ISSN 2157-6092

\\ M acrothi“k Journal of Environment and Ecology
A Institute™ 2013, Vol. 4, No. 1

Impact of Anthropogenic Activities on Genetic
Variability of Yeasts inhabiting Mangrove sediments of

Dar es Salaam, Tanzania

Eva M. Sosovele (Corresponding author)
Dept. of Molecular Biology & Biotechnology, University of Dar es Salaam
Box 35179, Dar es Salaam, Tanzania

Tel: 255-784-238-836  E-mail: sosovele@gmail.com

Ken M. Hosea
Dept. of Molecular Biology & Biotechnology, University of Dar es Salaam

Box 35179, Dar es Salaam, Tanzania

Tel: 255-777-486-289  E-mail: kenhosea2@gmail.com

Received: January 10,2013 Accepted: January 28, 2013 Published: June 24, 2013
doi:10.5296/jee.v411.3902 URL: http://dx.doi.org/10.5296/jee.v411.3902

Abstract

The objective of the study was to investigate changes in natural yeast populations in
mangrove sediments as a result of human (anthropogenic activities) disturbance. DNA
techniques in form of Random amplified polymorphic DNA (RAPD) - PCR was employed in
this study to assess the genetic variability of yeasts isolated from a natural sediment (non
impacted) known as Ras Dege and another mangrove ecosystem which has been impacted
(polluted with sewage runoffs) known as Mtoni Kijichi both along the coast of Dar es
Salaam. A total of 25 morphologically different yeasts from the two mangrove sites were
isolated and their genetic variability was investigated. The RAPD-PCR profiles did reveal
more yeast genotypes (higher variability) in Ras Dege area compared to those at Mtoni
Kijichi. Implying that, the anthropogenic activities have modified and reduced the diversity
of mangrove yeasts to fewer genotypes. The results of this study points out to the negative
impacts of dumping of untreated waste water in mangrove ecosystems.
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1. Introduction

Mangroves are coastal wetland forests established at intertidal zones of estuaries, deltas,
creeks, lagoons, marshes and mudflats of tropical and subtropical latitudes (Ananda &
Sridhar, 2004). Approximately one fourth of the world’s coastline is dominated by
mangroves that are distributed in 112 countries and cover about 180,000 km® of the globe’s
surface in subtropical and tropical regions (Latha & Mitra, 1998). Among marine ecosystems,
mangroves constitute the second most important ecosystem in productivity. Mangrove forests
are believed to be an important sink of suspended sediments (Kathiresan & Bingham, 2001).
In these forests, mangrove trees catch sediment by their complex aerial root structure, thus
functioning as land builder (Holguin ef al., 2001). They also generate considerable amount of
detritus such as leaf litter and woody debris hence constitute an ideal environment that
support or harbor diverse groups of marine animals, plants and microorganisms that are
widely acknowledged to be important elements in coastal ecosystems in the tropics (Holguin
et al., 2001). Mangroves preserve water quality and reduce pollution by filtering suspended
materials and by assimilating dissolved nutrients, stabilize sediments and protect the
shoreline from erosion.

In mangrove sediment communities, substantial fungal populations exist as part of the vast
microbial diversity involved in detritus processing (Abdel-Wahab, 2005). Marine fungi
(which are those that grow and sporulate exclusively in a marine or estuarine habitat) are
major decomposers of woody and herbaceous substrata in marine ecosystems, where they
also degrade dead animals (Kohlmeyer et al., 1996a). Marine fungi are the primary degraders
of lignin, cellulose and other plant components in mangroves as they can synthesize all the
necessary enzymes (Singh & Steinke, 1992; Bremer, 1995). Marine fungi play an important
role in the complex microbial mediated nutrient cycling processes and biodegradation of
xenobiotics such as petroleum and its derivatives (De Araujo et al., 1995).

Yeasts are fungi that predominantly exist as unicellular organisms and at present there are
about 1500 recognized yeast species which are distributed between the ascomycetes and the
basidiomycetes (Kurtzman & Fell, 2005; Botha, 2011).Yeasts play a role in maintenance of
soil and sediment structure and aggregate formation. Also, Yeasts participate in soil nutrient
cycles and mineralization processes. On the other hand, Yeasts serve as a nutrient source for
a diversity of soil predators and they have potential as plant growth promoters and soil
conditioners (Yurkov et al., 2012). However, among the marine microbiota in East Africa, it
is only bacteria that have been investigated and reported (Lyimo, 1999; Machiwa, 1999;
Marshal, 1994 & Mgaya et al., 2004), leaving the potential of East African fungal diversity
unfamiliar.

Anthropogenic or human impact on environment includes impacts on biotic and abiotic
environments (Sahney ef al., 2010). Due to the growing rate of urbanization in many tropical
coastal areas, there continues to be an increasing concern on the impact of anthropogenic
activities to mangrove forests (De Wolf et al., 2001; Mwevura et al., 2002; Gulis &
Subekropp, 2003; Mgaya et al., 2004; Kruitwagen et al., 2006). During recent years,
Tanzania has experienced a rapid increase in urbanization and industrialization, particularly
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in the coastal area of Dar es Salaam. The mangroves ecosystems along the coast of Dar es
Salaam are subject to a number of sources of pollution such as urban sewage, industrial
effluents and agricultural chemicals which reach the mangroves via rivers and via direct
disposal (Mgaya et al., 2004).

Dar es Salaam region of Tanzania has several mangrove stands which include Kunduchi,
Selander Bridge, Mbweni, Ras Dege, Msimbazi, Mtoni Kijichi and Mji mwema (Semesi,
1998). Sewage which is water-carried waste, in solution or suspension, has long been
reported to be dumped along the coast of Dar es Salaam (Machiwa, 1999). Furthermore, a
wide range of sewage impacts on marine Tanzanian coastal communities has been reported
(Machiwa, 1998; Gulis & Subekropp. 2003; Kruitwagen et al., 2006).

In previous studies the sediments of the Mtoni estuary (in Dar es Salaam) were found to be
polluted with polychlorinated hydrocarbons, petroleum hydrocarbons and organochlorines
pesticides (Machiwa, 1998; Mwevura et al., 2002). Many of these environmental pollutants
which are released into the waters of the Dar es Salaam coastal areas pass through mangrove
forests before reaching the Indian Ocean coast. The mangroves and associated biota in
mangrove forests, which are within the city (Mtoni Kijichi), are therefore heavily impacted
by anthropogenic activities (Mremi & Machiwa, 2003) compared with Ras Dege mangrove
forests which are located a distance away from the city and hence far from human settlements
(Mtanga & Machiwa, 2007).

Elsewhere in the world, pollution has been implicated in the modification, increases or
reduction of genetic diversity in various organisms in mangrove coastal ecosystems (Latha &
Mitra. 2004; Kokare et al., 2004; Limtong et al., 2007). Due to continued human interference
and depletion of mangrove habitats, dangers of losing some precious fungal resources cannot
be ruled out, as many are habitats/ host-specific (Latha & Mitra. 2004).

Previous pollution studies on the coast of Tanzania have focused on the chemical analysis of
environmental pollutants and their effect on higher organisms (Mremi & Machiwa, 2003;
Mtanga & Machiwa, 2007; Rumisha et al., 2012), leaving behind a dearth of information on
the effects of these pollutants on mangrove sediments microorganisms. This study therefore
endeavored to isolate yeasts from both sewage impacted and non impacted mangrove
sediments along the coast of Dar es Salaam and carried out a randomly amplified
polymorphic DNA — PCR analysis to reveal changes in the numbers of genotypes in the yeast
populations caused by the pollution.

2. Materials and Methods
2.1 The Study Sites

The two mangrove forest ecosystems (Mtoni Kijichi and Ras Dege) were selected for the
intended study owing to their features; one constantly receiving sewage contamination due to
proximity to human settlements and the other far from any notable pollution.
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Figure 1. Map of Dar es Salaam Coast showing the study sites (Source: Abbu, 2006)

2.1.1 Mtoni Kijichi Mangrove Site

This site is located 15 km south of Dar es Salaam city centre. The mangrove forest in Mtoni
Kijichi is estimated to cover 378.4 hectares. Two small permanent creeks namely Kizinga
and Mzinga along with incoming rivers which are polluted with sewage run through this
forest. Some streams of fresh water and seepage that may also be contaminated with sewage
from nearby settlements also enter these forests (Mgaya et al., 2004).

2.1.2 Ras Dege Mangrove Site

Ras Dege is located along the coast approximately 60 km south of Dar es Salaam city center.
This site lies at the mouth of Mbalaganje River and is estimated to cover about 245 hectares
(Semesi, 1991). Ras Dege is considered as non sewage-impacted area as is very far from
human settlements with exception of one small recreational hotel (Mbamba bay hotel) and
thus experiencing very little impact from anthropogenic activities.
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2.2 Research Methodology
2.2.1 The Sediment Sampling for Yeast Isolation

Mangrove sediments were randomly selected from Ras Dege mangrove ecosystems and
Mtoni Kijichi.
2.2.2 Yeasts Isolation Methodology

Aquatic Yeast Broth (AYB) was made by the following composition; Glucose 1%,
(NH4)2SO4 0.5%, yeast extract 0.5%, NaCl 1% and NaH,PO4 0.2 %. Malt Extract Agar —
MEA - hyperosmotic medium was prepared according to Sosovele, 2008 and Groenewald et
al., 2011, with the following composition; malt extract 5%, saccharose 3% and NaCl 8%. 200
ul of sediment sample were directly inoculated into either 25 ml Aquatic Yeast Broth (AYB)
or onto an agar plate of the same media (Kurtzman & Robnett, 1998: Sosovele, 2008;
Groenewald ef al., 2011). The incubation of AYB broth flasks started in the field and in the
laboratory, they were incubated overnight on a shaking incubator set at 200 rpm at 30°C. The
broth was then aseptically streaked on the Aquatic Yeast Broth (AYA) plates and incubated
for two days. The agar plates which were directly inoculated with the sediment were also
incubated at 30°C for up to two days. In case there was no growth observed after this
incubation period, plates were incubated for a further two — three days. Emergent colonies
were purified by the serial transfer technique. All media were made selective for fungi by
including the antibiotic Ampicillin (0.02 %) after sterilization to minimize bacterial growth as
successfully done in a previous study.

The pure cultures were maintained on AYA slants (Glucose 1%, (NH4)2SO4 0.5%, yeast
extract 0.5%, NaCl 1%, NaH2PO4 0.2 % and 2% agar). The isolates were stored at 4°C after
sub culturing after every fortnight.

2.2.3 DNA Isolation and DNA Amplification (PCR)

Genomic DNA (gDNAs) isolation from all yeast isolates was done as described previously
(De Barros Lopez et al., (1998). The quantity of DNA was estimated by spectrophotrometric
measurement of absorbance at 260 nm following a standard protocol (Sambrook et al., 1989).
The concentration of DNA obtained in this study ranged from 50 ng - 100 ng. The Random
Amplification of Polymorphic DNA (RAPD) PCR was done using 50 ng gDNA as template.

The primer sequence used for the random amplifications was; Mg I (5’-CGA CTG CAG T-°3)
as used previously by Liu et al., 1996. RAPD PCR reactions were performed in 50 pl volume,
with 1 pl (50-100 ng) of each genomic DNA template, 5 ul reaction buffer, 2.5 mM MgCl2,

0.2 mM each dNTPs (dATP, dGTP, dCTP, and dTTP), 0.8 pmol/ul of primer, and 1.25 units

per 50 ul of Taqg DNA Polymerase. The PCR conditions included initial denaturation step for

4 minutes at 940C. Then, 40 cycles of denaturation for 1 minute at 94°C, primer annealing for

60 seconds at 36°C, extension for 2 minutes at 72°C and final extension for 5 minutes at 72°C.
After PCR reactions, the tubes were maintained at 4°C until further analysis. The RAPD

products were then resolved by electrophoresis in 1.2% agarose gels stained with ethidium

bromide (0.5 pg/ml) and TBE buffer (0.5%) for 30 minutes following a standard protocol.
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3. Results
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A total of 25 morphologically different yeasts from mangrove sediments of selected sites of
Dar es Salaam (Ras Dege and Mtoni Kijichi) were isolated. 12 yeasts were isolated from Ras
Dege sediments and 13 from Mtoni Kijichi sediments.

Table 1.List of yeast isolates from Ras Dege and Mtoni Kijichi and their code names

S/N | Code | Origin of an isolate S/N | Code Origin of an isolate

1 RY1 Isolate from Ras Dege 1 MtY?2 Isolate from Mtoni Kijichi
2 RY2 Isolate from Ras Dege 2 MtY3 Isolate from Mtoni Kijichi
3 RY3 Isolate from Ras Dege 3 MtY4 Isolate from Mtoni Kijichi
4 RY4 Isolate from Ras Dege 4 MtYS Isolate from Mtoni Kijichi
5 RY5 Isolate from Ras Dege 5 MtY 6 Isolate from Mtoni Kijichi
6 RY6 Isolate from Ras Dege 6 MtY7 Isolate from Mtoni Kijichi
7 RY7 Isolate from Ras Dege 7 MtY8 Isolate from Mtoni Kijichi
8 RY8 Isolate from Ras Dege 8 MtY9 Isolate from Mtoni Kijichi
9 RY9 Isolate from Ras Dege 9 MtY10 Isolate from Mtoni Kijichi
10 | RY10 | Isolate from Ras Dege 10 MtY11 Isolate from Mtoni Kijichi
11 | RY1l | Isolate from Ras Dege 12 MtY12 Isolate from Mtoni Kijichi
12 | RY12 | Isolate from Ras Dege 12 MtY13 Isolate from Mtoni Kijichi
13 | MtY1 | Isolate from Mtoni Kijichi

3.1 Yeast Cells Morphology

From isolated single colonies of yeasts, microscopic examination at 400X magnification was
used to arrive at a total number of 25 morphologically different yeasts. Thirteen yeast isolates
were isolated from random, representative sites in the polluted mangrove sediment ecosystem
(Mtoni Kijichi), and the other twelve yeast isolates were isolated from non polluted mangrove
sediment ecosystem (Ras Dege).

3.2 RAPD-PCR

RAPD-PCR analysis of the yeast isolates from Ras Dege and Mtoni Kijichi gave distinctive
patterns that permitted a clear differentiation of the considered isolates. Only Mgl primer was
used for RAPD analysis in this study.
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Figure 2. Results of RAPD PCR of Mtoni Kijichi (MtY) 12 yeast isolates using Mg 1 primer.
Lanes 1: 100 bp markers. Lane 2 - 13: DMtY1 — 13

The results of the RAPD-PCR analysis of 12 yeast isolates from Mtoni Kijichi (a polluted
ecosystem) produced two types of banding patterns (Figure 3). One type of banding patterns
comprised 4 PCR bands each (Lane 2 — 11) and the other type had only two PCR bands each
(lane 12 — 13). The PCR products ranged from 300 bp — 1400 bp in size as summarized in
Table 2.

Table 2. Mtoni Kijichi2 Yeast Genotypes (RAPD-PCR profiles)

Genotype | Number of yeast | Number of PCR | PCR bands size | Yeast isolates lane/s
isolate bands produced | range no on gel photo

1 10 4 300bp — 1400bp | 2 - 11

2 2 2 300bp —500bp | 12-13

The results of the RAPD-PCR analysis of 13 yeast isolates from Ras Dege (a non polluted
ecosystem) are shown in figure 4.8. Various banding PCR banding patterns were observed.
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Figure 3. Results of RAPD PCR of Ras Dege (RDY) yeast isolates using Mg 1 primer. Lanes
1: 100 bp markers. Lane 2 - 13: DRDY1 — 12

5 yeast isolates produced 3 PCR bands each of the size ranging from 300 bp — 1200 bp (Lane
2,5, 6,13 and 14), 2 yeast isolates produced 2 PCR bands of sizes 300 bp and 500 bp (lane 3
& 4), 1 yeast isolate produced 4 PCR bands each (lane 7) with their sizes ranging from 300
bp — 1300 bp, 1 yeast isolate produces 2 PCR bands each and their sizes ranged from 300 bp
— 1000 bp (lane 10), 2 yeast isolates produced 4 PCR bands each with their sizes ranging
from 300 bp — 1500 bp (lane 8 & 9), 1 yeast isolate produced 2 bands with their sizes ranging
from 1000 bp — 1200 bp (lane 11) and 1 yeast isolate produced 3 bands which had sizes
ranging from 300 bp — 1000 bp as summarized in Table 3 below.

Table 3. Ras Dege Yeasts Genotypes (RAPD-PCR profiles)

Genotypes | No. Of Yeast | No. Of PCR |PCR Bands Size | Yeast Isolates

Isolate Bands Produced | Range Lane/S No On Gel
Photo

1 5 3 300 Bp—-1200Bp |2,5,6.13 & 14

2 2 2 300Bp-500Bp |3 &4

3 1 4 300 Bp—-1300Bp | 7

4 2 4 300 Bp—-1500Bp | 8 &9

5 1 3 300 Bp— 1000 Bp | 10

6 1 2 300 Bp-1200 Bp | 11

7 1 3 300 Bp—1000Bp | 12

4. Discussion

In this study 25 yeast isolates from two distant mangrove sediments (more than 40 km apart)
were used to study the impact of anthropogenic activities on genetic variability of yeasts.

8 www.macrothink.org/jee



ISSN 2157-6092

\\ M acrothi“k Journal of Environment and Ecology
A Institute™ 2013, Vol. 4, No. 1

The yeast isolation methodology based on selective media and streaking for single colonies
was standard and has been used by various other studies (Kurtzman & Robnet, 1998;
Sosovele, 2008; Groenewald et al., 2011). However, this study may have been limited to the
culturable yeast populations, and a culture independent analysis of the yeast community DNA
may have revealed more information on the genotypes of the members of the yeast
communities in the sediments as done in some other studies (lacumin et al., 2009;
Oguntoyinbo, 2012).

However, the results of this study as summarized in Tables 2 and 3 clearly indicate the
impact of sewage pollution with only 2 genotypes of yeasts persisting in the sewage impacted
mangrove sediments of Mtoni Kijichi whereas 7 genotypes were revealed in the non sewage
impacted mangroves sediments of Ras Dege. The few genotypes that still survive the
pollution are most likely including Candida yeasts which have been reported in other studies
to dominate yeast populations in sediments impacted by human wastes (Kennish, 2001;
Loureiro et al., 2005; Vogel et al., 2007: Kutty & Phillip, 2008).

The higher number and variation of yeast genotypes observed in the non polluted sediments
is in agreement with previous report of yeasts from similar ecosystems whereby various
genera such as Candida, Trichosporon, Rhodotolura, Cryptococcus, Debaryomyces and
Pichia were reported (Loureiro ef al., 2005).

As mangroves are characterized by high population densities of microbes and other types of
living organisms, these organisms tend to be highly vulnerable to human activities in coastal
watersheds and adjoining embayment (Kennish, 2001). Other anticipated high priority
problems are excessive nutrient and sewage inputs to mangroves which tend to modify the
genetic variability of microbes and other living organisms in a particular environment (Gulis
& Subekropp. 2003; Kruitwagen et al., 2006). This appears to be the case of Mtoni Kijichi
mangroves sediments which are receiving domestic sewage from nearby settlements (Mgaya
et al., 2004),

The technique used in this study, RAPD PCR, is a simple analysis involving a single PCR
step following extraction of DNA, It is therefore a rapid methodology for studying genetic
characteristics that has been successfully used before (Pinto ef al, 2004) and is recommended
for similar studies.

Furthermore, it is being recommended that culture independent community DNA approach be
used to analyze microbial communities in sediments the rDNA is recommended for the
identification of modified yeast genotypes.

As the results of this study have clearly showed negative impacts of sewage pollution to
natural ecosystems, a recommendation is being made to introduce strategies which may
minimize and mitigate future pollution impacts. These may include mandatory liquid waste
management systems including treatment before being discharged through the coastline into
the sea. Further studies are also being proposed to be carried out within the Tanzanian
mangroves for the purpose of gaining more knowledge of the fungal diversity and to step up
the conservation of the mangroves which plays a vital role in the survival of the marine
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