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ABSTRACT 


Maintaining the quality and safety of the water is important as the contamination of the water can cause 
serious illness or even death among the creatures in the water. In this study, chemical and microbiological 
water quality was determined. Samples of water were collected from fish facility of Department of Molecular 
Biology, Faculty of Resource Science and Technology, UNIMAS. These water samples were analysed for 
the presence of bacteria. Bacteria were isolated from the water and were characterized. The DNA extraction 
of the bacterial isolates was performed by boiling-centrifugation method. The genetic variations among the 
isolates were analysed by (GTG)5 PCR. (GTG)5 PCR analysis indicated that the isolates were grouped into 2 
main clusters. Then, the isolates were picked from the dendrogram for PCR to amplify the 16S rRNA gene of 
the isolates. Twelve isolates were chosen for sequencing analysis. Among the twelve isolates, eight isolates 
were Aeromonas veronii, two isolates are Aeromonas jandaei, and the last two isolates are Plesiomonas 
shigelloides and Pseudomonas alcaligenes respectively. All isolates from the water were tested for their 
antibiotic resistance by disc diffusion method. AU of the isolates were tested to be resistant towards 
ampicillin. penicillin and gentamicin. The MAR index of the isolates ranged from 0.455 to 0.727. The 
multiple antibiotic resistances of the isolates indicate the high potential hazard associated with antibiotic
resistant bacteria in water. 

Keywords: water quality, bacteria, (GTG)5PCR. 16S rRNA, disc diffusion method 

ABSTRAK 

Pengekalan kualiti air adalah penting kerana pencemaran air boleh menyebabkan penyakit yang serius 
sehingga membawa maut kepada makhluk-makhluk dalam air. Dalam kajian ini, kualiti air ditentukan dari 
segi bahan kimia dan mikrobiologi. Sampel air didapatkan dari akuarium ikan Jabatan Biologi Molekul, 
Fakulti Sains dan Teknologi Sumber, UNIMAS. Analisis dijalankan terhadap sampel air tersebut untuk 
mengesan kehadiran bakteria. Bakteria diasingkan daripada sampel air dan ciri-cirinya dikaji. 
Pengekstrakan DNA dijalankan melalui kaedah pendidihan-pengemparan. Kepelbagaian genetik dalam 
kalangan bakteria yang diasingkan diana lisa melalui (GTGh peR. Keputusan analisis (GTGJs peR 
menunjukkan bahawa terdapat 2 kumpulan utama yang wujud dalam kalangan bakteria. Daripada 2 
kumpulan tersebut, 12 bakteria telah dipilih daripada dendrogram untuk memperbanyakkan gen 16S rRNA 
dan seterusnya dijalankan analisis penjujukan. Keputusan anal isis penjujukan menunjukkan bahawa 12 
bakteria tersebut terdiri daripada 8 bakteria Aeromonas veronii. 2 Aeromonas jandaei, 1 Plesiomonas 
shi~elloides, dan 1 Pseudomonas alcaligenes. Kerintangan terhadap antibiotik diuji melalui kaedah 
penyerapan cakera. Didapati bahawa semua bakteria tersebut merintang antibiotik ampicillin, penisilin dan 
gentamicin. Indeks MAR bakteria tersebut adalah dari 0.455 hingga 0.727. Kepelbagaian rintangan 
terhadap anJibiotik dalam kalangan bakteria menunjukkan bahawa kebarangkalian bakteria yang rintang 
antibiotik adalah tinggi dalam air. 

Kata Kunci: kualiti air, bakteria, (GTGJs peR, 16S rRNA, kaedah penyerapan cakera 
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1.0 Introduction 

It is important to monitor the water quality as every living thing on Earth needs water to 

survive. It is also significant to maintain the quality and safety of the water because the 

contamination of the water will cause serious illness or even death among the creatures in 

the water (Liguori et al., 20 I 0). 

Monitoring the quality of water can help to prevent water pollution. If the water is 

free of pollutants, it will be safe to be consumed by all living organisms. The more 

frequently we monitor the water quality, the better the prevention of the contamination 

problems. The quality of water cannot be identified by simply looking at it as most 

pollutants are invisible by naked eyes. Three major types of pollutants that can affect the 

water quality, which are nutrients, dirt and microorganisms. 

Nutrients such as nitrogen and phosphorus are the primary cause of water pollution. 

The excessive nutrients in the water can cause the overgrowth of algae which will use up 

the oxygen in the water and lead to the death of other organisms. 

Apart from that, the presence of dirt in the water also can affect the quality of water. 

Dirt can clog the gills of the fish and consequently result in the suffocation of the fish and 

other tiny organisms in the water. Besides, too much of dirt in the water can block the 

sunlight to reach the plants in the water. If the plants fail to undergo the process of 

photosynthesis, there will be lack of oxygen and eventually lead to the death of organisms 

in the water. 

Microorganisms are the next pollutants that playa role in the degradation of water 

quality. Microorganisms are not all harmful, but it is possible to find p~thogenic 
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microorganisms in the water. The organisms in the water may die if the water is found to 

harbour pathogenic microorganisms. 

Nowadays, the death rate of the fish in fish facility is getting higher. This causes 

the amount of the zebrafish hosted in the fish facility decreased drastically. Besides, the 

risk associated with the bacteria in the fish facility is unknown. In order to trace out this 

problem, several methods were carried out to determine the quality of the water from fish 

facility. The quality of the water was determined through chemical, microbiological and 

molecular analysis. The risk associated with the bacteria can be tested through antibiotic 

susceptibility test. 

Objectives 

The objectives of this project were: 

• 	 to examine the water quality of fish facility through chemical, microbiological and 

molecular analysis 

• 	 to determine the presence of bacteria in the water 

• 	 to determine the patterns of antibiotic resistance among the isolates 

3 



2.0 Literature Review 

2.1 Fish Facility 

Fish facility for Department of Molecular Biology was established on October 2009. The 

facility is set up to host the zebrafish, which are needed for experimental purposes. This 

fish facility is located in the Laboratory of Animal Biotechnology, which is situated at the 

lower ground floor of Faculty of Resource Science and Technology, Universiti Malaysia 

Sarawak. 

The fish facility consists of four tanks filled with zebrafish. Two of the tanks are 

used to store productive male and female zebrafish respectively. One of the tanks is used to 

host self-breed zebrafish, which is ready for crossing. This tank was used to host self-breed 

zebrafish since November 2010. The last tank is only to host male zebrafish as there are 

limited male zebrafish in the fish facility. 

2.2 Zebrafish 

Zebrafish, Dania reria, are freshwater fish that are usually found in shallow, slow stream 

and rice paddies and in Ganges River in Eastern India and Burma (Spence et a!., 2007). 

According to Nelson (1994), the zebrafish belongs to the family of Cyprinidae, which is 

one of the largest vertebrate families. As zebrafish are freshwater fish, so the optimum pH 

for the growth of the zebrafish is around 5.9 to 8.1 (Engeszer et al., 2007). According to 

Westerfield (1995), the optimum temperature for zebrafish is around 28.5°C, because they 

are considered as cold-water fish. However, they can adapt themselves to a wide range of 

water condition. 
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Zebrafish are omnivorous, so they are usually fed on zooplankton and insects 

(Spence et al., 2007). They have been used for studying genetics and development for the 

past twenty years (Fishman, 2001) and recently human diseases and the screening of 

therapeutic drugs (Sumanasa & Lin, 2004). The zebrafish are always used for experimental 

purposes as they have short generation time, large number of offspring produced per 

mating and the development of transparent embryo outside the mother (Badman et al., 

n.d.). Zebrafish are closely related to human as they are vertebrates and similar in terms of 

biological traits that are genes, developmental processes, anatomy, physiology, and 

behaviours (Lamason et ai, 2005). Zebrafish likes clean water, so the uneaten food, dead 

eggs, and detritus have to be removed from the bottom of the tank daily in order to keep 

the cleanliness of the tank (Badman et al., n.d.). 

2.3 Water Quality 

According to Meybeck (1996), water quality is the expression of the appropriateness of the 

water for various uses or processes. The U.S. Environmental Protection Agency (USEPA) 

defines a water quality standard as the combination of a selected beneficial use of a water 

body, the water q.uality criteria necessary to sustain the uses, and maintenance of the water 

quality through anti-degradation provisions (Chin, 2006). Water quality is evaluated based 

on the present and future use of the water body and a set of water quality criteria that 

correspond to the use of the water body (Chin, 2006). Water quality criteria are basically 

designated to maintain the physical, chemical and biological integrity of the water body, so 

there are three types of measure are being used to monitor the water quality that are 

physical measures, chemical measures and biological measures. 
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Physical measures are the procedures to monitor the factors that are directly 

affected the quality of aquatic life habitat, which include flow conditions, substrate, in

stream habitat, riparian habitat, and thermal pollution. 

Chemical measures are the methods to examine the regulated chemical compounds 

or combinations of compounds, which have the potential to occur in the water body at 

harmful levels that are considered to be lethal to human and aquatic lives. The chemical 

measures include toxic pollutants, pH, dissolved oxygen, biochemical oxygen demand, 

chemical oxygen demand, suspended solids, nutrients, metals, synthetic organic chemicals, 

and radionuclides. 

Biological measures are the actions to assess what levels of aquatic-life protection 

are achievable through evaluation of the biology of a water body. The main biological 

factors to be considered in evaluating the integrity of an aquatic ecological system are 

resulting from a biological inventory and biological potential analysis. 

Water quality is usually affected by natural and human influences (Meybeck, 1996). 

The most common natural influences are geological, hydrological and climatic as these 

always affect the quantity and quality of the water. Faecal pollution is one of the human 

influences that will cause the deterioration of the water quality. This will occur because 

there are no community facilities for waste disposal at some areas, collection and treatment 

facilities are improperly operated and on-site sanitation facilities which drain the waste 

directly into the water. 

6 



2.4 Chemical Measures of Water Quality 

2.4.1 pH 

pH measures the concentration of hydrogen ion in the water. It can also be defined as the 

negative log of the hydrogen ion activity, which is in molll (Chin, 2006). A pH of 7.0 is 

neutral. Solution with a pH value less than 7.0 is considered as acid, while solution with a 

pH value greater than 7.0 is considered as basic. pH affects most of the chemical and 

biological process in the water. 

There are different methods to measure the pH of the water which include pH 

indicator paper, liquid colorimetric indicators and electronic meters (Ballance, 1996). The 

use of pH indicator is not very accurate and it needs a subjective assessment of colour by 

the user. Liquid colorimetric indicators are simple and accurate to about 0.2 pH units, but 

the comparator instrument for this method must be transported to the sampling area for 

measurement. The use of electronic meters is the best method among these three methods 

as it is accurate and portable, which can give readings with an accuracy of ±0.05 pH units. 

2.4.2 Dissolved Oxygen 

Dissolved oxygen is the volume of molecular oxygen that dissolved in water. The 

concentration of dissolved oxygen depends on the physical, chemical and biochemical 

activities in the water (Ballance, 1996). The level of DO must be high in order to maintain 

the health and well-being of aquatic organisms or species as they may become stressed or 

disappeared from the stream in low level of DO (Smith, 2004). Besides to determine the 

water quality solely, the value of DO will also act as an indicator to find out what kind of 

fish or aquatic life will survive in that water. 
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The temperature will also affect the concentration of DO. Warm water dissolves 

less oxygen than cold water (Globe, 2005). For example, at water temperature of 25°C, the 

solubility of oxygen is 8.3 mgll; while at temperature of 4°C, the solubility of oxygen is 

13.1 mgll. This phenomenon can happen as when temperature rises up, the water will 

release the oxygen to the air. 

2.4.3 Nitrate 

Nitrate is the most highly oxidized form of nitrogen compounds. It is usually present in the 

surface water and ground water. It is occurred as the end product of the aerobic 

decomposition of organic nitrogenous matter (Ballance, 1996). The common sources of 

nitrate are chemical fertilizers, domestic and industrial wastes. 

The determination of nitrate content can be used to evaluate the character and 

degree of oxidation of nitrogen compounds in surface water and in groundwater which acts 

by penetrating through the soil layer (Ballance, 1996). Besides, it can also help to evaluate 

the degree of oxidation in biological processes and in the advanced treatment of waste 

water. 

The amounts of nitrate in the unpoButed natural water are usually the least. Nitrate 

is a nutrient, which will be taken up by the plants and assimilated into cell protein. The 

stimulation of the growth of plants, such as algae, may cause the problems of water quality 

associated with eutrophication (Bal1ance, 1996). Consequently, the death and 

decomposition of the algae will also cause serious problems on the water quality through 

the production of ammonia, which can be toxic to aquatic life. 
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2.5 

2.4.4 Ammonia 

Ammonia is produced from the decomposition of the nitrogenous organic matter through 

the process of ammonification or deamination (Chin, 2006). It is present in surface and 

ground water. A high concentration of ammonia can be found in water polluted by sewage, 

fertilizers, agricultural wastes or industrial wastes, which contain of organic nitrogen, free 

ammonia or ammonium salts. 

According to Jack (2006), the ammonia levels in the water tend to increase with the 

decrease of the disso1ved oxygen concentration. The ammonia level will increase with the 

increase of the pH level. The death rate ofthe aquatic life will increase with the increase of 

the level of ammonia as ammonia will cause the fish to lose its ability to carry oxygen. 

This will decrease the resistance of fish to bacterial infections such as body slime, eye 

cloud, mouth fungus, fin and tail rot and body sores. 

Indicator Microorganisms 

Indicator microorganisms are the bacteria that are used as indicators of the sanitary quality 

ofthe water. They are aerobic or facultative anaerobic, Gram negative, non-spore fonning 

bacilli that fennent lactose to fonn acid and gas at 35°C or 44°C within 48 hours. 

There are several types of indicator microorganisms that are total colifonns, 

thennotolerant colifonns and faecal streptococci. According to Bartram & Pedley (1996), 

total colifonns refer to a large group of Gram negative, rod-shaped bacteria that share 

several characteristics. Total colifonns include thennotolerant colifonns, bacteria of faecal 

origin and some bacteria may be isolated from environments. So, the presence of total 

coliforms do not necessary indicates the occurrence of faecal contamination. 
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Thermotolerant coliforms, also known as faecal coli forms, have been used to 

indicate the coliform organisms that grow and ferment lactose to produce acid and gas at 

44°C. The presence of thermotolerant coliforms in the water sample can always indicate 

the occurrence of faecal contamination as more than 95% thermotolerant coliforms isolated 

from the water are the gut organism E.coli (Bartram & Pedley, 1996). 

According to Ashbolt et al. (2001), faecal streptococci are Gram positive, catalase

negative cocci from selective media that grow on bile aesculin agar at 45°C. It belongs to 

the genera Enterococcus and Streptococcus. Faecal streptococci tend to survive longer in 

the environment than total coli forms and thermo tolerant coliforms. They are highly 

resistance to drying, so the presence of faecal streptococci can prove the indication of 

faecal contamination. 

The use of coliform probably dates back to 1880 when Von Fritsch found that 

Klebsiella pneumoniae and K. rhinoscleromatis as microorganisms occurred in human 

faeces (Geldreich, 1978). In 1885, Percy and Grace Frankland used Robert Koch's solid 

gelatine media for the first routine bacteriological examination of water in London 

(Hutchinson & Ridgway, 1977). Besides, in the same year, Escherich found Escherichia 

coli from the breast-fed infants (Castellani & Chalmers, 1919). 

By 1893, sanitary bacteriologists direct plating the water samples on litmus lactose 

agar to enumerate E. coli using the concept of acid from lactose as a diagnostic feature. 

This was followed by the introduction of Durham tube for gas production (Durham, 1893). 

However, coliforms were still considered to be a heterogeneous group of organisms 

as many of them were not originated from faecal. E. coli was largely originated from faecal, 

while others were not. 
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2.6 Fish pathogens and diseases related to zebrafish 

Fish are vulnerable to a wide variety of bacterial pathogens, which are considered to be 

saprophytic in nature. These bacteria will become pathogenic when the fish are subjected 

to stress, such as nutritionally deficient, unbalanced physiology, poor water quality and 

overstocking, which allow the progress of the opportunistic bacterial infections. 

The common fish pathogens that are related to zebrafish are Mycobacterium sp., 

Pseudoloma neurophilia, Piscinoodinium pillulare and Pseudocapillaria tomentosa. 

Mycobacterium is a non-motile, weakly stained Gram-positive, pleomorphic rod 

that is acid-fast (Dunn, 2009). Not all of the Mycobacterium sp. is infectious to zebrafish. 

The species that are identified to be infectious to zebrafish are M. marinum, M. fortuitum, 

M chelonae, M. abscessus, M. haemophilum, and M. peregrinum (Astrofsky et al., 2000). 

The disease that caused by Mycobacterium is mycobacteriosis, which is also known as fish 

tuberculosis. This is a common disease of laboratory zebrafish and it is a type of bacterial 

infection. According to Kent et al. (2007), the clinical signs of the mycobacteriosis are 

variable as it depends on the site and extent of the infection. These include lethargy, 

anorexia, skin inflammation, ulceration, fin loss, dropsy, peritonitis, and granulomatous 

nodules in internal organs and muscle. 

Pseudoloma neurophilia is a micro sporidia that infects the central nervous system 

ofzebrafish (Dunn, 2009). It is commonly found in zebrafish from laboratory facilities and 

<:ommercial suppliers. The disease that associated with P. neurophilia is a protozoa 

infection, which is called microsporidiosis (Kent et aI., 2007). The clinical signs of 

microsporidiosis are chronic wasting or emaciation, lethargy, spinal deformities and dorsal 

4arkening of the skin, but some will not show any abnormal clinical signs (Dunn, 2009). 
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Piscinoodinium pillulare is a yellowish, parasitic dinoflagellate which will infect 

the skin and gills of fish (Kent et a/., 2007). P. pillulare is the causative agent of velvet 

disease, which is also one type of protozoan infection. It can multiply rapidly in aquarium 

and kill the fish. The clinical signs shown by the infected fish are clamped fins, lethargy, 

increased respiration, decreased feeding, flashing and rubbing behaviour and general signs 

of discomfort (Dunn, 2009). 

Pseudocapillaria tomentosa is an intestinal nematode, which is found to infect 

zebrafish. The disease causes by P. tomentosa is capillariosis, which is a metazoan 

infection. According to Pack et al. (1995), capillarid nematodes are one of the metazoans 

that have been known as a problem in zebrafish facilities. Infected zebrafish usually will be 

darker in colour, emaciated and lethargic. Besides, some of them will also appear normal 

with decreased fertility. 

Zoonotic Fish Diseases 

Zoonotic diseases are diseases that are transmitted from animals to humans (Goldsmid, 

2005). They involve the transmission of disease producing agent from animals to humans 

through several routes (Stoskopf, 1993). Fish pathogens can cause diseases in many 

species of freshwater and marine fishes (Panek & Bobo, 2006). 

According to Wilson (2001), there are two types of zoonoses that are direct and 

indirect zoonoses. Direct zoonoses is an infection that is transmitted from animals to 

humans via direct contact with the animal such as a bite, ingestion of animal tissue, or skin 

with an animal. Examples of direct zoonoses are rabies, trichinellosis, and 

'tUlaraemia. Indirect zoonoses is an infection that involves the transmission of the disease 
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