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ABSTRACT 

 

A total of 32 heavy metal resistant bacterial strains were obtained from Molecular Genetic 

Microbial Culture collection. Nineteen of the bacterial strains were found to be resistant 

against Zn and Fe with different patterns of resistance. The resistance pattern ZnSFeR shows 

the highest frequency. The levels of resistance of all 19 strains were tested using minimal 

inhibitory concentration (MIC). From the result obtained, it was observed that zinc was more 

toxic as it can totally inhibit bacterial growth at 500µg/ml as compared to iron which still had 

bacterial growth at the same concentration. Six selected bacterial strains which acted as 

representative for each patterns of resistance were used for subsequent tests including UV 

resistance, catalase activities and citrate production. The test done showed that some of them 

were able to tolerate to UV radiation and react positively in catalase test thus indicating that 

they were aerobic bacterial strains. 

 

Key words: Bacterial strain, zinc, iron, resistance, toxic, metal 

 

 

ABSTRAK 

 

Sejumlah 32 jenis bacteria yang rintang terhadap logam berat didapati daripada koleksi 

Kultur Mikroorganisma Genetik Molekular. Sembilan belas daripadanya didapati rintang 

terhadap Zn dan Fe dengan tahap kerintangan yang berbeza. Corak kerintangan ZnSFeR 

adalah pada tahap frekuensi paling tinggi. Tahap kerintangan bagi sembilan belas bakteria 

tersebut telah diuji dengan ujian kepekatan perencat minima (MIC). Daripada keputusan 

yang diperolehi ia menunjukan logam zink lebih toksik kerana menyekat sepenuhnya 

pertumbuhan bakteria pada kepekatan 500µg/ml, jika dibandingkan dengan logam ferum 

dimana masih terdapat pertumbuhan bakteria pada kepekatan tersebut. Enam jenis bakteria 

yang terpilih mewakili setiap pola kerintangan telah digunakan dalam beberapa ujian 

termasuk ujian kerintangan UV, aktiviti katalase dan ujian penghasilan sitrat ujian-ujian 

tersebut menunjukkan ada diantaranya yang mampu rintang terhadap radiasi UV dan 

bertindakbalas positif dalam ujian katalase menunjukkan mereka adalah jenis bakteria 

aerobik. 

 

Kata kunci: jenis bacteria, zink, ferum, rintang, toksik, logam 
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CHAPTER ONE 

INTRODUCTION  

Soil is the product of biochemical weathering of the rocks, and its formation is influenced by 

factors including climate, organisms, parent material, relief and time (Brady, 1990). Besides 

supporting rooted plants, soil also provides habitat for many types of animals and acts as 

home for many species of bacteria, fungi and other microorganisms which mostly recycle the 

organic materials in soil and subsequently reused by the plants. Soil plays an important role 

for environment as it serves as a sink or filter for both liquid and solid wastes. Municipal solid 

waste has been found to contain appreciable quantity of heavy metals such as Cd, Zn, Pb, and 

Cu, all which may eventually end up in the soil and are leached down the profile (Alloway et 

al., 1997).  

Studies on heavy metals (density >5.54 gcm-3) in ecosystem have shown a silent 

epidemic of heavy metal poisoning especially in sub humid tropical soils (Shuman, 1999). 

This lead to soil contamination, which means the excess heavy metals in soil, may affect the 

biological behavior of microorganisms living in the soil. Areas such as agricultural area, sub-

urban farming and waste dumping sites are example of areas that are rich with organic 

deposits matter and plant nutrients including heavy metals. The concern about these heavy 

metals is that they are not biodegradable and may therefore accumulate in the environment 

(Oyedele et al., 2008). According to Asami (2001), the pollution of arable soils by heavy 

metals is primarily caused by wastewater from mines used for irrigation to water paddy fields, 

and by emissions from nonferrous metal refining plants. 

The presence of excess heavy metals in soil can affect microorganisms’ ability to 

survive in particular conditions. Bacteria resistant to zinc have been isolated from ecosystem 
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of Zn-contaminated soil (Olivier et al., 2007). The adaptation to heavy metal-rich 

environments resulted in microorgansims that show activities biosorption, bioprecipitation, 

extracellular sequestration, transport mechanisms, and chelation. Microbes can potentially 

accumulate metals either by a metabolism-independent passive, or a metabolism-dependent 

active process (Gotz et al., 2007). Generally, there are five mechanisms proposed for metals 

resistance in bacteria and other microorganisms. There are (1) exclusion of the metal by a 

permeability barrier, (2) exclusion by active export of the metal from the cell, (3) intracellular 

physical sequestration of metal by binding proteins or other ligands to prevent it from 

damaging the metal-sensitive cellular targets, (4) extracellular sequestration (Diels et al., 

1995), and (5) transformation and detoxification. 

The present project was conducted, with the objectives to isolates and observing the 

frequency and characteristics of bacteria that do resistant to zinc and iron, to determine the 

genera of bacteria that found to be resistant to metals zinc and iron and finally to measure the 

minimal inhibitory concentrations (MICs) for metals zinc and iron. 
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CHAPTER TWO 

LITERATURE REVIEW 

 

2.1 Heavy metal background  

There are about 65 elements which are termed as ‘heavy metals’ as they exhibit metallic 

properties with density above 5 g/cm3 (Pradipta, 2006). However, according to Glanze, (1996) 

there are 35 metals that are of concern due to their presence in the environment. Twenty three 

out of 35 metals are known to be heavy metals that include arsenic (As), cadmium (Cd), 

chromium (Cr), cobalt (Co), copper (Cu), iron (Fe), lead (Pb), manganese (Mn), mercury 

(Hg), nickel (Ni), silver (Ag) and zinc (Zn). All those metals are present in the environment in 

various ways. Uncontrolled direct dumping of domestic waste and discharge of domestic and 

industrial sewage water into the aquatic environment are the other critical components of trace 

or even heavy metal contamination (Tijani et al., 2004). In addition,  specific local sources 

such as discharge from smelters (Cu, Pb, Ni), metal-base industries (Zn, Cr and Cd from 

electroplating), paint and dye formulators (Cd, Cr, Cu, Pb, Hg and Zn), petroleum refineries 

(As, Pb), as well as effluents from chemical manufacturing plants may lead to metal 

accumulation in sediments (Al-Masri et al., 2002). Industrial activities including production 

of batteries, electroplating and plastics, have been reported to produce high concentration of 

metals (Oyeyiola, 2006). Various metals from industrial, agricultural, domestic and urban 

wastes may enter river and lake waters through leaching, runoff, effluents and dry deposition 

(Biney et al., 1991). 
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2.1.1 Presence of heavy metal in soil environment 

Metals are present in the environment in several ways. This depend on their use or application 

whether for industrial, agricultural engineering needs. The areas which may produce metal 

contamination are known as anthropogenic sources. They can be divided into five main 

groups, (1) metalliferous mining and smelting, (2) industry, (3) atmospheric deposition, (4) 

agriculture, and (5) waste disposal (Ross, 1994). Currently, the occurrence of metals in excess 

of natural background concentration level in aquatic ecosystems has become a matter of 

public concern. The heavy metals input have been attributed to anthropogenic sources 

including urban runoff, atmospheric fallout, leaching of metals from garbage and solid wastes 

dump due to the increase of metal concentration in aquatic environments (Ladigbolu and 

Balogun, 2011). The dissolved component of metals in water, tends to be altered by 

bioaccumulation and biomagnifications. Metals consist of essential elements (trace elements), 

such as Fe, Co,Cu and Zn and toxic elements such as Pb, Cd and Hg. However, in the 

biological perspective large amounts of essential elements can be regarded as toxic elements 

(Kyung et al., 2010). Trace elements constitute a natural component of the earth crust. They 

are not biodegradable, hence persist in the environment. According to Abolude et al, (2009), 

trace metals are essential to life at lower concentrations, but at higher concentrations, they 

may become hazardous. Trace elements are dangerous because they tend to bioaccumulate 

resulting in heavy metal poisoning. 
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2.1.2 Zinc and iron 

Zinc is commonly used as an anti-corrosion agent (Greenwood et al., 1997). Zinc is used to 

coat iron or steels purposely to protect metals against corrosion, which is also known as 

galvanization and it is the most familiar form of using zinc utilization. In the year of 2006 in 

the United States, a 56% or 773 thousand tonne of the zinc metal was used for galvanization 

(Tolcin and Amy, 2006). Large quantities of zinc can be found in soils. When farmland soils 

are polluted with zinc, animals will absorb concentrations that are hazardous to their health. 

Water-soluble zinc that occurs in soils can contaminate groundwater.  

Iron is the most widely used of all the metals, accounting for 95% of worldwide metal 

production. Since pure iron is quite soft, it is commonly used in the form of steel. In acid mine 

drainage (AMD) there is a typical orange appearance which is due to the iron hydroxide that 

is formed during the oxidation. The iron hydroxide precipitates as sludge. The AMD 

generated with the availability of contact with the atmospheric oxygen, an aqueous 

environment and the occurrence of iron oxidizing, acidophilic bacteria (Singer and Stumm, 

1970).   

Both zinc and iron are regarded as essential elements or trace elements. They are 

essential for living things but may become toxic if the concentration becomes high or 

excessive. In biological point of view, zinc and iron function as cofactors, as electron donors 

or electron acceptors in enzyme reactions. Other than that, iron-containing enzymes and 

proteins involve in many biological oxidations and in transport. According to Lippard and 

Berg (1994), proteins that are found in higher organisms include hemoglobin, cytochrome and 

catalase. Whereas zinc is found in nearly 100 specific enzymes that serves as structural ions in 

transcription factors and is stored and transferred in metallothioneins (USNRC, 2000). 
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2.2 Bacterial tolerance against heavy metals 

The widespread of metals lead to the alteration of microorganism interaction in the 

environment. In order to survive in metal contaminated environment, microorganisms need to 

develop mechanism which enable them to be tolerant in the particular environment. The 

differences in cell wall construction of Gram-positive and Gram-negative bacteria have minor 

influence on the sorption behavior of different metals (Jiang et al., 2004). After an initial 

inhibition by higher concentration of metals, the microbial activities and functions can recover 

due to a gradual decrease in its availability by immobilization reactions in soils and the 

development of tolerant microorganisms (Ramakrishnan, 2010). Over the years, various types 

of species or genera of bacterial strains become resistant towards heavy metals have been 

successfully isolated and identified. They have been characterized for their mechanism of 

resistance to heavy metals. Microorganisms within species of the same genus or within strains 

of the same species can differ in their sensitivity to metals. The biological response to iron, 

manganese or zinc is varied, because living organisms differ in their sensitivities to the same 

substance, and relative sensitivity depends on the duration and level of exposure 

(Ramakrishnan, 2010).  

Zinc is potentially toxic to bacteria including Bacillus sp., Salmonella sp. and 

Arthrobacter sp. and could pose serious threat to their metabolism in natural environments 

(Nweke et al, 2007). Cyanobacteria are photosynthetic prokaryotes that require a variety of 

metal cations such as Cu2+, Ni2+, Fe2+ and Zn2+ to maintain their cellular metabolism (Cavet et 

al., 2003). In addition, Mertens et al., (2007) had identified the Zn-tolerant nitrifying 

communities present in soil samples of a long-term Zn-contaminated transect towards a 

galvanized pylon.  
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Other resistant bacteria recently found include Thiobacillus sp. (resistant to iron (Fe)) 

and Saccharomyces cerevisiae (resistant to zinc(Zn), iron(Fe) and  manganese(Mn)). Rhizobia 

were also found to be relatively sensitive to toxic micronutrient while nitrifiers are insensitive.  

 

2.3 Basic mechanism of tolerance  

Heavy metals affect the microbial cell in various ways including the macroscopic and 

microscopic changes in morphology. For example, the disruption of the life cycle and the 

increase or decrease of pigmentation is easy to observe and evaluate. It has been shown that 

the impact of metals on the metabolism depends on the growth form (Gotz et al., 2007). The 

adaptation to heavy metal rich environments results in microorgansims which show activities 

for biosorption, bioprecipitation, extracellular sequestration, transport mechanisms, and/or 

chelation. Such resistance mechanisms are the basis for the use of microorganisms in 

bioremediation approaches. Depending on the external conditions, microbial cells have 

developed mechanisms to cope with high concentrations of metals (Silver and Misra, 

1988).The mechanisms of metal resistance of microbes can be summarized in 5 categories, (1) 

metal resistance of microbes is accomplished by intracellular and extracellular mechanisms, 

(2) metals can be excreted via efflux transport systems, (3) sequestering compounds of the 

cytosol can bind and detoxify metals inside the cell (4) the release of chelators into the 

extracellular milieu leads to bound and fixed metals and (5) the structure of the cell envelope 

is able to bind large amounts of metals by sorption thus preventing influx. 
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2.3.1 Metal tolerance mechanism 

In order to survive under metal-stressed conditions, microorganism have evolved several 

types of mechanisms to tolerate the uptake of heavy metal ions. These mechanisms include 

efflux of metal ions outside the cell, accumulation and complexation of the metal ions inside 

the cell and reduction of the heavy metal ions to a less toxic state (Nies, 1999). In most cases, 

due to high numbers and surface to volume ratio of microorganism, it is the negative net 

charge of the cell envelope that makes them able to accumulate metal cations from the 

environment (Collins and Stotzky, 1992). Several organisms have developed a cytosolic 

sequestration mechanism for protection. It has been shown for many metal resistant organisms 

that internal inclusion bodies such as, polyphosphate granules (volutin) bind large amounts of 

metal cations (Gonzalez and Jensen, 1998). 

Examples of mechanisms developed by the microorganism such as, Cupriavidus 

metallidurans that is known to possess efflux transporters that excrete toxic or over- 

concentrated metals. In order to avoid being intoxicated, microbial cell will release the metal 

binding compounds into the extracellular surrounding. In other words, the metals are chelated 

outside the cell thus are blocked from entering the cell through the unspecific membrane 

transporters that otherwise would facilitate the influx (Choudhury and Srivastava, 2001). 

 

2.4 Genetic studies 

Many species of bacteria that have genes that code for and control resistances to specific toxic 

metals located on the chromosome or plasmid molecules (Kummerer, 2004). For example, 

Staphylococcus aureus has a chromosomally encoded determinant of two open reading frames 
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conferring resistance against Zn(II) and Co(II). The zntA gene encodes a protein of CDF 

family, whereas zntR encodes a regulator of the arsR family. Disruption of zntA leads to the 

higher sensitivity against Zn(II) and Co(II) (Frank, 2006). Next, is the gene encoding a CBA 

complex involved in handling zinc were identified and characterized on (mega)plasmids. 

CBA-efflux complexes are composed of a central transporter of the resistance-nodulation-cell 

division (RND) family, a membrane fusion protein and an outer membrane factor (OMF). 

Recently, a CBA-encoding determinant located on the chromosome of Pseudomonas sp., was 

shown to be involved in zinc resistance (Frank, 2006). Lee et al., (2005), found that sixty-four 

genes were significantly up-regulated by Zn stress, including genes known to be involved in 

Zn tolerance, particularly zntA, zraP, and hydG. While, five  up-regulated genes, basR and 

basS [encoding a sensor-regulator implicated in Salmonella sp. in Fe(III) sensing and 

antibiotic resistance], fliM (flagellar synthesis), and ycdM and yibD (both with unknown 

functions), are important for resistance to zinc, since mutants with mutations in these genes 

exhibited zinc sensitivity in liquid media and on metal gradient plates. Fifty-eight genes were 

significantly down-regulated by Zn stress. A genetic study done by Nies, et al., (1989), 

showed that Ralstonia eutrophus strain CH34, is known to be resistant to zinc, cadmium and 

cobalt. The Gram-negative bacterium consists of czc system which functions as cation/proton 

antiporter effluxing cations from the cells. The czc operon of the plasmid pMOL30 consists of 

three structural genes, czcC, czcB and czcA, whose products from the complex cation efflux 

pump. 
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CHAPTER THREE 

MATERIALS AND METHODS 

 

3.1 MATERIALS 

3.1.1 Selection of bacterial strains from MGL collection 

A total of 32 bacterial strains were taken from the collection of Molecular Genetic Laboratory 

(MGL) at FRST, which obtained from a screening of bacterial isolates which were resistant to 

mercury (Hg) and copper (Cu) (Jakaria, 2010). All of the bacteria were maintained in slant 

agar at 4⁰C for further analysis. 

 

3.1.2 Growth medium 

Nutrient Agar (NA) (Oxoid ), while Luria Broth (LB) was ordered from Fluka (Switzeland) 

were used. All of the growth media were prepared and being sterilized by autoclaving at 

121⁰C for two (2) hours under pressure of 15 psi. 

 

3.1.3 Heavy metal stock solutions 

Heavy metal compounds that were used were purchased from Ajax Chemicals (Laboratory 

UNILAB Reagent), Australia. Heavy metal stock solutions were prepared by dissolving 

respective heavy metal salts with ultra pure water following the analytical grades of metal 

salts. All the solutions were sterilized by autoclaving at 121⁰C. After being sterilized, the 

solutions were allowed for cooling off and stored at 4⁰C until needed. All of the heavy metal 
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salts used in this project is shown in Table 3.1. The concentration of heavy metal stock 

solution was determined through calculation based on the solubility of heavy metal salts in 

water as well as the working concentration for each of the heavy metal salt. Appropriate 

amount of particular heavy metal stock solution was added into Nutrient Agar (NA) chilled to 

appropriate temperature to produce desired final concentration. 

 

Table 3.1: Heavy metal salts used in this project and their respective concentration in NA media 

Heavy Metal Salts Heavy Metal Cations Stock Concentrations 

(mg/ml) 

Working 

Concentrations 

(µg/ml) 

FeSO4 . 7H2O Iron, Fe2+ 400 50 – 600 

ZnSO4 . 7H2O Zinc, Zn2+ 400 50 – 500 

 

 

3.2 METHODS 

3.2.1 Storage of bacterial strains  

Thirty two (32) bacterial strains taken from Molecular Genetic Microbial Changes collection 

which obtained from various sources (appendix I). All of the bacteria were streaked on NA 

media to obtain a single colony of each strain. The pure culture produced on each plate were 

fully scraped and inoculated in separated bijou bottles containing Nutrient Broth (NB) as a 

stock culture, including the control bacteria, ATCC Escherichia Coli 25922 sp. The stock 

cultures were kept in refrigerator at 4⁰C, for further used. 
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3.2.2 Measurement bacterial resistance level  

3.2.2.1 Zn2+ and Fe2+ metals 

The pure cultures left grown in NA plates previously were used to determine the level of 

resistance to heavy metals. The pure cultures were picked using the toothpicks and streaked 

on plates of Nutrient Agar media supplied with various concentrations of heavy metal stock 

solutions NA media plates with concentration in range 50-600 µg/ml for metal iron and 50-

500 µg/ml for metal zinc were overnight incubated at 37⁰C. The bacterial strains that are able 

to grow at highest concentration of heavy metals supplemented were again re-streaked on 

selective agar plates to confirm their resistance abilities. 

 

3.2.3 Identification of bacterial strains 

3.2.3.1 Morphological characterization of the bacterial isolates 

Bacterial strains which had been confirmed to be resistant to particular heavy metals were 

then streaked on plates of NA media to observe the physical appearance of colonies of each 

bacterial strain. 

 

3.2.3.2 Gram staining 

Gram – stain was carried out following a standard procedure of Gram Staining (Duguid, 

1989). A drop of inoculated single colony of bacterial strains was put on a slide which then 

was heated. Once dried, it was applied with crystal violet for 30 seconds then washed with 

distilled water. Next, iodine was applied for 1 minute and washed again with distilled water. 

Then ethanol was added to the slide to remove the remaining color and again washed with 
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distilled water. The final step was safranin being applied to the slide for one minute and 

washed with distilled water. The slide was allowed to dry by blotting on tissue. The well 

prepared slide was observed by using light microscope under 100x magnifications. The 

observation includes the gram reactions and the morphological appearances of bacteria in 

terms of shape and color. Those bacterial colonies were identified up to their genus level, 

according to diagnostic tables of Bergey’s Manual of Systematic Bacteriology (Krieg and 

Holt, 1984) 

 

3.2.3.3 Ultraviolet (UV) resistance test 

A single bacterial colony was inoculated in LB media and was grown overnight at 37⁰C. A 

10-fold up to 10-8 serial dilution of inoculated bacterial colony was then prepared. 10µl of 10-6 

to 10-8 dilution were pipette on NA media plates and were allowed to dry.  A dilution for 

bacteria control (ATCC Escherichia Coli 25922 sp), was also applied for each plate. The dried 

dilution of bacteria strains were exposed to ultraviolet (UV) radiation for four different times. 

Those plates containing dried 10µl of 10-6 to 10-8 dilution of bacterial strains were exposed to 

UV for 5, 10, 20 and 40 seconds. After being exposed to UV radiation, all of the plates were 

incubated overnight at 37⁰C. and the growth of bacteria was observed. 

 

3.2.3.4 Catalase test 

A small amount of cells from a single colony of bacteria was put on a slide. 10µl of hydrogen 

peroxide (H2O2) was then added to the bacterial suspension on the slide. The formation of 

bubbles was observed. Normally, this test was applied as part of biochemical test towards 

bacterial to check for culture purity (William and Casida, 1969). 


