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2.1 Shrimp Culturing in Thailand

Shrimp culture in Thailand has been developed for many years, especially over the 
last two decade, in response to the increasing world market demand. The production 
system evolved from extensive toward intensive with increasing input of high quality feed 
and water supply (Thakur and Lin 2003). The management used in marine shrimp 
farming can be separated in to four types i .e . extensive, semi- intensive, intensive and 
super-intensive shrimp farming. Each culturing type is difference in both pond size and 
pond management. • ’ % V

2.1.1 Extensive culture

The extensive shrimp farming system is primarily used by farmers in rural areas 
with inexpensive land price and limited infrastructure. The ponds are located dong bays 
and tidal rivers and are constructed by the elevated mud walls around the bottom of the 
ponds. The extensive shrimp farms are often found in mangrove swamps or in salt flats, 
because the environment is not suitable for more intensive culture. In some cases, 
fertilizers or manure are added to promote algal growth. The shrimp larvae that migrated 
into the pond during high tide are captured by retaining water in the pond and let grow 
naturally to market size (Tobey e t  a l . ,  1998). Disease outbreak is rare because of the low 
shrimp densities (Dierberg and Kiattisimkul, 1996). Although the survival and yield of
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2.1.2 Semi-intensive culture

Semi-intensive shrimp farms นรนฝly located above the high tide area. The 
stocking densities are higher ( 5 - 1 0  shrimp per nT) than the extensive culture so an 
additional feeding input is needed (Dierberg and Kiattisimkul, 1996). The ponds are 
smaller (1-6 ha) than that used in extensive culture and are more regular in shape. This 
leads to better control over the grow-out environment. The pond is designed with dikes 
that make it is easier to harvest than the extensive ponds. Nursery ponds are often used. 
In semi-intensive shrimp farming, pumping systems and sometimes aerators driven by 
diesel or electrical energy are used to regulate the water exchange and to bring oxygen to 
the bottom of the pond. The daily water exchange rate is 0 — 25% (Rosenberry, 2001).

2.1.3 Intensive culture

In intensive shrimp farming the ponds varies in size from 0.16 to 1 ha. The 
intensive system operates using around the clock management. There are greater inputs 
of operating capital, equipments, skilled labor, feeding, fertilizer and other chemicals 
including drugs and antibiotics. The shrimp are fed up to five times daily supplemented 
with vitamins and minerals. The ponds are aerated with paddle wheels or submersible 
aerator. The stocking densities are high (30 -  60 shrimp per nT). In intensive shrimp 
culture, 2 - 3  cultivation crops per year could be expected and water exchange rates can 
be as high as 40% daily. The risk of disease, caused especially by bacteria and viruses, is

extensive shrimp culture are the lowest among all culture systems, production cost and
risk are relatively low and therefore make it profitable.
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high and a whole crop can be lost in a short time following infection. There are different 
types of intensive cultivation systems: A) open, C) semi-closed, B) closed and super
intensive systems (Dierberg and Kiattisimkul, 1996).

2.1.3.1 Open intensive systems

Traditionally, water quality in shrimp pond is maintained by high rate of water 
exchange to flush excess plankton, nutrients and waste out of the pond. The open 
intensive ponds require large amounts of daily water exchange to maintain suitable water 
quality (Dierberg and Kiattisimkul, 1996).

2.1.3.2 Semi-closed intensive systems

Due to environmental problem in shrimp farm areas and the outbreak of shrimp 
viral diseases, many farmers as driven by the "Good Aquaculture Practice" regulation of 
the governmental agencies such as the Department of Fisheries in Thailand have been 
encouraged to recycle water in their farm. In semi-closed farming systems there is no 
water exchange during the first month of production (except for compensation of 
evaporative loss) due to the high risk of disease during this time. A limited water 
exchange is then commence during the second month of production (Dierberg and 
Kiattisimkul, 1996).
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2.13.4 Closed intensive systems

Fully closed intensive shrimp fanning operates with no water exchange to the 
outside during the whole production period. mWater is only added for compensation of 
evaporative loss and seepage. In most closed systems, water is discharged to the 
environment at harvest. Some closed intensive farms, however, treat and recycle the 
water after harvesting. This is known as the zero water exchange system (Rosenberry, 
2 0 0 1 ) .

2.13.5 Super-intensive systems

Super-intensive shrimp farming is still in its experimental stages. It requires huge 
amounts of water, around 50% daily water exchange, and can yield up to 10-100 
ton/ha/year. Super-intensive production requires huge investments in technology, 
equipments, staff expertise and overall management. Generally, these farms still have 
problems with management, diseases, crop failures, water quality, finances and the 
environment (Rosenberry, 2001).

2.2 Sediment development

During pond construction, the pond bottom usually is scraped off and used as 
earth fill for embankments. The newly finished pond bottom is normally low in organic 
matter content and nutrients. In tropical and subtropical areas with highly leached soils, 
pond bottom is often high in clay content and of low pH. After filling with water, various 
processes begin to transform the bottom of a new pond into a pond soil. Erosion of the
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watershed results in suspended particles of mineral soil and organic matter in the pond. 
Wave action, rainfall, and water currents from mechanical aeration also erode 
embankments and shallow edges to suspend soil particles. In addition, nutrients input to 
the pond in whatever fertilizer, manure, and feed causes phytoplankton blooms that 
increase the concentration of suspended organic particles. Suspended particles settle in 
ponds with large sand particles settling first, following by silt-sized particles, and finally 
clay particles and fine-divided organic matter. Water currents and activity of fish and 
other organisms continually re-suspend particles from the bottom and re-settle 
subsequently (Boyd and Bowman, 1997).

The continuous input, deposition, resuspension, and redeposition of particles in a 
pond result in a sorting of particles with the fine clay and organic matter particles settling 
in the deeper water and the coarser particles settling in shallower water. Deeper areas 
gradually fill in, and ponds may decrease in volume. Sediment thickness in deep areas of 
aquaculture ponds usually increases at 0.5 to 1 cm per year (Munsiri e t  a l . ,  1995).

Organic matter settled at the bottom is decomposed by microorganisms. Easily 
decomposable organic matter, such as simple carbohydrates, protein, and other cellular 
constituents, is rapidly degraded. More resistant material, such as complex carbohydrates 
and other cell wall components, usually accumulates in the pond because it is degraded 
slowly. Since organic matter input accumulates at the bottom, benthic microorganisms 
are continually decomposing both fresh, easily degradable (labile) organic matter and 
older, resistant (refractory) organic matter. Because there is a more or less continuous 
resuspension and redeposition of particles and stirring of the surface sediment by fish and 
other organisms, the organic matter becomes rather uniformly mixed at the upper layer of
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sediment. Nevertheless, there is a layer of fresh organic matter usually found at the 
sediment surface that has not been completely mixed into the sediment. Hence, organic 
matter concentration is therefore greatest near the sediment surface (Munsiri e t  a l . ,  1995). 
The ratio of labile organic matter to refractory organic matter ฝรo is greatest near the 
sediment surface (Sonnenholzner and Boyd, 2000). Organic matter concentrations in 
pond bottom do not continue to increase indefinitely. If aquaculture practices, e . g .  

species, stocking, fertilization, feeding rate, water exchange, amount of mechanical 
aeration, and treatment of fallow bottom between crops, is operated with the traditional 
manner, the annual input of organic matter and the rate of organic matter decomposition 
will remain in constant rate (Munsiri e t  a l . ,  1995).

New ponds usually have low organic matter content in bottom sediment, and the 
labile organic matter added each year will largely decompose, while a considerable 
proportion of refractory organic matter will accumulate (Boyd, 1995). Over a fairly short 
period, often only four or five crops, organic matter in the soil will reach a level that the 
annual rate of organic matter decomposition is equal the annual input of organic matter. 
At this time, equilibrium will occur and soil organic matter content will remain constant 
from year to year. Dissolved oxygen cannot enter rapidly in bottom soil because it must 
diffuse through the tiny water-filled pore spaces among soil particles. At a depth of only 
a few millimeters below the soil surface, the demand for dissolved oxygen by 
microorganisms can exceed the dissolved oxygen diffusion rate to that particular depth. 
This is the condition that induces the formation of anaerobic environment. The oxidized 
(aerobic) top layer of the sediment usually has lighter color than the deeper, reduced 
(anaerobic) sediment that is usually gray or black in color. This color is a result of 
ferrous iron substance. Processes described above consequently affect the bulk density



10

A core sampling taken through the sediment and extending into the original 
bottom soil is used to study profile of the pond bottom. Layers in the profile are known 
as horizons (Munsiri e t  a l . ,  1995). Boyd (1995) described these horizons and assigned 
letters to them to facilitate discussion (Figure 2.1). The F and ร horizons are among the 
most important in aquaculture pond because the exchanging activity between substances 
in sediment and overlaying water can influence water quality in the pond (Munsiri e t  a l . ,  

1995; Boyd, 1995).

(weight o f soil per unit volume, usually given in grams dry soil per cubic centimeter) o f
the distinct sediment layer.

___VT -

พ #  TE R
H O R I Z O N  C H A R A C T E R IS T IC S

F L O C C U L E N T  L A Y E R  v  

—  M I X E D  —  O x id iz e d  - a e r o b i c '

SEDIMENT
L A ^ E R  R e d u c e d  ( a n a e r o b ic )

M A T U R E  S T A B L E  

. 3  G  S E D IM E N T

T R A N S IT IO N A L

LAYER

O R I G I N A L  U N D IS T U R B E D  

P O N D  B O T T O M

Sr ]

■ViT

P T

t|r

Water with high concentrations of mineral 
and organic solids.aerobic
Sediment V/Ith high water content and low 
dry bulk density, abundant organic matter, 
well stirred by physical and biological 
agents, thin aerobic surface but anaerobic 
below

Sediment with medium water content and 
intermediate dry bulk density, abundant 
organic matter, not stirred, anaerobic

Transition between M and p honzons with 
characteristics intermediate between M and 
p horizons, not St I ท-ed. anaerobic

Low water content and high bulk density, 
usually compacted, low organic matter, not 
stirred, anaerobic

figure 2-1: Typically profile of aquaculture pond (Boyd, 1995)
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Typical profile of aquaculture ponds is shown in Figure 2-1. Sediment is referred 
to geological material that being suspended and transported by water movement and 
being settled or deposited in still water. In many places, the soil was formed by 
sedimentation. All aquaculture pond bottoms become covered with sediment, and this 
sediment can be considered as an aquaculture pond soil. In describing various physical, 
chemical, and biological processes occurring in the pond bottom, it is convenient to refer 
the bottom deposits as sediment. However, in the discussion of management of pond 
bottoms, the sediment layers in the bottom of an aquaculture pond is usually referred to 
pond soil (Sonnenholzner and Boyd, 2000).

2.2.1 The oxidized layer in sediment

The oxidized layer at the sediment surface is highly beneficial and should be 
maintained throughout the aquaculture crop. Metabolic products of aerobic 
decomposition are carbon dioxide, water, ammonia, and other nutrients. In anaerobic 
sediment, some microorganisms decompose organic matter by fermentation processs that 
produce alcohols, ketones, aldehydes, and other organic compounds as their metabolites. 
Other anaerobic microorganisms are able to use oxygen from nitrate, nitrite, iron and 
manganese oxides, sulfate, and carbon dioxide to decompose organic matter, but they 
release nitrogen gas, ammonia, ferrous iron, manganese, hydrogen sulfide, and methane 
as their metabolites (Boyd e t  a l . ,  2002). Some of these metabolites, especially hydrogen 
sulfide, nitrite, and certain organic compounds, can enter the water and be potentially
toxic to fish or shrimp.
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The oxidized layer at the sediment surface prevents diffusion of most toxic 
metabolites into pond water because they are oxidized to non-toxic forms by chemical 
and biological activity while passing through aerobic surface layer. Nitrite will be 
oxidized to nitrate, ferrous iron converted to ferric iron, and hydrogen sulfide will be 
transformed to sulfate (Boyd and Tucker, 1998). Thus, it is extremely important to 
maintain the oxidized layer at the sediment surface in aquaculture ponds. Methane and 
nitrogen gas pass through the layer and diffuse from the pond water to the atmosphere. 
These two gases do not cause toxicity to aquatic organisms under normal circumstances. 
Loss of the oxidized layer can result when soils accumulate large amounts of organic 
matter and dissolved oxygen is used up within the flocculent layer before it can penetrate 
the soil surface (Gross e t  a l ,  2000).

2.2.2 Organic matter content in sediment

It is difficult to assess organic matter content in soil because there are different 
kinds of organic matter. Organic soil has high concentrations of often recognizable plant 
remains that are quite resistant to be decomposed by bacteria and other microorganisms. 
Organic soils with 30 to 40% organic matter have approximately 15 to 20% organic 
carbon content. Such soil is unsuitable for pond aquaculture and should be avoided. Soil 
with less organic matter is known as mineral soils, and as previously discussed, organic 
matter in mineral soil is considered to be labile if microorganisms can decompose it 
readily or refractory if it decays slowly (Gross e t  a l ,  2000). Thus, a soil with 10% organic 
matter may be perfectly acceptable for pond aquaculture if most of the organic matter is 
refractory but unacceptable if the organic matter is mostly labile. Organic carbon 
concentrations for pond aquaculture are shown in Table2-1.
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Table 2-1: A classification of soil organic carbon concentrations for pond aquaculture
Organic Carbon (%) Comment

> 15 Organic soil
3.1 to 15 Mineral soil, high organic matter content
1.0 to 3.0 Mineral soil, moderate organic matter content, best range for

aquaculture
< 1 Mineral soil, low organic matter content

(Boyd e t  a l . ,  2002)

Munsiri e t  a l .  (1996) reported that concentration of nutrients in bottom soil of 
older ponds was higher than new ponds. Ritvo e t  a l .  (1998) found that concentrations of 
several elements in the soil increased during one shrimp crop. Ritvo e t  a l .  (1997a) found 
that the concentration of c, N, Mg, K and Na increased rapidly in new ponds and 
reaching maximal levels after five production cycles. On the other hand, concentration of 
ร, p and Zn in the sediment continued to increase while soil pH decreased markedly after 
one growing cycle, but then stabilized.

Organic carbon (OC), to a large extent, was consumed for respiration and released 
as CO2. Accumulation of organic carbon in the sediments was about 25% of the organic 
carbon input from feed. Similar studies were conducted in shrimp ponds. Lin and Nash 
(1996) estimated that 26 % of the nitrogen and 24 % of the phosphorus applied as feed 
accumulated in the sediments of intensive shrimp ponds. Funge-Smith and Briggs (1998) 
found that the sediment accumulated 24% of nitrogen and 84% of phosphorus from feed. 
Peaez-Osuna e t  a l .  (1997) reported that sediment in semi-intensive shrimp ponds 
accumulated up to 63.5% of phosphorus input. Paez-Osuna e t  a l .  (1999) estimated that
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2.23 Sediment pH

The pH is the negative logarithm of the hydrogen ion concentration, and the pH 
range is given as between 1 to 14. A pH of 7 indicates neutral condition (neither acidic 
nor basic), where hydrogen ions equal to hydroxide ions in concentration. A pH below 7 
indicates more hydrogen ions than hydroxide ions or acidic condition. At pH above 7, 
there are more hydroxide ions than hydrogen ions and basic or alkaline conditions exist. 
The pH in pond bottom soil can range from less than 4 to more than 9, but the suitable pH 
for aquaculture pond soils is usually neutral (Boyd, 1995).

Most soil microorganisms, especially soil bacteria, function best at pH 7 to 8. The 
source of acidity in most pond soils is aluminum ion. Clay and organic matter particles in 
soil are negatively charged and attract cations to their surfaces. Aluminum ions at cation 
exchange sites in soil are at equilibrium with aluminum ions in the pore water 
surrounding soil particles. Aluminum ion hydrolyzes to aluminum hydroxide, releasing 
hydrogen ions (Figure 2-2). The greater the proportion of aluminum ions on cation 
exchange sites in soil, the greater the acidity. Limestone neutralizes the acidity and 
calcium ions replace aluminum ions of cation exchange sites to make soil less acidic in 
reaction. Waters in ponds with acidic soils typically have low concentrations of 
bicarbonate, carbonate, calcium, and magnesium (Funge-Smith and Briggs, 1998).

47.2% o f phosphorus input in shrimp pond was adsorbed by the sediment, while Martin e t

a l .  (1998) found that up to 38% o f total nitrogen input accumulated in the sediment.
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Figure 2-2: Model for neutralization of exchangeable acidity in soil by calcium carbonate 
(Martin e t  a l . ,  1998).

Waters with low concentration of bicarbonate and carbonate will have low total 
alkalinity, and those with low concentrations of calcium and magnesium have low 
concentrations of total hardness. Usually, water with low alkalinity also is low in 
hardness. Such waters are not well buffered against pH change, and they do not have 
large reserves of inorganic carbon to support phytoplankton photosynthesis. Application 
of agricultural limestone to acidic ponds can increase soil pH, increase concentrations of 
total alkalinity and total hardness in waters, increase the availability of inorganic carbon 
for photosynthesis, and buffer waters against wide diurnal changes in pH.

Soils in humid areas tend to be highly leached of exchangeable bases and 
therefore acidic. However, if soils in humid areas contain a source of carbonate, such as 
limestone, they will not be acidic. In semi-arid and arid regions, evaporation exceeds 
precipitation and salts tend to accumulate in soils. Such soils will be neutral or basic in 
reaction. In coastal aquaculture, ponds are often filled with seawater or water from 
estuaries that usually have moderate total alkalinity (75 to 120 mg/L) and high total
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hardness (1,000 to 6,000 mg/L). Nevertheless, soils in coastal ponds may still be acidic 
and respond positively to liming (Munsiri e t  a l ,  1995).

2.3 Nutrient ๒ Shrimp pond

At the start of the growing season, earthen ponds are stocked with P-15 to 
P-25 shrimp post-larva measuring about one centimeter (figure2-3). Some of the pellet 
feed that is added to the pond is converted into shrimp flesh, but a major proportion 
(about 80% of the feed nitrogen) enters the pond ecosystem as input to nutrient cycling. 
These processes involve with wide variety of microorganisms including phytoplankton 
and common marine or estuarine bacteria. Living microorganisms take up nitrogen, in 
the form of ammonia, but release it when they die.

Early growth stage prawn pond
feed

nutrient cycling / bacterial and algal growth

Figure2-3: Early growth stage shrimp or prawn pond (Trott, 2000)

After seasons of shrimp cultivation, more nutrients are added to the pond. This 
made the farmer a hard work to maintain optimal water quality (figure 2-4). One of the 
main problems is that phytoplankton biomass can increase too quickly and, at night time,
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reduce oxygen in the water to critically low levels. In order to avoid low oxygen levels in 
the ponds, and also in the water discharge, farmers periodically replenish a small 
percentage of the total pond volume. This practice generally occurs during the last three 
months of the growing season, with about 7% of pond water replenished daily from 
creeks, rivers or estuaries. Water discharged from shrimp ponds contains higher sediment 
and nutrient loads than the intake water. Until recently, the most common global practice 
in shrimp farming is still discharge this pond water directly into receiving waters.

Advanced growth stage prawn pond

Figure2-4: Advanced growth stage shrimp or prawn pond (Trott, 2000)

2.3.1 Transformation of nitrogen compounds in aquaculture

The nutrients nitrogen (N) and phosphorus (P) are elements, and are essential 
building blocks for plant and animal growth. Nitrogen is an integral component of organic 
compounds such as amino acids, proteins, DNA and RNA. Phosphorus is found in nucleic 
acids and certain fats (phospholipids). Chemical and biological processes transfer 
nitrogen and phosphorus through the lithosphere, atmosphere, hydrosphere and biosphere.
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This is called nitrogen and phosphorus cycling (Seitzinger e t  a l  1984). Nitrogen-fixing 
bacteria convert di-nitrogen gas into organic nitrogen species that can enter the 
hydrological cycle and food webs.

Nitrogen exists in water both as inorganic and organic species, and in dissolved 
and particulate forms. Inorganic nitrogen is found both as oxidized species ( e . g .  nitrate 
(NO3") and nitrite (N (>2")) and reduced species (e . g  ammonia (NILT) and di-nitrogen gas 
(N 2)). The occurrence of the different forms of ammonia depends on pH. At the pH of 
average seawater, ~ 9 5 %  of ammonia is in the cationic form which is called ammonium 
(NHO. However, roughly half the ammonia will be in the (toxic) gaseous form (NH3), if 
the pH rises to ~9.5 in seawater (Christensen e t  a l  2000). Total dissolved nitrogen (TDN) 
consists of dissolved inorganic nitrogen (DIN) and dissolved organic nitrogen (DON), 
and is readily available for plant uptake. DIN comprises N 02", N(>3T, NHT. Dissolved 
organic nitrogen is found in a wide range of complex chemical forms such as amino acids, 
proteins, urea and humic acids. Ammonium is the form of nitrogen taken up most readily 
by phytoplankton because nitrate must first be reduced to ammonia before it is 
assimilated into amino acids in organisms (Ward, 2000). The particulate nitrogen pool 
consists of plants and animals, and their remains, as well as ammonia adsorbed onto 
mineral particles. Particulate nitrogen can be found in suspension or in the sediment. 
Some portion of the particulate nitrogen pool is subject to rapid mineralization, and is 
biologically available. Total nitrogen (abbreviated TN) is a measure of all forms of 
dissolved and particulate nitrogen present in a water sample (McCarthy, 1997).
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Phosphorus in natural waters is divided into three components: soluble 
reactive phosphorus (SRP), soluble unreactive or soluble organic phosphorus (SUP) and 
particulate phosphorus (PP) (Rigler 1973). The sum of SRP and SUP is called soluble 
phosphorus (SP), and the sum of all phosphorus components is termed total phosphorus 
(TP). Soluble and particulate phosphorus are differentiated by whether or not they pass 
through a 0.45 micron membrane filter.

The phosphate ion (PO43') is a highly particle-reactive anion and thus the 
sorption properties of sediment are crucial for P-retention capacity. Generally, aerobic 
conditions are considered to promote p sorption and anoxic conditions to favoring p 
release. After the dissolution of particulate p into inorganic form in sediment, PO43' ion is 
easily absorbed into inorganic particulate form. The storage of surplus p by 
microorganisms can, however, compete with the chemical immobilization of p (Lucas, 
1999). Normal bacteria have low p content in living cells but some bacteria accumulate 
intracellular polyphosphate (poly-P) in very large amounts, up to c a . 20% of their dry 
weight. These bacteria store p under aerobic conditions and release intracellular p via 
enzymatic hydrolysis when conditions turn anaerobic (Deinema, 1985).

In organic-rich lake sediment, microorganisms are able to take up and release 
p, depending on redox conditions, and sterilization of oxic sediments can reduce the 
microbial take up of p (Gâchter, 1988). Both non-biological and biological binding 
mechanisms of p are able to keep the pore water p concentration low and reduce the 
release of p from sediment to water.

2 3 . 2  Transformation o f  phosphorus ๒ aquaculture
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Due to surface area effects, the sorption reactions of p caused by inorganic 
particles are enhanced as a function of decreasing sediment grain size. Fine-grained (<2 
pm) constituents of sediments are silicates, clays, carbonates, Fe and A1 oxides, and 
humic acids. The surface of fine-grained minerals such as Fe and A1 oxides, clay 
minerals with sufficient Fe and Al, and possibly also Mn adsorb p efficiently. Humic 
compounds containing Fe and Al can also absorb p. Silicates and carbonates in larger 
particles such as sand poorly adsorb p (Gâchter, 1988).

It is widely accepted that sedimentary p cycling is linked mainly to the Fe 
cycle in lake and marine systems. In marine sediment, however, most of the total Fe (60- 
80%) is bound to silicates (e.g. chlorite). Adsorption of p by silicate-bound Fe is 
insignificant compared to that by Fe(III) oxides, which are considered to be the main Fe 
compounds in p binding. Sediment contains a multitude of Fe(III) oxides, often in 
complex mixtures, range widely in degree of crystallization, particle size, available 
surface area, reactivity and oxidation state (Lovley, 1991). The p sorption capacity of 
amorphous, i .e . poorly crystallized, Fe(OH)3 and lepidocrocite (-FeOOH), is about 20 
times that of crystalline Fe(III) oxides such as goethite (%-FeOOH) and hematite (%- 
Fe2C>3).

Other negatively charged anions can also compete with the P04J‘ adsorption 
sites in sediment. For example, the effect of pH can be related to competition for 
adsorption sites, because desorption of p from clay minerals and Fe and Al (hydr) oxides 
is based on ligand exchange, in which p is substituted by OH'. An increase in pH can 
also increase the negative charge of the sorbing oxides (Hartikainen, 1996). A 
significant decrease in p sorption to Fe (III) oxides occurs at pH >6.5. Silicon (Si) may
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also compete with p for adsorption sites (Tallberg, 2000). Silicate (Si04) and p are 
absorbed onto the surfaces of hydrated A1 and Fe oxides by the same specific mechanism 
and, thus, Si04 may chemically compete with P04J_ for adsorption sites (Lovley, 1991).

The main transport mechanism of p to sediments is clearly the settling of 
particulate matter, although influx of dissolved p to sediment may also occured. Surface 
of the sediment receives a mixture of particulate inorganic and organic compounds 
containing p. In sediment, the settled particulate inorganic p can be divided into Fe-, Mn-, 
Al- and Ca-bound p, whereas the particulate organic p consists of living and dead algae, 
plant debris, zooplankton, bacteria and detritus. Part of the settled particulate p behaves 
as inert material and is buried in its original form, whereas part of the p ( i . e .  mobile P) is 
involved in various physico-chemical and biological reactions before final burial as inert 
material in sediments. Mobile pools of loosely sorbed p, Fe-bound p and fresh organic p 
may constitute over 50% of the surface TP but are largely depleted below a depth of 
couple of centimeters. The non-mobilized, buried p consists mostly of stable minerals 
such as apatite and refractory organic p, whereas the Fe-bound p constitutes are only a 
minor proportion of the burial flux of p.

Particulate organic p is considered to be the main compound transporting p to 
sediments. In marine regions with marked seasonality such as at northern temperate 
latitudes, the settling of the spring bloom with its high p content carries a large portion of 
the organic particulate p to the surface of the sediment. In the Baltic Sea, for example, 
seasonal short-term changes in the phytoplankton biomass in the water mass are due to 
the rapid sedimentation of phytoplankton (Fleiskanen, 1998). Large part of dissolved 
phosphorus may be stripped from the entire water column by this event. Although



22

organic matter is mineralized during sinking, a substantial portion of the settled 
particulate organic matter decomposes within the sediments in relatively shallow 
environments. In estuaries, however, the sedimentation of particulate matter may be 
accentuated by salt-induced flocculation of colloidal and particulate matter containing p 
(Edzwald, 1974); further, the dissolved p may precipitate with Fe (III) oxides (Gunnars, 
2002). The precipitation on Fe (III) oxides in water may be major binding process of p in 
water depths, where biological uptake is minor.

Labile organic matter rich in p tends to increase the release of p from 
sediment to water within a period of days after settling. The settling and subsequent 
mineralization of labile organic matter does not, however, necessarily lead to the 
immediate release of p from sediment to water owing to the sorption capacity of p in 
sediments. A major portion of the organic p in sedimentation flux can be mineralized in 
sediments, but the mineralized p is partitioned between the pore water and adsorption 
sites of the sediment. The proportion of organic p may then decrease but that of Fe(III) 
oxide-bound p increase in surface sediment (Jensen, 1995).

Therefore, although the settling of particulate organic p is an important transport 
mechanism of p into sediment, the p is partly bound to inorganic compounds after 
mineralization in sediments. However, neither fresh organic p nor Fe (III) oxide bound p 
is efficiently buried, because organic p is mineralized and Fe-bound p is dissolved in the 
reduction of Fe (III) oxides in sediments (Hupfer, 1991).



23

2.4 Microbial ๒ shrimp pond

Ruangpan, e t  a l .  (1996) investigated bacterial community in shrimp pond 
sediment throughout the culture period. Eight species of V i b r i o  were identified from a 
total of 262 isolates. They were V . h a r v e y i ,  V . a l g i n o l y l i c u s ,  V . p a r a h a e m o l y t i c u s ,  V . 

v u l n i f i c u s ,  V . f l u v i a l i s  type I, V  a n g u i l l a r u m ,  V . d a m s e l a ,  and V . c h o l e r a e .  The other 
species of bacteria that were found in the sediment were A c i n e t o b a c t e r ,  F l a v o b a c t e r i u m ,  

E s c h e r i c h i a  c o l i ,  S a l m o n e l l a ,  P s e u d o m o n a s ,  B a c i l l u s ,  gram positive bacteria, and others. 
This investigation revealed that P s e u d o m o n a s  were the most common bacteria in the 
sediment of shrimp ponds. The number of bacteria increased through the rearing period 
and the highest number were found at 90-120 days of the production crop.

2.4.1 Microbial related to nitrogen cycle

In shrimp pond organic matter content is generally high compared with natural 
environment. This due to extraneous inputs during shrimp culture such as feed, excreta, 
fertilizer, etc. The microorganisms such as bacteria, fungi, protozoa, carry out active 
decomposition of left over feed and metabolite to inorganic forms such as ammonia, 
hydrogen sulphide, carbondioxide, through the process of mineralization (Moriarty, 1997). 
Microorganisms help not only in the production and breakdown of organic matter, but 
also in the nutrient recycling in aquatic ecosystem. The nitrogen cycle occupies an 
important place in organic matter recycling and involves nitrogen-fixation, 
ammonification, nitrification and denitrification processes carried out by different
microorganisms.
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Nitrogen-fixing bacteria are able to fix atmospheric nitrogen and to use it as the 
nitrogen source for growth and biosynthesis. The key groups of nitrogen-fixing 
microorganisms are Cyanobacteria, specialised bacteria from the family of 
Azotobacteriaceae and anaerobic bacteria from the genus C l o s t r i d i u m .

Ammonification bacteria carry out the catabolic decomposition of nitrogen- 
containing substances, which results in the formation of ammonia. They are represented 
in water by numerous taxa, including aerobic saprophyte bacteria, actinomycètes and 
moulds, as well as anaerobic bacteria.

Nitrification, the oxidation of ammonia to nitrate via nitrite, occupies a central 
position within the global nitrogen cycle. Nitrifying bacteria are the only organisms 
capable of converting the most reduced form of nitrogen, ammonia, to the most oxidised 
form, nitrate and also carry out a range of other processes within the nitrogen cycle. 
Nitrification influences nitrogen supply to plants, increases loss of soil nitrogen through 
leaching and volatilisation, limits the rate of throughput in aerobic sewage treatment 
processes, increases nitrate pollution of groundwater and generates reactive gases 
involved in the production of atmospheric ozone and acid rain, the destruction of 
stratospheric ozone and global warming. Despite the ubiquity of abundant and active 
populations of nitrifying bacteria in natural environments, the organisms are difficult to 
isolate, grow and maintain in laboratory culture (Alleman, 1991). N i t r o s o m o n a s  

e u r o p a e a ,  N i t r o s p i r a  b r i e n s i s ,  N i t r o s o c o c c u s  n i t r o s u s ,  N i t r o s o c o c c u s  o c e a n u s  and 
N i t r o s o l o b u s  m u l t i f o r m i s  are among the member of nitrifying bacteria (Wood, 1986).
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D e n i t r i f i c a t i o n  i s  t h e  m i c r o b i a l  r e d u c t i o n  o f  n i t r a t e  t o  d i - n i t r o g e n  g a s  ( N 2) .  

D e n i t r i f i c a t i o n  i s  s o m e t i m e s  r e f e r r e d  t o  a s  ' d i s s i m i l a t o r y '  n i t r a t e  r e d u c t i o n  b e c a u s e  i t  

o c c u r s  i n  a s s o c i a t i o n  w i t h  t h e  d i s s i m i l a t i o n  ( d e c o m p o s i t i o n )  o f  o r g a n i c  m a t t e r  ( P o s t g a t e ,  

1 9 9 8 ) .  T h e  d e n i t r i f i c a t i o n  s t e p s  a r e  a s  f o l l o w s  ( F r o e l i c h  e t  a l ,  1 9 7 9 ) :

N03 (Nitrate)—> N02 (Nitrite)—> NO (Nitric Oxide)—> N20 (Nitrous Oxide)—> N2 (Nitrogen)

T h e  n i t r a t e  ( N O 3 )  i s  u s e d  i n  t h e  r e s p i r a t o r y  p r o c e s s  o f  t h e  m i c r o b e s ,  a n d  c a n  b e  

d e r i v e d  f r o m  t h e  w a t e r  c o l u m n  o r  f r o m  n i t r i f i c a t i o n  o c c u r r i n g  d u r i n g  t h e  m i n e r a l i z a t i o n  

o f  o r g a n i c  m a t t e r  i n  s e d i m e n t .  W h e n  n i t r a t e  f o r  d e n i t r i f i c a t i o n  i s  d e r i v e d  f r o m  

n i t r i f i c a t i o n ,  t h e  p r o c e s s  i s  c a l l e d  c o u p l e d  n i t r i f i c a t i o n - d e n i t r i f i c a t i o n .  D e n i t r i f i c a t i o n  i n  

s e d i m e n t  a p p e a r s  h i g h l y  s e n s i t i v e  t o  c a r b o n  l o a d i n g  ( t r o p h i c  s t a t u s )  ( E y r e  a n d  F e r g u s o n ,  

2 0 0 2 ;  S e i t z i n g e r  a n d  N i x o n ,  1 9 8 5 ;  H e g g i e  e t  a l ,  1 9 9 9 b ) .

D e n i t r i f y i n g  b a c t e r i a  a r e  a n a e r o b i c  b u t  t h e y  r e q u i r e  a n  o x i d i z e d  f o r m  o f  n i t r o g e n  

( e . g .  n i t r a t e ) .  D e n i t r i f i c a t i o n  c a n  b e  e n h a n c e d  b y  t h e  p r e s e n c e  o f  b e n t h i c  f a u n a  w h i c h  

i n c r e a s e  s e d i m e n t  s u r f a c e  a r e a  a n d  e n h a n c e  i r r i g a t i o n  ( o x i d a t i o n )  o f  d e e p e r  s e d i m e n t s .  

B e n t h i c  i n v e r t e b r a t e s  t h u s  c a u s e  l o c a l i z e d  i n c r e a s e s  i n  c o n c e n t r a t i o n  o f  o r g a n i c  m a t t e r  

a n d  s o l u t e s  ( i . e .  a m m o n i u m )  a n d  u l t i m a t e l y  e n h a n c e  m i c r o b i a l  a c t i v i t y  a n d  o x i c / a n o x i c  

m i c r o e n v i r o n m e n t  ( a n d  t h e r e f o r e  c o u p l e d  n i t r i f i c a t i o n  /  d e n i t r i f i c a t i o n )  i n  t h e i r  b u r r o w  

l i n i n g s ,  e x c r e t a  a n d  o r g a n i c  p a r t i c l e s  ( N i x o n ,  1 9 8 8 ,  c i t e d  i n  H a r r i s  1 9 9 9 . ,  H a e s e ,  2 0 0 2 . ) .

2 . 4 . 2  M i c r o b i a l  r e l a t e d  t o  p h o s p h o r u s  c y c l e

P l a n t s  a n d  b a c t e r i a  r e q u i r e  p h o s p h o r u s  i n  t h e  d i s s o l v e d  f o r m ,  g e n e r a l l y  a s  

o r t h o p h o s p h a t e ,  f o r  t h e i r  n u t r i t i o n  ( H e n r y  a n d  H e i n k e ,  1 9 9 6 ) .  P h o s p h a t e s  a r e  n o t  t o x i c
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u n l e s s  t h e y  a r e  p r e s e n t  a t  v e r y  h i g h  l e v e l s  ( M u r p h y ,  2 0 0 0 b ) ,  h o w e v e r ,  e x c e s s i v e  a m o u n t s  

o f  o r t h o p h o s p h a t e  i n  t h e  a q u a t i c  e n v i r o n m e n t  i n c r e a s e  a l g a e  a n d  a q u a t i c  p l a n t  g r o w t h .  A s  

b e f o r e ,  t h i s  c h a n g e  r e s u l t s  i n  d e c r e a s e d  d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n  a s  b a c t e r i a  

d e c o m p o s e  a l g a l  d e b r i s  a l s o  c o n s u m e  o x y g e n  i n  t h e  d e c o m p o s i t i o n  p r o c e s s .  W h e n  

d i s s o l v e d  o x y g e n  c o n c e n t r a t i o n s  f a l l  b e l o w  t h e  l e v e l s  r e q u i r e d  f o r  m e t a b o l i c  r e q u i r e m e n t s  

o f  a q u a t i c  b i o t a ,  b o t h  l e t h a l  ( e . g . ,  f i s h  k i l l s )  a n d  s u b l e t h a l  e f f e c t s  c a n  o c c u r .  O x y g e n  l o s s  

i n  b o t t o m  w a t e r s  c a n  a l s o  f r e e  p h o s p h o r u s  p r e v i o u s l y  t r a p p e d  i n  t h e  s e d i m e n t ,  i n c r e a s i n g  

t h e  a m o u n t  o f  a v a i l a b l e  p h o s p h o r u s  a n d  c o n t i n u i n g  t h e  p r o c e s s  o f  d e c r e a s i n g  d i s s o l v e d  

o x y g e n  ( M u r p h y ,  2 0 0 0 b ) .

N i t r o g e n  a n d  p h o s p h o r u s  a r e  t h e  p r i m a r y  c a u s e s  o f  e u t r o p h i c a t i o n .  T h e  m o s t  

r e c o g n i z a b l e  e v i d e n c e  o f  e u t r o p h i c a t i o n  i s  a l g a l  b l o o m s  t h a t  o c c u r  d u r i n g  t h e  s u m m e r .  

S y m p t o m s  o f  n u t r i e n t  o v e r  e n r i c h m e n t  i n c l u d e  m u r k y  w a t e r ,  l o w  d i s s o l v e d  o x y g e n  a n d  

f i s h  k i l l e d .  E x c e s s i v e  a m o u n t s  o f  n u t r i e n t s  c a n  a l s o  s t i m u l a t e  t h e  a c t i v i t y  o f  m i c r o b e s ,  

s u c h  a s  P f i e s t e r i a  p i s c i c i d a  t h a t  m a y  b e  h a r m f u l  t o  h u m a n  h e a l t h  ( G r u b b s ,  2 0 0 1 ) .

T h e  p h o s p h a t e  i o n  ( P O E )  i s  a  h i g h l y  p a r t i c l e - r e a c t i v e  a n i o n  a n d  t h u s  t h e  s o r p t i o n  

p r o p e r t i e s  o f  s e d i m e n t  a r e  c r u c i a l  f o r  P - r e t e n t i o n  c a p a c i t y .  G e n e r a l l y ,  a e r o b i c  c o n d i t i o n  

i s  c o n s i d e r e d  t o  p r o m o t e  p  s o r p t i o n  a n d  a n o x i c  c o n d i t i o n  t o  f a v o r  p h o s p h a t e  r e l e a s e .  

A f t e r  t h e  d i s s o l u t i o n  o f  p a r t i c u l a t e  p h o s p h a t e  i n t o  i n o r g a n i c  f o r m  i n  s e d i m e n t s ,  P O E "  i o n  

i s  e a s i l y  a d s o r b e d  i n t o  i n o r g a n i c  p a r t i c u l a t e  f o r m .  T h e  s t o r a g e  o f  s u r p l u s  p h o s p h o r u s  b y  

m i c r o o r g a n i s m s  c a n ,  h o w e v e r ,  c o m p e t e  w i t h  t h e  c h e m i c a l  i m m o b i l i z a t i o n  o f  p h o s p h o r u s  

( H u p f e r ,  1 9 9 1 ) .  N o r m a l  b a c t e r i a  h a v e  l o w  p h o s p h a t e  c o n t e n t  i n  l i v i n g  c e l l s  b u t  s o m e  

b a c t e r i a  a c c u m u l a t e  p o l y p h o s p h a t e  ( p o l y - P )  i n t r a - c e l l u l a r  i n  v e r y  l a r g e  a m o u n t s ,  u p  t o  c a .  

2 0 %  o f  t h e i r  d r y  w e i g h t .  T h e s e  b a c t e r i a  s t o r e  p h o s p h o r u s  u n d e r  a e r o b i c  c o n d i t i o n s  a n d
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r e l e a s e  i n t r a c e l l u l a r  p h o s p h a t e  v i a  e n z y m a t i c  h y d r o l y s i s  w h e n  c o n d i t i o n s  t u r n  a n a e r o b i c  

( D e i n e m a ,  1 9 8 5 ) .  I n  o r g a n i c - r i c h  l a k e  s e d i m e n t s ,  m i c r o o r g a n i s m s  a r e  a b l e  t o  t a k e  u p  a n d  

r e l e a s e  p h o s p h o r u s ,  d e p e n d i n g  o n  r e d o x  c o n d i t i o n s ,  a n d  s t e r i l i z a t i o n  o f  o x i c  s e d i m e n t s  

c a n  r e d u c e  t h e  m i c r o b i a l  t a k e  u p  o f  p h o s p h o r u s  ( G à c h t e r  e t  a l ,  1 9 8 8 ) .  B o t h  n o n b i o l o g i c a l  

a n d  b i o l o g i c a l  b i n d i n g  m e c h a n i s m s  o f  p h o s p h o r u s  a r e  a b l e  t o  k e e p  t h e  p o r e  w a t e r  

p h o s p h o r u s  c o n c e n t r a t i o n  l o w  a n d  r e d u c e  t h e  r e l e a s e  o f  p h o s p h o r u s  f r o m  s e d i m e n t  t o  

w a t e r .

M e i z o a k i  e t  a l ,  ( 1 9 9 9 )  r e p o r t e d  t h a t  p h o s p h a t e - a c c u m u l a t i n g  b a c t e r i a  c a n  u s e  

n i t r a t e  a s  t e r m i n a l  e l e c t r o n  a c c e p t o r  i n s t e a d  o f  o x y g e n .  I d e n t i f i c a t i o n  o f  i s o l a t e s  r e v e a l e d  

t h a t  t h e  m o s t  a c t i v e  d e n i t r i f i e r s  w e r e  O c h r o b a c t r u m ,  P s e u d o m o n a s ,  C o r y n e b a c t e r i u m ,  

A g r o b a c t e r i u m ,  A q u a s p i r i l l u m ,  H a e m o p h i l u s ,  X a n t h o m o n a s ,  A e r o m o n a s ,  a n d  S h e w a n e l l a .  

T h e  m o s t  a c t i v e  p h o s p h a t e  a c c u m u l a t i n g  a n d  d e n i t r i f y i n g  b a c t e r i a  w e r e  i d e n t i f i e d  a s  

A g r o b a c t e r i u m  t u m e f a c i e n s ,  A q u a s p i r i l l u m  d i s p a r ,  a n d  A g r o b a c t e r i u m  r a d i o b a c t e r .  T h e  

r e s u l t s  f r o m  t h e i r  s t u d y  s h o w e d  t h a t  t h e  a c t i v e  p h o s p h a t e  a c c u m u l a t i n g - b a c t e r i a  w e r e  a l s o  

t h e  m o s t  e f f i c i e n t  d e n i t r i f y i n g  b a c t e r i a .

U n d e r  a e r o b i c  c o n d i t i o n s  ( p r e s e n c e  o f  o x y g e n ) ,  t h e  n a t u r a l  c y c l e s  m a y  b e  m o r e  o r  

l e s s  i n  b a l a n c e  u n t i l  a n  e x c e s s  o f  n i t r a t e  ( n i t r o g e n )  a n d / o r  p h o s p h a t e  e n t e r s  t h e  s y s t e m .  A t  

t h i s  t i m e  t h e  w a t e r  p l a n t s  a n d  a l g a e  b e g i n  t o  g r o w  m o r e  r a p i d l y  t h a n  n o r m a l .  A s  t h i s  

h a p p e n s  t h e r e  i s  a l s o  a n  e x c e s s  d i e  o f f  o f  t h e  p l a n t s  a n d  a l g a e  a s  s u n l i g h t  i s  b l o c k e d  a t  

l o w e r  l e v e l s .  B a c t e r i a  t r y  t o  d e c o m p o s e  t h e  o r g a n i c  w a s t e ,  c o n s u m i n g  t h e  o x y g e n ,  a n d  

r e l e a s i n g  m o r e  p h o s p h a t e  w h i c h  i s  k n o w n  a s  " r e c y c l i n g  o r  in t e r n a l  c y c l i n g " .  S o m e  o f  t h e  

p h o s p h a t e  m a y  b e  p r e c i p i t a t e d  a s  i r o n  p h o s p h a t e  a n d  s t o r e d  i n  t h e  s e d i m e n t  w h e r e  i t  c a n  

t h e n  b e  r e l e a s e d  i f  a n o x i c  c o n d i t i o n s  d e v e l o p e d  ( D e i n e m a ,  1 9 8 5 ) .
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U n d e r  a n a e r o b i c  c o n d i t i o n s  ( a b s e n c e  o f  o x y g e n ) ,  w i t h  h i g h  p h o s p h a t e  a n d  n i t r a t e  

i n  t h e  w a t e r ,  a l l  o f  t h e  o x y g e n  m a y  b e  u s e d  u p  b y  b a c t e r i a  t h a t  t r y i n g  t o  d e c o m p o s e  a l l  o f  

t h e  w a s t e .  A t  t h i s  c o n d i t i o n ,  v a r i o u s  b a c t e r i a  c o n t i n u e  t o  c a r r y  o n  d e c o m p o s i t i o n ,  

h o w e v e r ,  t h e  p r o d u c t s  a r e  d r a s t i c a l l y  d i f f e r e n t .  T h e  c a r b o n  i s  c o n v e r t e d  t o  m e t h a n e  g a s  

i n s t e a d  o f  c a r b o n  d i o x i d e  w h i l e  s u l f u r  i s  c o n v e r t e d  t o  h y d r o g e n  s u l f i d e  g a s .  S o m e  o f  t h e  

s u l f i d e  m a y  b e  p r e c i p i t a t e d  a s  i r o n  s u l f i d e .  U n d e r  a n a e r o b i c  c o n d i t i o n  t h e  i r o n  p h o s p h a t e  

p r e c i p i t a t e d  i n  t h e  s e d i m e n t s  m a y  b e  r e l e a s e d  f r o m  t h e  s e d i m e n t  m a k i n g  t h e  p h o s p h a t e  

b i o a v a i l a b i l i t y .  T h i s  i s  a  k e y  c o m p o n e n t  o f  t h e  g r o w t h  a n d  d e c a y  c y c l e .  T h e  p o n d ,  

s t r e a m ,  o r  l a k e  m a y  g r a d u a l l y  f i l l  w i t h  d e c a y i n g  a n d  p a r t i a l l y  d e c o m p o s e d  p l a n t  m a t e r i a l s  

t o  m a k e  a  s w a m p ,  w h i c h  i s  t h e  n a t u r a l  a g i n g  p r o c e s s .  T h e  p r o b l e m  i s  t h a t  t h i s  p r o c e s s  h a s  

b e e n  s i g n i f i c a n t l y  a c c e l e r a t e d  ( H u p f e r ,  1 9 9 1 ) .

2 . 5  M e t h o d  f o r  m o n i t o r i n g  m i c r o b i a l  d i v e r s i t y  i n  e n v i r o n m e n t

T h e  m o s t  u s e f u l  d e f i n i t i o n  o f  b i o d i v e r s i t y  i s  g i v e n  b y  t h e  I n t e r n a t i o n a l  U n i o n  f o r  

C o n s e r v a t i o n  o f  N a t u r e  a n d  N a t u r a l  R e s o u r c e s  a s :  b i o d i v e r s i t y  e n c o m p a s s e s  a l l  l i f e  f o r m s ,  

e c o s y s t e m s  a n d  e c o l o g i c a l  p r o c e s s e s  a n d  a c k n o w l e d g e s  t h e  h i e r a r c h y  a t  g e n e t i c ,  t a x o n  

a n d  e c o s y s t e m  l e v e l s .  M i c r o b i a l  d i v e r s i t y ,  o n  t h e  o t h e r  h a n d ,  i n c l u d e s  t h e  d i v e r s i t y  o f  

b a c t e r i a ,  p r o t o z o a ,  f u n g i ,  u n i c e l l u l a r  a l g a e  a n d  c o n s t i t u t e s  t h e  m o s t  e x t r a o r d i n a r y  

r e s e r v o i r  o f  l i f e  i n  t h e  b i o s p h e r e ,  a n d  o n e  w h i c h  w e  h a v e  o n l y  b e g u n  t o  e x p l o r e  ( A m a n n  

ฟ ฟ ,  1 9 9 5 ) .

D i v e r s i t y  i s  c o m p o s e d  o f  t w o  e l e m e n t s :  r i c h n e s s  a n d  e v e n n e s s ,  s o  t h a t  t h e  h i g h e s t  

d i v e r s i t y  o c c u r s  i n  c o m m u n i t i e s  w i t h  m a n y  d i f f e r e n t  s p e c i e s  p r e s e n t  ( r i c h n e s s )  in  

r e l a t i v e l y  e q u a l  a b u n d a n c e  ( e v e n n e s s )  ( H u s t o n ,  1 9 9 4 ) .  T h e  r i c h n e s s  a n d  e v e n n e s s  o f  

b a c t e r i a l  c o m m u n i t i e s  r e f l e c t  s e l e c t i v e  p r e s s u r e  t h a t  s h a p e  d i v e r s i t y  w i t h i n  c o m m u n i t i e s .
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M e a s u r i n g  t h e s e  p a r a m e t e r s  i s  m o s t  u s e f u l  w h e n  a s s e s s i n g  t r e a t m e n t  e f f e c t s  ( e g . ,  

p h y s i c a l  d i s t u r b a n c e s ,  p o l l u t i o n ,  n u t r i e n t  a d d i t i o n ,  p r e d a t i o n ,  c l i m a t e  c h a n g e ,  e t c . )  o n  

c o m m u n i t y  d i v e r s i t y .

W a r d  e t  a l ,  ( 1 9 9 2 )  r e p o r t e d  t h a t  m o r e  t h a n  9 0 %  o f  t h e  m i c r o o r g a n i s m s  i n  n a t u r e  

a r e  t h o u g h t  t o  h a v e  e s c a p e d  t r a d i t i o n a l  c u l t i v a t i o n  t e c h n i q u e s .  U s e  o f  t h e  1 6 S  r D N A  

a p p r o a c h  t o  a s s e s s  p r o k a r y o t i c  b i o d i v e r s i t y  i n  d i f f e r e n t  e c o s y s t e m s  h a s ,  i n  p a r t ,  a l l e v i a t e d  

t h e  l i m i t a t i o n s  o f  t r a d i t i o n a l  c u l t i v a t i o n ,  a n d  h a s  f a c i l i t a t e d  m i c r o b i o l o g i c a l  s t u d i e s .  T h e  

a p p l i c a t i o n  o f  m o l e c u l a r  t e c h n i q u e s ,  w h i c h  a l l o w s  i d e n t i f i c a t i o n  o f  m i c r o o r g a n i s m s  

w i t h o u t  p r i o r  u s e  o f  s t a n d a r d  c u l t i v a t i o n  a n d  i s o l a t i o n  t e c h n i q u e s ,  h a s  r e v e a l e d  m u c h  o f  

t h e  m i c r o b i a l  d i v e r s i t y  t h a t  p r e v i o u s l y  e s c a p e d  i d e n t i f i c a t i o n  ( D e l o n g  1 9 9 2 ;  M a s s a n a  e t  a l ,  

1 9 9 7 ;  D o j k a  e t  a l ,  1 9 9 8 ;  H u g e n h o l t z  e t  a l ,  1 9 9 8 a )  a n d  h a s  i n d i c a t e d  t h a t  t h e  a c t u a l  

n u m b e r  o f  b a c t e r i a l  s p e c i e s  e x c e e d s  t h e  n u m b e r  o f  c u l t i v a t e d  o n e s  b y  a t  l e a s t  t w o  o r d e r s  

o f  m a g n i t u d e  ( A m a n n  e t  a l ,  1 9 9 5 ) .  I t  h a s  b e e n  r e p e a t e d l y  d e m o n s t r a t e d  t h a t  o n l y  a  s m a l l  

f r a c t i o n  o f  b a c t e r i a  e x i s t i n g  i n  v a r i o u s  e n v i r o n m e n t s  h a s  b e e n  i d e n t i f i e d ,  p r i m a r i l y  d u e  t o  

t h e  p r e s e n c e  o f  n o n - c u l t u r a b l e  o r g a n i s m s .  S p e c i f i c a l l y ,  i n  s e a w a t e r  i t  h a s  b e e n  e s t i m a t e d  

t h a t  l e s s  t h a n  0 .1 %  o f  t h e  b a c t e r i a l  p o p u l a t i o n  c a n  b e  c u l t u r e d  ( K o g u r e  e t  a l ,  1 9 8 0 ) .  I n  

c o m p a r i s o n ,  s o i l  h a s  a n  e q u a l l y  l o w  p e r c e n t a g e  o f  0 . 3 %  ( T o r s v i k  e t  a l ,  1 9 9 0 ) ,  w h e r e a s  i n  

a c t i v a t e d  s l u d g e  t h e  p e r c e n t a g e  i s  a n y w h e r e  f r o m  1 - 1 5 %  ( W a g n e r  e t  a l ,  1 9 9 3 ) .

2 . 5 . 1  C u l t u r e  d e p e n d e n t  m e t h o d s

I n  c u l t u r e  d e p e n d e n t  m e t h o d s ,  b a c t e r i a  a r e  i s o l a t e d  f r o m  e n v i r o n m e n t a l  s a m p l e s  

w i t h  c u l t u r e  m e d i u m .  N u c l e i c  a c i d  i s  t h e n  e x t r a c t e d  f r o m  t h e  b a c t e r i a l  c u l t u r e .  T h e  

b i g g e s t  d r a w b a c k  i n  e x p l o r i n g  b a c t e r i a l  b i o d i v e r s i t y  i s  t h e  i s s u e  o f  v i a b l e  b u t  n o n 
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c u l t i v a b l e  o r g a n i s m s .  D i v e r s i t y  i n  b a c t e r i a l  c o m m u n i t i e s  i s  n o r m a l l y  d e t e r m i n e d  b y  

p h e n o t y p i c  c h a r a c t e r i z a t i o n  o f  i s o l a t e d  s t r a i n s .  A  p r o b l e m  i s  t h a t  p h e n o t y p i c  m e t h o d s  c a n  

b e  u s e d  o n l y  o n  b a c t e r i a  w h i c h  c a n  b e  i s o l a t e d  a n d  c u l t u r e d .  W h i l e  m a n y  a d v a n c e s  h a v e  

b e e n  m a d e  i n  m i c r o b i o l o g i c a l  c u l t u r e  t e c h n i q u e s ,  i t  i s  s t i l l  n o t  p o s s i b l e  t o  g r o w  a  m a j o r i t y  

o f  b a c t e r i a l  s p e c i e s  u s i n g  t h e  s t a n d a r d  l a b o r a t o r y  c u l t u r i n g  t e c h n i q u e s .  C o n v e n t i o n a l  

c h a r a c t e r i z a t i o n  o f  m i c r o b i a l  s t r a i n s  t h e r e f o r e  h a s  b e e n  s u b j e c t e d  t o  d e b a t e ,  a s  i t  i s  

d e p e n d e n t  o n  t h e  a b i l i t y  o f  t h e  s t r a i n s  t o  g r o w  u n d e r  s p e c i f i c  e n v i r o n m e n t a l  c o n d i t i o n s  

( B a k o n y i  e t  a l ,  2 0 0 3 ) .

T h e s e  t y p e s  o f  c l a s s i c  m i c r o b i o l o g i c a l  m e t h o d s  a r e  i n d i r e c t  a n d  p r o d u c e  a r t i f i c i a l  

c h a n g e s  i n  t h e  m i c r o b i a l  c o m m u n i t y  s t r u c t u r e .  S o ,  m o s t  b a c t e r i a  w o u l d  b e  e x c l u d e d  

w h e n  p h e n o t y p i c  d i v e r s i t y  i s  e s t i m a t e d .  T h e  i s o l a t e d  b a c t e r i a  m a y  a c c o u n t  f o r  o n l y  a  

m i n o r  p r o p o r t i o n  o f  t h e  t o t a l  b a c t e r i a l  d i v e r s i t y  i n  s o i l ,  w h i l e  k n o w l e d g e  a b o u t  t h e  

d o m i n a n t  p a r t  i s  s t i l l  u n e x p l o r e d .

2 . 5 . 2  B i o c h e m i c a l  t e c h n i q u e s

V a r i o u s  b i o c h e m i c a l  m e t h o d s  a r e  u s e d  t o  m o n i t o r i n g  m i c r o b i a l  c o m m u n i t i e s  i n  

e n v i r o n m e n t  s u c h  a s  F a t t y  a c i d  m e t h y l  e s t e r  a n a l y s i s  ( F A M E ) ,  p h o s p h o l i p i d s  f a t t y  a c i d  

( P F L A )  a n d  d e h y d r o g e n a s e  e n z y m e  a s s a y .

F A M E  i s  a  c h e m i c a l  a n a l y s i s  o f  p h o s p h o l i p i d s  i n v o l v e s :  e x t r a c t i o n  o f  t o t a l  l i p i d s  

f r o m  t h e  c e l l  m a t e r i a l  u s i n g  o r g a n i c  s o l v e n t s ;  c h r o m a t o g r a p h i c  s e p a r a t i o n  f r o m  o t h e r  

l i p i d s  n o t  a s s o c i a t e d  w i t h  c e l l  m e m b r a n e s ;  d e - e s t e r i f i c a t i o n  t o  r e l e a s e  t h e  f a t t y  a c i d s ;  

m e t h l y a t i o n  o f  t h e  a c i d s  t o  f o r m  t h e  f a t t y  a c i d  m e t h y l  e s t e r s  ( F A M E ) ;  a n d  i d e n t i f i c a t i o n



31

a n d  q u a n t i f i c a t i o n  o f  t h e  F A M E  b y  g a s  c h r o m a t o g r a p h y  ( G C ) .  G a s  c h r o m a t o g r a p h y -  

m a s s  s p e c t r o m e t r y  ( G C - M S )  i s  a l s o  u s e d  t o  c o n f i r m  F A M E  i d e n t i f i c a t i o n s .  T h e  

d i s t r i b u t i o n  o f  F A M E  d e r i v e d  f r o m  t h e  p h o s p h o l i p i d  f r a c t i o n  c a n  g i v e  s t r o n g  i n d i c a t i o n s  

o f  t h e  i d e n t i t y  o f  a  b a c t e r i a l  s p e c i e s .  F o r  e x a m p l e ,  a  c o m m e r c i a l l y  a v a i l a b l e  s o f t w a r e  

p a c k a g e ,  m a i n l y  a i m e d  a t  t h e  p a t h o l o g y  a n d  a g r i c u l t u r e  i n d u s t r i e s ,  m a k e s  u s e  o f  t h e s e  

d i f f e r e n c e s  t o  r a p i d l y  a n d  r e a s o n a b l y  a c c u r a t e l y  o b t a i n  i d e n t i t i e s  f o r  o v e r  1 0 0 0  s p e c i e s  o f  

b a c t e r i a .  S o m e  f a t t y  a c i d s  a r e  s u f f i c i e n t l y  l i m i t e d  i n  t h e i r  d i s t r i b u t i o n  a m o n g s t  t h e  

b a c t e r i a  t h a t  t h e y  c a n  b e  u s e d  a s  s t a n d - a l o n e  b i o m a r k e r s ,  t h a t  i s  s t r o n g  i n d i c a t o r s  o f  t h e  

p r e s e n c e  o f  a  p a r t i c u la r  g e n u s  o r  f a m i l i e s  o f  b a c t e r i a  ( G u c k e r t  e t  a l . ,  1 9 8 5 ;  W h i t e  e t  a l . ,  

1 9 7 9 ) .

T h e  a m o u n t  o f  F A M E  p e r  b a c t e r i a l  c e l l  i s  r e a s o n a b l y  c o n s t a n t .  F u r t h e r m o r e ,  

p h o s p h o l i p i d  r a p i d l y  b r e a k s  d o w n  o n  d e a t h  o f  t h e  c e l l .  B y  m e a s u r i n g  t h e  a m o u n t  o f  

p h o s p h o l i p i d - d e r i v e d  F A M E  ( P L F A )  i n  a  s a m p l e ,  i t  i s  p o s s i b l e  t o  e s t i m a t e  t h e  a b u n d a n c e  

o f  v i a b l e  b a c t e r i a l  c e l l s .  T h i s  i s  p a r t i c u l a r l y  u s e f u l  i n  e n v i r o n m e n t a l  s t u d i e s ,  i n  w h i c h  t h e  

n u m b e r  o f  b a c t e r i a  i n ,  f o r  e x a m p l e ,  a  s o i l  o r  m i n e r a l  s a m p l e ,  c a n  b e  d e t e r m i n e d  w i t h o u t  

h a v i n g  t o  c o u n t  t h e  c e l l s ,  w h i c h  i s  d i f f i c u l t  i n  s u c h  h e t e r o g e n o u s  s a m p l e s  ( V e s t a l  a n d  

W h i t e ,  1 9 8 9 ;  T u n l i d  a n d  W h i t e ,  1 9 9 2 ) .

M i c r o b i o a s s a y s  u s i n g  b a c t e r i a  o r  e n z y m e s  a r e  i n c r e a s i n g l y  a p p l i e d  t o  m e a s u r e  

c h e m i c a l  t o x i c i t y  i n  t h e  e n v i r o n m e n t .  A t t r a c t i v e  f e a t u r e s  o f  t h e s e  a s s a y s  m a y  i n c l u d e  l o w  

c o s t ,  r a p id  r e s p o n s e  t o  t o x i c a n t s ,  h i g h  s a m p l e  t h r o u g h p u t ,  m o d e s t  l a b o r a t o r y  e q u i p m e n t  

a n d  s p a c e  r e q u i r e m e n t s ,  l o w  s a m p l e  v o l u m e ,  p o r t a b i l i t y ,  a n d  r e p r o d u c i b l e  r e s p o n s e s .  

E n z y m a t i c  t e s t s  r e l y  o n  m e a s u r e m e n t  o f  e i t h e r  e n z y m e  a c t i v i t y  o r  e n z y m e  b i o s y n t h e s i s .  

D e h y d r o g e n a s e s  a r e  t h e  e n z y m e s  m o s t  u s e d  i n  t o x i c i t y  t e s t i n g .  A s s a y  o f  d e h y d r o g e n a s e
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a c t i v i t y  i s  c o n v e n i e n t l y  c a r r i e d  o u t  u s i n g  o x i d o r e d u c t i o n  d y e s  s u c h  a s  t é t r a z o l i u m  s a l t s  

( F e r g u s o n  a n d  K r z y c k i ,  1 9 9 7 ;  G o n z a l e z  a n d  M o r a n ,  1 9 9 9 ) .  O t h e r  e n z y m e  a c t i v i t y  t e s t s  

u t i l i z e  A T P a s e s ,  e s t e r a s e s ,  p h o s p h a t a s e s ,  u r e a s e ,  l u c i f e r a s e ,  b e t a - g a l a c t o s i d a s e ,  p r o t e a s e ,  

a m y l a s e ,  o r  b e t a - g l u c o s i d a s e .  R e c e n t l y ,  t h e  i n h i b i t i o n  o f  e n z y m e  ( b e t a - g a l a c t o s i d a s e ,  

t r y p t o p h a n a s e ,  a l p h a - g l u c o s i d a s e )  b i o s y n t h e s i s  h a s  b e e n  e x p l o r e d  a s  a  b a s i s  f o r  t o x i c i t y  

t e s t i n g .  E n z y m e  b i o s y n t h e s i s  w a s  f o u n d  t o  b e  g e n e r a l l y  m o r e  s e n s i t i v e  t o  o r g a n i c  

c h e m i c a l s  t h a n  e n z y m e  a c t i v i t y .  B a c t e r i a l  t o x i c i t y  t e s t s  a r e  b a s e d  o n  b i o l u m i n e s c e n c e ,  

m o t i l i t y ,  g r o w t h ,  v i a b i l i t y ,  A T P ,  o x y g e n  u p t a k e ,  n i t r i f i c a t i o n ,  o r  h e a t  p r o d u c t i o n .  A n  

i m p o r t a n t  a s p e c t  o f  b a c t e r i a l  t e s t s  i s  t h e  p e r m e a b i l i t y  o f  c e l l s  t o  e n v i r o n m e n t a l  t o x i c a n t s ,  

p a r t i c u l a r l y  o r g a n i c  c h e m i c a l s  o f  h y d r o p h o b i c  n a t u r e  ( F i n s t e r  e t  a l ,  1 9 9 0 ) .

2 . 5 . 3  M o l e c u l a r  T e c h n i q u e s

I n  t h e  w a k e  o f  “ t h e  g r e a t  p l a t e  c o u n t  a n o m a l y ”  ( S t a l e y  a n d  K o n o p k a  1 9 8 5 )  a n d  

t h e  d i s c o v e r y  t h a t  t h e  m a j o r i t y  o f  e n v i r o n m e n t a l  m i c r o o r g a n i s m s  a r e  e f f e c t i v e l y  

“ u n c u l t u r a b l e ” ,  a  v a r i e t y  o f  c u l t u r e - i n d e p e n d e n t  m e t h o d s  h a v e  b e e n  d e v e l o p e d  a n d  

r o u t i n e l y  u s e d  t o  a n a l y z e  m i c r o b i a l  c o m m u n i t y  c o m p o s i t i o n .  C u l t u r e  i n d e p e n d e n t  

m e t h o d s  e m p l o y  d i r e c t  e x t r a c t i o n  o f  n u c l e i c  a c i d s  f r o m  e n v i r o n m e n t a l  s a m p l e s .  I t  o f t e n  

i n v o l v e s  t h e  a m p l i f i c a t i o n  o f  D N A  o r  c D N A  f r o m  R N A  e x t r a c t e d  f r o m  e n v i r o n m e n t a l  

s a m p l e s  b y  P C R  a n d  t h e  s u b s e q u e n t  a n a l y s i s  o f  t h e  d i v e r s i t y  o f  t h e  a m p l i f i e d  m o l e c u l e s  

( c o m m u n i t y  f i n g e r p r i n t i n g )  ( L u d w i g  e t  a l ,  1 9 9 4 ) .  A l t e r n a t i v e l y ,  t h e  a m p l i f i e d  p r o d u c t s  

m a y  b e  c l o n e d  a n d  s e q u e n c e d  t o  i d e n t i f y  a n d  e n u m e r a t e  b a c t e r i a l  s p e c i e s  p r e s e n t  i n  t h e  

s a m p l e .  A l s o ,  t h e  d i r e c t  e x t r a c t i o n  o f  n u c l e i c  a c i d s  f r o m  e n v i r o n m e n t a l  s a m p l e s  a c c o u n t s  

f o r  t h e  v e r y  l a r g e  p r o p o r t i o n  o f  m i c r o o r g a n i s m s  t h a t  a r e  n o t  r e a d i l y  c u l t u r e d  i n  t h e  

l a b o r a t o r y ,  b u t  t h a t  m a y  b e  r e s p o n s i b l e  f o r  t h e  m a j o r i t y  o f  t h e  b i o d e g r a d a t i o n  a c t i v i t y  o f
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T h e  r i b o s o m a l  R N A  ( r R N A )  a p p r o a c h  i s  b e c o m i n g  a  w i d e l y  u s e d  m e t h o d  f o r  

ร ณ d y i n g  t h e  m i c r o b i a l  c o m m u n i t y  s t r u c t u r e  o f  n a t u r a l  a n d  m a n - m a d e  e n v i r o n m e n t s  i n  a  

t r u l y  c u l t i v a t i o n - i n d e p e n d e n t  w a y .  R i b o s o m a l  R N A  g e n e s  h a v e  p a r t i c u l a r  a d v a n t a g e s  a s  

a  m o l e c u l a r  m a r k e r  i n  m o l e c u l a r  m e t h o d s .  F i r s t l y ,  a l l  l i v i n g  c e l l s  c o n t a i n  r i b o s o m e s ,  

w h i c h  a r e  p a r t  o f  t h e  c e l l s  a p p a r a t u s  f o r  t r a n s l a t i n g  d e o x y r i b o n u c l e i c  a c i d  ( D N A )  i n t o  

p r o t e i n .  T h i s  r R N A  i s  a  d o m i n a n t  c e l l u l a r  m a c r o m o l e c u l e .  M o s t  b a c t e r i a l  c e l l s  h a v e  

s o m e w h e r e  b e t w e e n  1 0 3  a n d  1 0 5  r i b o s o m e s  ( R h e i m s  e t  a l ,  1 9 9 6 ) .  T h i s  n a t u r a l  

a m p l i f i c a t i o n  r e s u l t s  i n  e x c e l l e n t  s e n s i t i v i t i e s  o f  h y b r i d i z a t i o n  a s s a y s .  S e c o n d l y ,  t h e  

c e l l u l a r  R N A  c o n t e n t  v a r i e s  d e p e n d i n g  o n  t h e  g e n e r a l  m e t a b o l i c  a c t i v i t y  o r  g r o w t h  r a t e  o f  

a  g i v e n  s p e c i e s  ( O l s e n  e t  a l ,  1 9 8 6 ) .  T h i r d l y ,  r R N A  a r e  e x c e l l e n t  m o l e c u l e s  f o r  d i s c e r n i n g  

e v o l u t i o n a r y  r e l a t i o n s h i p s  a m o n g  b a c t e r i a  b e c a u s e  R N A  m o l e c u l e s  c o n t a i n  c o n s e r v e d  a n d  

v a r i a b l e  r e g i o n s  w h i c h  m a k e  i t  p o s s i b l e  t o  f i n d  g e n e r a l  a s  w e l l  a s  s p e c i f i c  t a r g e t  s i t e s  f o r  

p r o b e s .  T h e s e  r e g i o n s  a r e  u s e d  f o r  i d e n t i f i c a t i o n  p u r p o s e s .  A  p r a c t i c a l  r e a s o n  f o r  u s i n g  

r R N A  i s  t h e  p u b l i c  a v a i l a b i l i t y  o f  l a r g e  d a t a b a s e s .  T h e y  h a v e  e n o u g h  s e q u e n c e  

i n f o r m a t i o n  t o  b e  u s e d  a s  a  p h y l o g e n e t i c  m a r k e r  ( L u d w i g  a n d  S c h l e i f e r ,  1 9 9 4 ) .

D N A  b a s e d  t e c h n i q u e s  h a v e  b e e n  d e v e l o p e d ,  w h i c h  a l l o w  t h e  i d e n t i f i c a t i o n  o f  

s i n g l e  b a c t e r i a l  s p e c i e s  i n  s a m p l e  m a t e r i a l  w i t h o u t  t h e  c u l t i v a t i o n  o f  t h e  o r g a n i s m s  

( A m a n n  e t  a l ,  1 9 9 5 ;  L u d w i g  e t  a l ,  1 9 9 4 ;  M u y z e r  e t  a l ,  1 9 9 3 ;  W a r d  e t  a l ,  1 9 9 0 ) .  M o s t  o f  

t h e  e x p e r i m e n t s  w h i c h  h a v e  b e e n  c a r r i e d  o u t  i n  t h i s  f i e l d  s o  f a r  a r e  b a s e d  o n  r i b o s o m a l  

s e q u e n c e s ,  w h i c h  a r e  u s e d  a s  p h y l o g e n e t i c  m a r k e r s  ( W o e s e ,  1 9 8 7 ) .  T h e  r i b o s o m a l  

s e q u e n c e s  a r e  p r e s e n t e d  in  a l l  o r g a n i s m s  a n d  c o n t a i n e d  v a r i a b l e  a n d  h i g h l y  c o n s e r v e d  

r e g i o n s  w h i c h  a l l o w  d i s t i n g u i s h  b e t w e e n  o r g a n i s m s  o n  a l l  p h y l o g e n e t i c  l e v e l s .  I n  

a d d i t i o n ,  a  l o t  o f  d a t a  e x i s t  i n  t h e  d a t a b a s e s  ( M a i d a k  e t  a l ,  1 9 9 9 ) ,  w h i c h  c a n  b e  u s e d  t o
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c o m p a r e  t h e  D N A - s e q u e n c e s  o f  u n k n o w n  m i c r o o r g a n i s m s  a n d  a l l o w  a  p h y l o g e n e t i c  

i d e n t i f i c a t i o n .

T o  i d e n t i f y  b a c t e r i a  i n  s a m p l e  m a t e r i a l ,  r i b o s o m a l  s e q u e n c e s  a r e  a n a l y z e d  b y  

t r a n s c r i b i n g  r i b o s o m a l  R N A  i n t o  c D N A ,  w h i c h  c a n  t h e n  b e  c l o n e d  ( W a r d  e t  a l ,  1 9 9 0 ) .  

A l t e r n a t i v e l y ,  e x t r a c t e d  D N A  c a n  b e  u s e d  a s  a  t e m p l a t e  t o  a m p l i f y  r i b o s o m a l  g e n e  

f r a g m e n t s  w i t h  p r i m e r s  f o r  u n i v e r s a l  s e q u e n c e s  b y  P C R .  T h e  P C R  a m p l i f i e d  f r a g m e n t s  

c a n  b e  c l o n e d  a s  w e l l .  T h e  r e s u l t  o f  b o t h  s t r a t e g i e s  i s  a  c l o n e  l i b r a r y ,  c o n t a i n i n g  

r i b o s o m a l  s e q u e n c e s  a s  i n s e r t s .  B y  s e q u e n c i n g  i n d i v i d u a l  i n s e r t s  a n d  c o m p a r i n g  t h e  

o b t a i n e d  s e q u e n c e s  w i t h  s e q u e n c e s  p r e s e n t  i n  d a t a b a s e s ,  i t  i s  p o s s i b l e  t o  i d e n t i f y  t h e  

p h y l o g e n e t i c  p o s i t i o n  o f  t h e  c o r r e s p o n d i n g  b a c t e r i a  w i t h o u t  t h e i r  c u l t i v a t i o n  ( W o e s e ,  

1 9 8 7 ;  L u d w i g  a n d  S c h l e i f e r ,  1 9 9 4 ) .

G e n e t i c  f i n g e r p r i n t i n g  t e c h n i q u e s  p r o v i d e  a  p a t t e r n  o r  p r o f i l e  o f  t h e  g e n e t i c  

d i v e r s i t y  i n  a  m i c r o b i a l  c o m m u n i t y .  R e c e n t l y ,  s e v e r a l  f i n g e r p r i n t i n g  t e c h n i q u e s  h a v e  

b e e n  d e v e l o p e d  a n d  u s e d  i n  m i c r o b i a l  e c o l o g y  s t u d i e s  s u c h  a s  b i o r e m e d i a t i o n .  T h e  

s e p a r a t i o n  o f  o r  d e t e c t i o n  o f  s m a l l  d i f f e r e n c e s  i n  s p e c i f i c  D N A  s e q u e n c e s  c a n  g i v e  

i m p o r t a n t  i n f o r m a t i o n  a b o u t  t h e  c o m m u n i t y  s t r u c t u r e  a n d  d i v e r s i t y  o f  m i c r o b e s  

c o n t a i n i n g  a  c r i t i c a l  g e n e .  T h e s e  t e c h n i q u e s  a r e  i m p o r t a n t  i n  s e p a r a t i n g  a n d  i d e n t i f y i n g  

P C R - a m p l i f i e d  p r o d u c t s  t h a t  m i g h t  h a v e  t h e  s a m e  s i z e  b u t  s l i g h t l y  d i f f e r e n t  n u c l e o t i d e  

s e q u e n c e s  ( W a r d  e t  a l ,  1 9 9 0 ) .

2.63.1 POLYMERASE CHAIN REACTION (PCR)
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2 . 5 J .  1  D N A  A M P L I F I C A T I O N  F I N G E R P R I N T I N G  ( D A F )  a n d  

R A N D O M  A M P L I F I E D  P O L Y M O R P H I C  D N A  ( R A P D )

D A F  a n d  R A P D  a r e  a m p l i f i c a t i o n - b a s e d  n u c l e i c  a c i d  f i n g e r p r i n t i n g  

t e c h n i q u e s  ( c o n c u r r e n t  d e t e c t i o n  o f  m u l t i p l e  l o c i  w i t h o u t  a s s i g n m e n t  o f  a  g e n o t y p e )  t h a t  

u s e  a n  i n  v i t r o  e n z y m a t i c  r e a c t i o n  t o  s p e c i f i c a l l y  a m p l i f y  a  m u l t i p l i c i t y  o f  t a r g e t  s i t e s  i n  

o n e  o r  m o r e  n u c l e i c  a c i d  m o l e c u l e s  ( M i c h e l i  e t  a l . ,  1 9 9 4 ) .  T h e  a m p l i f i c a t i o n  r e a c t i o n  i s  

g e n e r a l l y  d r i v e n  b y  s h o r t  s y n t h e t i c  o l i g o n u c l e o t i d e s  o f  a r b i t r a r y  o r  s e m i - a r b i t r a r y  

s e q u e n c e ,  w h i c h  p r o d u c e  a  c o l l e c t i o n  o f  a m p l i f i e d  p r o d u c t s  o f  l a r g e l y  n o n - a l l e l i c  n a t u r e .  

D A F  u s e s  a  s i n g l e  p r i m e r  ( 5 - 1 0  b p )  t o  a m p l i f y  g e n o m i c  D N A  a t  r a n d o m .

2 . 5 . 3 . 2  R E S T R I C T I O N  F R A G M E N T  L E N G T H  P O L Y M O R P H I S M S

( R F L P s )

T h e  p r o c e d u r e s  i n v o l v e  i s o l a t i o n  o f  D N A ,  d i g e s t i o n  o f  D N A  w i t h  

r e s t r i c t i o n  e n d o n u c l e a s e s ,  s i z e  f r a c t i o n a t i o n  o f  t h e  r e s u l t i n g  D N A  f r a g m e n t s  b y  

e l e c t r o p h o r e s i s ,  D N A  t r a n s f e r  f r o m  e l e c t r o p h o r e s i s  g e l  m a t r i x  t o  m e m b r a n e ,  p r e p a r a t i o n  

o f  r a d i o l a b e l l e d  a n d  c h e m i l u m i n i s c e n t  p r o b e s ,  a n d  h y b r i d i z a t i o n  t o  m e m b r a n e - b o u n d  

D N A .  R F L P  f i n g e r p r i n t i n g  t e c h n i q u e  i s  r e g a r d e d  a s  t h e  m o s t  s e n s i t i v e  m e t h o d  f o r  s t r a in  

i d e n t i f i c a t i o n  a n d  s e v e r a l  b a c t e r i a l  s t r a i n s  h a v e  b e e n  w i d e l y  s t u d i e d  u s i n g  t h i s  t e c h n i q u e  

K a b a d j o v a  e t  a l .  ( 2 0 0 2 )

2 . 5 . 3 . 3  A M P L I F I E D  F R A G M E N T  L E N G T H  P O L Y M O R P H I S M S

( A F L P s )

A F L P  i s  a  v a r i a t i o n  o f  R A P D ,  a b l e  t o  d e t e c t  r e s t r i c t i o n  s i t e  p o l y m o r p h i s m s  

w i t h o u t  p r i o r  s e q u e n c e  k n o w l e d g e  u s i n g  P C R  a m p l i f i c a t i o n  f o r  d e t e c t i o n  o f  r e s t r i c t i o n

ไ < 1 น ๆ 0 3 3 9
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f r a g m e n t  ( B l e a r s  e t  a l . ,  1 9 9 8 ;  M u e l l e r  a n d  W o l f e n b a r g e r ,  1 9 9 9 ;  V o s  e t  ฝ . ,  1 9 9 5 ;  Z a b e a u  

a n d  V o s ,  1 9 9 3 ) .  H e r e ,  t h e  t e m p l a t e  f o r  a  P C R  r e a c t i o n  i s  a  r e s t r i c t i o n  e n z y m e  d i g e s t e d  

g e n o m i c  D N A .  T h e  p r i m e r s  c o n t a i n  t h e  r e s t r i c t i o n  e n z y m e  r e c o g n i t i o n  s i t e  a s  w e l l  a s  

a d d i t i o n a l  ‘ a r b i t r a r y ’ n u c l e o t i d e s  t h a t  e x t e n d  b e y o n d  t h e  r e s t r i c t i o n  s i t e .  T h e  f i x e d  

p o r t i o n  g i v e s  t h e  p r i m e r  s t a b i l i t y  a n d  t h e  r a n d o m  p o r t i o n  a l l o w s  i t  t o  d e t e c t  m a n y  l o c i .  

A m p l i f i e d  p r o d u c t s  a r e  r e s o l v e d  b y  p o l y a c r y l a m i d e  g e l  e l e c t r o p h o r e s i s .  A F L P  a n a l y s i s  i s  

o n e  o f  t h e  r o b u s t  m u l t i p l e - l o c u s  f i n g e r p r i n t i n g  t e c h n i q u e s  a m o n g  g e n e t i c  m a r k e r  

t e c h n i q u e s  t h a t  h a v e  b e e n  e v a l u a t e d  f o r  g e n o t y p i c  c h a r a c t e r i z a t i o n  ( K o e l e m a n  e t  a l . ,  

1 9 9 7 ) .

2 . 5 . 3 . 4  D e n a t u r i n g  g r a d i e n t  g e l  e l e c t r o p h o r e s i s  ( D G G E )

D e n a t u r i n g  g r a d i e n t  g e l  e l e c t r o p h o r e s i s  ( D G G E )  i s  t h e  m e t h o d  i f  c h o i c e  

f o r  i s  a  g e l  e l e c t r o p h o r e s i s  m e t h o d  t h a t  s e p a r a t e s  g e n e s  o f  t h e  s a m e  s i z e  t h a t  d i f f e r  i n  b a s e  

s e q u e n c e .  T h e  t e c h n i q u e  e m p l o y s  a  g r a d i e n t  o f  a  D N A  d é n a t u r a n t ,  s u c h  a s  a  m i x t u r e  o f  

u r e a  a n d  f o r m a m i d e .  W h e n  a  d o u b l e - s t r a n d e d  D N A  f r a g m e n t  m o v i n g  t h r o u g h  t h e  g e l  

r e a c h e s  a  r e g i o n  c o n t a i n i n g  s u f f i c i e n t  d é n a t u r a n t ,  t h e  s t r a n d s  b e g i n  t o  “ m e l t , ”  a t  w h i c h  

p o i n t  m i g r a t i o n  s t o p s .  D i f f e r e n c e s  i n  m e l t i n g  p r o p e r t i e s  a r e  t o  a  l a r g e  d e g r e e  c o n t r o l l e d  

b y  d i f f e r e n c e s  in  b a s e  s e q u e n c e .  T h u s ,  t h e  d i f f e r e n t  b a n d s  o b s e r v e d  in  a  D G G E  g e l  a r e  

d i f f e r e n t  f o r m s  o f  a  g i v e n  g e n e  t h a t  v a r y ,  s o m e t i m e s  o n l y  v e r y  s l i g h t l y ,  i n  t h e i r  s e q u e n c e s  

( M u y z e r  e t  a l ,  1 9 9 3 ,  L a p a r a  e t  a l ,  2 0 0 0 ) .

T h e  d é n a t u r a n t  c o n c e n t r a t i o n  a t  w h i c h  a  D N A  d u p l e x  m e l t s  i s  i n f l u e n c e d  

b y  t w o  f a c t o r s :  a )  h y d r o g e n  b o n d s  b e t w e e n  c o m p l e m e n t a r y  b a s e  p a i r s  G C  r i c h  r e g i o n s  

m e l t s  a t  h i g h e r  c o n c e n t r a t i o n  t h a n  A T  r i c h  r e g i o n s ;  a n d  b )  a t t r a c t i o n  b e t w e e n  n e i g h b o r i n g  

b a s e s  o f  t h e  s a m e  s t r a n d  [ “ s t a c k i n g ” ] .  T h u s ,  a  D N A  m o l e c u l e  m a y  h a v e  s e v e r a l  m e l t i n g
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D G G E  e x p l o i t s  t h e  f a c t  t h a t  i d e n t i c a l  D N A  m o l e c u l e s  w h i c h  d i f f e r i n g  o n l y  

o n e  n u c l e o t i d e ,  r e q u i r e  d i f f e r e n t  m e l t i n g  d é n a t u r a n t  c o n c e n t r a t i o n s .  W h e n  s e p a r a t e d  b y  

e l e c t r o p h o r e s i s  t h r o u g h  a  g r a d i e n t  o f  i n c r e a s i n g  d é n a t u r a n t  c o n c e n t r a t i o n s ,  t h e  m o b i l i t y  o f  

t h e  m o l e c u l e  i s  r e t a r d e d  a t  t h e  c o n c e n t r a t i o n  a t  w h i c h  t h e  D N A  s t r a n d s  o f  l o w  m e l t  

d o m a i n  d i s s o c i a t e .  T h e  b r a n c h e d  s t r u c t u r e  o f  t h e  s i n g l e  s t r a n d e d  o f  t h e  m o l e c u l e  

b e c o m e s  e n t a n g l e d  i n  t h e  g e l  m a t r i x  a n d  n o  f u r t h e r  m o v e m e n t  o c c u r s .  C o m p l e t e  s t r a n d  

s e p a r a t i o n  i s  p r e v e n t e d  b y  t h e  p r e s e n c e  o f  a  h i g h  m e l t i n g  d o m a i n ,  w h i c h  i s  a r t i f i c i a l l y  

c r e a t e d  a t  o n e  e n d  o f  t h e  m o l e c u l e  b y  i n c o r p o r a t i o n  o f  a  G C  c l a m p .  T h i s  i s  a c c o m p l i s h e d  

d u r i n g  P C R  a m p l i f i c a t i o n  u s i n g  a  P C R  p r i m e r  w i t h  a  5 ’ t a i l  c o n s i s t i n g  o f  4 0  G C  ( S h e f f e l d  

๙ ๗ ,  1 9 8 9 ) .

domains w ith characteristic melting dénaturant concentrations determined by the

nucleotide sequence (Muyzer e t  a l ,  1993).

O n c e  D G G E  h a s  b e e n  p r e f o r m e d ,  i n d i v i d u a l  b a n d s  c a n  b e  e x c i s e d  a n d  

s e q u e n c e d .  U s i n g  1 6 S  r R N A  g e n e s ,  f o r  e x a m p l e ,  D G G E  a n a l y s i s  y i e l d  a  d e t a i l e d  p i c t u r e  

o f  t h e  n u m b e r  o f  p h y l o t y p e s  ( d i s t i n c t  1 6 S  r R N A  g e n e s )  p r e s e n t  i n  a  h a b i t a t .  B y  

s e q u e n c i n g  t h e s e  b a n d s ,  t h e  a c t u a l  s p e c i e s  p r e s e n t  i n  t h e  c o m m u n i t y  c a n  b e  d e t e r m i n e d  

b y  c o m p a r i s o n  o f  t h e  s e q u e n c e s  w i t h  t h o s e  o f  k n o w n  s p e c i e s  a v a i l a b l e  f r o m  a p p r o p r i a t e  

d a t a b a s e .  U s i n g  o t h e r  g e n e s ,  s u c h  a s  m e t a b o l i c  g e n e s ,  i n f o r m a t i o n  c a n  b e  o b t a i n e d  i n  t h e  

s a m e  w a y  a c c o r d i n g  t o  t h e  n u m b e r  o f  d i f f e r e n t  t y p e s  o f  o r g a n i s m s  p r e s e n t  i n  t h e  

c o m m u n i t y  t h a t  c o n t a i n  t h e  s p e c i f i c  g e n e  ( F e r r i s  a n d  W a r d ,  1 9 9 7 ;  K o w a l c h u k  e t  a l ,  1 9 9 7 ;  

O v r e a s e t  a l ,  1 9 9 7 ) .
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T h e  b r a n c h e d  s t r u c t u r e  o f  t h e  s i n g l e  s t r a n d e d  o f  t h e  m o l e c u l e  b e c o m e s  

e n t a n g l e d  i n  t h e  g e l  m a t r i x  a n d  n o  f u r t h e r  m o v e m e n t  o c c u r s .  C o m p l e t e  s t r a n d  s e p a r a t i o n  

i s  p r e v e n t e d  b y  t h e  p r e s e n c e  o f  a  h i g h  m e l t i n g  d o m a i n ,  w h i c h  i s  a r t i f i c i a l l y  c r e a t e d  a t  o n e  

e n d  o f  t h e  m o l e c u l e  b y  i n c o r p o r a t i o n  o f  a  G C  c l a m p .  T h i s  i s  a c c o m p l i s h e d  d u r i n g  P C R  

a m p l i f i c a t i o n  u s i n g  a  P C R  p r i m e r  w i t h  a  5 ’ t a i l  c o n s i s t i n g  o f  4 0  G C  ( S h e f f e l d  e t  a l ,  

1 9 8 9 ) .
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