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Abstrak: Faktor persekitaran mampu mempengaruhi komuniti burung air. Cuaca khususnya mampu memberi pelbagai impak dari segi biologi dan ekologi terhadap aktiviti pembiakan burung air, namun kebanyakan kajian yang dilakukan lebih melihat kepada kesan cuaca di peringkat akhir pembiakan burung air (contohnya, kadar penetasan, kematian anak ayam dan lain lain). Sebaliknya, kajian ini cuba untuk mengkaji pengaruh cuaca terhadap aktiviti awal bersarang burung air melalui pemerhatian terhadap koloni burung air yang terdiri daripada pelbagai spesies yang baru terbentuk di Tanah Lembap Putrajaya, Malaysia. Keputusan menunjukkan bahawa hujan dan suhu mempunyai pengaruh yang besar ke atas aktiviti-aktiviti awal spesies yang sedang bersarang. Aktiviti hujan menunjukkan korelasi signifikan dengan kadar bersarang burung Pucung Seriap (hujan: rs = 0.558, p = 0.03, n = 72) manakala kedua-dua suhu dan hujan berkait rapat dengan kepadatan burung Botak Padi (suhu: rs = 0.573, p = 0.013; hujan: rs = –0.662, p = 0.03, n = 48). Terdapat kemungkinan perubahan aktiviti hujan dan suhu memberi petunjuk kepada populasi burung air yang dikaji untuk mula bersarang khususnya bagi burung Botak Padi. Penulisan kajian ini turut mengemukakan kekangan yang dihadapi dalam kajian serta mencadangkan kajian jangka panjang dijalankan bagi mengesahkan penemuan kajian ini.

Kata kunci: Cuaca, Aktiviti Awal Bersarang, Burung Air, Tanah Lembap Putrajaya, Malaysia

Abstract: Environmental factors can play important roles in influencing waterbird communities. In particular, weather may have various biological and ecological impacts on the breeding activities of waterbirds, though most studies have investigated the effect of weather on the late stages of waterbird breeding (e.g., hatching rate, chick mortality). Conversely, the present study attempts to highlight the influence of weather on the early nesting activities of waterbirds by evaluating a recently established mixed-species colony in Putrajaya Wetlands, Malaysia. The results show that only rainfall and temperature have a significant influence on the species’ nesting activities. Rainfall activity is significantly correlated with the Grey Heron’s rate of establishment (rainfall: rs = 0.558, p = 0.03, n = 72) whereas both temperature and rainfall are associated with Painted Stork’s nesting density (temperature: rs = 0.573, p = 0.013; rainfall: rs = −0.662, p = 0.03, n = 48). There is a possibility that variations in the rainfall and temperature provide a cue for the birds to initiate their nesting. Regardless, this paper addresses concerns on the limitations faced in the study and suggests long-term studies for confirmation.
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INTRODUCTION

Environmental factors can play important roles in influencing waterbird communities. For example, weather can have various biological and ecological impacts on adults and young birds, and both adults and their nestlings have been reported to be particularly susceptible to temperature and rainfall during breeding (Sparks & Tryjanowski 2005). Some important examples have shown that adults were first affected by the weather conditions during migration and wintering (Saether et al. 2006) and after arriving at their breeding ground (Tryjanowski et al. 2004). Rainy and cold weather conditions have also been reported to cause high chick mortality in young storks, significantly reducing breeding success and survival (Zduniak 2009; Jovani & Tella 2004). Variations in rainfall and temperatures were also found to have adverse effects on the fledging success of White Storks with poor food resources (Denac 2006). Such evidence linking the effects of weather and waterbird populations provide a clear view of how weather may shape waterbird communities.

Many of these studies evaluated the effect of weather on the late stages of waterbird breeding, i.e., the hatching rate, mortality of the chicks and other post-reproductive parameters (Novoa et al. 2008; Jovani & Tella 2004). However, early nesting activities, such as successful nesting attempts or establishment and nesting densities, may also provide important evidence to relate weather to waterbird reproduction. Therefore, this study examines the possibility of understanding the influence of weather on the early nesting activities of waterbirds in Putrajaya Wetlands.

MATERIALS AND METHODS

Study Site

The colony studied is located in the southern part of Putrajaya Wetlands (Upper Bisa) (2°56′04.01″N and 101°42′12.33″E). In 2008, 4 waterbird species recently colonised an area of 0.30 ha. for nesting and breeding. The breeding species consist of Purple Heron [PH (Ardea purpurea)], Grey Heron [GH (Ardea cinerea)], Painted Stork [PS (Mycteria leucocephala)] and Night Heron [NH (Nycticorax nycticorax)]. These waterbirds nested on artificial islands in one of the Upper Bisa lake site areas (Fig. 1).

Sampling and Measurements

Field samplings were conducted for a year and a half from July 2008 to December 2009. The birds’ activities were recorded 5 days a week, from 0700 to 1900 h, at a distance of 20–30 m from the colony. The colony was established on 2770 m2 artificial islands. To minimise the effects of human disturbance, visits to the nesting ground were conducted only when required. A successful nesting attempt or establishment was considered achieved when paired activity was observed in a single nest for at least one day; the activities included pairing, nest building and mating activity, often occurring in short intervals during the birds’ early nesting period. The rate of successful establishment (successful nesting attempt per hour of observation) was then calculated for the duration of the study. Nest density was calculated based on the number of nests established over each square metre of the occupied area. Other parameters included the nest height, nest number and size of the nesting area.

The weather data of the study area (i.e., mean temperature and evaporation, relative humidity, total rainfall, wind speed and barometric pressure) were obtained from the Malaysian Meteorological Department (MMD) for the Kuala Lumpur International Airport (KLIA)-Sepang area of the 18 month study period. A weather analysis was performed between semesters, with each semester consisting of 6 months of periodical data.
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Figure 1: Waterbirds nesting sites on artificial islands in Upper Bisa lake site.



Statistical Analysis

A non-parametric analysis was used to analyse the data. For multiple groups, a Kruskal-Wallis test with a non-parametric multiple comparison was conducted (i.e., the establishment rate and nest densities); a Man-Whitney U-Test was employed for comparing two different groups. The Spearman Rho correlation was also applied to identify possible relationships between weather parameters and the rate of establishment and nest densities. Comparisons were made at the 95% level of significance. All the statistical analyses were performed using the Statistical Package for Social Sciences (SPSS) version 17.


RESULTS

A total number of more than 2000 hours, including at least 180 days of field observation, was completed for this study. The climate in Putrajaya was consistent throughout the months, with minor variations between semesters. The monthly rainfall ranged from 1.2 to 10.7 mm (mean: 5.8±3.0 mm), with an increased pattern toward the end of the third semester. The first semester (July to December 2008) had the highest increase of rainfall toward the end of the time interval, followed by the second (January to June 2009) and third (July to December 2009). The temperature ranged from 26.4°C to 28.3°C (mean: 27.0±1.0°C), and the relative humidity was 82%. The barometric pressure ranged from 1005.5 to 1013.9 Hpa (mean: 1009.6±0.6 Hpa) and the wind speed from 0.3 to 4.2 m/s (mean: 1.5±0.3 m/s).

The Kruskal-Wallis analysis showed that both the rate of establishment and nest density varied significantly between the waterbird species [rate of establishment: 0.25±0.20 nests/day, H(2, N = 264) = 54.40, p<0.01 and density: 0.36±0.23 nests/m2, H(2, N = 264) = 29.23, p<0.01]. Further tests showed that the establishment rate and nest density were significantly different among the species (Table 1). Table 2 highlights some of the characteristics of the colony studied.


Table 1: Establishment rate and nesting densities tests between species studied.



	Species
	N
	Establishment rate(statistical value)
	Nesting density(statistical value)



	Purple Heron/ Grey Heron
	144
	z = −5.13(p<0.05*)
	z = 0.00(p = 1.00)



	Purple Heron/ Night Heron
	144
	z = −2.07(p<0.05*)
	z = −3.39(p<0.05*)



	Purple Heron/ Painted Stork
	120
	z = −5.14(p<0.05*)
	z = −3.17(p<0.05*)



	Grey Heron/ Night Heron
	144
	z = −4.07(p<0.05*)
	z = −3.42(p<0.05*)



	Grey Heron/ Painted Stork
	120
	z = −4.43(p<0.05*)
	z = −3.08(p<0.05*)



	Night Heron/ Painted Stork
	120
	z = −4.87(p<0.05*)
	z = −4.22(p<0.05*)



With regard to the weather regime, only rainfall and temperature showed significant correlation; with the Grey Heron rate of establishment (rainfall: rs = 0.558, p = 0.03, n = 72) and Painted Stork nesting density (temperature: rs = 0.573, p = 0.013; rainfall: rs = −0.662, p = 0.03, n = 48). The analysis of the nesting densities per island, however, showed no significant correlation with the weather [rainfall (n = 72): 1st island, rs = 0.256, p = 0.30; 2nd island, rs = 0.210, p = 0.40; 3rd island, rs = 0.114, p = 0.65) and temperature (n = 72): 1st island, rs = 0.478, p = 0.55; 2nd island, rs = 0.540, p = 0.83; 3rd island, rs = −0.110, p = 0.96)], suggesting that the colony’s aggregation in general was independent of the parameters studied. Figure 2 summarises the variations in the rate of establishment, nesting densities and weather patterns during the study period.


Table 2: Some characteristics of the waterbirds colony in Upper Bisa, Putrajaya 2008–2009.
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Figure 2: Rainfall and temperature activity in relation to (a) Painted Stork’s density and (b) Grey Heron’s establishment.



DISCUSSION

The moderately high value for successful nesting attempts for the Grey Heron suggests that rainfall alone cannot be used to explain the bird’s successful attempts to nest, as observed throughout this study. Other factors, such as competition for nesting space, material availability, quality of foraging areas and safety, may have a significant influence on the nesting birds and should be examined. For the Painted Stork, its nesting density was positively correlated with temperature and negatively correlated with rainfall. There is a possibility that the changes in temperature and rainfall provide a cue to the storks of favourable conditions for them to initiate nesting activity because these birds may rely on thermal parameters while locating good foraging areas. However, there is a concern that the small number of stork populations (presumably with less sexually mature adults) included is unlikely to yield any significance in the rate of establishment over the period of the study. Considering the population status of stork species, it is difficult to obtain a sufficient number of subjects for study; however, continuous observation of a larger population size may be required to confirm the results. Nevertheless, our study found that the populations of Grey Herons and Painted Storks in the study area were more or less susceptible to changes in the weather compared to the other species. Inter-specific competition between Grey Herons and the more dominant population of Purple Herons, in addition to the seasonal breeding variation and behavioural activity of the Painted Stork population, may have caused the Grey Herons to be more sensitive to such environmental changes as the weather.

Studies on weather variability in Peninsular Malaysia has been conducted since the late 1950s (Carmelengo & Somchit 2000), greatly improving the understanding of the country’s weather and climate. Although some locations may receive more precipitation during monsoons, the study area is relatively free from such influence due to its position in the inland part of the peninsula. Therefore, any changes in the weather may not directly affect breeding waterbirds within the short period of nesting. Other studies that identified weather as an environmental factor that influences nesting or breeding waterbirds were performed in regions with seasonal climate (e.g., Fasola et al. 2009; Maddock & Baxter 1991; Bildstein et al. 1990), locations where birds are more susceptible to extreme weather changes during a short period of time.

Climate variation in the long term may influence an animal’s food source, as food availability can be impacted by the weather (White 2008). As in the case of the waterbird colony in Putrajaya, long-term monitoring comprising years of surveys and studies may reveal significant roles of climate in influencing population size, density, survival and other ecological attributes. Such research is important for the future conservation of waterbird communities.
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CONCLUSION

The early nesting activity of the Grey Heron and Painted Stork populations in the study area were shown to be susceptible to the weather regime, particularly rainfall and temperature. Factors, including inter-specific competition, population size and seasonal breeding variations, may cause the populations to be more sensitive to such environmental changes as the weather. Further studies with long-term monitoring of the populations are required before the results can be verified, particularly for this mixed population of waterbirds in a small-sized habitat. Nevertheless, understanding weather patterns and their influence on waterbird communities may be beneficial for the conservation of the species in the long term.
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Abstrak: Strategi imunisasi prime-boost secara heterologus boleh merangsang gerak balas antibodi yang lebih berkesan dan mungkin penting dalam pembangunan vaksin malaria yang lebih baik. Dalam kajian ini, kami telah menunjukkan bahawa imunisasi mencit Balb/c dengan vaksin Bacille Calmette-Guerin rekombinan (rBCG) yang mengandungi plasmid yang mengekodkan fragmen sintetik epitop ESAT-6 Mycobacterium tuberculosis, fragmen 2 kawasan II antigen pengikat eritrosit (F2RIIEBA) dan tiga jujukan berulang protein circumsporozoite (NANP)3 Plasmodium falciparum sebelum diberikan dos penggalak, sama ada dua dos klon rBCG atau vaksin DNA yang mengekspreskan F2RIIEBA natif, menghasilkan paras antibodi anti-F2RIIEBA yang lebih tinggi dalam serum berbanding dengan kaedah imunisasi secara homologous menggunakan dua dos rBCG. Keputusan ini menunjukkan potensi vaksinasi vaksin DNA dalam merangsang gerak balas antibodi terhadap vaksin rekombinan yang mengekspreskan beberapa epitop.

Kata kunci: Malaria, Plasmodium falciparum, Prime-boost, Vaksin

Abstract: Heterologous prime-boost immunisation strategies can evoke powerful antibody responses and may be of value in developing an improved malaria vaccine. Herein, we show that an immunisation protocol that primes Balb/c mice with a recombinant Bacille Calmette-Guérin (rBCG) vaccine consisting of a plasmid encoding a synthetic fragment of the ESAT-6 epitope of Mycobacterium tuberculosis, the fragment 2 region II of erythrocyte-binding antigen (F2RIIEBA) and the three repeat sequences of the circumsporozoite protein (NANP)3 of Plasmodium falciparum before subsequently boosting the mice with either two doses of the rBCG clone or with a DNA vaccine expressing the native form of F2RIIEBA generating higher serum anti-F2RIIEBA antibody levels than an immunisation protocol that calls for a homologous prime-boost with two doses of rBCG. These results demonstrate the potential of DNA vaccination in boosting the antibody response to a recombinant vaccine expressing multiple epitopes.

Keywords: Malaria, Plasmodium falciparum, Prime-boost, Vaccine

INTRODUCTION

Malaria is caused by several Plasmodium species, including P. falciparum, and is considered a major health problem in much of the world, especially the tropics. Although effective treatments are available, these treatments have a high failure rate, particularly in the treatment of drug-resistant parasites (White 2004). Thus, an effective malaria vaccine appears to be the only viable long-term strategy that will prevent infection (Weatherall et al. 2002). Various strategies are being used to develop vaccines against malaria. As a result, a wide variety of malaria vaccine candidates, including an attenuated vaccine (Hafalla et al. 2006), a subunit vaccine (Valderrama-Aguirre et al. 2005), a DNA vaccine (Wang et al. 2005) and a recombinant vaccine (Wu et al. 2006), have been developed and tested. However, only some of these vaccine candidates have shown encouraging results in human clinical trials (Sacarlal et al. 2008; Alonso et al. 2004), with most of the vaccines generating only partial protection against the parasite in mouse models and humans. Thus, it is critical to improve malaria vaccines to a point where these treatments can generate long lasting immunity and protective efficacy.

Prime-boost vaccination has emerged as a highly effective strategy in generating long-lasting immune responses and protective efficacy against diverse pathogens, such as malaria (Walther et al. 2006; Dunachie & Hill 2003), HIV (Brown et al. 2010; Pal et al. 2006), and tuberculosis (Kaufmann 2006; Mc Shane et al. 2001), and against cancer (Lin et al. 2003). The prime-boost strategy utilises two different vaccines that express the same antigen but have different modes of delivery. In this method, subjects are first primed with one agent (e.g., a DNA vaccine) before receiving a different agent (such as a recombinant pathogen or protein) as a booster; this strategy enhances the immune response or protective efficacy of the initial vaccine. Although the actual mechanism by which this strategy induces robust immune responses against the antigen remains unclear, it has been speculated that the features of the vectors used in this strategy are responsible for these outcomes (Woodland 2004). The first vaccine stimulates the production of memory cells, and the second vaccine expands the memory response that was generated by the first immunisation. Thus, this strategy may stimulate different types of immune responses against the antigen (Dunachie & Hill 2003).

The effectiveness of prime-boost immunisation strategies in the development of a malaria vaccine has been proven in animals and humans; however, most studies have demonstrated that superior levels of immunity are achieved if DNA vaccines are used to prime the immune response and then recombinant vaccines or proteins are used as boosters. Schneider et al. (1998) showed that DNA priming and modified vaccinia virus Ankara (MVA) boosting provided sterilising immunity, while MVA priming/DNA boosting was ineffective. Hill and colleagues (Hill et al. 2000) showed that a prime-boost immunisation strategy utilising a DNA vaccine and recombinant MVA successfully induced T cell responses in both mice and non-human primates. Furthermore, a prime-boost strategy utilising DNA as the priming agent and MVA as the boosting agent was shown to induce strong and long-lasting Th1 responses in humans (Vuola et al. 2005). Miao and colleagues (Miao et al. 2006) also determined that priming with a DNA vaccine expressing P. falciparum apical membrane antigen 1 (AMA1) and boosting with a recombinant vaccinia poxvirus expressing either the same epitope (rMVA) or recombinant AMA1 protein (rAMA1) induced a specific immune response in Balb/c mice.

Erythrocyte-binding antigen 175 (EBA-175) is a 175-kDa protein that is expressed in the micronemes of merozoites. EBA-175 binds to the erythrocyte receptor sialic acid on glycophorin A and is involved in the formation of a junction between the erythrocyte and the merozoite (Sim et al. 1990). EBA-175 binds to glycophorin A on the surface of human erythrocytes via the fragment 2 region II of erythrocyte-binding antigen’s (F2RIIEBA) N-terminal cysteine-rich region and is a target of antibody responses. Previous studies have shown that antibodies directed against F2RIIEBA block EBA-175 binding to erythrocytes and inhibit parasite growth in vitro (Okenu et al. 1997). Furthermore, antibodies against this antigen were also detected in the sera of individuals living in an area of western Kenya where malaria is endemic, suggesting the importance of this antigen in the development of malaria (Ohas et al. 2004).

In this study, we constructed two different vaccines: a recombinant Bacille Calmette-Guérin (rBCG) vaccine and a DNA vaccine. The rBCG vaccine contained a plasmid encoding a synthetic fragment consisting of the 6-kDa early secreted antigenic target (ESAT-6) of Mycobacterium tuberculosis, F2RIIEBA, a blood-stage epitope of P. falciparum and the three repeat sequences of the circumsporozoite protein (NANP)3 [a pre-erythrocytic epitope of P. falciparum]. The DNA vaccine contained the native form of F2RIIEBA. The aim of the present study was to compare the levels of anti-F2RIIEBA antibody induced by priming with the rBCG vaccine and boosting with two doses of the rBCG clone to the levels of anti-F2RIIEBA antibody induced by priming with the rBCG vaccine and boosting with the DNA vaccine.

MATERIALS AND METHODS

Construction of the rBCG Vaccine

The rBCG clone used in this study was constructed in our previous study (Rapeah & Norazmi 2006). Briefly, a rBCG clone expressing a synthetic DNA fragment consisting of the malarial epitopes F2RIIEBA and (NANP)3 in addition to the ESAT-6 epitope of M. tuberculosis was generated by assembly PCR using the following primers: sense (5′-ATTCTAGAGCGGATCCTGATTGAGCCCGTCGTCGCGGGCAC-3′) and antisense (5′-CGGGATCCGCTCTAGAGGTCCTGGTCGCAGATCT-3′). The amplified fragment was cloned into pCR®2.1-TOPO® (Invitrogen, New York). This plasmid was then converted into a shuttle plasmid through the insertion of the mycobacterial origin of replication (Myco ORI) derived from the Mycobacterium fortuitum plasmid pAL5000 (Labidi et al. 1985) at the Kpn1 site. The resulting plasmid was named pNMN002 and transformed into BCG Pasteur by electroporation.

Construction of the DNA Vaccine

The native DNA fragment of F2RIIEBA was amplified from the cDNA of P. falciparum CAMP strain (Malaysia) using the following primers: 5′-GGATCCGAAAAGCGTGAACATATT-3′ and 5′-GAATTCCGCGAAGTTTGTTCATTATT-3′. The PCR product was digested with BamHI and EcoRI and cloned into the DNA vaccine vector pVAX1 (Invitrogen, New York) to produce pNMN004.


Vaccination of Mice

The experimental protocol used in this study was approved by the Animal Ethics Committee of Universiti Sains Malaysia (AECUSM) [No. USM/Animal Ethics Approval/2007/(31)(099)]. Groups of five female BALB/c (H-2d) mice (5–6 weeks old) were used in all of the experiments. For rBCG-rBCG-rBCG immunisation, the mice received an intraperitoneal (i.p.) injection of 106 cfu BCG in 200 μl phosphate buffered saline (PBS) containing 0.1% Tween 80 (PBS-T80). Two control groups of mice were injected with either 106 cfu of the parent BCG strain in 200 μl PBS-T80 or with 200 μl PBS-T80. After 30 and 60 days, the same amount of rBCG, parent BCG or PBS-T80 was injected i.p. as a booster.

For rBCG-DNA immunisation, the mice received an i.p. injection of 106 cfu BCG in 200 μl PBS-T80. Two control groups of mice were injected with either 106 cfu of the parent BCG strain in 200 μl PBS-T80 or with 200 μl PBS-T80 alone. After 30 days, 50 μg of pNMN004 was administered intramuscularly (i.m.) into each musculus tibialis as a booster. Serum was collected from the tail vein before each injection and stored at −80°C until use.

Preparation of F2RIIEBA Fusion Protein

The F2RIIEBA fusion protein was prepared in our previous study (Rapeah & Norazmi 2006). Briefly, the native DNA fragment of F2RIIEBA was amplified from the cDNA of the CAMP strain of P. falciparum using the following primers: sense ( 5 ′ - C G G G A T C C G G A A A A G C G T G A A C A T A T T - 3 ′) and antisense (5′-CGGGAATTCCGAAGTTTGTTCATTATT-3′). The PCR product was cloned into the expression vector pRSET B (Invitrogen, New York) and transformed into the E. coli BL21(DE3) pLysS strain for protein expression. The culture was grown overnight in Luria-Bertani (LB) media containing 50 µg/ml ampicillin at 37°C before being diluted 1:10 with fresh media and further incubated until the optical density (OD) at wavelength of 600 nm (OD600) was 0.4. Isopropylthio-βgalactoside (IPTG) was added to a final concentration of 1 mM, and the culture was incubated for an additional 6 h before the cells were harvested and the proteins separated using 10% preparative sodium dodecyl sulphate polyacrylamide gel electrophoresis (SDS-PAGE). The target protein was excised from the gel, eluted using an electroelution apparatus (Bio-Rad, Hercules, California) and precipitated with four volumes of ice-cold acetone.

Measurement of IgG and IgG Subclasses by ELISA

Flat-bottom 96-well microtiter plates (Nunc, Wiesbaden, Germany) were coated with 100 μl of 2 μg/ml F2RIIEBA protein in carbonate-bicarbonate buffer at 4°C overnight. After incubation, the plates were washed with PBS containing 0.1% Tween 20 (PBS-T20) and blocked with 200 μl blocking solution (Boehringer Mannheim, Germany) for 1 h at 37°C. The plates were washed twice with PBS before 100 μl of serum (pooled from 5 mice) diluted 1:50 with PBS was added to each well. The plates were then incubated for 1 h at 37°C. After washing, horseradish peroxidase-conjugated goat anti-mouse IgG, anti-IgG1, -IgG2a, -IgG2b or -IgG3 (Dako, Tokyo) [diluted 1:4000 with PBS] was added to the wells, and the plates were incubated for 1 h at 37°C. After 3 washes, 100 μl of 2,2′-azino-di-(3-ethyl-benzthiazoline-6-sulphonic acid) (ABTS®) (Boehringer Mannheim, Germany) was added to each well. The reaction was stopped with 8 M NH2SO4 after 30 min, and the OD at 410 nm was measured with a microplate reader (Dynatech Laboratories, Virginia, USA).

Statistical Analysis

All of the experiments were carried out in triplicate and repeated three times. The data are represented as the arithmetic mean ± standard error of the mean (SEM). Comparisons were made between the groups in each immunisation method or the IgG subclasses using one-way ANOVA. The Mann-Whitney U test was used to compare the different immunisation methods and IgG subclasses in the BCG and rBCG groups. The accepted significance level was p<0.05.

RESULTS

Total IgG Response to F2RIIEBA

The increases in the total anti-F2RIIEBA IgG levels were significantly higher in the mice immunised with rBCG and boosted with the DNA vaccine (p<0.05) than the mice prime-boosted twice with rBCG (Fig. 1).
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Figure 1: The anti-F2RIIEBA IgG response in Balb/c mice 4 weeks after the last immunisation. PBS-T80 (solid bars), BCG (hatched bars) and rBCG (open bars) were boosted with two doses of the same antigens or the DNA vaccine pNMN004. The antibody levels were measured by ELISA (*, p<0.05 between the different groups in each immunisation method; **, p<0.05 between the different prime-boost schemes).



IgG Subclass Response to F2RIIEBA

The anti-F2RIIEBA IgG1 levels in the rBCG-rBCG-rBCG immunised mice were higher than the levels of the other antibody subclasses (IgG3 > IgG2a > IgG2b) in the same mice [Fig. 2(a)]. In contrast, the anti-F2RIIEBA IgG2b levels in the rBCG-DNA immunised mice were higher than the IgG1, IgG3 and IgG2a antibody levels (IgG2b > IgG3 > IgG1 > IgG2a) in the same mice [Fig. 2(b)] and higher than the IgG2b levels in the rBCG-rBCG-rBCG immunised mice [Fig. 2(a)].
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Figure 2: The F2RIIEBA-specific IgG subclass response profile in Balb/c mice 4 weeks after the last immunisation, PBS-T80 (solid bars), BCG (hatched bars) and rBCG (open bars): (a) boosted with two doses of the same antigens; (b) boosted with the DNA vaccine pNMN004. The antibody levels were measured by ELISA (*, p<0.05 between the different groups in each subclass; **, p<0.05 between the different IgG subclasses of the rBCG group).



DISCUSSION

Heterologous prime-boost vaccination using different antigen delivery systems has been used to increase immune responses and achieve long-term protection against various pathogens, including malaria. However, the immunisation sequence and the nature of the antigen delivery systems used in this strategy are important for the induction of immune responses against the antigen. While many vector agents can prime an immune response, not all of these agents are effective at boosting. In many cases, DNA-based vaccines are able to effectively prime an immune response but are relatively ineffective as boosting agents. Recombinant vaccines are more effective at boosting an immune response. In a previous study, the use of a recombinant vaccine for priming and a DNA vaccine for boosting failed to induce specific immune responses against the antigen (Dunachie & Hill 2003). Priming with the first vaccine activates T cells, allowing the development of memory cells. Subsequent boosting with a second vaccine expressing the same antigen(s) will stimulate these cells to undergo rapid expansion. When the immune system is reactivated, these T cells can then stimulate an enormous expansion of B cells and T cells (Woodland 2004).

Although DNA-based vaccines are inefficient as boosting agents, data have indicated that DNA vaccines can be used as boosting agents under certain conditions (such as priming with a recombinant vaccine). Eo et al. (2001) showed that maximal mucosal immunity was achieved when a recombinant viral vector vaccine encoding herpes simplex virus glycoprotein B (rvacgB) was used to prime animals mucosally before a DNA vaccine encoding gB (gBDNA) was used as a mucosal booster. In another study, Doria-Rose et al. (2003) also found that priming with gene gun-delivered DNA followed by boosting with vaccinia virus and vaccinia virus priming followed by DNA boosting provided Macaca nemestrina with significant protection against the simian/human immunodeficiency virus SHIV89.6P. Similarly, priming neonatal animals with BCG and boosting with a DNA vaccine consisting of a plasmid encoding the mycobacterial proteins Hsp65, Hsp70 and Apa induced protection similar to the protection provided by a prime-boost with DNA/BCG (Skinner et al. 2005). Our results also indicate that heterologous prime-boost vaccination schemes that prime with rBCG and boost with a pNMN004 DNA vaccine expressing F2RIIEBA elicit a higher anti-F2RIIEBA antibody response than schemes utilising homologous prime-boost immunisation with two doses of rBCG. This result indicates that a DNA vaccine could be used to boost an immune response that was initially primed using a recombinant vaccine that expresses multiple epitopes. In this strategy, priming with an rBCG vaccine expressing a number of epitopes (including F2RIIEBA) effectively primes the immune response and generates memory cells targeting these epitopes. The F2RIIEBA-specific immune response is then expanded by immunisation with a DNA vaccine encoding F2RIIEBA.

The two different prime-boost schemes investigated in this study also stimulated the production of different IgG subclasses. Priming with rBCG and boosting with the DNA vaccine predominantly induced the production of IgG1, IgG2b and IgG3. In contrast, priming and boosting with two doses of the rBCG vaccine stimulated the production of higher levels of the IgG1 and IgG3 subclasses but lower levels of the IgG2b subclass. However, both strategies produced IgG2a subclass antibody levels that were lower than the levels of the other subclasses (Fig. 2). This result indicates that different antibody subsets were stimulated by the different immunisation strategies. While both prime-boost strategies produced mixed Th1/Th2 antibody responses, the presence of higher antigen-specific IgG2b levels in the sera of mice that were heterologously prime-boosted with rBCG and a DNA vaccine indicated that immunisation with a DNA vaccine expressing F2RIIEBA increased Th1 activity (Bowman & Holt 2001). However, the molecular mechanism driving this preferential generation of the IgG2b isotype is unclear at present. We believe that this phenomenon might result from the different vectors used in the heterologous prime-boost immunisation scheme: different vectors stimulate different lymphocyte subsets, generating different antibody response patterns (Lu 2009; Woodland 2004). In addition to the vectors and the order of vaccine administration, the immune response generated by prime-boost vaccination also depends on factors such as the dose of the vaccine, the interval between the first and second antigen exposures, and the similarity of the epitopes (Brown et al. 2010).

CONCLUSION

In conclusion, previous studies have demonstrated that in heterologous prime-boost regimens, DNA vaccines are excellent priming agents but are relatively ineffective as boosting agents, while recombinant vaccines are capable of either priming or boosting. Our data suggest that the opposite immunisation scheme can also produce an effective immune response if the recombinant vaccine expresses more than one epitope. This preliminary result provides a platform through which the magnitude of the resulting immune response can be increased and the antigenic competition that occurs in vaccines containing multiple antigens or epitopes from the same or different organisms can be reduced.
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Abstrak: Pensampelan kualiti air di sepanjang Sungai Kelantan telah dijalankan pada November 2010 hingga Feberuari 2011 di lima stesen yang dipilih. Pensampelan ini bertujuan untuk menggambarkan tentang keadaan status kualiti air di Sungai Kelantan. Analisis fizikal seperti konduktiviti, oksigen terlarut (DO), pH, jumlah pepejal terlarut (TDS), jumlah pepejal terampai (TSS) dan kekeruhan telah dijalankan. Kajian juga melibatkan analisis kimia nutrien nitrogen seperti ammonia, nitrat dan nitrit. Hasil kajian mendapati TSS, kekeruhan dan kandungan nitrat melebihi piawaian kualiti air kebangsaan (INWQS) dan terdapat perbezaan antara Stesen 1 (KK) dan Stesen 3 (TM). Variasi nilai kandungan TDS, kekeruhan dan nutrien nitrogen di Stesen 1 secara keseluruhan adalah besar kerana faktor perlombongan pasir di sepanjang sungai dan aktiviti pembalakan di kawasan hulu sungai. Kandungan TSS yang sangat tinggi dan kekeruhan telah mewujudkan keadaan yang tidak memuaskan dan memberi tekanan untuk hidupan akuatik di Sungai Kelantan.

Kata kunci: Parameter Fizikal, Parameter Kimia, Kualiti Air, Perlombongan Pasir, Sungai Kelantan

Abstract: This paper aimed to describe the effects of sand mining on the Kelantan River with respect to physical and chemical parameter analyses. Three replicates of water samples were collected from five stations along the Kelantan River (November 2010 until February 2011). The physical parameters included water temperature, water conductivity, dissolved oxygen (DO), pH, total dissolved solids (TDS), total suspended solids (TSS) and turbidity, whereas the chemical parameters included the concentration of nitrogen nutrients such as ammonia, nitrate and nitrite. The Kelantan River case study revealed that TSS, turbidity and nitrate contents exceed the Malaysian Interim National Water Quality Standard (INWQS) range and are significantly different between Station 1 (KK) and Station 3 (TM). Station 1 has the largest variation of TDS, TSS, turbidity and nitrogen nutrients because of sand mining and upstream logging activities. The extremely high content of TSS and the turbidity have caused poor and stressful conditions for the aquatic life in the Kelantan River.

Keywords: Physical Parameters, Chemical Parameters, Water Quality, Sand Mining, Kelantan River


INTRODUCTION

Kelantan is located in the north-eastern part of Peninsular Malaysia. The Kelantan River (also known as Sungai Kelantan in the Malay language) is the largest river in the Kelantan State. It is fed by more than 180 streams and drains a catchment area of approximately 11900 km2 (Ahmad et al. 2009). The Kelantan River is considered to be a middle lowland stream flowing toward the river mouth. Annual rainfall in the Kelantan River area ranges from 0–1750 mm throughout the year. The river flows northward, passing through important towns such as Kuala Krai, Tanah Merah, Pasir Mas and Kota Bharu, the state capital, before discharging into the South China Sea (Ambak et al. 2010). The Kelantan River is formed from the combination of the Galas River (Sungai Galas) and the Lebir River (Sungai Lebir) near Kuala Krai. The Kelantan River has been used heavily by the local people for domestic uses, transportation, agriculture, plantation irrigation, small scale fishing industries and also sand mining activities. The Kelantan River’s water has been turbid since the early 1990s because of the high amount of suspended solids and siltation. These were caused by logging activities in the upstream areas (Lojing Highlands) (DOE 2009a; Ambak & Zakaria 2010) and sand mining activities. There are approximately 128 sand mining operations along the Kelantan River from Kuala Krai to Tumpat (Ambak et al. 2010). The volume of sand mining activity along the Kelantan River increases each year because of the high demand of sand for industry and construction.

There are two types of sources that sand is mined from, terrestrial and marine deposits. The most common terrestrial sources are river channel deposits, floodplain alluvial deposits and residual soil deposits; the marine sources are the shore and offshore deposits (Phua et al. 2004). In Malaysia, the main source of sand is from in-stream mining. This type of mining is a common practice because mining locations are usually near the “market” or along a transportation route, which can reduce transportation costs (MNR & DID 2009). Sand mining is an activity within a state’s capability and is supported by the federal government. The sand mining permits are provided by the Department of Irrigation and Drainage (DID), whereas the approval of the permits is decided by the District and Land Office (Kelantan). To date, there is no illegal set up of sand mining along the Kelantan River, except for few companies that are operating with expired sand mining permits. Overall, the Kelantan government still manages to control the number of sand mining operations along the Kelantan River. The Department of Mines, under the Ministry of Primary Industry, is the main federal agency that administers the provisions on environmental protection measures prescribed in the Mining Enactment. However, the enforcement by the Department of Irrigation and Drainage of the river sand mining guidelines and monitoring still must be strengthened. In recent years, the sand mining activities in Malaysian rivers have created several environmental problems, such as the deterioration of river water quality, bank erosion, river bed degradation and buffer zone encroachment. All of these are results of excessive sand extraction along the river. Heavy rainfall and soil erosion have resulted in severe sedimentation of Malaysian rivers. Rapid developments, such as land clearing for urban housing, logging and agriculture, have caused erosion and sedimentation in the rivers.


The Effects of Sand Mining on the River System

River sand mining causes the destruction of aquatic habitats by bed degradation, lower water levels and channel degradation (Lawal 2011). The processes associated with channel degradation are as follows: (a) large-scale removal of river sediments, (b) digging below the existing riverbed and (c) changing the channel bed form and shape (ECD 2001). All of these cause soil erosion and sedimentation in the water bodies, which reduce water quality.

The physical disturbance of the sediment while dredging the sand affects the suspended solids and increases the turbidity of the water. Turbidity occurs when there are particles in the water that absorb light and cause backscattering (Supriharyono 2004). Hitchcock and Drucker (1996) noted that very fine sand that is dispersed by dredging may be carried up to 11 km from the dredging site, fine sand may be carried up to 5 km, medium sand may be carried up to 1 km and coarse sand may be carried less than 50 m (Gubbay 2003). The turbidity-degraded water quality and the reduced light penetration within the river affect the photosynthesis rates and the primary production rates of the river. Turbidity also affects the fish populations in the river. Siltation, which causes high turbidity in the water, has depleted fish populations and caused the extinction of certain local species (Ambak & Zakaria 2010). The silt becomes clogged in the fishes’ gills (Phua et al. 2004), causing physiological stress on the fishes (Ambak & Zakaria 2010). Clogging can lead to infections and the death of the fishes. High turbidity levels also reduce the visibility of certain fish that rely on vision to feed. Changes in light composition decrease the success rate of fish to catch prey (Phua et al. 2004). Siltation also affects the spawning beds and egg hatching (Ambak & Zakaria 2010). The initial findings of Ambak et al. (2010) indicated that river siltation may lead to the local extinction of certain species and may affect the diversity of fish. Other water quality contamination includes oil spills or leakage from excavation machinery and transportation vehicles (ECD 2001) and water pollution problems (Phua et al. 2004).

River sand mining affects the river ecology from the food chain-aquatic plants-to benthic communities and also affects higher order fish and mammals (ECD 2001). Benthic habitats can be destructed by sand dredging. Suspension feeders, such as sponges, bryozoans and hydrozoans, may become clogged by the suspended sediment or stressed by the effects of sediment passing through the feeding and respiratory systems. The settlement of certain species, such as barnacles, could be affected by sedimentation. The deposition of fine sediment could affect the reproductive success of fish eggs because the sediment may reduce the buoyancy of the fish eggs. The loss of benthic organisms affects the food chains in the river ecosystem because benthic organisms provide food for commercial fish (Gubbay 2003).

Sand mining had been in operation along the Kelantan River for years. It is the main cause of high turbidity water in the river (Fig. 1). High turbidity in the river is caused by the high content of fine sediment and organic particles. This can indirectly affect the aquatic ecosystem. When the turbidity content exceeds the natural variation of turbidity and sedimentation in the area, it begins to block the light, decreasing the water transparency. The reduction of light penetration then affects the primary production of the ecosystem. The changes in production will then affect the food chain and the composition of phytoplankton (Supriharyono 2004). The total suspended solids [TSS (which includes silt and clay)] shows an identical pattern. An increase in suspended contents may affect the zooplankton by reducing the food particles that are captured and by clogging the feeding system. Previous preliminary studies between the Kelantan River and the Pengkalan Chepa River (a tributary of the Kelantan River) show that the diversity and abundance of zooplankton in the Kelantan River were far lower than in the tributary (Peck Yen et al. 2010). This may be one of the effects of turbidity and TSS on zooplankton. High solid content, such as turbidity and TSS, also cause silt to clog fish gills (Phua et al. 2004). A study by Ambak and Zakaria (2010) discovered that the turbidity contents in the Kelantan River have seriously affected the diversity of fishes in the river.


[image: art]

Figure 1: The turbidity and brownish colour of the Kelantan River due to sand mining activities (taken during sampling from November 2010 to February 2011).



Kelantan River Water Quality Status

The Department of the Environment (DOE) [Kelantan] was responsible for monitoring the water quality for the Kelantan River. The Department of the Environment detected changes of the Kelantan River’s water quality and identified the pollution sources of the river. The Water Quality Index (WQI) was used by the Department of the Environment for a baseline assessment of the watercourse in relation to pollution load categorisation and the designation of classes of beneficial use, as stipulated in the Malaysian Interim National Water Quality Standards (INWQS). The WQI was derived by using dissolved oxygen (DO), biochemical oxygen demand (BOD), chemical oxygen demand (COD), ammonia nitrogen (NH3-N), suspended solids (SS) and pH (DOE 2009b). Figure 2 shows the status of the Kelantan River’s water quality from 1998 to 2009 using the WQI. Overall, the Kelantan River was classified as a clean river because the WQI was above 80. For the last 5 years, the WQI value for the Kelantan River increased from 84 (2005) to 85 (2007 to 2009). This indicates that the water quality of the Kelantan River is improving; the higher the WQI value, the cleaner the river. The latest baseline studied by Ahmad et al. (2009) indicated that the Kelantan River has good water quality and the river was classified as class I – class III based on the INWQS criteria (Table 1). Most of the parameters, such as suspended solids and turbidity contents of the river, were still within the range of the INWQS criteria (Table 2).
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Figure 2: WQI for the Kelantan River from 1998 to 2009.

Source: DOE (2009a, b)

Note: DOE water quality classification based on the WQI.
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MATERIALS AND METHODS

Case Study of the Kelantan River Water Quality AnalysisSampling locations

Water quality analysis was conducted in the Kelantan River during the monsoon season (from November 2010 to February 2011). Five stations were selected as sampling stations: Station 1 (KK), Station 2 (TG), Station 3 (TM), Station 4 (PM) and Station 5 (KB). Figure 3 shows the location of the five sampling stations in the Kelantan River. Samples were collected monthly from November 2010 until February 2011 (N = 45 samples per stream). The surface water samples were collected in plastic bottles, stored at 4°C and transferred to the laboratory within 48 hours for further analysis. 


Table 1: Physical and chemical parameter analysis of the Kelantan River from a previous study (Ahmad et al. 2009).



	Parameters
	Units
	Values



	Temperature
	°C
	−



	Conductivity
	μS/cm
	587±33



	DO
	mg/l
	7.2±0.40



	TDS
	g/l
	−



	TSS
	mg/l
	36.6±13.52



	pH
	−
	6.4±0.41



	Turbidity
	NTU/FTU
	44.0±17.0



	Nitrogen ammonia
	mg/l
	0.08±0.02



	Nitrate
	mg/l
	0.62±0.24



	Nitrite
	mg/l
	0.06±0.01



Note: Sampling period: January 1993

Sampling methods

Analytical analysis

The physical parameters, such as water temperature (°C), water conductivity (μS/cm), total dissolved solids (TDS) (g/l), DO (mg/l) and pH were measured in situ with a YSI Model 556 (Yellow Springs, OH, USA). The turbidity level [nephelometric turbidity unit (NTU)] was read with an HACH portable Turbidimeter model 2100P (Loveland, CO, USA). The TSS and the chemical parameters (nutrients) were determined using the HACH DR/890 Colorimeter (Loveland, CO, USA): TSS (photometric method), nitrogen ammonia (salicylate method), nitrate (cadmium reduction method), nitrite (diazotisation method).

Statistical analysis

The results of the water parameters of the river are presented as the mean ± the standard deviation (mean±SD). The physico-chemical parameters were compared among the stations in the Kelantan River. Significant differences among the stations were investigated with Tukey’s HSD (Honestly Significant Difference) test at 5% level.

RESULTS AND DISCUSSION

Table 3 summarises the mean±SD of the physical and chemical parameters from the five sampling stations along the Kelantan River. The water temperature is the most important ecological factor because it controls the physiological behaviour and distribution of organisms (Krishnamoorthi et al. 2011). The water temperature of the Kelantan River ranged from 25.29°C to 25.98°C. The water conductivity of the surface water varied from 0.125 to 0.135 µS/cm. The mean water conductivity for the Kelantan River was 0.130 µS/cm. The DO levels of the Kelantan River varied from 5.60 to 6.57 mg/L, which is within the INWQS limit (Table 2). The maximum value of DO was detected at site KB and the lowest value was detected at site KK. The low DO value may be because of high organic matter content and the low flow of water. High organic matter limits primary production, and the senescence of phytoplankton increases microbial respiration that leads to the depletion of dissolved oxygen (Mandal et al. 2011; Prasanna & Ranjan 2010; Parr & Mason 2004). The distribution of low DO may be controlled by circulation in the water body (Yin et al. 2004; Radwan et al. 2003; Guasch et al. 1998). Higher flowing water has higher DO levels because of the water movement at the air-water interface (Radwan et al. 2003).


Table 2: Malaysian Interim National Water Quality Standards (INWQS).
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Figure 3: Location of the sampling sites along the Kelantan River, Kelantan, Malaysia.

Source: Wonderful Malaysia (2007)



The TDS of the surface water ranged from 0.081 to 0.084 g/l. The pH of the surface water was alkaline and fluctuated between 7.28 and 7.54. It was well within the limits (the most suitable pH for diverse aquatic ecosystems range from 7 to 8) [Maun & Moulton 1991] of the INWQS. The pH is one of the most important factors and serves as index for pollution. A pH between 7.3 and 8.4 is suitable for fish growth (Krishnamoorthi et al. 2011).

The TSS included silts and clays, which cause the brownish colour of the river system. The TSS in the Kelantan River ranged from 190.17 mg/l to 424.58 mg/l, which exceeds the INWQS limit (Table 2). The TSS value was greatest at site KK (424.58±305.40 mg/l) and smallest at site TM (190.17±88.16 mg/l). The TSS for the Kelantan River was significantly different between site KK and site TM. A TSS content between 80–400 mg/l has previously indicated the poor condition of aquatic ecosystems (Maun & Moulton 1991). The high value of TSS during the monsoon season occurred because of the floating fine silt and detritus that was carried by the rainwater from the catchment (Prasanna & Ranjan 2010). Deforestation activities upstream (Lojing Highlands) and sand mining activities caused an increase in silt and detritus at site KK. 


Table 3: Mean value±SD and Tukey test results for the physical and chemical parameters of the five sampling stations along the Kelantan River that were sampled from November 2010 to February 2011.
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Rapid changes and extremely high TSS values are stressful to fish and other aquatic organisms. The turbidity is because of the dispersion of suspended particles. It is caused by fine sediment and organic particles. The turbidity values of the Kelantan River varied from 264.98 to 672.01 NTU, which exceeded the INWQS limit (Table 2). A significant difference was found between the sites KK and TM. The highest turbidity value was observed at site KK (672±481.12 NTU) and the lowest turbidity value was observed at site TM (264.98±142.63 NTU). Abnormal values of turbidity are because of the discharge of water with floating sediments that are carried by the river from catchment areas (Prasanna & Ranjan 2010). High turbidity decreases the ability of water to transmit light. Primary productivity in the river may be reduced because of high turbidity (Krishnamoorthi et al. 2011). A previous study by Ambak and Zakaria (2010) discovered that the turbidity in the Kelantan River has seriously affected the fish population in the river.

The nitrate concentration of the Kelantan River ranged from 13.3 to 21.7 mg/l, exceeding the INWQS limit (Table 2). The maximum nitrate concentration was observed at site KB and the minimum nitrate concentration was observed at site TM. The presence of nitrates in the river could be because of anthropogenic sources, such as domestic sewage, agricultural run-off and other waste effluents which contain nitrogenous compounds (Prasanna & Ranjan 2010). The high value of nitrate concentration at site KB was because of the agricultural runoff resulting from a few agricultural sites along site KB. The nitrogen ammonia concentration varied from 0.26 to 0.41 mg/l. The ammonia concentration was lower than the nitrate concentration. This indicates a minimal influence from industrial effluents on the Kelantan River ecosystem. The nitrite concentration varied from 0.098 to 0.183 mg/l. A significant difference in nitrite concentration was found between sites KK and TM. The highest value of nitrite concentration was observed at site KK (0.183±0.122 mg/l) and lowest value was observed at site TM (0.098±0.030 mg/l).

Figure 4 (a–j) shows box plots of water temperature, conductivity, DO, pH, TSS, TDS, turbidity, nitrogen ammonia, nitrate and nitrite concentrations. There was a considerable increase in DO from site KK to site KB. The box plots for TDS, TSS and turbidity show an identical pattern of considerable decrease from site KK to site KB. The high organic contents (such as TDS, TSS and turbidity) at site KK depleted the oxygen in the water (Prasanna & Ranjan 2010). The high amount of sediment from sand dredging decreased the oxygen levels in the water by disturbing the layers of anaerobic sediment, therefore reducing the oxygen exchange in the sediments (Gubbay 2003). The box plots also show that site KK had the greatest variation in terms of TDS, TSS, turbidity, nitrogen ammonia, nitrate and nitrite compared to other sampling sites. The upstream logging (Lojing Highlands) activities, such as sand mining operations and heavy use of the local jetty, has caused site KK to vary largely in physico-chemical and nutrient parameters. Water quality is crucial for the survival and distribution of aquatic life. If certain parameters exceed the optimum or reach harmful limits, it will affect the survival and general heath of the aquatic organisms. Sedimentation and soil erosion not only lead to short term changes in the community structure of the river but also have long term implications. When the environment of the river has been changed by dredging or sand mining, it also changes the biota in the river because the biota adjust to adapt to the poor environment rather than recover from their poor condition (Gubbay 2003). Therefore, proper management must occur to prevent various parameters in the river from exceeding their limit.
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Figure 4: Mean and SD in the form of box-plots: (a) water temperature, (b) water conductivity, (c) DO, (d) pH, (e) TDS, (f) TSS, (g) turbidity, (h) nitrogen ammonia, (i) nitrate and (j) nitrite, from the five stations along the Kelantan River (November 2010–February 2011)

 


Figure 5 depicts the TSS (mg/l), plotted against discharge (m3/s). A linear relationship exists between the TSS and the discharge (Fig. 4) as described by the equation y = 0.085x + 132.6 (R2 = 0.340). There is an increase of TSS when the measured discharge in the Kelantan River increases. The maximum TSS, ranging from 115.56 to 248.78 mg/l, occurred between discharges ranging from 209.95 to 958.44 m3/s in the Kelantan River. Figure 6 shows the average monthly rainfall data. The monsoon season occurs during November and December, with almost double the rainfall volume of the dry season. In the monsoon period, the TSS value was high because of floating materials, such as fine silt and detritus that were carried by rainwater from the catchment (Prasanna & Ranjan 2010). The high volume of rainfall during the monsoon season increased the speed of discharge in the river. The TSS and turbidity were extremely high during the monsoon season.

Recommendation

Proper management of the river through sand mining monitoring is required to ensure the sustainability of the Kelantan River ecosystem. To minimise the negative effects of sand mining on the river ecosystem, the following recommendations are made:



	i.
	The local authorities, such as the Department of Irrigation and Drainage and the Department of the Environment, must enforce regulations and be strict with the monitoring of the operating sand mining companies along the river. The guidelines must be followed.



	ii.
	The state government should develop a policy that urges the miners to reinvest and repair the old (unused) mine sites. This can reduce the chance of landslides in the area.



	iii.
	Improve the understanding of the public about the effect of river sand mining on aquatic ecosystems.



	iv.
	Apart from monitoring the water quality using only physico-chemical parameters by the Department of the Environment, monitoring of the biological living communities in the river is required. The biological living communities are another environmental factor that can be assessed scientifically, and they are good indicators for river ecosystem health.
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Figure 5: The relationship between TSS (mg/l) and the discharge (m3/s) of the Kelantan River during sampling from November 2010 to February 2011.
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Figure 6: Average monthly rainfall (mm) for the Kelantan River from 2006 to 2010. Source: DOE (2009a, b).



CONCLUSION

Physico-chemical analysis of the river water in the study area demonstrated that the Kelantan River was a clean river, with the exception that certain physico-chemical parameters (such as TSS, turbidity and nitrate concentration) had increased to extremely high levels that exceed the standards of the INWQS, as a result of sand mining activities and upstream logging activities (Lojing Highlands). Site KK had the greatest variation in terms of TDS, TSS, turbidity and nutrients. The effective management of river sand mining activities must be undertaken. Proper management and planning is required to prevent further damage of the river ecosystem from sand mining. It is noted that the recovery of the river from sand mining effects may take several years depending on the environmental dynamics.
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Abstrak: Satu kajian terhadap taburan Foraminifera bentik di sekitar perairan Taman Negara Pulau Pinang, Malaysia telah dijalankan untuk mengkaji kesan aktiviti antropogenik seperti penangkapan ikan, eko-pelancongan dan akuakultur sangkar terapung. Sampel telah dikutip pada selaan 200 m bermula dari zon subpasang surut sehingga jarak 1200 m dari pantai di Teluk Bahang, Teluk Aling, Teluk Ketapang dan Pantai Acheh. Kedalaman perairan berjulat di antara 1.5 m dan 10.0 m, dengan substrat yang berlumpur di kebanyakan stesen. Analisis kualiti air menunjukkan variasi kecil dalam kepekatan mikronutrien (nitrit, NO2; nitrat, NO3; amonia, NH4 dan ortofosfat, PO4) antara stesen kajian. Suhu (29.6±0.48°C), saliniti (29.4±0.28 ppt), kandungan oksigen terlarut (5.4±0.95 mg/l) dan pH (8.5±0.13) juga menunjukkan perubahan kecil antara stesen. Sebanyak sembilan genera Foraminifera telah dikenal pasti dalam kajian ini (Ammonia, Elphidium, Ammobaculites, Bolivina, Quinqueloculina, Reopax, Globigerina, Textularia dan Nonionoides). Taburan Foraminifera bentik didominasi oleh kumpulan oportunis yang mempunyai toleransi tinggi terhadap tekanan antropogen. Ammonia menunjukkan frekuensi kepadatan yang tinggi (84.7%) diikuti oleh Bolivina (50%), Ammobaculites (44.2%) dan Elphidium (38.9%). Indeks Ammonia-Elphidium (AEI) telah digunakan untuk menunjukkan keadaan hipoksik dalam komuniti bentik di setiap lokasi. Teluk Bahang mempunyai nilai AEI yang paling tinggi. Himpunan dan taburan Foraminifera di Teluk Bahang, Teluk Aling dan Pantai Acheh tidak menunjukkan sebarang kolerasi dengan parameter persekitaran fizikal atau kimia.

Kata kunci: Foraminifera Bentik, Perairan Tepi Pantai, Amonia, Kualiti Air

Abstract: The distribution of benthic Foraminifera throughout the coastal waters of Taman Negara Pulau Pinang (Penang National Park), Malaysia was studied to assess the impact of various anthropogenic activities, such as fishing, ecotourism and floating cage culture. Samples were obtained at 200 m intervals within the subtidal zone, extending up to 1200 m offshore at Teluk Bahang, Teluk Aling, Teluk Ketapang and Pantai Acheh. The depth within coastal waters ranged between 1.5 m and 10.0 m, with predominantly muddy substrate at most stations. Water quality analysis showed little variation in micronutrient (nitrite, NO2; nitrate, NO3; ammonia, NH4 and orthophosphate, PO4) concentrations between sampling stations. Temperature (29.6±0.48°C), salinity (29.4±0.28 ppt), dissolved oxygen content (5.4±0.95 mg/l) and pH (8.5±0.13) also showed little fluctuation between stations. A total of nine genera of foraminifera were identified in the study (i.e., Ammonia, Elphidium, Ammobaculites, Bigenerina, Quinqueloculina, Reopax, Globigerina, Textularia and Nonion). The distribution of benthic foraminifera was dominated by opportunistic groups that have a high tolerance to anthropogenic stressors. Ammonia had the highest frequency of occurrence (84.7%), followed by Bigenerina (50%), Ammobaculites (44.2%) and Elphidium (38.9%). The Ammonia-Elphidium Index (AEI) was used to describe the hypoxic condition of benthic communities at all sites. Teluk Bahang had the highest AEI value. The foraminiferal assemblages and distribution in Teluk Bahang, Teluk Aling, Teluk Ketapang and Pantai Acheh showed no correlation with physical or chemical environmental parameters.

Keywords: Benthic Foraminifera, Coastal Water, Ammonia, Water Quality

INTRODUCTION

Foraminifera are increasingly being recognised as valuable indicators of the health of marine and coastal environments (Jayaraju et al. 2011; Narayan & Pandolfi 2010; Natsir 2010; Carnahan 2005). The idea of using benthic foraminiferal assemblages as proxy indicators was initiated in the 1960s (Alve 1995). Benthic foraminifera are a useful proxy for environment monitoring, especially in coastal areas, because (1) they have high preservation potential (Bousi et al. 2010), (2) their use is inexpensive and they are high in abundance (Carnahan 2005; Alve 1995), (3) they are very sensitive to even slight changes in environmental conditions (Carnahan 2005; Sen Gupta 2003; Alve 1995) and (4) foraminiferal sampling itself causes negligible impacts to the marine environment (Carnahan 2005).

Coastal areas have long been recipients of terrestrial effluents associated with various types of pollution. The fast growing human population of Pulau Pinang creates challenges for both terrestrial and marine ecosystems. Coastal areas around Pulau Pinang have already experienced many environmental changes due to such factors as land reclamation, domestic and agricultural waste and industrial effluent (Koh et al. 1997). The act of gazetting Pantai Acheh Forest Reserve as Taman Negara Pulau Pinang (Penang National Park) in 2003 may help reduce further loss of faunal and floral diversity on Pulau Pinang. However, this action does not apply to the marine ecosystem around the Penang National Park. The undefined boundaries of the open ocean means that any pollutant originating from other parts of Penang Island may be carried to and impact the coastal areas of the national park.

The goals of this study were 1) to assess the water quality of Penang National Park coastal waters, 2) to describe the distribution of benthic foraminiferal assemblages and 3) to investigate the relationship between benthic foraminifera and physical and chemical parameters.

MATERIALS AND METHODS

This study was conducted in the coastal waters of Penang National Park. Sediment samples were collected at four sampling sites (Fig. 1): Teluk Bahang (N 05′ 47.1″, E 100′ 20.8″), Teluk Aling (N 05′ 47.7″, E 100′ 19.8″), Teluk Ketapang (N 05′ 39.6″, E 100′ 15.8″) and Pantai Acheh (N 05′ 46.2″, E 100′ 16.6″). The depth of the collection sites ranged between 1.5 m and 10.0 m, with a predominantly muddy bottom at most stations.
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Figure 1: The distribution of sampling stations on the North-west side of Pulau Pinang.



Teluk Bahang is an important fishery landing ground on Pulau Pinang. Fishing, together with floating-cage culture, are major economic activities carried out in this area. Teluk Aling is situated in a sheltered coastal area where the Centre for Marine and Coastal Studies (CEMACS), Universiti Sains Malaysia (USM), is located. Teluk Ketapang is a sheltered bay with no development adjacent to its intertidal area; this location was therefore considered more pristine and appropriate for reference purposes. The Pantai Acheh sampling location was situated seaward of the mangrove ecosystem of Sungai Pinang, Balik Pulau, and is subject to salinity fluctuation as well as various anthropogenic activities (such as domestic use, aquaculture and agriculture) that discharge directly into Sungai Pinang (Nurul Ruhayu 2011) and eventually into the sea.

Samples were collected bimonthly (on October 2010, December 2010 and February 2011) during the wet northeast monsoon season (November – February). Samples were obtained along a transect in the subtidal zone at 200 m intervals, extending up to 1200 m offshore. Bulk sediments were obtained using a Ponar grab (Wildlife Supply Company, Florida, USA) from a small vessel, and these were then sub-sampled immediately on board using a hand corer with 5 cm inner diameter to give a sample with a volume of 200 ml. The sub-samples collected were transferred into 250 ml pre-labelled containers and immediately fixed with 4% formalin to minimise Foraminifera test degradation (Hulings & Gray 1971). In situ benthic environmental parameters [salinity (ppt), temperature (°C), dissolved oxygen content (mg/l) and pH] were recorded using YSI 30 and YSI 50 meters (YSI Incorporated, Ohio, USA). Water samples were collected from the base of the water column using a water sampler and kept in 1 litre polyethylene bottles.

Preserved samples were returned to the laboratory for identification and enumeration. From each 200 ml preserved sample, two 2 ml sub-samples containing sediment and Foraminifera were taken randomly. The subsamples were wet-sieved using 1000 µm and 63 µm sieves. The residue on the 63 µm sieve was then carefully transferred into a 10 ml counting chamber using distilled water (Somerfield et al. 2005). Counting and sorting were completed with the aid of a dissecting microscope (Meiji EMZ 57378, Japan). A very fine pin tip was used during the inspection of the specimens. A micro-pipette was used to pick up wet specimens and place them in 10 ml pre-labelled vials containing 70% ethanol solution for preservation purposes. Sample identification was completed based on Sen Gupta (2003), Loeblich and Tappan (1998), Millet (1970) and Cushman (1928). Selected samples were dried and a more detailed identification was made by looking at the images produce by a Scanning Electron Microscope (SEM) from Carl-Ziess SMT, Oberkochen, Germany. SEM images assisted in identification of Foraminifera by exposing fine structures on the organism. Collected sea water samples were analysed for nutrients (nitrite, NO2; nitrate, NO3; ammonia, NH4 and orthophosphate, PO4) and total suspended solids based on Strickland and Parson (1984). These nutrients are believed to be the limiting factors of phytoplankton growth in many parts of the ocean (Hales et al. 2004). Thus, it was hypothesised that the concentrations of these nutrients would influence foraminiferal distribution.

Frequency of occurrence (FO) (Narayan & Pandolfi 2010) and the Ammonia-Elphidium Index (AEI) (Sen Gupta 2003) were determined for each sample. The Ammonia-Elphidium Index value is an established indicator of hypoxia (Martinez-Colon & Hallock 2010; Sen Gupta 2003), thus this index was used to investigate the benthic condition at all sites. Correlations between water quality, environmental parameters and species assemblages were assessed using SPSS 14.0 (Bousi et al. 2010).

RESULTS AND DISCUSSION

Physical and chemical parameters showed little variation between the sampling stations [temperature (29.6±0.48°C); salinity (29.4±0.28 ppt); dissolved oxygen content (5.4±0.95 mg/l) and pH (8.5± 013)], likely due to mixing between bottom and surface water in these shallow coastal areas. The micronutrients analysed from each station showed some slight variations (Table 1). Overall, the concentration of ammonia (NH4) varied between 0.01 to 0.05 mg/l. Nitrite (NO2) and nitrate (NO3) concentrations were between 0 to 0.02 mg/l. The concentration of phosphate (PO4) had a minimum value of 0.07 mg/l and at maximum value of 0.16 mg/l. The concentration of total suspended solids varied between 71.7 mg/l and 218.3 mg/l. Nutrient analysis indicated that water quality at Teluk Bahang, Teluk Aling, Teluk Ketapang and Pantai Acheh could be classified as Class 2 according to the Malaysia Marine Water Quality Criteria and Standard (Appendix 1).


Table 1: Maximum and minimum concentrations of micronutrients in the coastal waters of Penang National Park.



	Parameters
	Min (mg/l)
	Max (mg/l)



	Ammonia (NH4)
	0.01
	0.05



	Nitrite (NO2)
	0
	0.02



	Nitrate (NO3)
	0
	0.02



	Phosphate (PO4)
	0.07
	0.16



	Total suspended solid
	71.7
	218.3



Nine genera of foraminifera were identified in this study: Ammonia, Elphidium, Bigenerina, Quinqueloculina, Reopax, Globigerina, Textularia, Ammobaculites and Nonion (Table 2). Common species such as Ammonia sp., Elphidium sp. and Bigenerina sp., were found at most of the sampling stations. Ammonia showed the highest FO, occurring at up to 84.7% of 24 sampling stations (Table 2), followed by Bigenerina (50%), Ammobaculites (44.2%) and Elphidium (38.9%). According to Hallock et al. (2003), the opportunist group includes taxa that are known to have high tolerance to anthropogenic stressors. Both Ammobaculites and Elphidium (Fig. 2) belong to this group and dominated the species assemblages at all four study sites.


Table 2: The FO and the functional group (see Hallock et al. 2003) of the foraminifera identified in this study.
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Teluk Bahang is an intensely developed bay in which much human activity takes place (e.g., cage-culture activities). The foraminiferal community at Teluk Bahang was dominated by Ammonia occurring at an average of 83.5%, followed by Elphidium (0.7%). Teluk Aling the adjacent bay situated west of Teluk Bahang showed a very similar community pattern. Ammonia again dominated, occurring at an average of 91.9% of sites, followed by Elphidium at 4.6%. In Teluk Ketapang, Ammonia occurrence was 73.8% followed by an agglutinated group, Textularia 9.5%. The Pantai Acheh coastline is characterised by a mangrove ecosystem. Ammonia (62.3%) also dominated the foraminiferal assemblage here, although at a smaller overall proportion, followed by Elphidium (18.7%).
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Figure 2: Two most common Foraminifera genera collected in the coastal waters of Penang National Park: (a) Ammonia sp., (b) Elphidium sp.



The AEI was formerly established as an indicator of hypoxic conditions. Studies have shown that the AEI correlates strongly with sediment hypoxia (Sen Gupta & Platon 2006). The high AEI in Teluk Bahang (99.2) suggests that this site may be subject to hypoxia (Carnahan et al. 2009). Teluk Aling also had a high AEI (94.9), suggesting an influence of hypoxia in the sediment. The highly reduced number of Elphidium in Teluk Ketapang also resulted in a high value of the AEI (95.8), indicating greater hypoxic conditions in Teluk Ketapang. The AEI was lowest (75.1) in the Pantai Acheh sampling site, indicating a lower influence of hypoxia at this site (Carnahan et al. 2009; Sen Gupta 2003).

There was no correlation between the measured physical parameters or micronutrients (other than nitrate, r = 0.214; 0.207) and the occurrence of the two major genera, Ammonia and Elphidium (Table 3). Other studies have shown that Ammonia species tend to dominate the foraminiferal assemblage in coastal areas under the influence of anthropogenic stressors (Martinez-Colon & Hallock 2010; Alve 1995). The dominance by members of the stress tolerant group (Ammonia and Elphidium) indicates that Teluk Aling was under greater stress compared to other study sites; Teluk Bahang was the second most impacted site, followed by Pantai Acheh and Teluk Ketapang. The highest AEI value was recorded in Teluk Bahang suggesting greater exposure to hypoxic conditions, possibly associated with an increased input of organic matter from fisheries activities (including floating-cage culture). Therefore, the conditions in Teluk Bahang were unfavourable to most foraminiferal species except those of the stress tolerant group, such as Ammonia spp., Ammobaculites spp. and Elphidium spp. The foraminiferal assemblages and distribution at all study sites showed no correlation with the measured physical and chemical environmental parameters. A slight correlation between nitrate with Ammonia spp. and Elphidium spp. was too low to effect the distribution of foraminifera.


Table 3: Pearson’s correlation (r values) of physical and chemical properties of seawater with species abundance.



	Parameter
	Species



	Ammonia
	Elphidium



	Total suspended solid
	−0.058
	−0.087



	Nitrite
	−0.052
	−0.043



	Nitrate
	 *0.214
	 *0.207



	Ammonia
	−0.093
	  0.079



	Orthophosphate
	  0.053
	  0.066



	Temperature
	−0.115
	  0.042



	Salinity
	  0.049
	−0.148



	Dissolved oxygen
	  0.135
	  0.116



	pH
	  0.004
	−0.142



Notes: N=144, *significant at p<0.05

CONCLUSION

The study showed that two closely situated sites, Teluk Bahang and Teluk Aling, are most likely to suffer greater environmental stress. The dominant species at Teluk Aling were all members of the stress tolerant group, while Teluk Bahang was influenced by hypoxic conditions. It was not possible to conclusively determine the most polluted site because the distribution of nutrients between stations was within the normal range for a marine system. The domination of Ammonia in the species assemblages indicates that all sites were subject to pollution. However, the type of pollution is yet to be determined. Pollutants, such as heavy-metal or total organic carbon, could influence the assemblage patterns of foraminifera in Pulau Pinang coastal waters. Further studies of foraminiferal distribution and assemblages in relation to such factors should be undertaken.
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Appendix 1: Malaysia Marine Water Quality Criteria and Standard.



	Parameter
	Class 1
	Class 2
	Class 3
	Class 4



	Beneficial uses
	Preservation, marine protected areas, marine parks
	Marine life, fisheries, coral reefs, recreational and mariculture
	Ports, oil and gas fields
	Mangrove estuarine and river-mouth water



	Dissolved oxygen (mg/l)
	>80% saturation
	5
	3
	4



	Ammonia (mg/l)
	  0.035
	  0.070
	  0.320
	  0.070



	Nitrite (mg/l)
	  0.010
	  0.055
	1.000
	  0.055



	Nitrate (mg/l)
	  0.010
	  0.060
	1.000
	  0.060



	Phosphate (mg/l)
	  0.005
	  0.075
	  0.670
	  0.075



	Total suspended solid (mg/l)
	25 mg/l or ≤10% increasein seasonalaverage,whichever islower
	50 mg/l (25mg/l) or ≤ 10%increase inseasonalaverage,whichever islower
	100 mg/l or ≤10% increasein seasonalaverage,whichever islower
	100 mg/l or ≤30 % increasein seasonalaverage,whichever islower



Source: Department of Environment Malaysia (2010).
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Abstrak: Demam kepialu masih merupakan suatu masalah kesihatan yang serius di negara-negara membangun, dan kemunculan strain rintang-multidrug (MDR) telah mengurangkan pilihan terapeutik untuk rawatan penyakit ini. National Salmonella and Escherichia Centre di Kasauli, India telah menerima sebanyak 128 pencilan Salmonella Typhi pada tahun 2008–2009. Pencilan-pencilan ini telah dinilai untuk rintangan antimikrob, prevalent resistotypes dan perkadaran strain MDR, menggunakan kaedah standard untuk 11 antimikrob. Suatu penurunan yang mendadak dalam perkadaran strain MDR telah diperhatikan. Hanya 4.7% daripada pencilan didapati MDR dengan resistotypes chloramphenicol-ampicillin-streptomisin-asid nalidiksik-trimethoprim (C-A-S-Na-Tr) dan chloramphenicol-ampicillin-asid nalidiksik-trimethoprim (C-A-Na-Tr), yang nilainya lebih rendah jika dibandingkan dengan kajian-kajian lain di India. Rintangan asid nalidiksik didapati wujud dalam 93.8% pencilan. Lebih-lebih lagi, perbezaan dalam min minimum inhibitory concentration (MIC) bagi ciprofloxacin untuk strain rintangan asid nalidiksik dan strain peka asid nalidiksik didapati signifikan (p<0.001), yang membawa perhatian kepada penggunaan lanjutan ciprofloxacin dalam rawatan demam kepialu kerana potensi kegagalan rawatan. Kadar rendah strain MDR meningkatkan kebarangkalian first-line drugs untuk rawatan demam kepialu.

Kata kunci: Rintangan Multi-drug, Salmonella Typhi, Rintangan Antimikrob

Abstract: Typhoid fever continues to remain a major health problem in the developing world, and the emergence of multidrug-resistant (MDR) strains has further reduced therapeutic options for treatment of the disease. The National Salmonella and Escherichia Centre in Kasauli, India received 128 Salmonella Typhi isolates during 2008–2009. These were evaluated for antimicrobial resistance, prevalent resistotypes and the proportion of MDR strains, using standard methods for 11 antimicrobials. An abrupt decrease in the proportion of MDR strains was observed. Only 4.7% of the isolates were found to be MDR with resistotypes chloramphenicol-ampicillin-streptomycin-nalidixic acid-trimethoprim (C-AS-Na-Tr) and chloramphenicol-ampicillin-nalidixic acid-trimethoprim (C-A-Na-Tr), which is very low compared to other studies from India. Nalidixic acid resistance was found to be present in 93.8% of the isolates. Moreover, the difference in the mean minimum inhibitory concentration (MIC) of ciprofloxacin for nalidixic acid-resistant and nalidixic acid-sensitive strains was found to be statistically significant (p<0.001), which calls into question the further use of ciprofloxacin for the treatment of typhoid fever because of potential treatment failures. The low proportion of MDR strains increases the possibility of first-line drugs for the treatment of typhoid fever.

Keywords: Multidrug Resistance, Salmonella Typhi, Antimicrobial Resistance


INTRODUCTION

Enteric fever continues to be a major health problem despite the use of antibiotics and the development of novel antibiotics. The highest proportion of reported cases and deaths have been reported in Asia, followed by Africa and Latin America (WHO 1996). Approximately 22 million new cases of enteric fever have been reported to occur annually, resulting in 200,000 deaths (Crump et al. 2004). Salmonella enterica serovars Typhi and Paratyphi A are the predominant aetiological agents responsible for enteric fever in India (Jesudason & John 1992).

Since 1948, chloramphenicol has effectively reduced the morbidity and mortality associated with typhoid fever (Woodward et al. 1948); however, the emergence of chloramphenicol-resistant strains has rendered it less effective (Paniker & Vimala 1972). Treatment has been further complicated by the emergence of antimicrobial resistance to ampicillin and cotrimoxazole. In India, antibiotic resistance in S. Typhi strains has been reported since 1960, and the first outbreak of multidrug-resistant (MDR) S. Typhi was reported in Calicut (Agarwal 1962).

Since then, MDR S. Typhi (MDRST) strains have been reported in India (Jesudason & John 1990), Pakistan, the Arab Gulf (Rowe et al. 1990) and Vietnam (Rowe et al. 1997). MDR strains have subsequently developed resistance to fluoroquinolones (Rowe et al. 1995). Moreover, an epidemic of quinolone-resistant MDRST has also been reported in Tajikistan (Murdoch et al. 1998). A decrease in the incidence of MDRST has been reported in several studies from India (Chande et al. 2002; Saha et al. 2002; Sanghavi et al. 1999). A decline in MDR isolates with no corresponding increase in sensitive strains has been reported in Bangladesh (Rahman et al. 2002); in contrast, a resurgence of resistant strains has been reported in Ludhiana, India (Kumar et al. 2002).

Therefore, we evaluated the status of MDR strains of S. Typhi in the country to clarify the present status of MDR among typhoid bacillus.

MATERIALS AND METHODS

Test Strains

The study included 128 S. Typhi isolates received during the years 2008–2009 at the National Salmonella and Escherichia Centre (the National Reference Laboratory for serotyping of Salmonella and Escherichia coli), Central Research Institute, Kasauli, India. The isolates were obtained from blood samples (received from different parts of India), and the ages of the patients ranged from 1.5 months to 69 years.

Biochemical Identification

Biochemical identification of the isolates was performed as described by Holt et al. (1994). Briefly, the sample was inoculated on a MacConkey agar plate and incubated at 37°C overnight. Using a well-isolated colony from the MacConkey agar plate, various biochemical media were inoculated and incubated overnight at 37°C. Subsequently, the results were observed and interpreted.

Serological Identification

The serological identification of the isolates was performed as described by Popoff & Minor (1992). Briefly, the isolate was inoculated on a nutrient agar slant and incubated at 37°C overnight. A small amount of the culture was picked up from the slant and emulsified in normal saline on a glass slide. The emulsified culture was then mixed separately with various antisera [(Anti-O9, Anti-O12, Anti-Vi and Anti-Hd) Becton-Dickinson, USA] and observed for agglutination.

Disc Diffusion Susceptibility Testing

The antibiotic susceptibility patterns of the isolates were determined by the Kirby-Bauer disk diffusion method according to the Clinical and Laboratory Standards Institute (CLSI) guidelines and interpretative criteria [National Committee for Clinical Laboratory Standards (NCCLS) 2000] using antibiotic discs (Hi Media Lab. Pvt. Ltd., Mumbai, India), viz., cefotaxime (30 µg), ceftazidime (30 µg), ciprofloxacin (5 µg), tetracycline (30 µg), chloramphenicol (30 µg), streptomycin (10 µg) ampicillin (10 µg), gentamicin (10 µg), kanamycin (30 µg), nalidixic acid (30 µg) and trimethoprim (5 µg). Briefly, a well-isolated single colony was inoculated in peptone water and incubated for 4–6 hrs. The growth was adjusted to match 0.5 MacFarland standards (NCCLS 2000). The adjusted inoculum was applied to dried Mueller-Hinton agar. Antimicrobial discs were applied to the inoculated plates and incubated overnight at 37°C. Subsequently, the plates were read and the results were interpreted as sensitive, intermediate or resistant. Escherichia coli strain ATCC 25922 was used as the control.

Determination of Minimum Inhibitory Concentration

The minimum inhibitory concentrations (MICs) were determined by the agar dilution method (CLSI, 2006) using purified antibiotic powders (Hi Media Laboratories, Pvt. Ltd., Mumbai, India). Briefly, several dilutions of the antibiotics were prepared in the plates by adding the required amount of the antibiotic in the molten Mueller-Hinton agar. The test strains were inoculated onto the Mueller-Hinton agar plates containing different dilutions of antibiotic and incubated at 37°C overnight. The plates were observed and the MIC was the highest dilution of antibiotic inhibiting the growth of the test strain.

Statistical Analysis

The mean MICs of ciprofloxacin for the nalidixic acid-resistant and nalidixic acid-sensitive strains were analysed using Student’s t-test.

RESULTS

Of the 128 isolates, only 6 MDR isolates were encountered (Table 1). Susceptibility to ceftazidime, ciprofloxacin and gentamicin was observed for 100% of the isolates in the year 2008, whereas in the year 2009, the susceptibility remained the same for ciprofloxacin and ceftazidime but decreased to 97.44% for gentamicin. The highest resistances were to nalidixic acid in both years. No resistance was observed for cefotaxime, ceftazidime, ciprofloxacin, tetracycline, gentamicin, and kanamycin during the study period. In total, 10% of the strains were found to be resistant for chloramphenicol, ampicillin, streptomycin and trimethoprim in the year 2008, whereas a decreased proportion (1.28%) was found to be resistant for the same antibiotics in the year 2009. Susceptibility to all tested drugs was found in 6.25% of the isolates. Of the three resistotypes, two MDR resistotypes were observed (Table 2), and most of the isolates were found to be resistant to nalidixic acid. The difference in the mean MIC values of ciprofloxacin for nalidixic acid-resistant S. Typhi (NARST) and nalidixic acid-sensitive S. Typhi (NASST) was found to be statistically significant (p<0.001).

The MIC range for the nalidixic acid-resistant strains was 480–960 µg/ml, and those for chloramphenicol, ampicillin, streptomycin and trimethoprim were 32–64 µg/ml, 32–512 µg/ml, 32–64 µg/ml and 20–40 µg/ml, respectively (Table 3).


Table 1: Antibiogram pattern of S. enterica serovar Typhi strains.
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Table 2: Resistotypes observed during the study period.



	Resistotypes
	Percentage of isolates*



	2008
	2009



	C-A-S-Na-Tr
	8
	1.3



	C-A-Na-Tr
	2
	–



	Na
	96
	93.6



Notes: C-chloramphenicol; A-ampicillin; S-streptomycin; Na-nalidixic acid; Tr-trimethoprim
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Table 3: MICs among S. enterica serovar Typhi isolates during 2008–2009.



	S. no.
	Antibiotic
	MIC (μg/ml)



	Sensitive
	Intermediate
	Resistant



	1.
	Cephotaxime
	0.014–1.875
	20
	–



	2.
	Chloramphenicol
	0.9375–7.5
	20
	32–64



	3.
	Ceftazidime
	0.059–3.75
	–
	–



	4.
	Ciprofloxacin
	0.0097–0.78*
	–
	–



	5.
	Tetracycline
	0.237–7.5
	10
	–



	6.
	Ampicillin
	0.3125–5.0
	–
	32–512



	7.
	Streptomycin
	2.5–5.0
	10
	32–64



	8.
	Gentamicin
	0.029–2.5
	10
	–



	9.
	Kanamycin
	1.875–7.5
	30
	–



	10.
	Nalidixic acid
	3.75–7.5
	–
	480–960



	11.
	Trimethoprim
	0.015–0.625
	–
	20–40



Note: *Difference between mean MIC of ciprofloxacin for NARST and NASST was statistically significant, compared by Student’s t-test.

DISCUSSION

Since 1948, chloramphenicol had been the treatment of choice for typhoid fever until the emergence of chloramphenicol-resistant S. Typhi in the early 1970s, which caused outbreaks in Mexico, South India, Vietnam, Korea and Thailand (Srivastava & Aggarwal 1994). Chloramphenicol has been reported to reduce mortality from approximately 20% to 1%, along with a decrease in the duration of the fever from 14–28 days to 3–5 days (Mandal et al. 2004). After the emergence of chloramphenicol-resistant strains, ampicillin and cotrimoxazole were found to be effective alternative drugs; however, the explosive emergence of strains of S. Typhi with resistance to trimethoprim and ampicillin has caused many problems in developing countries.

Since 1989, outbreaks caused by S. Typhi resistant to streptomycin, sulphonamides and tetracycline have been reported in many countries, especially Pakistan and India (Mandal 1990). Such strains have been termed MDR. MDR strains have also caused outbreaks in Bangladesh (Albert et al. 1991), several countries in Southeast Asia (Tinya-Superable et al. 1995) and South Africa (Mourad et al. 1993). Outbreaks associated with immigrant workers from the Indian subcontinent have also been reported in the Arabian Gulf (Wallace et al. 1993).

MDR strains are a major therapeutic concern for physicians in developing countries. Contributing factors may include drug misuse and inappropriate prescribing practices as well as intrinsic plasmid-mediated factors. MDRST has been reported to cause severe illness resulting in serious complications and high mortality (Pang et al. 1995). The increased virulence of MDR strains may be due to the presence of other virulence genes on its R-plasmid.

Of the 128 isolates of the S. Typhi strain, 122 (95.3%) were found to be susceptible for chloramphenicol, ampicillin and trimethoprim (Table 1). In the present study, the re-emergence of susceptibility to historically used drugs in strains of S. Typhi was observed in higher proportions than those reported from New Delhi and Kolkata (Raveendran et al. 2008; Sen et al. 2007; Achla et al. 2005), with the exception of one study from northern India which reported 96% sensitivity to chloramphenicol (Madhulika et al. 2004). The results of the present study are in agreement with other studies from the central west part of India, which also reported sensitivities to chloramphenicol, ampicillin and trimethoprim (Nagshetty et al. 2010; Krishnan et al. 2009) except for Nagur that reported 100% resistance to these drugs (Tankhiwale et al. 2003).

The re-emergence of susceptibility to these drugs may be a result of the emergence of de novo susceptible strains or the loss of high molecular weight self-transmissible plasmids (Misra et al. 2005). However, resistance may develop again if MDR strains are able to transfer their R-plasmids, which encode resistance determinants, to the strains sensitive to these drugs.

These findings may be of immense importance to health authorities in order to rationalise the policy of empirical treatment of typhoid fever. Furthermore, a return to the use of these drugs includes advantages such as their availability in the developing world, lower cost and well-established clinical efficacy (Kumar et al. 2009). It should be noted that the risk of relapse and the development of a carrier state have been found to be higher among patients treated with ampicillin than those treated with chloramphenicol (Sood et al. 1999). The values of the MICs for sensitive, intermediate and resistant isolates for different antibiotics used in the study are well within the ranges specified by CLSI (2006), except for streptomycin, for which there is no clear consensus regarding the interpretation of susceptibility test results. In the present study, the MIC values of streptomycin ranged from 2.5–5 µg/ml and 32–64 µg/ml for sensitive and resistant isolates respectively whereas it was found to be 10 µg/ml for the isolates having intermediate susceptibilities (Table 3).

Although streptomycin has not used to treat Salmonella infections, testing for susceptibility to streptomycin is widely used as an epidemiological marker (Doran et al. 2006). For example, resistance to streptomycin is part of the characteristic phenotype of S. Typhi resistance to chloramphenicol, ampicillin, streptomycin and trimethoprim.

External quality assessment exercises involving laboratories across Europe that report susceptibility test results for isolates of Salmonella have found that agreement between laboratories, although quite high overall, was least satisfactory for streptomycin (Threlfall et al. 1999). One reason for this poor agreement is the absence of widely accepted criteria for the interpretation of susceptibility testing for streptomycin.

The CLSI specifies a disk content (10 µg), a method and interpretative criteria (susceptible, ≥15 mm; intermediate, 12–14 mm; resistant, ≤11 mm) for the disk diffusion susceptibility testing of streptomycin against Enterobacteriaceae (CLSI 2006). Unlike most antimicrobial agents, however, there are no corresponding CLSI interpretative criteria for dilution susceptibility testing.

Although several individual studies have been conducted to assess the interpretative criteria for dilution susceptibility testing of streptomycin (Bywater et al. 2004; Madsen et al. 2000), the re-evaluation of interpretative criteria for susceptibility testing of streptomycin against Enterobacteriaceae has received a low priority due to little clinical interest.

In the present study, a significant decrease in the proportion of MDR strains (Table 2) was found compared to earlier reports that indicated multidrug resistance of up to 64.2% (Nagshetty et al. 2010; Krishnan et al. 2009; Madhulika et al. 2004; Tankhiwale et al. 2003). Surprisingly, MDR strains did not replace or gain a survival advantage over susceptible strains, as both susceptible and resistant strains were isolated. However, a significant decrease in the proportion of MDR strains was observed, indicating that the MDR typhoid epidemic in the country is waning. Similar observations have also been reported from other studies in the country (Nagshetty et al. 2010; Krishnan et al. 2009; Madhulika et al. 2004).

Moreover, contrary to earlier studies (Rahman et al. 2002; Jesudason et al. 1996), the proportion of isolates susceptible to all antimicrobials except nalidixic acid was found to be relatively high, indicating the emergence of susceptible strains of S. Typhi. This may be due to the much lower proportion of MDRST, thereby reducing the possibility of horizontal transfer of the R-plasmid to other strains.

Continuing previous work from our laboratory (Kumar et al. 2009), isolation of high proportions of NARST were still observed in 2009, although they were lower than in 2008. Resistance to nalidixic acid is a marker for low-level resistance to ciprofloxacin, which may result in treatment failures (Walia et al. 2005). The present study shows that in 2009 the NARST isolates showed higher MIC values of ciprofloxacin compared to those in NASST [p<0.001]. These values are similar to the study of the isolates in 2008 (Kumar et al. 2009). Therefore, the high proportion of NARST raises doubts concerning the efficacy of ciprofloxacin for the treatment of typhoid fever.

Considering the higher MIC values for ciprofloxacin in S. Typhi, the low proportion of MDRST indicates that reintroduction of cheaper first-line antibiotics may be effective. However, continued surveillance on antimicrobial susceptibility patterns and the study of MDR is necessary before a definitive statement can be made.
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Abstrak: Dalam kajian ini, Centella asiatica dan permukaan tanah telah dikumpul daripada 12 kawasan pensampelan di Semenanjung Malaysia dan ditentukan kepekatan barium (Ba). Julat kepekatan Ba (µg/g berat kering) dalam tanah adalah dari 63.72 ke 382.01 µg/g manakala di dalam C. asiatica adalah antara dari 5.05 ke 21.88 µg/g untuk akar, 3.31 ke 11.22 µg/g untuk daun dan 2.37 ke 6.14 µg/g untuk batang. Di dalam  C. asiatica, pengumpulan Ba didapati tertinggi di akar dan diikuti oleh daun dan batang. Pekali korelasi (r) Ba antara tumbuh-tumbuhan dan tanah didapati mempunyai hubungan yang signifikan dengan yang tertinggi di antara akar-tanah (r+0.922, p<0.05), diikuti oleh daun-tanah (r=0.848, p<0.05) dan batang-tanah (r=0.848, p<0.05). Ini menunjukkan tiga bahagian C. asiatica adalah biomonitor yang baik untuk pencemaran Ba. Untuk kajian pemindahan, empat tapak telah dipilih sebagai tidak tercemar [(Universiti Putra Malaysia (UPM)], tapak separuh tercemar (Seri Kembangan dan Balakong) dan tercemar (Juru). Berdasarkan kajian pemindahan di bawah bidang eksperimen dan keadaan makmal, kepekatan Ba di dalam C. asiatica adalah lebih tinggi secara signifikan (p<0.05) selepas tiga minggu pendedahan di Seri Kembangan, Balakong dan Juru. Oleh itu, dapatan eksperimen ini mengesahkan bahawa daun, batang dan akar boleh mencerminkan tahap Ba dalam tanah di mana C. asiatica ditemui. Selepas tiga minggu dan dipindahkan kembali ke tanah yang bersih, tahap Ba di dalam C. asiatica adalah masih lebih tinggi daripada peringkat awal Ba walaupun penghapusan berlaku. Kesimpulannya, daun, batang dan akar C. asiatica adalah biomonitor yang baik untuk mengesan pencemaran Ba.

Kata kunci: Barium, Centella asiatica, Korelasi Pekali, Pemindahan, Biomonitor

Abstract: In this study, Centella asiatica and surface soils were collected from 12 sampling sites in Peninsular Malaysia, and the barium (Ba) concentrations were determined. The Ba concentration [µg/g dry weight (dw)] was 63.72 to 382.01 µg/g in soils while in C. asiatica, Ba concentrations ranged from 5.05 to 21.88 µg/g for roots, 3.31 to 11.22 µg/g for leaves and 2.37 to 6.14 µg/g for stems. In C. asiatica, Ba accumulation was found to be the highest in roots followed by leaves and stems. The correlation coefficients (r) of Ba between plants and soils were found to be significantly positively correlated, with the highest correlation being between roots-soils (r=0.922, p<005), followed by leaves-soils (r=0.890, p<005) and stems-soils (r=0.848, p<005). This indicates that these three parts of C. asiatica are good biomonitors of Ba pollution. For the transplantation study, four sites were selected as unpolluted [(Universiti Putra Malaysia (UPM)], semi-polluted (Seri Kembangan and Balakong) and polluted sites (Juru). Based on the transplantation study under experimental field and laboratory conditions, Ba concentrations in C. asiatica were significantly (p<0.05) higher after three weeks of exposure at Seri Kembangan, Balakong and Juru. Thus, these experimental findings confirm that the leaves, stems and roots of C. asiatica can reflect the Ba levels in the soils where this plant is found. Three weeks after back transplantation to clean soils, the Ba levels in C. asiatica were still higher than the initial Ba level even though Ba elimination occurred. In conclusion, the leaves, stems and roots of C. asiatica are good biomonitors of Ba pollution.

Keywords: Barium, Centella asiatica, Correlation Coefficient, Transplantation, Biomonitor

INTRODUCTION

Barium (Ba) is a silvery-white alkaline earth metal that occurs naturally in different compounds. Ba and its compounds have a variety of uses including as getters in electronic tubes, rodenticide, colourant in paints and x-ray contrast medium (ATSDR 2007). Ba is relatively abundant in the earth’s crust, with mean values ranging between 265 and 835 µg/g dry weight (dw) depending on the soil type (Lide 2005). According to a report by the Department of Environment (DOE) in Malaysia, naturally occurring concentrations of Ba in soils range between 5 and 21 µg/g (DOE 2009). Ba is not a very mobile element in most soil systems due to the formation of water-insoluble salts and their partition into soils and sediments (WHO 2001). Ba can be transported in the atmosphere, surface waters, soil runoff and groundwater.

Ba has not been reported as an essential trace element for plants, and it was included in a list of elements that pose a risk to human health and are most commonly found in cases of soil contamination (USEPA 2003; CETESB 2001). Ba absorption by plant species grown in polluted areas has been observed by Abreu et al. (2012). Pais et al. (1998) found that Ba contents of 200 mg/kg could be moderately toxic and that 500 mg/kg could be considered toxic for plants (Pais et al. 1998). Therefore, there is increasing concern regarding Ba in plants, especially in edible plants, because Ba can cause discomfort or damage in the human body. The ingestion of Ba can result in several human health problems: muscular paralysis, gastrointestinal disturbances, heart damage, high blood pressure, and, in some cases, even death (USEPA 2009; Lenntech 2005). Thus, the monitoring of Ba accumulation in soil and plants deserves attention in local and international environmental legislation.

Centella asiatica (L.) is commonly known as pennywort or pegaga in Malaysia. It is a creeping plant belonging to the Umbelliferae family. The aerial part of the plant is used for medicinal purposes. Ba concentrations in plant become a main concern because these metals may be transferred and accumulated in the body of animals or human beings through the food chain. Currently, there is no established background level of Ba in soils and in edible C. asiatica for Malaysia. Therefore, the objectives of this study were as follows: (1) to determine the background levels of Ba in soils and in C. asiatica from Peninsular Malaysia and (2) to assess the potential of C. asiatica as a good biomonitor of Ba based on correlation analysis.


MATERIALS AND METHODS

Sample Collection

A total of 12 sampling sites were allocated for plant and soil sample collection in Peninsular Malaysia (Fig. 1). C. asiatica individuals with a maturity of 2–4 months were collected and placed in plastic bags. Surface soil (3–5 cm depth) was also collected into plastic bags with a plastic scoop. The plants were separated into three main parts, namely, leaves, stems and roots, in the laboratory.
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Figure 1: Map showing the sampling sites in Peninsular Malaysia.

Notes: 1-Port Kelang, 2-Senawang, 3-Seremban, 4-Kepala Batas, 5-Kempas, 6-Pontian, 7-Permatang Pauh, 8-Kalangan, 9-Butterworth, 10-Universiti Putra Malaysia (UPM), 11-Arau, 12-Wakaf Baru



Transplantation Study

For the transplantation study, C. asiatica was obtained from University Agricultural Park (UAP), Universiti Putra Malaysia (UPM) and planted for 2 months to achieve maturity. The plants were acclimatised for 1 week before being transferred to the study sites. Four sites were selected, namely, UPM’s UAP, Balakong and Seri Kembangan in Selangor, and Juru in Pulau Pinang, for experimental study. UAP was selected because it is an agricultural area whereas Balakong, Seri Kembangan and Juru are industrial areas. Prior to transplantation, soils from UPM, Seri Kembangan, Balakong and Juru were collected and analysed for Ba levels. The results show that Ba concentration in the soil was 362.74 µg/g dw for Juru, 209.77 µg/g dw for Seri Kembangan, 201.22 µg/g dw for Balakong and 112.99 µg/g dw for UPM at week 0. Based on the Ba levels, UPM was categorised as a clean site, Seri Kembangan and Balakong as semi-polluted sites and Juru as a polluted site. The transplantation studies were carried out in both laboratory and field conditions.

For the experimental field conditions, the plants were transferred from UPM (control) to the semi-polluted sites (Balakong and Seri Kembangan) and the polluted site (Juru) from week 0 to week 3. For the control, soil was obtained from the top soil in UAP. Afterwards, the plants were back-transplanted from the semi-polluted and polluted sites to the control site at week 3 and exposed for another 3 weeks (until week 6). For the experimental laboratory conditions, soils from UPM, Balakong, Seri Kembangan and Juru were collected and placed onto trays. At week 0 to week 3, plants from the control trays were transferred to trays containing soils collected from the semi-polluted sites and the polluted site. From week 3 to week 6, the plants from the semi-polluted and the polluted trays were back-transplanted to the control trays.

Three replicates were performed for each site (3 trays of 75 x 75 cm for the field study and 3 trays of 60 x 35 x 10 cm for the laboratory study). The plants were transplanted every 3 weeks because transplantation work normally has an obvious effect after 2 weeks (USEPA 1996). The plants were harvested every 3 weeks. Soils samples were also collected at week 0 and week 6.

Neutron Activation Analysis (NAA) (IAEA 2003; USEPA 2001).

The plant and soil samples were dried in an oven for 72 hours at 60°C to obtain constant dry weights. The dried samples were ground using an electronic agate homogeniser to obtain homogenous powder of approximately 2 mm mesh size to ensure the elements within each sample were uniformly distributed. Then, these samples were stored in polyethylene bottles for future analysis.

For irradiation, all the homogenous powder samples were shaken manually, had weights ranging between 0.15–0.20 g and were transferred into polyethylene vials and heat-sealed. The irradiations were performed in the TRIGA MARK II reactor at the Agensi Nuklear Malaysia (NUKLEAR MALAYSIA), Bangi, Selangor (Malaysia). Ba is a long-lived radioisotope that has a 12-day half-life. Hence, long irradiation with neutron flux of 4–5 x 1012 n/cm2 was used. After irradiation, the radioactivity measurement of the samples was carried out after an appropriate cooling time using various close-end coaxial high purity germanium detectors (Model GC3018, CANBERRA Inc. and Model GMX 20180, EG4G ORTEC Nuclear Instrument) and their associated electronics. The cooling time for the counting varied between 3–6 days. The live time for the counting of Ba was 3600 seconds (IAEA 2003; USEPA 2001).

IAEA-SOIL-7 Certified Reference Material (CRM), SRM 1573a Tomato Leaves and 1575a Pine Needles were prepared in identical conditions and used as quality controls for each patch. The recovery of Ba based on CRM was 79.43% for IAEA-SOIL-7 (CRM certified value: 159.00±7.95 µ/g dw; measured value: 126.30±3.15 µ/g dw), 129.71% for SRM 1573a Tomato Leaves (CRM certified value: 63.00±7.95 µ/g dw; measured value: 81.72±32.66 µ/g dw) and 111.14% for 1575a Pine Needles (CRM certified value: 6.00±0.20 µ/g dw; measured value: 5.00±0.09 µ/g dw). According to Barney (2011), the acceptable recovery ranges for NAA are 70% to 120%; therefore, Ba recovery was accepted.

Geochemical Index

The Enrichment Factor (EF) was utilised to differentiate between metals originating from human activities and those from natural sources. Additionally, it can also assess the degree of anthropogenic influence. The value of the EF was calculated by a modified formula suggested by Buat-Menard and Chesselet (1979):
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where

Cn (sample) = the concentration of the examined metal

Cref (sample) = the concentration of the reference metal

Bn (baseline) = the content of the examined metal

Bref (baseline) = the content of the reference metal.

Titanium (Ti), Aluminum (Al) and Iron (Fe) were selected for normalising Ba concentrations in the samples due to Ba being a conservative element that is known to be derived mainly from crustal weathering (Schütz & Rahn 1982). The baseline values were selected from elemental concentrations in the continental crust [(Ba – 584 ppm, Al – 79600 ppm, Ti – 4010 ppm and Fe – 43200 ppm; Wedepohl 1995) (Ba – 425 ppm, Al – 83200 ppm, Ti – 3800 ppm and Fe – 83200 ppm; Taylor 1964)] because baseline values have not been established for Malaysia; thus, the reference values are based on the global average values. EF values are categorised in Table 1 according to Han et al. (2006).


Table 1: Contamination categories based on EF (Han et al. 2006).



	EF
	Degree of contaminations



	<2
	Deficiency to minimal enrichment



	2–5
	Moderate enrichment



	5–20
	Significant enrichment



	20–40
	Very high enrichment



	>40
	Extremely high enrichment



The geoaccumulation index (Igeo) can be calculated by the following equation (Yap & Pang 2011):
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where

Cn = the concentration of the examined metal

Bn = the content of the reference metal.

Factor 1.5 is the background matrix correction factor due to lithogenic effects. Because we did not have the background values of the metals of interest, we adopted the earth crust values in the Igeo calculation, as we did in the EF calculation (Wedepohl 1995; Taylor 1964). Igeo values are categorised in Table 2 according to Muller (1981).

The concentration factor can be used to determine the uptake of Ba by plants for transplantation studies (week 0–3). It was calculated according to Yap et al. (2004):

[image: art]

The rate of Ba accumulation was calculated according to the following formula (Yap et al. 2004):
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The elimination factor can be used to determine the elimination of Ba by plants for the transplantation studies (week 3–6). It was calculated according to Yap et al. (2004):
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The rate of Ba elimination was calculated according to the following formula (Yap et al. 2004):
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Statistical analyses were performed using the statistical software SPSS software version 17.0 for Windows. An analysis of variance (ANOVA), the Student Newman Keuls (SNK) test and the Post hoc test were applied. Additionally, the STATISTICA (StatSoft Inc., USA) version 8 software was also used to determine the correlation coefficient.


Table 2: Igeo in relation to pollution extent according to Müller (1981).



	Igeo values
	Igeo class
	Pollution intensity



	>5
	6
	Very strongly polluted



	4–5
	5
	Strongly to very strongly polluted



	3–4
	4
	Strongly polluted



	2–3
	3
	Moderately to strongly polluted



	1–2
	2
	Moderately polluted



	0–1
	1
	Unpolluted to moderately polluted



	<0
	0
	Unpolluted



RESULTS

Based on Figure 2, the level of Ba in soils from the 12 sampling sites, i.e., the range of Ba concentration in Peninsular Malaysia, was from 63.72 to 382.01 µg/g dw. The Ba levels in soils from Wakaf Baru and Butterworth were significantly (p<0.05) higher (Fig. 2) compared to the other sampling sites. According to the data from Table 3, the EF for all sites ranged from 0.06 to 2.42. Most of the EF values were less than 1, with the EF from Permatang Pauh being the highest and the EF from UPM and Arau being the lowest. The Igeo of soils ranged from 14.14 to 17.18 for all sampling sites, with Butterworth showing the highest Igeo value (Table 3).

For all the sampling sites, the roots showed the highest Ba accumulation followed by leaves and stems (Fig. 2). The Ba accumulations in C. asiatica ranged from 5.05 to 21.88 µg/g dw for roots, 3.31 to 11.22 µg/g dw for leaves and 2.37 to 6.14 µg/g dw for stems. Based on Figure 2, Butterworth and Wakaf Baru showed the highest Ba accumulations in leaves and roots while only Butterworth showed the highest Ba accumulation in stems.

In Table 4, Ba accumulation increased for all plant parts when transplanted from control to semi-polluted and polluted sites under field conditions (week 0 to week 3). For leaves, stems and roots, the increases were highest for Juru followed by Seri Kembangan and Balakong. However, Ba accumulation decreased (week 3 to week 6) after transplantation from the semi-polluted and polluted sites back to the control sites. Ba accumulation was still highest in Juru followed by Seri Kembangan and Balakong (Table 4).

For the transplantation study under laboratory conditions, the trend was similar to the transplantation study under field conditions, with lower concentrations of Ba being accumulated (Table 4). In Table 5, the overall values for the concentration factor and the rate of accumulation were highest for Juru under field and laboratory conditions. The elimination factor was highest for Juru, and the rate of elimination was fastest for Juru (Table 5).
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Figure 2: Ba concentrations (mean±SD, µg/g dry weight) in leaves (a), stems (b) and roots (c) of C. asiatica and soils (d) collected from 12 sampling sites in Peninsular Malaysia.



DISCUSSION

Ba in Soil Samples

Based on Figure 2, the average Ba concentration in soils for all sampling sites was 207.86 µg/g dw. According to Xue et al. (2005), the average Ba concentration in urban soils of Xuzhou was 485±54.1 µg/g dw (425 to 628 µg/g). The lower Ba concentration observed in the present study might be due to the differences in nearby human activities between Xuzhou and Peninsular Malaysia. This assumption is supported by Pichtel et al. (2000), who found an average of 1130 µg/g dw Ba at dump sites but only an average of 132 µg/g dw Ba at Superfund sites. According to Lowe and Day (2002), the mean concentration of Ba in sediments taken from 16 sampling sites along the southern shore of Lake Ontario and the southeastern shore of Lake Erie ranged from 6.0 to 143.6 μg/g.


Table 3: Levels of EF of Ba from 12 sampling sites in Peninsular Malaysia.
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This reading is much lower compared to the present study. This difference might be due to the composition of clay particles in the sediments that cause less Ba to be attached. This assumption is supported by Xue et al. (2005), who show that Ba is highly correlated with clay.

Ba is a common and quite ubiquitous element, with a mean concentration in the Earth’s crust up to 425 µg/g dw (ranging from 550 to 668 µg/g in the upper continental crust) (Kabata-Pendias & Mukherjee 2007). Ba concentration in natural soils is approximately 100 to 3000 µg/g dw (CETESB 2001). Ba concentrations (63.72 to 382.01 µg/g dw) from the 12 sampling sites in this study are within the range reported in natural soils and indicate that the contamination of Ba is not significant in Peninsular Malaysia. According to soil quality guidelines for agriculture, all sampling sites are below the guideline values (750 µg/g dw) [Jaritz 2004; CCME 1999]. This shows that the soils from Peninsular Malaysia contain low amounts of Ba, and these soils are suitable for public uses, especially for agriculture. However, according to a report by the DOE in Malaysia, the natural Ba concentration in soils ranged between 5 and 21 µg/g (DOE 2009). This suggests that the Ba concentration in soils has increased year by year due to increases in human activities that release Ba into the soils.


Table 4: Concentrations (mean±SD, µg/g dw) of Ba in leaves, stems and roots of C. asiatica for transplantation study under field and laboratory conditions.



	Sites
	Week
	Leaves
	Stems
	Roots



	Field condition
	
	
	
	



	
	0
	11.25±2.73b
	7.54±4.47c
	27.3±2.46b



	Juru
	3
	35.58±4.34a
	28.98±3.38a
	54.27±2.62a



	
	6
	29.65±1.49a
	14.37±1.39b
	42.66±1.3a



	
	0
	11.25±2.73b
	7.54±4.47b
	27.3±2.46b



	Balakong
	3
	21.74±1.26a
	17.01±1.56a
	40.81±13.6a



	
	6
	16.82±2.83b
	10.34±2b
	29.69±1.38b



	
	0
	11.25±2.73b
	7.54±4.47b
	22.3±2.46b



	Seri Kembangan
	3
	23.61±3.21a
	20.68±2.2a
	38.51±2.03a



	
	6
	18.43±1.38a
	12.79±2.94b
	30.68±4.63a



	
	0
	11.25±2.73a
	7.54±4.47a
	22.3±2.46a



	UPM
	3
	10.97±1.42a
	6.99±1.28a
	23.17±1.39a



	
	6
	11.05±1.45a
	7.14±1.38a
	22.3±2.38a



	Laboratory condition
	
	
	
	



	
	0
	11.25±2.73b
	7.54±4.47b
	22.3±2.46c



	Juru
	3
	32.4±2.49a
	26.48±4.2a
	50.82±6.39a



	
	6
	26.94±4.2a
	13.76±4.22b
	39.05±8.3b



	
	0
	11.25±2.73b
	7.54±4.47b
	22.3±2.46b



	Balakong
	3
	19.42±3.03a
	17.13±5.32a
	42.38±4.91a



	
	6
	14.13±2.48b
	11.15±4.29b
	26.17±5.39b



	
	0
	11.25±2.73b
	7.54±4.47b
	22.3±2.46b



	Seri Kembangan
	3
	19.91±3.99a
	17.45±2.17a
	33.81±3.79a



	
	6
	16.12±1.49a
	10.94±4.53b
	28.04±3.39a



	
	0
	11.25±2.73a
	7.54±4.47a
	22.3±2.46a



	UPM
	3
	10.97±1.42a
	6.99±1.28a
	23.17±1.39a



	
	6
	11.05±1.45a
	7.14±1.38a
	22.3±2.38a



Note: a, b, c: different alphabets in each column show the different significant means (SNK test, p<0.05)

The EF values of soils for most sampling sites are less than 2 based on all references (Table 3). Based on Table 1, all the soil samples show a deficiency in the minimal enrichment of Ba except Permatang Pauh, which shows a moderate enrichment of Ba. Compared to the reported studies by Wang and Qin (2007), the EF of Ba in Xuzhou ranges from 0.68 to 1.21. This result is similar to the present study (0.06 to 2.42), with bigger ranges due to different activities at different sampling sites. This indicates that the EF of Ba in Peninsular Malaysia is not significant. However, the Igeo value (14.14 to 17.18) is in Igeo class 6 (very strongly polluted). The Igeo suggests the opposite interpretation regarding the Ba contamination in Peninsular Malaysia compared to EF. Hence, we cannot conclude that the soils of Peninsular Malaysia are polluted with Ba. More studies are required to confirm the level of Ba contamination.


Table 5: Concentration factor, rate of accumulation (µg/g per day), elimination factor, rate of elimination (µg/g per day) of Ba in the transplantation studies under field and laboratory conditions.
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Ba in Plant Samples

Based on Figure 2, Ba accumulation is highest in roots followed by leaves and stems because the roots are the first organ to be in contact with the metals and adhere to the soil at all times (Ong et al. 2011). Therefore, the exposure of roots to Ba in soil is higher relative to other parts of the plant and increases the chances of Ba accumulation in roots. Moreover, the large surface area of roots due to the root hairs elevates the adsorption and absorption rate of metals (Yap et al. 2010). Ba is known to be rather immobile in soils; released Ba2+ can be immobilised by the formation of water-insoluble salts and their partition into soils and sediments (WHO 2001). Hence, less Ba can be transported to the upper parts of plants.


Ba is found in most plants despite not being reported as essential. Ba concentrations in most plants range from 2 to 13 μg/g (Kabata-Pendias & Mukherjee 2007). Mean values of 13.09 μg/g Ba in roots, 6.43 μg/g Ba in leaves and 3.37 μg/g Ba in stems were found in C. asiatica in the present study. This indicates that Ba concentration in C. asiatica from Peninsular Malaysia is within the average range as reported (Kabata-Pendias & Mukherjee 2007). According to Łozak et al. (2002), 31.2±0.6 μg/g Ba was found in herbs peppermint (Mentha piperitae folium) and nettle (Urticae folium) from Herbapol, Wrocław. That result is slightly higher compared to the present study, which might be due to the lower concentration of Ba in the soils. Mean Ba concentrations of 12.9±9.0 μg/g in roots, 9.80±11.5 μg/g in leaves and 5.66±1.13 μg/g in seeds of wheat (Triticum aestivum L.) were measured while 8.89±3.65 μg/g in roots, 2.05±1.14 μg/g in leaves and 1.98±0.29 μg/g in seeds of rye (Secale cereale L.) were found (Shtangeeva et al. 2011). Those findings are similar to the present study because Ba concentration in all plant parts were within the average range.

However, some plants can accumulate high concentrations of Ba. According to Kabata-Pendias and Mukherjee (2007), high concentrations of 3000 to 4000 μg/g Ba were found in Brazil nut trees (bioaccumulating species). Ba concentrations of 96 to 1990 μg/g in nuts from Brazil, Bolivia, Peru and northern South America were measured, with the greatest concentrations of the elements measured in nuts from Bolivia (Parekha et al. 2008). Additionally, legumes, grain stalks, forage plants, trees (red ash, black walnut, hickory, Brazil nut and Douglas fir) and plants of the genus Astragallu were reported that show active and strong uptake of Ba. Generally, Ba is not significantly toxic to plants at low concentrations. In plants, 200 μg/g Ba has been found to be moderately toxic while 500 μg/g Ba is considered to be toxic (Pais et al. 1998). Growth and antioxidant responses of soybean plants exposed to contrasting soils (Oxisol and Entisol, which were artificially contaminated) showed Ba only affected plant growth at 600 μg/g (Melo et al. 2011). Based on the EPA’s guidelines (20 to 60 μg/g), none of the plant samples from Peninsular Malaysia exceeded the safety threshold (EPA 1995).

Based on Figure 3, the correlation coefficients of Ba between plant parts and soils were found to be the highest between roots-soils (r=0.922, p<005), followed by leaves-soils (r=0.890, p<005) and stems-soils (r=0.848, p<005). These results are supported by Bermudez et al. (2010), who showed that Ba has a good correlation between wheat grains (T. aestivum) and soils. Generally, little Ba is bioconcentrated by terrestrial plants relative to the amount found in soils. Additionally, significant correlations of Ba concentration between leaves and roots of 0.63 for wheat (T. aestivum) and 0.91 for rye (S. cereale) were also reported by Shtangeeva et al. (2011). The above results indicate the three parts of C. asiatica are able to reflect the Ba levels in soils. Therefore, the roots, leaves and stems of C. asiatica are good biomonitors of Ba contamination.

Ba in Transplantation Studies

The samples from 12 sampling sites (Fig. 2) showed a similar trend in Ba accumulation, with the roots having the highest accumulation followed by the leaves and the stems.
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Figure 3: Correlation coefficients between different parts of C. asiatica and soil concentrations of Ba.



The accumulation of Ba (Table 4) increases in all the plants parts when they were transplanted from the control site to the semi-polluted and polluted sites in the field study from week 0 to 3. Furthermore, all the calculated concentration factors were higher than 1, which indicates that the plants were able to take up a significant amount of Ba. This also indicates that within 3 weeks, the plants were able to take up at least 100% more Ba than the initial value. The range of the accumulation rate was high, starting from 0.50 to 0.83 µg/g dw per day. This shows that Ba contamination can be reflected through the Ba accumulation level in plants. Therefore, C. asiatica was an ideal choice as a biomonitor due to its capability as a net accumulator of the metal, with a simple positive correlation between metal concentrations in tissues and average ambient bioavailable metal concentrations over a short time period.

The accumulation of Ba in the plants decreased from week 3 to week 6 due to the transplantation of plants back to the control site, even though the accumulation levels were higher than the content of Ba in the control site. This was also the same for the plants in laboratory conditions (Table 4). According to Table 5, the elimination factor for field and laboratory conditions was at least 60%, which indicates that C. asiatica can remove Ba from all plant parts when the new site is less contaminated than the previous site. Additionally, Ba serves no important role in normal metabolic activities; thus the plant will try to eliminate excess Ba from its system to prevent phytotoxicity caused by high Ba levels.

Ba was found to be higher in the back-transplanted plants in week 6 when compared to the ones in week 0, where they showed high fluctuations from the initial Ba concentration (week 0). This suggests that the elimination of Ba was not completed during the three weeks of transplantation. This also shows that the elimination rate was slower when compared to the accumulation rate. Hence, a longer time was required for the Ba to be eliminated from the plants. Additionally, the accumulation and elimination of metals in plants were dependent on the transplantation period (Hedouin et al. 2011).


CONCLUSION

Based on the results of this study, Ba concentration was highest in roots followed by leaves and stems. A significant correlation of Ba between C. asiatica and soils was also found. This indicates that the roots, leaves and stems of C. asiatica can be used to monitor Ba pollution of sampling sites. The positive results based on experimental studies under field and laboratory conditions confirm the use of roots, leaves and stems as good biomonitors of Ba pollution.
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Abstrak: Sebanyak 34 pencilan bakteria telah diperolehi daripada sampel tanah yang diambil dari Changar Hot Spring, Malang, Indonesia. Daripada jumlah ini, 13 pencilan menghasilkan zon hidrolisis pada medium agar kanji-nutrien dan menghasilkan pelbagai amilase dalam medium cecair. Satu pencilan telah dipilih sebagai pengeluar amilase terbaik dan telah dikenal pasti sebagai Bacillus licheniformis BT5.9. Peningkatan keadaan kultur (pH awal medium 5.0, suhu penanaman 50°C, kelajuan pergolakan 100 rpm dan saiz inokulum sebanyak 1.7 x 109 sel/ml) memberikan penghasilan amilase yang tertinggi (0.327 U/ml).

Kata kunci: Amilase, Bakteria Termofilik, Bacillus licheniformis, Mata Air Panas

Abstract: A total of 34 bacterial isolates were obtained from soil samples collected from Changar Hot Spring, Malang, Indonesia. Of these, 13 isolates produced a zone of hydrolysis in starch-nutrient agar medium and generated various amylases in liquid medium. One isolate was selected as the best amylase producer and was identified as Bacillus licheniformis BT5.9. The improvement of culture conditions (initial medium pH of 5.0, cultivation temperature of 50°C, agitation speed of 100 rpm and inoculum size of 1.7 x 109 cells/ml) provided the highest amylase production (0.327 U/ml).

Keywords: Amylase, Thermophilic Bacteria, Bacillus licheniformis, Hot Spring

INTRODUCTION

Thermostable enzymes from microorganisms have found a number of commercial applications because of their overall inherent stability (Demirijan et al. 2001). The most widely utilised thermostable enzymes are amylases, which are used in the starch industry (Demirkan et al. 2005; Sarikaya et al. 2000). These amylases should be active at the high temperatures of gelatinisation (100°C–110°C) and liquefaction (80°C–90°C) to economise these processes (Reddy et al. 2003). The α–amylases (1,4-α-D-glucan glucanohydrolase, EC 3.2.1.1) hydrolyse α-1,4 glucosidic linkages in starch and related substrates (Bolton et al. 1997). In addition to liquefaction and gelatinisation, brewing (Leveque et al. 2000) and sizing in textile industries also use amylases (Pandey et al. 2000). Furthermore, amylases are used as an additive in detergents to remove starch spots from textiles, and they can be used to form dextrin in baking and distilling (De Souza & Magalhaes 2010). Therefore, the thermostability of the amylases must be matched to their application. Based on this demand, there has been a need and continual search for more thermophilic microorganisms and thermostable amylases.

Although amylases can be derived from several sources, such as plants, animals and microorganisms, amylases from microbial sources generally meet the industrial demands. Screening for microorganisms with higher amylase activities could facilitate the discovery of novel amylases that are suitable for industrial application (Wanderley et al. 2004). Fermentation using thermophilic microorganisms has many advantages, including a reduction in cooling cost, better solubility of substrates and the reduced risk of microbial contamination. In this study, we isolated and identified a thermostable bacterial α-amylase from a hot spring soil sample. Furthermore, the physical parameter conditions for cultivation of the new thermophilic isolate, Bacillus licheniformis BT5.9, were optimised.

MATERIALS AND METHODS

Isolation of Amylase Producers

Samples of soils and sediments collected from Changar Hot Spring at Malang, Indonesia, were kept in containers under sterile conditions and brought back to the laboratory. Upon arrival at the laboratory, a ten-fold dilution was made by mixing 1.0 g of sample with 9 ml of sterile distilled water and vortexing the mixture. The samples were then serially diluted from 10–1 to 10–4 with sterile distilled water and were spread on nutrient agar plates. The inoculated plates were incubated at 50°C for 36 hours with daily observation of the plates. Single colonies of different morphological characteristics, such as the size, shape, colour, elevation and margin, were identified from different plates streaked with diluted samples. The purified colonies were then streaked on nutrient agar slants and incubated at 50°C for 36 hours.

Qualitative Screening for Amylase Producers on Solid Agar Medium

Each colony was streaked on a nutrient agar plate that contained 1% starch (starch-nutrient agar) and incubated at 50°C for 36 hours with daily observation. Single colonies that formed hydrolysis zones were identified as starch utilising isolates. To confirm amylase production from the isolates, a 0.5% (w/v) iodine solution was poured over them, and the formation of clear zones indicated amylase production.

Quantitative Screening for Amylase Producers on a Liquid Medium

Cultivation medium contained the following (g/l): soluble starch (10); peptone (20); MgSO4.7H2O (1.0); Na2HPO4 (3); FeSO4 (0.3) and NaCl (0.1). The medium was sterilised and cooled to room temperature (30±2°C). One loopful of purified bacterial culture was used to inoculate 100 ml of cultivation medium in a 250 ml Erlenmeyer flask. The inoculated flasks were incubated at 50°C and agitated at 100 rpm for 48 hours. The flasks were harvested at 6-hour intervals, and the culture medium was filtered through Whatman No. 1 filter paper (Whatman Ltd., Kent, England). The cell-free filtrate was used as the enzyme source for the assay of amylase activity, and bacterial growth was determined spectrophotometrically using Genesys 10 uv (Spectronic Unicam, Texas, USA) at 610 nm (Ajayi & Fagade 2006). The experiments were conducted in triplicate, and the results were expressed as the mean values of the triplicate experiments.

Identification of the Selected Strains of Amylase Producers

For 16S rRNA analysis (Soumitesh et al. 2007; Tamura et al. 2007), 16S rRNA, which is 1.542 kb in length, was used as a primer source. 16S rRNA is highly conserved between different species of bacteria, as it is a component of the 30S small subunit of prokaryotic ribosomes. PCR product sequencing was performed by First BASE Laboratories Sdn. Bhd. (Shah Alam, Selangor, Malaysia), and the sequences were used for DNA homology searches of the GenBank database at National Center for Biotechnology Information (NCSI) website (http://www.ncbi.nih.gov).

A pure culture of BT5.9 was selected for its significant potential as an amylase producer. The colony morphology, such as form, elevation, margin, colour, odour and the colony surface when grown on starch-nutrient agar plate, of this strain was observed. Gram staining and biochemical tests were performed according to the methods described in Bergey’s Manual of Systematic Bacteriology (Sneath et al. 1986). Finally, the strain was identified by 16S rRNA analysis.

Enzyme Production Medium

The selected isolate was used, and the enzyme production medium used consisted of the following (g/l): soluble starch (10); peptone (2.0); MgSO4.7H2O (1.0); Na2HPO4 (3.0); FeSO4 (0.03) and NaCl (0.1). One millilitre of inoculum (1 x 108 cells/ml) was added to 99 ml of the cultivation medium in a 250 ml Erlenmeyer flask, and the flasks were incubated at 50°C for 48 hours at 100 rpm agitation speed. At 6-hour intervals, the medium was filtered using Whatman No.1 filter paper. The cell-free filtrate was used for the amylase assay, and the bacterial growth was determined spectrophotometrically at 610 nm. The experiments were performed in triplicate, and the results were expressed as the mean values of three experiments.

Optimisation of Culture Conditions

To increase amylase production by B. licheniformis BT5.9, the following culture condition variations were evaluated: the initial medium pH ranged from 4 to 8, the incubation temperatures were between 40°C and 55°C, the agitation speeds ranged from 50 to 200 rpm and the inoculum sizes varied from 0.5 to 3.8 x 109 cells/ml. After 12 hours of cultivation, the media were filtered using Whatman No.1 filter paper. The cell-free filtrate was used for the amylase assay, and the bacterial growth was determined spectrophotometrically at 610 nm. The experiments were performed in triplicate, and the results were expressed as the mean values of three experiments.


Amylase Assay

The amylase activity was determined based on the release of reducing sugars from soluble starch, which was measured using a modification of the dinitrosalicylic acid (DNS) method, as previously described (Miller 1959). Briefly, 1 ml of soluble starch solution [1% (w/v) soluble starch in 0.05 M sodium citrate buffer at pH 5.9] was heated at 50°C for 10 minutes in a water bath. Then, 0.1 ml of crude enzyme was added to the substrate, which was incubated again at 50°C for 10 minutes with gentle shaking. The reaction was stopped by the addition of 2.0 ml of DNS reagent. The reaction mixture was heated at 100°C for 10 minutes and was then cooled down to room temperature and diluted with 16.9 ml of distilled water. The absorbance of the mixture was determined spectrophtometrically at 540 nm. The amylase activity was determined based on the glucose standard curve of amylase activity. One international unit (IU) of amylase activity is defined as the amount of enzyme required to liberate one micromole of reducing sugar per minute under the assay conditions.

RESULTS

Isolation and Selection of Thermostable Amylase Producing Bacteria

Thermophilic amylase-producing bacteria were successfully isolated from soil samples collected from Changar Hot Spring in Malang, Indonesia. Thirty four isolates were obtained and 13 isolates were found to produce a halo zone of hydrolysis from the quantitative screening. Qualitative screening was then performed on these 13 isolates using liquid cultivation.

Table 1 shows the four isolates that produced higher amylase activity among those tested. From the results obtained, isolate BT5.9, which produced the highest amylase activity (at 12 hours) with 0.330 U/ml, was selected for the optimisation process. The results also indicate that enzyme production was not related to growth.


Table 1: Profiles of bacterial growth and amylase production by B. licheniformis BT5.9 after optimisation of culture conditions.



	Isolates
	Diameter of zone of hydrolysis (mm)
	Activity of amylase at 12 hours cultivation (U/ml)
	Growth of bacterial isolates at 12 hours cultivation (OD 610 nm)



	BT 2.4
	20±2.0
	0.309±0.11
	2.118±0.27



	BT 3.5
	18±2.0
	0.109±0.09
	1.643±0.16



	BT 4.6
	20±2.0
	0.110±0.02
	0.874±0.12



	BT 5.9
	22±2.7
	0.330±0.05
	2.016±0.38



Note: OD-optical density

Identification of Potential Amylase Producer Isolate BT5.9

The BT5.9 isolate was identified based on its microscopic characteristics, and the results are tabulated in Table 2. This isolate is a Gram positive rod-shaped bacteria that is motile and produces polar endospores. The colony was pale in colour and produced a particular odour. Additionally, it was identified based on its biochemical and culture characteristics, as shown in Table 3. Isolate BT5.9 had positive results for the Voges-Prokaeur test and for the citrate and nitrate reduction tests, and it produced negative results for the indole, tyrosine and urease utilisation tests. The isolate was β–hemolytic on blood agar and grew well in medium containing 7% sodium chloride. Based on the results obtained, isolate BT5.9 was identified as a Bacillus sp.


Table 2: Microscopic characteristics of the isolate BT5.9.



	Characteristics
	Results



	Colony
	Irregular



	Margin
	Irregular



	Elevation
	Flat



	Surface
	Shiny and moist



	Colour
	Pale



	Odour
	Yes



	Gram staining
	Positive



	Shape of vegetative cells
	Rod shaped



	Endospore formation
	Yes



	Motility
	Actively motile



Table 3: Biochemical and culture characteristics of the isolate BT5.9.



	Biochemical tests
	Results



	Growth
	Aerobic and facultative anaerobic growth



	Indole production
	Negative



	Voges-Proskaeur test
	Negative



	Catalase production
	Positive



	Citrate production
	Positive



	Oxidase production
	Negative



	Urease test
	Negative



	Nitrate reduction test
	Positive



	Hydrolysis of tyrosine
	Negative



	Hemolysis on blood agar plate
	β-hemolytic



	Growth in 7% sodium chloride
	Positive



	Growth at 55°C
	Positive



Further identification was then performed by 16S rRNA gene analysis. A series of nucleotide sequence with 1433 bases was obtained (Fig. 1). The sequence was then used in a Basic Local Alignment Search Tool (BLAST) search of GenBank, and the results had 99.86% similarity with B. licheniformis. A phylogenetic tree was constructed based on the aligned sequences of the genus Bacillus using the neighbour-joining method. According to the phylogenetic tree, Bacillus sp. BT5.9 was closely related to B. licheniformis ATCC 14580T (Fig. 2). Therefore, based on the results obtained, it was suggested that the BT5.9 isolate can be designated as B. licheniformis with the strain name of BT5.9.
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Figure 1: Full-length sequence (1433 bp) of isolate BT5.9 or S1 (16S rRNA analysis).






[image: art]

Figure 2: Evolutionary relationship of isolate BT5.9 or S1 with 10 related taxa.



Optimisation of Culture Conditions for Amylase Production by Isolate B. licheniformis BT5.9

Effect of initial medium pH

Figure 3 shows the effect of initial medium pH on amylase production and bacterial growth. The results showed that the highest amount of amylase was produced at an initial pH of 5.0 with 0.111 U/ml and that other pH values yielded lower enzyme production. In terms of bacterial growth, the highest bacterial growth achieved was 2.712 [optical density (OD) 610 nm] at an initial medium pH of 6.0. Again, a higher or lower pH value than 6.0 produced lower bacterial growth. It was observed that the highest amylase production occurred at pH 5.0. However, the highest bacterial growth occurred at pH 6.0, suggesting that the bacteria need an acidic environment to synthesise the enzymes and that synthesis was not growth dependent.
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Figure 3: Effect of initial medium pH on bacterial growth and amylase production by B. licheniformis BT5.9.



Effect of cultivation temperature

Figure 4 shows that enzyme production gradually increased from 40°C and reached the optimal cultivation temperature at 50°C, with a maximum yield of 0.089 U/ml; additionally, amylase activity decreased in cultivation temperatures above 50°C. The growth of this strain reached its maximum rate when cultivated at 50°C (1.843 at OD 610 nm); however, it was observed that the enzyme production was not growth dependent in this study (Fig. 4). Because the isolate is thermophilic, it needs higher temperatures (45°C–55°C) to grow and produce the enzyme. Therefore, 50°C was used as the cultivation temperature in the subsequent experiments.
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Figure 4: Effect of cultivation temperature on bacterial growth and amylase production by B. licheniformis BT5.9.



Effect of agitation speed

The effect of various agitation speeds (Fig. 5) shows that the maximal amylase production (0.094 U/ml) was achieved at 100 rpm and that other agitation speeds reduced amylase production. The results also indicated that the maximal growth of 3.859 (OD 610 nm) was achieved at 100 rpm. Agitation speeds that were higher or lower than 100 rpm resulted in decreased enzyme production and less bacterial growth. Although it appears that enzyme production is growth dependant, there is a trend toward growth association in the fermentation system. Therefore, an agitation speed of 100 rpm was used in the subsequent experiments.
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Figure 5: Effect of agitation speed on bacterial growth and amylase production by B. licheniformis BT5.9.



Effect of inoculum sizes

As shown in Figure 6, the results indicate that the optimal inoculum size was 1.7 x 108 cells/ml, as this size produced the highest amylase activity of 0.180 U/ml. The optimal inoculum size enabled maximal bacterial growth, at an OD of 2.06 at 610 nm. Higher or lower inoculum sizes than 1.7 x 108 cells/ml reduced amylase production. Therefore, an inoculum size of 1.7 x 108 cells/ml was used in the subsequent experiments.
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Figure 6: Effect of inoculum sizes on bacterial growth and amylase production by Bacillus licheniformis BT5.9.



Time Course Profile of Amylase Production and Bacterial Growth after Improvement of Cultural Conditions

Figure 7 shows the amylase production and bacterial growth by B. licheniformis BT5.9 after the optimisation of cultural conditions (initial medium pH of 5.0, cultivation temperature of 50°C, agitation speed of 100 rpm and inoculum size of 1.7 x 108 cells/ml). The results showed that the highest production of amylase, i.e., approximately 0.327 U/ml, was achieved at 12 hours of cultivation and that the enzyme production dropped thereafter. In terms of bacterial growth, the biomass increased gradually and achieved the highest growth at 12 hours of cultivation (1.789, OD 610 nm), but it then increased slowly until the end of cultivation time (48 hours) with an OD of approximately 2.140 at 610 nm.

DISCUSSION

A total of 34 isolates were obtained from 6 different samples, and 13 (38.23%) of these isolates were potential amylase producers. After performing a secondary screening process, which involved liquid fermentation, isolate BT5.9 was selected as the best amylase producer. This isolate was further identified and confirmed as B. licheniformis BT5.9, which is a Gram positive rod-shaped cells that are capable of producing endospores. The soil is a vital natural medium that varies in physico-chemical composition in different ecological zones. The presence of different microorganisms and their survival in soil can be justified by variations in soil composition. Organic matter in the soil serves as the sole substrate for microorganisms. Therefore, soil is an important biotope for identifying new industrial microorganisms. The presence of amylolytic microorganisms, especially among bacteria in soil samples, is usually linked to the presence of starch granules (Fossi et al. 2005; Muralikrishna & Nirmala 2005).
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Figure 7: Profiles of bacterial growth and amylase production by B. licheniformis BT5.9 after improvement of culture conditions.



Optimisation of Culture Conditions for Bacterial Growth and Amylase Production by B. licheniformis BT5.9

The main limitation in the development of applications for thermostable amylases is the low production level of amylases by microorganisms. Therefore, a method for improving the production of this enzyme in submerged cultivation is required for bulk production and can enhance the enzyme’s industrial applicability. The improvements of physical fermentation conditions (culture conditions) are important in the development of fermentation processes (Darah & Ibrahim 1996).

As a measurement of the hydrogen activity of a solution, pH is defined as the negative logarithm of the hydrogen ion concentration, and it can dramatically affect microbial growth. Each species of microorganism has a definite pH growth range and a pH for optimal growth. Although microorganisms often grow over a wide range of pH values, there are limits to their tolerance. Drastic variations in pH can harm microorganisms by disrupting the plasma membrane or inhibiting the activity of enzymes and membrane transport proteins. Changes in the external pH might also alter the ionisation of nutrient molecules and thus reduce their availability to the organism (Prescott 1990). Reddy et al. (2003) reported that the optimal pH for most amylases ranges from 4.0 to 11.0.

Microorganisms, like all other living things, are profoundly affected by the temperature of their environment, as it greatly influences enzyme production and growth. Indeed, microorganisms are unicellular and poikilothermic; therefore, their temperatures vary with that of the external environment (Maria et al. 2004). One of the most important factors regarding the effect of temperature on growth is the temperature sensitivity of enzyme production. At low temperatures, the growth rate is slow, and the enzyme production tends to be low. However, as the temperature increases, the growth rate will also increase, which will lead to increased enzyme production. Each microorganism has its own optimal temperature at which the maximum enzyme production occurs. In this study, the optimum temperature for amylase production by B. licheniformis BT5.9 was 50°C. Temperatures above or below 50°C resulted in poor enzyme production. The favourable growth temperature for B. licheniformis BT5.9 was between 45°C and 65°C. Although the optimum temperature for bacterial growth was 50°C, the enzyme could be stable at a higher temperature; however, enzyme production was low when the temperature was higher than 50°C. Under a non-optimal temperature, the bacteria had a longer lag phase before growth and enzyme production began. Furthermore, increasing in the temperature to approximately 65°C led to a rapid decrease in bacterial growth, which consequently decreased enzyme production. According to Vidyalakshmi et al. (2009), the growth temperature plays an important role not only in the growth of bacteria but also in enzyme production. A cultivation temperature beyond the optimal one caused a reduction in the catalytic rate of amylase, as either the enzyme or substrate became denatured and inactive.

It is well documented that the agitation of most bacteria, especially in shake flask cultures, results in morphological changes in the cells, mainly due to their pelleted forms. The morphological changes of B. licheniformis BT5.9 were found to affect its production of amylase. The maximum production of the enzyme was obtained when the bacteria was agitated at 100 rpm. An agitation speed higher than this resulted in reduced bacterial growth and the production of amylase. One possible explanation is that there were greater mechanical or shear forces at high agitation speeds, which led to a higher rate of cell destruction, thus lowering enzyme production (Venkatadri & Irvine 1990). Under these conditions, excess oxygen content did not reduce the damage caused by shear forces (Darah et al. 2011). Conversely, lower agitation speeds also resulted in poor growth and led to the decreased production of the enzyme. This may have been due to the low amounts of dissolved oxygen in the cultivation medium. Thus, it was demonstrated that agitation speed plays an important role in enhancing secretion because it alters cell permeability.

Inoculum size plays an important role in achieving maximum bacterial growth and amylase production by B. licheniformis BT5.9 in a shake flask system. Generally, inoculum size affects the morphology of the bacteria as well as their progression through growth phases. Therefore, it is important to select a suitable inoculum size with respect to the type and age of microorganisms to obtain a high yield of the desired products (El-Enshasy et al. 2000). Sangeetha et al. (2004) reported that the optimal inoculum size in a fermentation process should be identified because lower inoculum density may result in insufficient biomass; however, higher inoculum density may produce too much biomass, which would deplete the nutrients necessary for product formation.


The results of this study revealed that bacterial growth increased as the inoculum size increased until the bacteria achieved the optimal inoculum size and that growth decreased sharply with inoculum sizes that were greater than the optimal one. According to Mukherjee et al. (2008), an inoculum size greater than the optimal size resulted in a steady decline of enzyme activity and biomass, which might be due to the exhaustion of nutrients in the cultivation medium. Enzyme production usually attains its peak when sufficient nutrients are available to the bacteria. Conditions with an imbalance between nutrients and proliferating biomass resulted in decreased enzyme synthesis. This decrease in the bacterial growth is caused by the rapid growth of other microorganisms, which will affect the length of stationary phase. Additionally, a short stationary phase led to low enzyme productivity (Sabu et al. 2006).

CONCLUSION

The thermophilic bacterium, B. licheniformis BT5.9 was isolated from a sample collected from Changar Hot Spring, Malang, Indonesia. This new isolate was able to produce more amylase after the improvement of cultivation conditions. The optimal conditions were determined to be a 50°C cultivation temperature with 12 hours of cultivation time at an agitation speed of 100 rpm and an inoculum size of 1.7 x 109 cells/ml. These results also suggested that B. licheniformis BT5.9 is a potential thermophilic microorganism that produces thermostable amylase.
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Abstrak: Staphylococcus kloosii, sejenis bakteria yang menghasilkan pigmen berwarna oren, telah dipencilkan dari pohon respirasi Holothuria (Mertensiothuria) leucospilota (Brandt 1835) dari Teluk Nipah, Pulau Pangkor, Perak, Malaysia. Laporan ini merupakan dokumentasi pertama tentang strain Gram-positif ini yang dikenali sebagai Strain 68 di Malaysia. Satu jujukan separa gen 16S ribosom RNA strain mesofilik tersebut telah didaftarkan dengan GenBank (National Center for Biotechnology Information, US National Library of Medicine) dengan nombor akses JX102547. Analisis-analisis filogenetik menggunakan kaedah hubungkait jiran serta kaedah persamaan maksimum seterusnya menyokong pengecaman strain tersebut iaitu Strain 68 sebagai S. kloosii. Strain berbentuk bulat ini menghasilkan pigmen-pigmen keorenan di atas agar ekstrak tripton glukosa yis (TGYEA) dan di dalam bubur nutrisi (NB) pada pH lebih kurang 7. Spektrum-spektrum nampak ekstrak-ekstrak ethanol dan methanol pigmen strain bakteria tersebut dianggap serupa dengan λmax pada 426, 447 dan 475 nm dan λmax pada 426, 445 dan 473 nm, masing-masing. Kedua-dua spektrum nampak kelihatan menyamai spektrum-spektrum nampak lutein, karotenoid yang bernilai komersil; walau bagaimanapun, analisis-analisis lanjutan adalah diperlukan untuk mengesahkan identitinya. Dari segi komposisi pigmen, ekstrak methanol pigmen intrasel tersebut terdiri daripada sekurang-kurangnya tiga bahan pigmen iaitu bahan pigmen oren (bahan utama), bahan pigmen kuning (paling tidak berpolar) dan bahan pigmen merah jambu (paling berpolar). Menariknya, penemuan-penemuan ini juga merupakan dokumentasi pertama tentang komposisi pigmen strain S. kloosii memandangkan tiada rekod berkenaan dapat dijumpai sehingga kini.

Kata kunci: Staphylococcus kloosii, Holothuria (Mertensiothuria) leucospilota (Brandt 1835), Gen 16S Ribosom RNA, Analisis-analisis Filogenetik, Pigmen Keorenan

Abstract: Staphylococcus kloosii, an orange pigment-producing bacterium, was isolated from the respiratory tree of Holothuria (Mertensiothuria) leucospilota (Brandt 1835) from Teluk Nipah, Pangkor Island, Perak, Malaysia. This report is the first documentation of this Gram-positive strain, referred to as Strain 68 in Malaysia. A partial 16S ribosomal RNA gene sequence of the mesophilic strain has been registered with GenBank (National Center for Biotechnology Information, US National Library of Medicine) with accession number JX102547. Phylogenetic analysis using the neighbour-joining method further supported the identification of Strain 68 as S. kloosii. The circular strain produced orange pigments on tryptone glucose yeast extract agar (TGYEA) and in nutrient broth (NB) at approximately pH 7. The visible spectra of ethanolic and methanolic pigment extracts of the bacterial strain were considered identical with λmax at 426, 447 and 475 nm and λmax at 426, 445 and 473 nm, respectively. Both visible spectra resemble the visible spectra of lutein, which is a commercial carotenoid; however, further analyses are required to confirm the identity of this pigment. The methanolic extracts of the intracellular pigments comprised at least three pigment compounds: an orange pigment compound (major compound), a yellow pigment compound (the least polar) and a pink pigment compound (the most polar). These findings are the first documentation of the pigment composition of S. kloosii as no such record could be found to date.

Keywords: Staphylococcus kloosii, Holothuria (Mertensiothuria) leucospilota (Brandt 1835), 16S Ribosomal RNA Gene, Phylogenetic Analysis, Orange Pigments

INTRODUCTION

Phylum Echinoderm is a large group of marine animals with a worldwide distribution. Sea cucumber (Echinodermata: Holothuroidea) is among the most popular echinoderms in Malaysia (Kamarudin et al. 2010b). Nearly 80 species of sea cucumber can be found in Malaysian marine environments (Kamarudin et al. 2010a, 2010b, 2009). Timun laut, bat, balat, trepang, brunok, gamat, and hoi sum (or hai shen) are among the local names for sea cucumber in Malaysia. Sea cucumbers are economically important in Malaysia for two reasons: first, they are used in traditional medicine (e.g., gamat lipid and water extracts) as well as modern medicine in Peninsular Malaysia (West Malaysia), and second, they are an important source of food in Sabah (East Malaysia).

Approximately 142 studies pertaining to Malaysian sea cucumbers were recorded until the end of the year 2011 (Kamarudin 2011). However, few studies were performed to investigate the existence and association of microorganisms or microbes, including pigment-producing strains, with Malaysian sea cucumbers, thus leading to the current study. One of these studies was performed by Farouk et al. (2007), in which 30 bacterial strains were isolated from Holothuria (Halodeima) atra Jaeger, 1833 from Malaysian waters, and 7 strains showed moderate antibacterial activity against Klebsiella pneumoniae, Serratia marcescens, Pseudomonas aeruginosa and Enterococcus faecalis.

In this study, Holothuria (Mertensiothuria) leucospilota (Brandt, 1835) was chosen considering its higher level of abundance in the marine environment of Malaysia. The local species may contain indigenous microbes that help it continue to adapt and exist in various conditions. It can be found on the sandy sea floor or below the rocks in the seawaters. As a well-known timun laut, it is thought to be the most abundant species in Malaysia (Kamarudin et al. 2011). The English name of this soft-bodied species is ‘white threads fish’, and it is locally known as bat puntil or lintah laut. It has a long, black, tubular body, often with a reddish background. Its mouth is surrounded by tentacles and it has a posterior terminal anus (Kamarudin et al. 2011). Ridzwan et al. (2003) suggested the potential of a water extract from H. leucospilota as an alternative analgesic drug. H. leucospilota has also been proposed as a natural antioxidant with anticancer properties (Osama et al. 2009).

In the present study, a pigment-producing strain of Staphylococcus kloosii, Strain 68, was isolated from the respiratory tree of H. leucospilota. This finding is considered as the first documentation of S. kloosii in Malaysia. S. kloosii was previously isolated from the skin of various wild animals and only rarely from that of farm animals (Schleifer et al. 1984). S. kloosii (Firmicutes => Bacilli => Bacillales => Staphylococcaceae => Staphylococcus => Staphylococcus kloosii) is a Gram-positive bacterium that grows under aerobic conditions, and its pathogenicity is unknown to date. Its colonies can be pigmented or non-pigmented. However, its pigment has not been described in detail in terms of its composition. Hence, this study further aimed to determine the genetic profile and role of this pigment-producing strain of S. kloosii isolated from the respiratory tree of H. leucospilota and to determine its microbial pigment composition by thin layer chromatography (TLC).

MATERIALS AND METHODS

Study Site

Specimens of H. leucospilota were collected from Teluk Nipah, Pangkor Island, Perak, Malaysia. Three individuals were sampled. The samplings took place over approximately two days, from 8–9 November 2011 (Tuesday and Wednesday). No fixed or standard sampling hours were allocated. The documentation and collection were performed during low tide. A global positioning system (GPS) was used to mark and record the position of the sampling site (not shown specifically). For short-term storage, fresh specimens of sea cucumbers were stored in ice boxes containing seawater or ice cubes during sampling. In the laboratory, specimens were transferred into a freezer for long-term storage with proper cataloguing.

Culture Media and Cultivation

A small piece of tissue from the respiratory tree of each H. leucospilota specimen was cut with a sterile blade and placed on tryptone glucose yeast extract agar [TGYEA (Fluka Analytical, Sigma-Aldrich, St. Louis, Missouri; ingredients: casein enzymatic hydrolysate, 5 g/l; yeast extract, 3 g/l; glucose, 1 g/l; agar, 15 g/l)] at pH 7.19 (Fig. 1). The agar plates were incubated at 37°C. After overnight incubation, the bacterial colonies were observed, and colonies with different morphologies were isolated and streaked onto new TGYEA plates. Every single colony was repeatedly subcultured onto fresh TGYEA to purify the target bacterium. The single colonies were observed under a dissecting microscope to examine their morphological characteristics. The characteristics observed were optical density, shape, colour, edge, elevation and texture of the single colonies. After Gram staining, each microscope slide containing a stained single colony was observed under a Nikon ECLIPSE (Melville, New York) 80i digital compound microscope (Fig. 1) with 1000x total magnification [the total magnification resulted from the eyepiece (10x) and the objective lens (100x)].
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Figure 1: Gram-stained bacterial Strain 68 observed under the Nikon ECLIPSE 80i digital compound microscope with 1000x magnification. The strain was cultured for 16 hours prior to the Gram staining. The violet or purple colour resulting from Gram staining indicates that Strain 68 is a Gram-positive bacterium. Its bacterial shape is spherical or coccus.



Total Genomic DNA Extraction

Total genomic DNA (tgDNA) was extracted from all isolated bacteria using the modified cetyl trimethyl ammonium bromide (CTAB) method described by Grewe et al. (1993) coupled with the Geneaid Genomic DNA Mini Kit (New Taipei City, Taiwan) [blood/cultured cells]. Approximate yields of tgDNA as well as its quantity and quality were determined by electrophoresis on a 1% agarose gel using ethidium bromide as a gel stain.

Polymerase Chain Reaction (PCR)

For bacterial identification, two universal primers termed PB36 (forward primer) and PB38 (reverse primer) were used for the isolation of the 16S ribosomal RNA (rRNA) gene using an Eppendorf Mastercycler (Hamburg, Germany) gradient thermocycler. The expected length of the amplified PCR product was approximately 1.5 kb.


PB36 (forward): 5′–AGRGTTTGATCMTGGCTCAG–3′ (20 bases)

PB38 (reverse): 5′–GKTACCTTGTTACGACTT–3′ (18 bases)



Standard PCRs were performed using a 50 μl reaction volume containing 33.75 μl of sterilised dH2O, 5.0 μl of 10X PCR reaction buffer, 3.0 μl of magnesium chloride (25 mM), 2.5 μl of each universal primer (5 μM), 1.0 μl of dNTP mix (10 mM), 2.0 μl of the DNA extract and 0.25 μl of 5 U/μl Taq DNA polymerase. A master mix was used for amplifying a large number of samples. The cycle parameters were 5 min at 95°C for the initial denaturation followed by 29 cycles of 45 s at 95°C for denaturation, 90 s at an optimised temperature (e.g., 55°C) for annealing, and 1 min 30 s at 72°C (60 s/kb) for extension prior to a 7 min extension step at 72°C with a final hold at 4°C. Approximate yields of amplified DNA as well as its quantity and quality were determined by electrophoresis on a 1% agarose gel with ethidium bromide as a gel stain.

PCR Product Purification and DNA Sequencing

A Geneaid Gel/PCR DNA Fragment Extraction Kit (New Taipei City, Taiwan) was used for direct purification of the PCR products. Purified PCR products in suspension form were prepared prior to sending samples for sequencing. Sequencing was performed using the BigDye® Terminator v3.0 Cycle Sequencing Kit (Applied Biosystems, Foster City, California) [ACGT]. The cycle sequencing reaction was performed in a programmable cycler (Tpersonal Combi Thermocycler, Biometra GmbH, Goettingen, Germany). The cycle sequencing reaction was performed for 35 cycles of 96°C for 10 s, 55°C for 5 s, and 60°C for 4 min prior to a holding step. The reactions were then precipitated with ethanol and sodium acetate. The rapid thermal ramp was 1°C/s. Sequencing was performed using an ABI 377 automated sequencer (PE Applied Biosystems, Foster City, California).

Phylogenetic Analyses

In this study, the Basic Local Alignment Search Tool program (BLAST; retrieved at http://blast.ncbi.nlm.nih.gov/Blast.cgi) was used to determine the presence of S. kloosii among the isolated bacterial strains based on their 16S rRNA gene sequences. S. kloosii Strain 68 was selected for further analyses as it is a pigment-producing bacterial strain that has not been previously reported in Malaysia, and no record of the S. kloosii pigment composition could be found to date. Chromas Lite (version 2.01, Technelysium Pty Ltd., Queensland, Australia) was used to display the results of fluorescence-based DNA sequence analyses. Multiple sequence alignment of the forward reaction sequences was performed using ClustalX (version 2.1) [Thompson et al. 1997], and the sequences were subsequently aligned by eye. Molecular Evolutionary Genetics Analysis 5 (MEGA5) [Tamura et al. 2011] was subsequently used to reconstruct a phylogenetic tree using the neighbour-joining method (Saitou & Nei 1987) [Fig. 2]. The phylogenetic analysis was performed with 97 nucleotide sequences (Table 1). All positions containing gaps and missing data were eliminated. There were a total of 1319 positions in the final dataset. Phylogenetic confidence was estimated by bootstrapping (Felsenstein 1985) with 1000 replicate data sets. The optimal tree with a branch length sum of 0.30220933 is shown. The tree was drawn to scale, and the branch length units are the same as those of the evolutionary distances used to infer the phylogenetic tree. The evolutionary distances were computed using the Tamura-Nei method (Tamura & Nei 1993), and the units are the number of base substitutions per site. Estimates of evolutionary divergence (Table 2) and percent nucleotide composition (Table 3) of the partial 16S ribosomal RNA gene sequences of Strain 68 and other members of S. kloosii, Staphylococcus spp. and the Strain 68 cluster were also calculated. The percentage of replicate trees in which the associated taxa clustered together in the bootstrap test (1000 replicates) is shown next to the branches. TreeView (Win32) version 1.6.6 (Page 1996) was used to display and edit the reconstructed phylogenetic trees.
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Figure 2: Evolutionary relationships of Staphylococcus species using partial 16S ribosomal RNA gene sequences.

Note: Blue, non-monophyletic cluster; red, focal cluster



Table 1: Taxa incorporated in the phylogenetic analyses of Staphylococcus species using partial 16S ribosomal RNA gene sequences.



	Taxa
	Sample size
	Individual no.
	GenBank accession no.



	Staphylococcus sp.
	1
	Strain 68
	JX102547



	Staphylococcus sp.
	1
	Sp.1
	GU451172



	Staphylococcus sp.
	1
	Sp.2
	HM352369



	S. arlettae
	3
	Arlettae1
	HQ154573



	
	
	Arlettae2
	HQ154557



	
	
	Arlettae3
	NR024664



	S. aureus
	3
	Aureus1
	AB681717



	
	
	Aureus2
	AB681715



	
	
	Aureus3
	AB681713



	S. auricularis
	3
	Auricular1
	NR036897



	
	
	Auricular2
	D83358



	S. carnosus
	3
	Carnosus1
	EU727181



	
	
	Carnosus2
	EU727182



	
	
	Carnosus3
	NR027518



	S. chromogenes
	3
	Chromogen1
	JN426805



	
	
	Chromogen2
	NR036901



	
	
	Chromogen3
	D83360



	S. condimenti
	3
	Condimen1
	EU727183



	
	
	Condimen2
	NR029345



	
	
	Condimen3
	Y15750



	S. delphini
	3
	Delphini1
	NR024666



	
	
	Delphini2
	AB009938



	
	
	Delphini3
	HQ452512



	S. devriesei
	3
	Devriesei1
	FJ938168



	
	
	Devriesei2
	FJ389207



	
	
	Devriesei3
	FJ389208



	S. equorum
	3
	Equorum1
	NR027520



	
	
	Equorum2
	EU221367



	
	
	Equorum3
	EU221366



	S. fleurettii
	2
	Fleuretti1
	NR041326



	
	
	Fleuretti2
	AB233330



	S. gallinarum
	3
	Gallinaru1
	NR036903



	
	
	Gallinaru2
	DQ350835



	
	
	Gallinaru3
	FN646072



	S. haemolyticus
	3
	Haemolyti1
	NR036955



	
	
	Haemolyti2
	EU554432



	
	
	Haemolyti3
	JN644560



	S. hominis
	3
	Hominis1
	JQ677135



	
	
	Hominis2
	JQ734768



	
	
	Hominis3
	NR036956



	S. hyicus
	2
	Hyicus1
	NR036905



	
	
	Hyicus2
	D83368



	S. intermedius
	3
	Intermedi1
	AB626130



	
	
	Intermedi2
	NR036829



	
	
	Intermedi3
	D83369



	S. kloosii
	3
	Kloosii1
	JQ660048



	
	
	Kloosii2
	JQ660231



	
	
	Kloosii3
	JQ660155



	S. lentus
	3
	Lentus1
	JN673760



	
	
	Lentus2
	NR043418



	
	
	Lentus3
	AY395014



	S. lutrae
	2
	Lutrae1
	NR036791



	
	
	Lutrae2
	AB233333



	S. massiliensis
	1
	Massilien1
	EU707796



	S. microti
	2
	Microti1
	EU888120



	
	
	Microti2
	EU888123



	S. muscae
	2
	Muscae1
	FR733703



	
	
	Muscae2
	S83566



	S. nepalensis
	3
	Nepalensi1
	AB697721



	
	
	Nepalensi2
	AB697719



	
	
	Nepalensi3
	AB697720



	S. piscifermentans
	3
	Pisciferm1
	NR036981



	
	
	Pisciferm2
	EU727184



	
	
	Pisciferm3
	Y15754



	S. pseudintermedius
	3
	Pseudinte1
	NR042284



	
	
	Pseudinte2
	GU057859



	
	
	Pseudinte3
	GU057858



	S. rostri
	2
	Rostri1
	FM242137



	
	
	Rostri2
	AM989462



	S. saccharolyticus
	3
	Saccharol1
	AB646616



	
	
	Saccharol2
	NR029158



	
	
	Saccharol3
	L37602



	S. saprophyticus
	3
	Saprophyt1
	AB681788



	
	
	Saprophyt2
	JQ229688



	
	
	Saprophyt3
	JQ309134



	S. schleiferi
	3
	Schleifer1
	JQ407790



	
	
	Schleifer2
	NR037009



	
	
	Schleifer3
	AB009945



	S. sciuri
	3
	Sciuri1
	HQ154580



	
	
	Sciuri2
	HQ154558



	
	
	Sciuri3
	NR025520



	S. simiae
	3
	Simiae1
	NR043146



	
	
	Simiae2
	AY727530



	
	
	Simiae3
	DQ127902



	S. stepanovicii
	3
	Stepanovi1
	GQ222245



	
	
	Stepanovi2
	GQ222243



	
	
	Stepanovi3
	GQ222244



	S. succinus
	3
	Succinus1
	HQ018602



	
	
	Succinus2
	JF920302



	
	
	Succinus3
	JN644525



	S. vitulinus
	3
	Vitulinus1
	NR024670



	
	
	Vitulinus2
	AM062694



	
	
	Vitulinus3
	AB009946



	S. xylosus
	3
	Xylosus1
	AB626129



	
	
	Xylosus2
	JN644524



	
	
	Xylosus3
	NR036907



Table 2: Estimates of evolutionary divergence between partial 16S ribosomal RNA gene sequences of bacterial Strain 68 and other members of S. kloosii, Staphylococcus spp. and the Strain 68 cluster.

[image: art]


Table 3: Percentage (%) nucleotide composition of unaligned partial 16S ribosomal RNA gene sequences of bacterial Strain 68 and other members of S. kloosii, Staphylococcus spp. and the Strain 68 cluster.
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Pigment Extraction, Wavelength Scan and Growth Curve Determination

A single bacterial colony of Strain 68 that was phylogenetically identified as S. kloosii was inoculated into 200 ml of nutrient broth media (NB) [CM0001, Oxoid, UK; ingredients: ‘Lab-Lemco’ powder, 1 g/l; yeast extract, 2 g/l; peptone, 5 g/l; sodium chloride, 5 g/l] in a 1 litre Erlenmeyer flask and incubated at 37°C with shaking at 150 rpm until the inoculum had grown well and produced orange pigment that made the NB turbid.

The pigmented culture was transferred into a FalconTM (USA) 50 ml conical tube and centrifuged at 9000 rpm for 10 min at 18°C using a Hettich Universal (Tuttlingen, Germany) 320R centrifuge. The supernatant obtained after centrifugation was discarded, and the pellets containing intracellular pigments were mixed with 5 ml of absolute methanol in a FalconTM 50 ml conical tube. Methanol and ethanol were used as single extracting solvents. The mixture of bacterial cells and 5 ml of absolute solvent was vortexed to mix well, and the conical tube was incubated at 37°C with shaking at 150 rpm for up to 2 h to extract the intracellular pigments from the bacterial cells. After the extraction, the mixture was centrifuged at 9000 rpm for 10 min at 18°C. For the chromatographic analysis, the pigment extracts were concentrated from 5 ml to approximately 250 μl using a GeneVac miVac DNA Sample Concentrator (Ipswich, United Kingdom) with a volatile solvent option. A wavelength scan was performed from 390 to 560 nm using a PerkinElmer LAMBDA 35 UV/Vis (Massachusetts, USA) spectrophotometer to determine the visible spectra of ethanolic and methanolic pigment extracts from bacterial Strain 68 (Fig. 3). A cell growth curve of bacterial Strain 68 was determined by measuring the optical density at 600 nm (OD600) of 1 ml of NB containing Strain 68 once per hour (Fig. 4). Pigment production was also observed and measured at the visible wavelengths derived from the wavelength scan (the curve is not shown in Fig. 4).
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Figure 3: Visible spectra of ethanolic (red spectrum, λmax at 426, 447 and 475 nm) and methanolic (blue spectrum, λmax at 426, 445 and 473 nm) pigment extracts of bacterial Strain 68.
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Figure 4: Cell growth of bacterial Strain 68. The exponential phase of cell growth was reached between 2.5 and 9 hours of incubation. Pigment production began between hour 5 and hour 6 of incubation and reached its highest level at hour 16 (the curve is not shown).



TLC Analysis

A Merck Millipore (Darmstadt, Germany) classical TLC silica gel 60 F254 plate was cut into small plates 10 cm in length x 2 cm in width. A small amount of methanolic pigment extract from Strain 68 was centrally spotted 1 cm from the bottom of the small TLC plate (i.e., the start line/starting point), and a hair dryer was used to dry the methanol solvent. A chloroform:methanol (30:0.5) TLC solvent was prepared and placed in a glass chamber. The atmosphere in the chamber was equilibrated with the TLC solvent for 5 min. The dried TLC plate was placed in the chamber, and the solvent front was allowed to run up the plate. When the solvent front had run far enough, the TLC plate was removed from the TLC chamber. The TLC plate was dried, and the pigments were visualised using a Spectroline Model CM-10 (Westbury, New York) fluorescence analysis cabinet and iodine staining. The retardation factor (Rf) of each pigment compound or coloured fraction spot observed on the TLC plate was measured using the formula Rf = a/b (a = the distance in cm from the starting point to the centre of the spot on the TLC plate, and b = the distance in cm from the starting point to the solvent front).

RESULTS AND DISCUSSION

DNA sequencing of the 16S ribosomal RNA gene showed the presence of S. kloosii Strain 68 in the respiratory tree of H. leucospilota (Brandt 1835) from Teluk Nipah, Pangkor Island, Perak, Malaysia. This report is the first documentation of the isolation of an S. kloosii strain in Malaysia, as no record could be found previously. The bacterial colonies were orange on TGYEA with a pH of 7.19. This bacterial strain is a mesophile because it grew well at 37°C, i.e., human body temperature. The specimens of H. leucospilota sampled in Teluk Nipah, Pangkor Island inhabited seawater at a temperature of 29.17°C (i.e., ambient temperature) with a pH between 6 and 7, which agrees with the laboratory observations. The bacterial strain is Gram-positive due to its violet or purple colour resulting from Gram staining (Fig. 1), which confirms that it is a Staphylococcus species. A grape-like clustering arrangement, which is another characteristic of Staphylococcus, is not obvious in Figure 1 as the cells were too crowded. The bacterial shape is spherical or coccus (Fig. 1) with a circular form, raised elevation, continuous margin, smooth surface, opacity and chromogenesis, i.e., orange pigmentation as observed under the dissecting microscope and by the naked eye. Its typical growth pattern in broth media (i.e., NB) was uniformly turbid, and the cells were diffused throughout.

The partial 16S rRNA gene sequence of bacterial Strain 68 was registered with GenBank, (Table 1, GenBank accession no. JX102547; retrieved at http://www.ncbi.nlm.nih.gov/nuccore/JX102547). A total of 96 partial 16S ribosomal RNA gene sequences from 34 known and 2 unknown species of genus Staphylococcus were obtained from GenBank for the phylogenetic analyses of Staphylococcus species. In total, 97 partial 16S ribosomal RNA gene sequences were included (Table 1). The neighbour-joining method (Fig. 2) grouped Strain 68 with all the DNA sequences of S. kloosii from GenBank with a 100% bootstrap value, suggesting that Strain 68 is S. kloosii. The number of base substitutions per site between sequences of Strain 68 and S. kloosii are few (Table 2), thus supporting the results shown in the neighbour-joining tree. More interestingly, both of the unknown Staphylococcus species from GenBank, i.e., Sp.1 (GenBank accession no. GU451172) and Sp.2 (GenBank accession no. HM352369), are thought to be S. kloosii because the average level of evolutionary divergence between them and the other S. kloosii cluster members (Fig. 2) is very low (Table 2). Thus, the total number of Staphylococcus species incorporated in this study can be increased to 34. Based on the data from the neighbour-joining tree and evolutionary divergence, the nucleotide composition of unaligned partial 16S ribosomal RNA gene sequences of Strain 68 and other members of S. kloosii, Staphylococcus spp. and the Strain 68 cluster are considered identical, despite the very low percentage difference (Table 3).

Pigments from S. kloosii bacterial Strain 68 were found to be intracellular based on their orange pellets and the fact that the NB was not turbid after centrifugation. A pigment is considered extracellular if, after centrifugation, the NB is still turbid or the colour of the NB (which changes during fermentation due to pigment synthesis) remains the same. In fact, colour hue is dependent on pigment concentration; yellow pigments gradually turn orange and even red at increasing concentrations. Therefore, the determination of the colour hue of bacterial Strain 68 pigment is subjective. Strain 68 pigment was also soluble in ethanol and methanol. The wavelength scan ranged from 390 to 560 nm, and the visible spectra of ethanolic (λmax at 426, 447 and 475 nm) and methanolic (λmax at 426, 445 and 473 nm) pigment extracts of bacterial Strain 68 were considered identical (Fig. 3). Both visible spectra likely resembled the visible spectra of lutein (Rodriguez-Amaya & Kimura 2004; Zang et al. 1997). According to Sommerburg et al. (1998), eating green leafy vegetables enriched with lutein and zeaxanthin may help to decrease the risk of age-related macular degeneration, which is a major cause of blindness and visual impairment. Compared with lutein production from plant materials, lutein production via microbial fermentation has a number of advantages including (1) cheaper production, (2) potentially increased ease of extraction, (3) higher yields (especially through strain improvement), (4) no lack of raw materials and (5) no seasonal variations (Mortensen 2006). However, additional research is needed to further identify the pigment compounds in bacterial Strain 68.

Figure 4 shows that the lag phase occurred before hour 3 for approximately 3 hours, and the exponential phase of Strain 68 cell growth was reached between 2.5 and 9 hours of incubation. Furthermore, the stationary phase began at hour 9. Regarding pigment biosynthesis, the pigment production of Strain 68 started during the exponential phase, between hour 5 and hour 6 of incubation, and reached the highest level during the stationary phase at hour 16 (the curve is not shown). The determination of the bacterial growth curve and knowledge regarding pigment production are very important when scaling up microbial pigment production for industrial purposes.

Fractionation of a methanolic extract of bacterial Strain 68 pigment by TLC indicated at least three visible fractions or spots (Fig. 5): an orange pigment compound (the major compound), a yellow pigment compound (the least polar compound), and a pink pigment compound (the most polar compound). The colourless ultraviolet-active organic compounds visible under long wavelength UV light and by staining the TLC plate with iodine vapour suggest that pure orange pigment compound (Rf = 0.6) and pure pink pigment compound (Rf = 0.2) can be obtained using gravity column chromatography; however, the yellow pigment compound, which was the least polar compound (Rf = 1.0), requires a few more purification steps including gravity column chromatography because the compound is mixed with one or more colourless ultraviolet-active organic compounds (Fig. 5). In general, the ideal Rf range is 0.2 ≤ Rf ≤ 0.8. These findings are considered to be the first documentation of the pigment composition of an S. kloosii strain, as no such record could be found prior to now.

In the future, purification and identification of the structures and characteristics of the isolated S. kloosii pigment compounds using common techniques such as nuclear magnetic resonance (NMR), mass spectrometry (MS), UV-Vis spectroscopy and infrared (IR) spectroscopy will be essential for determining the potential utility of these pigment compounds as food-grade microbial pigments in the natural food colourant industry.
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Figure 5: Fractionation of a methanolic extract of bacterial Strain 68 pigment by TLC: (a) a methanolic extract of Strain 68 pigment was fractionated on a silica-coated TLC plate using chloroform:methanol (30:0.5), and at least three fractions were visibly obtained: an orange pigment compound (major compound), a yellow pigment compound (the least polar compound), and a pink pigment compound (the most polar); (b) colourless ultraviolet-active organic compounds visible under long wavelength UV light; (c) colourless organic compounds visible by staining the TLC plate with iodine vapour.
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