks were used as controls (NBRIP without bacteria). Flasks were incubated at 

30°C on a shaken at medium speed (180 cycles/ min). Three aliquots of each cultures sample 
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were taken at 0, 3, 24, 48 and 72 h of cultivation and centrifuged at 9,000 for 7 min. The 

active mass concentration was converted into РО4
3- 

mg/L format using the following formula:
 

X = (1000 X a)/(V X 1000) mkg/L  where: 

 

a: phosphate ion content in the sample, defined by calibration chart, mkg; 

V: aliquot of a sample, 10 cubic centimeters (Aipova et al., 2010) 

 

The amount of dissolved phosphate was determined by subtracting the amount of soluble 

phosphate in control medium of the amount of soluble phosphate content in the supernatant 

media inoculated with the isolates. Change in pH of the culture broth was recorded by pH 

meter equipped with a glass electrode and the supernatants fractions were used for 

determination of liberated soluble phosphate concentration. Soluble phosphorus of the 

supernatant was determined by using the molybdenum blue method by the colorimetric 

method of Murphy and Riley (1962). (Murphy and Riley, 1962).  

 

2.2. Tolerance of phosphate solubilizing bacteria to heavy metals and 

application in bioremediation 
 

Mining operations provide obvious sources of heavy metal contamination. Heavy metals get 

accumulated in soils and could have a negative influence on physiological activities of plants 

(Choudhary and Sar, 2009). The table 7 shows the composition of our PG sample in heavy 

metals determinate by GCT, Sfax. 

Table 7: Composition of tunisian phosphogypsum in heavy metals (Oral communication, 

GCT) 
Heavy metal 

 

Concentration 

(ppm) 

Strontium (Sr) 1100 

Zinc (Zn) 50-100 

Titanium (Ti) 50-60 

Cadium (Cd) 5-20 

Manganese (Mn) 5-7 

Chrome (Cr) 4-10 

Cuivre (Cu) 2-10 

Nickel (Ni) 3-5 

Vanadium (V) 2-6 
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2.2.1. Materials 

 

Two phosphate solubilizing bacteria were isolated previously from Tunisian phosphogypsum. 

The two isolates PSB strains were noted BRM17 and BRM18 which were putatively 

identified as Pantoea sp. and Pseudomonas sp. The ability of these bacteria to tolerant the 

heavy metal, in our case Sr, was tested. 

2.2.2. Methods  

2.2.2.1. Determination of the effect of heavy metals on bacterial growth 

2.2.2.1.1. Test chemicals and media 

 

Strontium metal is available commercially as Chloride Strontium (SrCl2). Stock solution of 

strontium was prepared by dissolving metal in MilliQ water and was sterilizing by filtration 

by a filter of 0.45 µm. (Fones et al., 2010) 

2.2.2.1.2. Tolerance of strains BRM17 and BRM18 at different concentrations of 

Strontium   

 

Based on the method of Fones and al. (2010), the toxicity of heavy metal to BRM17 and 

BRM18 was determined by IC50 (the concentrations giving half-maximal inhibition). Several 

96 well sterile polystyrene microplates (Iwaki polystyrene, sterile, no treated) were used in 

this study as growth vessels. 

C. metallidurans is a multimetal resistant bacteria and it posses genetic determinant encoding 

resistance to various heavy metals (Choudhary and Sar, 2009). This bacterium is used in our 

tests as control. 

 Liquid cultures of C. metallidurans CH34, BRM17 and BRM18 were grown at 30°C in 

minimum medium (Tris Salt medium 284 + yeast extract) and shaken at 180 rpm on an orbital 

shaker. Five ml of bacterial suspension with OD600 equal to 0.2 were inoculated into 200 ml of 

minimum medium broth with yeast extract (Annex I) supplemented with strontium of 0 to 400 

mM. All the experiments were conducted in four replicates. Microplates were sealed using 

sterile aluminum. The test microplates were incubated at 30°C on an orbital shaker at 180 

rpm. Bacterial growth was measured in terms of optical density at 630 nm after 48 hours 
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using the Bio-Tek® Gen5 Data Analysis Software Microplate Reader. To determine the IC50, 

we traced the curve by the software Matlab and we made a simple projection on the x-axis. 

2.2.2.2. Bacterial immobilization (Wuyep et al., 2007) 

 

The method of Wuyep and al. (2007) for cell immobilization was used and illustrated in 

Annex II. 

 An overnight suspension of C. metallidurans, BRM17 and BRM18 were prepared in 

minimum medium 284 with yeast extract. We mixed 17.5 mL of these cultures with 87.5 mL 

of sterile distilled water and mixed thoroughly. The mixture was allowed to settle, and after 

10 min, exactly 3.063 g of sodium alginate was weighed into the supernatant. 

The mixture was subsequently pumped through a 5 mL syringe drop wise, into a flask 

containing sterilized 100 mL of 0.12 M calcium chloride solution. The reaction, which was 

almost instantaneous, was allowed a retention time of 1 h for complete precipitation that 

formed spherical beads. The immobilized cells were removed and stored until use at 4°C in 

100 mL of 5 mM CaCl2 solution.  

Once bacteria were immobilized, their capacities to reduce Sr were studied. In 450 mL of 

TGY broth medium, we added Sr of 180 mM and beads. The medium was incubated in 30°C 

under stirring 200 rpm/mn. Series of takings at 3, 6 and 24 h was made and in every taking 

the remaining quantity of the Sr was measured by ICP (Inductively Coupled Plasma). 

TGY medium is composed of per liter : 10 g tryptone, 1 g glucose and 5 g of yeast extract, pH 

was adjusted to 7 (Fredrickson et al., 2008). 

 

2.3. Resistance of phosphate solubilizing bacteria to ionizing radiation 
 

The radioactivity of PG is due to the radium content coming from the natural decomposition 

of uranium (present in the phosphate ore) (Ajam et al., 2009). The radioactive elements in our 

PG sample were determined by GCT, Sfax (Table 8) 

Table 8: Radioactive elements in tunisian phosphogypsum and their activities (Oral 

communication, GCT) 

Elements 214
Pb 

214
Bi 

234
Pa 

226
Ra 

234
Th 

228
Ac 

212
Pb 

208
Ti 

212
Bi 

238
U 

232
Th 

40
K 

Activity 

(Bq/Kg) 

208.9 190.6 99.3 199.8 116.8 17.1 18.4 6.7 19.6 39.2 17.7 15.2 
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The radionuclides release energy in the form of radiation, so in our work the resistance of 

isolates to ionizing radiation is tested. 

 

2.3.1. Materials 

 

Irradiation of samples was carried out in the Pilot Radiation processing unit installed in Sidi 

Thabet CNSTN. Irradiation is done via a sealed radioactive source of gamma ray containing 

cobalt 60 (
60

Co). It consists of two cylinders each containing four inserts cobalt 60 rods of 

45.2 cm which are arranged in axial symmetry. The storage of this source is dry in a 

cylindrical container in which it was carried, made of steel and lead. Each batch of sample is 

placed on a shelf located at a distance of 40 cm from the source and at a height (upland/ 

ground) of 144 cm. For determining the exposure time, a map was made. The dose rate 

through a lot was calculated, as well as geometric feature that will be our follow-up. 

The time required for each dose is calculated as follows: Exposure time = dose / dose rate 

The unit of absorbed dose rate is the Joule. Kg 
-1

.s 
-1

 (unit S.I). The special name gray (Gy) 

may be substituted for the joule per Kilogram. 

2.3.2. Methods  

2.3.2.1. Irradiation of bacteria: D10 determination 

 

 One colony from LB plate was picked and incubated overnight at 30°C shaken at 200 rpm. 

Aliquots (1.5 mL) of these cells are pelleted in a microcentrifuge (4,200 xg for 10 minutes at 

4°C). After washing the pellet 2 times with 1 mL of 0.9% NaCl, it was resuspended in 1 mL 

of 0.9% NaCl. 0.1 mL of the cell suspension was transferred each into 1.5 mL volume test 

tubes: irradiated sample and non-irradiated sample. Then, expose these tubes to gamma rays 

at the irradiation building. The radiation doses used were: 400 Gy, 600 Gy, 800 Gy and 1000 

Gy.  Each dose in duplicate was made. An irradiator equipped with 
60

Co source was used to 

deliver radiation at a mean rate of 94,553 Gy/ min for BRM17 and 93,604 Gy/min for 

BRM18. After irradiation, irradiated cells were diluted with 0.9% NaCl and 100 µL of each 

dilution sample was spread into one LB agar plate. Finally, the plates were incubated at 30°C 

for 72 h, the colonies were counted and the survival rate was calculated. 

The CFU calculation = number of colony * volume of inoculums *(1/dilution factor) 
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2.4. Assessment of biotechnological potentials of phosphate solubilizing 

bacteria 
 

The goal of this experience was to assess biotechnological potential of PSB strains. 

2.4.1. Materials 

 
PSB were isolated from tunisian phosphogypsum. The effect of isolates on wheat and pea 

germination was tested. 

Seeds used in this study are the pea and the wheat 

 Table 9: Seeds classification used on germination 

Classification Pea Wheat 

0rder Fabales Cyperales 

Family Fabaceae Poaceae 

Genus Pisum Triticum 

Species sativum turgidum 

Variety Merveille de Kelvedon Karim 

 

2.4.2. Methods  

2.4.2.1. Inoculation of seeds 

 2.4.2.1.1. Inoculants preparations 

 

A modification of the procedure described by Leaungvutiviroj and al. (2010) was used for 

preparation of bacterial inoculum. The two selected bacteria BRM17 and BRM18 were grown 

in 250 mL erlenmeyer flasks containing 50 mL of nutrient broth and incubated on a shaker at 

180 rpm for 24 h at 30°C. The bacterial cells were harvested by centrifugation (5,000 g at 4°C 

for 15 min) and the pellet was suspended and washed three times in sterile distilled water. The 
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cell suspension was adjusted to optical density OD620 = 0.08 corresponding to a cell density of 

about 10
8 

cell/mL. 

 2.4.2.1.2. Sterilization and inoculation of seeds 

 

The seeds were sterilized by using the method described by Babana (2003). Before 

inoculation, the surfaces of the seeds were sterilized by placing it in 70% ethyl alcohol for 2 

min, then in sodium hypochloride solution for 15 minutes. Finally, seeds were washed 10 

times with sterile distillated water before being dried under laminar hood. Once the seeds 

have been sterilized, they were inoculated. 100 seeds of every plant were dipped into 100 mL 

of bacterial inoculum overnight with stirring at 30°C. The treated seeds were air-dried under a 

laminar hood. 

2.4.2.2. Germination test 

 

In accordance with aseptic regulation, inoculated seeds with BRM17and BRM18 which have 

the capacity to solubilize inorganic phosphate were placed into dampened filter paper in Petri 

dishes. For control specimens, we used uninoculated seeds with bacteria treated with sterile 

water. 

 Four replicates were performed for each species at a rate of 25 seeds per plate (repeat). Seeds 

are placed between two layers of sterile filter paper soaked with sterile distilled water. 

Germination is made to the dark at the temperature of 30°C. The number of germinated seeds 

was noted until obtaining of maximum germination in the control group. During the 

enumeration of germinated seeds, adequate quantities of sterile distilled water were added to 

Petri dishes. 
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3.1. Isolation and characterization of phosphate solubilizing bacteria 

 

The goal of this chapter is to isolate PSB from tunisian PG and to characterize the 

solubilization activity in agar and broth NBRIP medium. 

3.1.1. Results  
3.1.1.1. Isolation of bacteria from phosphogypsum 

 

The isolation was performed on LB agar medium; the isolates were examined for their colony 

morphology after five days at 30°C. We could count six strains. All were circular, raised and 

smooth in appearance. They are characterized also by different pigmentation as shown in 

figure: yellow, pink- red, beige, brown and white (Figure 9). 

These strains are designed by BRM15, BRM16, BRM17, BRM18, BRM19 and BRM20 

(BRM designs BioReMediation). 

Gram staining of these bacteria reveals that BRM15, BRM19 and BRM20 are Gram positive 

while BRM16, BRM17 and BRM18 are Gram negative bacteria. 

 

Figure 9: Different bacteria isolated from the sample of phosphogypsum at 30 ° 
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3.1.1.2. Isolation of phosphate solubilizing bacteria from tunisian phosphogypsum  

 

Two of six isolates showed mineral phosphate solubilizing ability in NBRIP plate culture 

contains CaHPO4 as a sole source of phosphate by the formation of transparent halo around 

the colonies. These bacteria were noted BRM17 and BRM18. BRM17 and BRM18 have 

yellow and pink-red colored colony respectively as shown in figure 10. 

 (A)            (B)   

Figure 10: The phosphate solubilizing bacteria isolated from tunisian phosphogypsum 

(A) BRM17 and (B) BRM18 

BRM17 and BRM18 were re-tested in agarized NBRIP medium containing tricalcium 

phosphate Ca3(PO4)2 as only source of phosphate. 

We consider that the size of halo of solubilization varies depending on the bacteria and the 

source of phosphate. The size of the halo of BRM17 is 17 mm and BRM18 is 5 mm after one 

week in NBRIP medium containing CaHPO4 as shown in figure 11. In NBRIP medium which 

contains  Ca3(PO4)2, BRM17 and BRM18 have the same size of halo of solubilization equal to 

5 mm after one week of incubation. The table 10 summarizes the capacity of isolates to 

solubilize various types of inorganic phosphate after one week of incubation at 30°C. 

Table 10: Solubilization ability of BRM17 and BRM18 in NBRIP agar medium with 

different source of phosphate after a week of incubation at 30°C 

 BRM17 BRM18 

Source of  phosphate CaHPO4 Ca3(PO4)2 CaHPO4 Ca3(PO4)2 

Halo of solubilization  17mm 5 mm 5 mm 5mm 
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(A)                          (B)       

Figure 11: Screening for Mps+ phenotype for BRM17 (A) and BRM18 (B) in NBRIP agar 

medium containing CaHPO4 as sole source of inorganic phosphate 

 

The presence of halo of solubilization results in expression of the MPS
+
 phenotype, this clear 

zone is where the CaHPO4 in the medium has been solubilized in NBRIP medium.   

3.1.1.4. Identification of phosphate solubilizing bacteria 

 

The isolates BRM17 and BRM18 were identified by molecular and biochemical approaches. 

16S rDNA amplification by PCR of isolates  

The amplification of the 16S gene from genomic DNA extracted from isolated strains 

was done using the universal primers and gave, after agarose gel electrophoresis in the 

presence of 1% and BET under UV light, a band of size 1500 bp for each strain (Figure 12). 

             
Figure 12: Gene amplification of 16S ribosomal DNA, M: molecular weight marker 1 kb, T: 

control without DNA 
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Molecular identification 

 

Table 11 listed the PSB isolated in this work which determined through 16S rDNA sequence 

comparison of reference strains using Greengenes database (http://greengenes.lbl.gov/) and 

NCBI BLAST (http://blast.ncbi.nlm.nih.gov/Blast.cgi).  

Table 11: Identification of phosphate solubilizing bacteria isolated from the tunisian 

phosphogypsum by16S rDNA, based on the output results from NCBI and Greengenes 

database analysis. 

Strain Organism identified Percentage identity (%) 

BRM 17 Pantoea sp. 97 

BRM 18 Pseudomonas sp. 89 

 

Biochemical identification   

 

In order to obtain more accurate identification of the isolated PSB, an extended biochemical 

characterization was undertaken by the API 20 E identification system (Table 12 and 13). 

Table 12: Biochemical characteristics of Pantoea sp. (BRM17) 

N° Biochemical tests Characteristic 

1 catalase + 

2 Staining Gram negative 

3 ONPG: 2-nitrophenyl – BD- galactopyranoside - 

4 ADH: L-arginine - 

5 LCD: L- lysine - 

6 ODC: L – ornithine - 

7 CIT: trisodium citrate - 

8 H2 S: Sodium thiosulfate - 

9 URE: urée - 

10 TDA: L-tryptophane - 

11 IND: production d’indole - 

12 VP: Sodium pyruvate - 

13 GEL: gélatine (origine bovin) + 

14 GLU : D- glucose + 

15 MAN: D- mannitol + 

16 INO: inositol - 

17 SOR: D –sorbitol - 

18 RHA: L –rhamnose - 

19 SAC: D- saccharose - 

20 MEL: D-melibiose - 

21 AMY: amygdaline - 

22 ARA: L- arabinose + 

 

+: presence/ -: absence 
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Table 13: Biochemical characteristics of Pseudomonas sp. (BRM18) 

N° Biochemical tests Characteristic 

1 Staining Gram negative 

2 Catalase  + 

3 ONPG: 2-nitrophenyl – BD- galactopyranoside - 

4 ADH: L-arginine - 

5 LCD: L- lysine - 

6 ODC: L – ornithine - 

7 CIT: trisodium citrate - 

8 H2 S: Sodium thiosulfate - 

9 URE: urée - 

10 TDA: L-tryptophane + 

11 IND: production d’indole - 

12 VP: Sodium pyruvate - 

13 GEL: gélatine (origine bovin) - 

14 GLU : D- glucose - 

15 MAN: D- mannitol - 

16 INO: inositol - 

17 SOR: D –sorbitol - 

18 RHA: L –rhamnose - 

19 SAC: D- saccharose - 

20 MEL: D-melibiose - 

21 AMY: amygdaline - 

22 ARA: L- arabinose - 

 

 +: presence/ -: absence 

3.3.1.5. Classification of phosphate solubilizing bacteria isolates from tunisian 

phosphogypsum 

 

The taxonomy of isolates is determined using Greengenes database 

(http://greengenes.lbl.gov/) 

  

Table 14: Taxonomy classification of Pantoea sp. and Pseudomonas sp 

Classification Pantoea sp. ( BRM17) Pseudomonas sp.(BRM18) 

Kingdom Bacteria Bacteria 

Phylum Proteobacteria Proteobacteria 

Class Gammaproteobacteria Gammaproteobacteria 

Order Enterobacteriales Pseudomonadales 

Family Enterobacteriaceae Pseudomonadaceae 

Genus Pantoea Pseudomonas 

3.3.1.6. Characterization of the phosphate solubilizing activity of phosphate solubilizing 

bacteria on broth medium 

 

The plate method presents a preliminary quantitative technique to select PSB. 

These results were further confirmed by determining the soluble P2O5 in the supernatant of 

liquid cultures. 
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BRM17 and BRM18 were inoculated in NBRIP medium containing tunisian PG as the sole 

phosphate source. Uninoculated flasks were used as controls (NBRIP without bacteria). The 

amounts of soluble P2O5 in the medium containing Pantoea (BRM17), Pseudomonas 

(BRM18) after 0, 3, 24, 48 and 72 h of incubation are presented in figure 13. 

 

Figure 13: Changes of soluble phosphate in NBRIP medium containing 5 g/L of tunisian 

phosphogypsum inoculated by Pantoea sp. (BRM17), Pseudomonas sp.(BRM18). Error bar 

are shown when larger than the symbol. 

  

The uninoculated control experiments showed no significant variation of the soluble P during 

the period of study. Pantoea and Pseudomonas released soluble phosphate from the PG. The 

quantity of soluble P in the control medium is explained by the fact that PG contains a soluble 

part of phosphate which dissolves quickly in the NBRIP medium. 

The amount of dissolved P by BRM17 and BRM18 was determined by subtracting the 

amount of control soluble P of the soluble P content in the supernatant media inoculated with 

the isolates. Change in pH of the culture broth and the amount of P solubilized by isolates 

were illustrated in figure 14. 

 

Figure 14: Changes in pH and amount of phosphate solubilized by Pantoea sp. and 

Pseudomonas sp. and in NBRIP culture contains 5g/L of phosphogypsum. Error bar are 

shown when larger than the symbol.  
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As it can be seen, the pH of the supernatant dropped from the initial values 5 to less than 3.4 

units after 72 h for the two bacteria. We can note as a remark that after autoclaving of NBRIP 

medium which contains PG, the pH decreased from 7 to 5. The concentration of soluble P 

increases reaching a maximum 65.2 and 39.6 mg/l for Pantoea and Pseudomonas respectively 

after 48 h of growth.  

 We show also a gradual increase in the amount of soluble P released by Pantoea (BRM17) 

and Pseudomonas (BRM18) in the medium until 48 h and decreased by the 72 h.  

Pantoea (BRM17) released more P than Pseudomonas (BRM18) and it was identified as the 

best P solubilizer among the cultures test with a corresponding decrease in the pH of the 

medium.  

 

3.1.2. Discussion 

 
Tunisian PG contained several groups of bacteria. When these bacteria plated on the NBRIP 

agar plate, we showed that BRM17 and BRM18 had phosphate solubilizing activity as 

visualized by the clear zone developed around the colony after 7 days of incubation at 30°C. 

Two different synthetic compounds (CaHPO4 and Ca3(PO4)2) representative of P minerals 

commonly found in soils were tested as sole sources of phosphate for the initial PSB 

screening on agar medium. The isolates were shown to belong to bacterial genera of Pantoea 

and Pseudomonas previously demonstrated by different authors as to participate in the several 

mineral P solubilization (Chung et al., 2005; Henri et al., 2008). The two isolates showed 

distinct physiological and biochemical differences.   

We also analyzed implications of these differences on insoluble phosphate solubilizing 

activity in liquid culture that contained 5g/L of PG. 

During incubation period of the selected PSB, pH values showed an inverse relationship with 

the soluble phosphate concentration. All cultures showed initial pH decrease in the medium 

corresponding to solubilized phosphate. Similar inverse relationship between pH and soluble 

phosphate was reported by many researchers (Babana, 2003; Hwangbo et al., 2003; Chen et 

al., 2006). Furthermore, production and release of low molecular weight organic acids linked 

to the phenotype of solubilization of inorganic P have been well established. A major well 

characterized mechanism of phosphate solubilization in Gram negative bacteria is gluconic 

acid secretion, a property shared by Pseudomonas sp.(Buch et al., 2008) and Pantoea 

sp.(Bagyaraj et al., 2000). 
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Obvious differences in efficiencies of phosphate solubilization degrees can be observed 

between the isolates. In fact Pantoea strain (BRM17) comes out as an efficient PSB compared 

to Pseudomonas strain. It has the largest halo of solubilization (17 mm after one week) when 

an overnight culture was spread in NBRIP medium that contains CaHPO4 as the sole 

phosphate source. Also, it solubilizes more P than Pseudomonas strain (BRM18) when PG 

was used as inorganic phosphate in broth medium. This is in agreement with results reported 

by Sulbaran and al. (2009) that show that Pantoea sp. had rapidly and efficiently solubilize P 

from rock P when supplied as the sole source of P. 

We show a decrease in solubilized P toward the end of incubation. This was also shown in 

Tripura and al. (2007) research. They suggested that it could have been caused by utilization 

of the available P by the bacteria for their metabolism and by an organic acids production 

decrease. We also suggest that P incorporation into biomass must be considered when 

estimating solubilization rates, since cultures may attain high cellular densities requiring thus 

significant amounts of P to sustain bacterial growth. 

 

Subsequent to the present study, we demonstrate that tunisian PG supports a diverse group of 

PSB Pantoea sp. and Pseudomonas sp. which could serve as efficient biofertilizer candidates 

in order to increase the available P in soil and help to minimize chemical P fertilizer 

application. 

 

3.2. Tolerance of phosphate solubilizing bacteria to heavy metals and 

application in bioremediation 
 

The goal of this chapter is to determine the tolerance of PSB to strontium as it is the highest 

concentration in tunisian PG. 

3.2.1. Results  

 

 For trace elements, strontium concentration is the highest one in tunisian PG (1100 ppm). So, 

tolerance of isolates to Sr was tested. 

3.2.1.1. Tolerance to strontium of phosphate solubilizing bacteria  

 

The selection of Sr tolerant bacteria is done according to their ability to grow by 

increasing concentrations of this heavy metal. 
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As we can show in figure 15, the rate of growth’s inhibition of Pseudomonas sp (BRM18) at 

400 mM of Sr is 94,47% while the rate of growth’s inhibition of Pantoea sp. (BRM17) is 

95,69% and CH34 is 94,32%. These results indicate that the two selected strains are resistant 

to Sr as the multimetal resistant bacteria CH34.  

 
Figure 15: The percentage of growth’s inhibition in OD630 of Cupriavidus metallidurans, 

BRM17 and BRM18 with different concentrations of strontium in minimum medium after 48 

hours of incubation with yeast extract. Error bars are smaller than the symbols, therefore not 

shown. 

These results were confirmed by calculating the IC50 which is the concentration of metal 

giving half-maximal inhibition of Cupriavidus metallidurans, Pantoea sp and Pseudomonas 

sp.  (Table15). 

Table 15: IC50 of phosphate solubilizing bacteria by comparing with Cupriavidus 

metallidurans CH34 

 Cupriavidus metallidurans 

CH34 

Pantoea sp.  

(BRM17) 

Pseudomonas sp. 

(BRM18) 

IC50 of 

strontium 

(mM) 

  267    270   260 

 

Pantoea is not significantly more tolerant to strontium than Pseudomonas and C. 

metallidurans at a threshold of 1% and 5%. 

3.2.1.2. Bacterial immobilization 

 
Incubation of empty beads (without bacteria) in a solution containing 180 mM Sr showed the 

reduction about 4% of the metal. This reduction of strontium in medium after incubation is 
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measured by ICP (Table 16). This can be explained by the weak interaction between calcium 

and strontium that have similar electronegativities (1 for Ca and 0.94 for Sr). So we can 

conclude that the alginate is an inert material, allowing us to assess the ability of isolates in 

bioremediation. That’s why, we chose the sodium alginate which cross-linked chemically by 

the calcium chloride CaCl2 to immobilize and test the ability of the three selected bacterium 

(BRM17, BRM18 and C. metallidurans) to reduce strontium. 

We have demonstrated the ability of strains BRM17, BRM18 and C. metallidurans CH34 

(multimetal resistant bacteria) immobilized on a matrix of alginate to reduce the Sr present in 

a solution (Table 16). 

Table 16: Content of strontium decreased in medium without bacteria and medium with 

BRM17, BRM18 and CH34 strains immobilized on alginate matrix for three sampling times 

 [Sr] = 180 mM 

 % deccreased strontium in the 

medium 

% Remaining strontium in the 

medium 

Inoculated 

beads 

 

Times of 

sampling 

control 

(without 

bacteria) 

BRM17 BRM18 CH34 control 

(without 

bacteria) 

BRM17 BRM18 CH34 

0 h 0 0 0 0 100 100 100 100 

3 h 4.66 14.25 30.16 0 95.34 85.75 69.84 100 

24 h 3.97 21.21 47.88 69.5 96.03 78.79 52.12 30.5 

  

From these results, we notice that all the strains have a good ability to reduce Sr. The 

reduction rate obtained with the strain BRM17 is 14.25% after 3 hours and 21.21% after 24 

hours. BRM18 is able to reduce 30.16% after 3 hours and 47.88% after 24 hours. By 

comparing the results of the two bacteria with the reduction rate of C. metallidurans CH34 

which is a multimetal resistant bacterium, we can see that the reduction of Sr by CH34 is 

lower than that of BRM17 and BRM18 for the first three hours. But, after 24 hours we found 

that the rate of Sr reduction by CH34 increases and becomes higher than BRM17 and 

BRM18. This result is probably due to different cellular mechanisms of the strains. 
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3.2.2. Discussion 

 
The heavy metals in tunisian PG are the result of mining operations. PG concentrates in Sr. 

Heavy metals in higher concentration than critical level prove toxic to an organism, that’s 

why we chose to test Sr tolerance of PSB isolated from tunisian PG. 

To determine the IC50 (Concentrations giving half-maximal inhibition), we calculated the 

percentage of growth inhibition of isolates with various concentrations of Sr. 

From our results, we notice that the IC50 of Pantoea sp. (270 mM) and Pseudomonas sp.(260 

mM)  are  close to the  IC50 of C. metallidurans (267 mM) which is, according to the 

literature, a multimetal resistant bacteria and it posses genetic determinant encoding resistance 

to various heavy metals (Choudhary and Sar, 2009). 

These results indicate that both of the two selected strains BRM17 and BRM18 are resistant 

to Sr but Pantoea sp. is more tolerant to strontium than Pseudomonas sp. 

 According to Ben Farhat and al. (2009), PSB secrete organic acids to solubilize inorganic 

phosphate. This acidification can also detoxify heavy metals (Gadd, 2000). Thus we can 

suppose that Pantoea sp. and Pseudomonas sp. secrete an organic acid that can interact with 

the metal; and consequently it becomes non bioavailable then less toxic for the bacterium. 

There are other mechanisms which can be used by bacteria to resist the heavy metal toxicity: 

Pseudomonas sp. produced significant quantities of extracellular polymers, most of metals 

were found immobilized in the polymer layer or sequestrated in or around the cell periphery  

and very little gained the cytoplasm (Choudhary and Sar, 2009). Pseudomonas sp. and C. 

metallidurans synthesized siderophores also which have a high affinity for toxic heavy 

metals. Siderophores seem to play a role in heavy metal sequestration (Diels et al., 2009). 

Ozdemir and al. (2004) showed that Pantoea sp. is a good adsorbing for metal ions. Capsules 

and slim layers of bacteria contain polysaccharides which have ion exchange properties; they 

contain also proteins and lipids capable of binding to heavy metals. 

The ability of C. metallidurans, Pseudomonas sp. and Pantoea sp. to take up Sr was 

demonstrated. In this work, overnight culture growing cells were entrapped using sodium 

alginate beads as a polymeric matrix. The percentage of uptake Sr was determinate by 

comparing the Sr concentration with initial concentration. An increasing uptake pattern was 

observed for all the strains.  

C. metallidurans adsorbs more Sr than other strains after 24 hours; we suppose that CH34 

uses both living and dead biomass to bind metal. 
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Pseudomonas sp. reduces more Sr from the solution than Pantoea sp. Pseudomonas sp. is 

selected for their high biosorptive uptake capacities of several metal ions (Tsezos, 2003). 

Pseudomonas produces exopolysaccharides which help to biofilms formation on a variety of 

substrates (Ganguli and Tripathi, 2002 ). Pantoea sp. also contains polysaccharides as basic 

building to heavy metals such as anions carboxylic, sulphydryl and phosphate groups 

(Ozdemir et al., 2004). 

When metal loading capacity is greater than 15% of biomass, bacteria could be used as an 

economic threshold for practical applications of biosorption as compared with alternative 

techniques (Wuyep et al., 2007). So the two PSB Pseudomonas sp. and Pantoea sp. can be 

used as good candidates for biotechnological applications in bioremediation, specifically the 

cleanup of polluted environments by Sr. 

 

3.3. Resistance of phosphate solubilizing bacteria to ionizing radiation 
 

 Ionizing radiation resistance of PSB isolated from tunisian PG was tested. 

3.3.1. Results 

3.3.1.1. Effects of gamma irradiation on phosphate solubilizing bacteria  

 

Exposure of strain BRM17 and BRM18 to different irradiation doses ranging from 200 to 

1000 Gy gave the results shown in Figure 16. 

 

Figure 16: Representative survival curves for Pantoea sp. (BRM 17) and Pseudomonas sp. 

(BRM18) exposed to various doses of gamma radiation. Values are the means of a single trial 

with two replicates. 
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Results show that the rate of survival of the two bacteria decreases with increasing doses of 

gamma irradiation.  

BRM17 is found as radioresistant because following to its exposure to a dose of 1 kGy, more 

than 10% of bacterial colonies survive (Sghaier et al., 2008). At 1 kGy more than 50% of 

BRM17 resisted to acute ionizing radiation. 

BRM 18 is considered as sensitive to gamma radiation because after exposure to a dose of 

1000 Gy, less than 10% of bacterial colonies survive (about 5%). 

D10 is defined as the dose which gives 10% of survivors after exposition to ionizing radiation.  

D10 of BRM17 is more than 1000 Gy while the D10 of BRM18 is about 800 Gy.  We conclude 

that BRM17 is more tolerant to gamma radiation than BRM18. 

3.3.2. Discussion 

 

Our results showed that PSB isolated from tunisian PG are differing in their resistance 

efficiency against gamma radiation. 

Our work indicated that the D10 of Pantoea sp. was more than 1 kGy and D10 of Pseudomonas 

sp. is 800 Gy. According to the results obtained by Le-Tien et al. (2007), the D10 of Pantoea 

sp. is about 3.32 kGy. These results suggest that the tolerance of Pantoea sp. is four fold 

higher than Pseudomonas sp. and about three fold higher than E .coli which has a D10 equal to 

1.2 kGy (Le-Tien et al., 2007). Also The D10 of Pseudomonas sp. is less than E. coli 

Several reports showed that Pantoea sp. is radioresistant bacteria but less radioresistant than  

D. radiodurans which can resist to an ionizing radiation dose of 17 kGy (Le-Tien et al., 2007; 

Fatnassi et al., 2011). Furthermore, Pseudomonas sp. is very sensitive to ultraviolet and 

gamma radiation (Hortnagl et al., 2011; Rivera et al., 2011).     

Although Pantoea sp. and Pseudomonas sp. are PSB that were isolated from same sample, 

they have different resistance to γ radiation. Thus the resistance to gamma radiation and the 

degree of damage are highly strain-specific. 

Several factors could be involved for explanation of bacterium radioresistance.  Probably   

Pantoea sp. uses the same repair pathways or there are repair function encoded among its 

genes that used by D. radiodurans. Accumulation of intracellular Mn ions which react 

directly with  reactive oxygen species (ROS) could be an important mechanism to explain the 

radioresistance of Pantoea sp. (Le-Tien et al., 2007). Pantoea sp. contains also a yellow 
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carotenoids and antioxidants that  might diminish the negative effects of the ROS (Dussault et 

al., 2008). 

 Besides to their role in mineral phosphate solubilization, pyrroloquinoline quinine (PQQ) 

which is a cofactor of apo-glucose protects host cells from oxidative stress and DNA damage. 

D. radiodurans lacking PQQ becomes high sensitive to gamma radiation and other DNA 

damage (Shrivastava et al., 2010). That may explain the resistance of isolates which contain 

cofactor PQQ (Lee et al., 2011) to ionizing radiation. 

3.4. Assessment of biotechnological potentials of phosphate solubilizing 

bacteria 
 

In order to assess the biotechnological potential of the isolates BRM17 and BRM18, we 

determine the influence of seed inoculation with PSB on the kinetics of germination. 

3.4.1. Results 

3.4.1.1. Germination of seeds  

 

Germination is the set of events starting with critical stage of water absorption by seed and 

ending with the elongation of the embryonic axis and the emergence of the radical through 

structures surrounding the embryo. 

At the cellular level, Mihoub and al. (2005) characterized germination mainly by: 

(a) The resumption of respiratory activity through the reactivation of glycolysis, Krebs 

cycle and respiratory chain. 

 (b) The mobilization of reserves by the secretion of hydrolytic enzymes, the 

depolymerization of reservations and transport of metabolites released into the growing 

embryonic cells.  

(c) The decrease in strength imposed by the tissues surrounding the embryo, mainly by 

increasing the activity of several wall hydrolases. (Mihoub et al., 2005). 

To evaluate PSB’s influence on seed germination, we used wheat and pea seeds. 

The inoculation of seeds with PSB Pantoea sp. and Pseudomonas sp. noted BRM17 and 

BRM18, respectively, affected their seeding which varies according the time since inoculation 

and the type of inoculated seed. 
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Frequency of observations of seed is two days over a period of 18 days from 28/02/2011 until 

18/03/2011. We consider that seed is germinated when the radical penetrates the seed coat as 

shown in figure 17. The trial ended when, after two successive counts, no germination was 

recorded. 

                 A                                      B    

                    C                                    D   

Figure 17: Pea and wheat seeds before and after germination. . A: pea before germination, B: 

pea after germination, C: wheat before germination, D: wheat after germination 

3.4.1.2. Germination of pea (Pisum sativum) 

 3.4.1.2.1. Germination capacity of pea 

To determine the influence of PSB in pea seeds, we calculate the germination capacity that 

represents the percentage of seeds able to germinate under the conditions of the experiment 

(Khanfouci, 2005). Figure18 and annex III illustrate the influence of PSB treatment on pea 

seed germination.  

Germination capacity = (number of germinated seeds/ total number of seeds) X 100 

 

Figure 18: Evolution of inoculated pea germination during the test period. Values are the 

means of a single trial, with four replicates. 
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We show that the inoculation with PSB isolated from tunisian PG appears to slow the 

germination of pea during the first 5 days. BRM17 retards seed germination compared to 

uninoculated control and BRM18 throughout the germination test.  

BRM18 has a higher germination capacity than BRM17. 

3.4.1.3. Germination of wheat (Triticum turgidum) 

3.4.1.3.1. Germination capacity of wheat 

 

As reported previously, we calculated the germination capacity of wheat seeds. This allows 

us to draw the curve shown in figure 19. Annex III illustrates the influence of PSB treatment 

on pea seed germination. 

 

Figure 19: Evolution of inoculated wheat germination during the test period for the two 

strains and control without bacteria. Values are the means of a single trial, with four 

replicates. 

 

Results show that inoculation of seeds reduces their ability to germinate wheat seeds. 

The strain BRM18 has a higher germination capacity than BRM17 and BRM18 promotes 

better the germination of pea than wheat. 

 3.4.2. Discussion 

  

 In this study, we evaluated the influence of PSB on seed germination of wheat and pea as 

biotechnological application for PSB. 
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Our research demonstrated that applying PSB in seed treatment has no positive effect in 

wheat and pea germination. The isolates appear to slow the emergence of wheat and pea. It 

may be due to the inoculum density applied to seeds. Yarzabal and al. (2010) demonstrated 

that excessively large numbers of bacteria may sometimes be detrimental to the germination 

and growth of certain seeds or plants. We suggest that high density of bacteria can reduce the 

transport of sugars from storage tissues to embryonic growth.   

So we should optimize the level of inoculum PSB to obtain maximum benefits of inoculation 

in seeds and to accelerate the rate of seeds germination in the early days of inoculation. We 

showed also that pea inoculation of with PSB gives better results than obtained with wheat 

inoculation: after 28 days, 86 wheat seeds inoculated with Pseudomonas sp. were germinated 

whereas after the same period 96 inoculated pea seeds with Pseudomonas sp. were 

germinated. We can explain this result by the existence of specificity between PSB and seeds. 

There are many specific associations between PSB and host plants and seed-PSB 

compatibility effects (Richardson, 2002). 

We can conclude that the rate of inoculated germinated seeds depends on many factors as 

seed rate, seed size and the amount of inoculum required per unit seed. This result is coherent 

with that obtained by Menaka et al. (2007). 

We showed that germination rates obtained with seeds inoculated with Pseudomonas sp. are 

higher than those inoculated with Pantoea sp. 
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3.5. Synthesis  
 

   Control BRM17 BRM18 CH34 

   
Without 

bacteria 
Pantoea sp. Pseudomonas sp.  

Cupriavidus 

metallidurans 

 

Diameter of 

solubilization 

halo  

CaHPO4 0 17 mm 5 mm 0 

Ca3HPO4 0 5 mm 5 mm 0 

[Soluble P] after 48 h  0 65.2 mg/l 39.6 mg/l 0 

Tolerance to 

Sr 

% inhibition 
[Sr] = 

400 mM 
0 95,69% 94,47% 94,32% 

IC 50 of Sr 

(mM) 
- 0 

270 260 
267 

 (%) Sr in 

medium 

After 

24h 
0 21.21 47.88 69.5 

Resistance to 

ionizing 

radiation (γ) 

Survival rate at  1 kGy 0 51.85 4.58 No tested 

D10   > 1 kGy 800 Gy No tested 

Germination 

capacity of 

inoculated 

seeds (%) 

5 days of 

incubation 

Wheat 69 16 33 No tested 

Pea 56 21 21 No tested 

15 days of 

incubation 

Wheat 91 63 79 No tested 

Pea 92 49 93 No tested 
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Conclusion 
 

The phosphogypsum, a by-product of phosphate industry, is used in this work as a source of 

phosphate solubilizing bacteria. 

Two strains which have the capacity to solubilize inorganic phosphate were isolated from 

tunisian PG. They identified as Pantoea sp. noted BRM17 and Pseudomonas sp. noted 

BRM18. The distinct physiological and biochemical differences of these isolates have 

implications for their effect on inorganic phosphate solubilization in both agar and broth 

NBRIP medium. The capacity of Pantoea sp. (BRM17) to solubilize phosphate is better than 

Pseudomonas sp (BRM18). 

Pantoea sp. and Pseudomonas sp. can survive in medium containing high concentration of Sr 

but Pseudomonas sp. exhibited the greatest strontium reduction only when it was immobilized 

in alginate as polymeric support. The results showed that immobilized Pseudomonas sp. can 

reduce more concentration of Sr after 3 hours of incubation then Cupriavidus metallidurans. 

So we can use it for bioremediation as treatment of wastewater containing Sr. 

Isolates were significantly differing in their resistance efficiency against gamma radiation. 

The difference can result from the fact that bacteria use several mechanisms to protect as 

pyrroloquinoline quinine synthase PQQ, carotenoid pigment, intracellular Mn and Fe, 

antioxidants which protect cell from ROS damage.  The dose of gamma radiation that 10% of 

bacterial colonies survive (D10) is noted. Then, after exposure to gamma irradiation, Pantoea 

sp. was found to be radiotolerant (D10 > 1 kGy) while Pseudomonas sp. was found to be 

radiosensitive (D10 < 1kGy). Among the two isolates tested in our study, Pantoea sp. has D10 

higher than Pseudomonas sp. Pantoea sp. has probably more effective repair mechanisms 

than Pseudomonas sp. 

The biotechnological assessment of the isolates was determinate by studying the effect of 

inoculation of wheat and pea seeds by studied PSB. In fact, no positive effects were shown 

comparing to seeds uninoculated with bacteria. The applying of Pseudomonas sp. in seed 

treatment increases pea and wheat germination than Pantoea sp. PSB have more positive 

effect on pea seeds than wheat seeds. 

The inoculants of PSB isolated from tunisian PG are likely to survive and perform better 

under severely conditions such as contaminated areas with radionuclide elements, heavy 
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metals and acidic pH. The results obtained over the course of this study show that using PSB 

in bioremediation process should be promoted. 

We can conclude that the application of such beneficial microbes presents an economically 

and environmentally promising strategy. In addition, it can aid in replenishing and 

maintaining long term soil fertility through biological means or in bioremediation. Now, 

microbial processes are beginning to be used in the cleanup of radioactive and metallic 

contaminants and microorganisms already living in contaminated environments that are often 

well adapted to survival in the presence of existing contaminants. Under certain real soil 

situation, the use of PSB has been limited largely due the variability of results observed under 

laboratory, green house and field trials (Zaidi et al., 2010). We can assume that the future 

opportunities will increase as more understanding of the processes of phosphate solubilization 

and the ecology of bacteria in soil. 
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Annex (I): Preparation of Tris Salt Medium 284 

 

The preparation of the Tris salt medium (minimal medium) requires the preparation of: 

 The stock solution ( 10X), and 

 The solution of trace elements SL-7 

I) 10X stock solution: 

Compound Molecular Weight 

(g/mol) 

Taking (g) 

Tris/ HCl( Tris hydrochloride; 2-

Amino-2-(hydroxymethyl)-1,3-

propanediol, hydrochloride ; 

C4H11NO3 CIH) 

157.64 60.6 

NaCl( sodium chloride) 58.44 46.8 

KCl (potassium chloride) 74.55 14.9 

NH4Cl (ammonium chloride) 53.49 10.7 

Na2 SO4(sodium sulfate) 142.09 4.3 

MgCl2. 6H2O ( magnesium 

chloride) 

203.3 2 

CaCl2.2H2O (calcium chloride) 147.02 0.3 

 

II) Solution of trace element SL-7: 

 

Compound Molecular Weight 

(g/mol) 

Taking (mg) 

25% HCl (hydrogen 

chloride) 

36.46 1.3 (mL) 

ZnSO4. 7H2O ( zinc 

sulfate) 

287.54 144 

MnCl2. 4H2O ( manganese 

(II) chloride) 

197.9 100 

H3BO3 (Boric acid) 61.83 62 

CoCl2.6H2O (cobalt (II) 

chloride 

237.9 190 

CuCl2.2H 2O (copper (II) 

chloride) 

170.5 17 

NiCl2.6H2O (Nickel (II) 

chloride) 

237.7 24 

NaMoO4.2H2O (sodium 

molybdenum oxide) 

241.95 36 

Dissolve them in 1000 ml of distilled water. Do not autoclave the SL-7 solution. 

 

To make 1l of the Tris Salt Medium 284: 

 Mix: 

o 100 ml of the stock solution ( 10X) 

o 1 ml of the trace elements SL-7 
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o 500 ml of MILLIQ water 

 Prepare a solution of Ferric ammonium citrate (Fe (III) NH4 citrate; 

Fe(NH4)3(C6H5O7)2 (MW= 265,00g/mol)) 48 mg/100 mL (w/v) and take 10 mL from 

this solution and transfer it into the medium 284. 

 Prepare a solution of disodium hydrogen phosphate (Na2HPO4. 2H2O) (1%= 1g/100 

ml) and take 4 mL (or weight 40 mg of Na2HPO4.2H2O (MW= 156.01 g/mol) and 

transfer into the medium 284. 

 Put them together in a breaker and add 0.2% (2g/L) of sodium gluconate (C6H11O7Na) 

(MW= 218.14 g/mol) as carbon source. 

 If necessary, add 1 g Yeast extract/L e.g to complement E. coli auxotrophies. 

 The pH of the solution = 5.8. Bring the pH at 7.00 using NaOH 2M. 

 Dilute the medium 284, with MILLIQ water, till 1L. 

 If the medium has to be solid, add 2% agar (20 g/L). 

 Autoclave the bottles with the medium at 120°C for 20 min. 
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Annex (II): Bacteria Immobilization on alginate beads 

 

 

-A- 

 
-B- 

 

 -C- 

Figure: Immobilization steps: (A) Materials used for bacterial immobilization (B) The 

mixture of bacteria and alginate was pumped through syringe drop wise, into a flask 

containing sterilized calcium chloride solution (C) Formation of alginate 

beads containing bacteria 
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Annex (III): germination of inoculated seeds with BM17 and 
BRM18 

 

Influence of inoculations with PSB (BRM17 and BRM18) in the germination of pea and 

wheat seeds 

 

Table A: Influence of inoculation with PSB on the germination of pea’s seeds (expressed 

in number of germinated seeds)  

 

Days Control BRM 17 BRM 18 

1 39 20 17 

2 55 21 18 

3 55 21 19 

4 55 21 19 

5 56 21 21 

8 85 46 79 

10 89 46 82 

12 90 49 82 

15 92 49 93 

17 92 51 93 

18 92 51 94 

23 92 55 94 

28 94 55 96 

 

Table B: Influence of inoculation with PSB on the seeding of wheat’s seeds (expressed in 

number of germinated seeds)  

Days Control BRM 17 BRM 18 

1 4 2 2 

2 18 2 3 

3 32 6 6 

4 32 6 6 

5 69 16 33 

8 88 50 60 

10 90 61 64 

12 91 63 65 

15 91 63 79 

17 91 63 80 

18 91 63 80 

23 91 63 86 

28 91 63 86 

 


