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Chapter 5

Identification of Pathogenic Bacteria from Solanum tuberosum

Grown in Sewage Sludge Amended Soil.

5.1 Introduction

Control of microbiological quality of crops is important, since microorganisms
may survive beyond the harvesting season and proliferate in crops during
storage or processing (Strauch, 1991). If pathogenic microorganisms prevail in
crops, it could become a source of microbial contamination that may eventually

cause disease.

Bacterial communities have traditionally been compared by analysing isolates
cultivated on media. However, a number of laboratories prefer the molecular
techniques, due to the increased sensitivity of these methods (Wintzingerode et
al., 1997; Boon et al., 2000; Amann and Ludwig, 2000). The Polymerase Chain
Reaction (PCR) is the basis of molecular identification methods. The technique
was developed to amplify DNA until there is enough to be detected, allowing
even organisms occurring in small numbers in an environment to be detected
(Wintzingerode et al., 1997).

The 16S rRNA gene, which codes for the small subunit of the ribosome is
commonly used to identify organisms (Borneman et al., 1996). Ward and
colleagues (1992) have illustrated the value of rRNA sequence analysis in the
identification of bacteria. The rRNAs are universally distributed amongst cellular
forms, and therefore useful for studies of all microorganisms (Brown, 1994). The
functional constraints in this molecule result in a high degree of sequence
conservation that permits bacterial characterization based on sequence

information obtained from mixed communities (Klappenbach et al., 2001).
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Molecular methods for microbial diversity assessment rely primarily on PCR-
amplification of 16S rRNA genes from complex samples followed by cloning and
sequencing (Brown, 1994; Brown, 1995; Klappenbach et al., 2001). The use of
molecular techniques to investigate microbial diversity has been applied widely in
environmental samples (Wintzingerode et al., 1997; Boon et al., 2000; Wattiau et
al., 2001; Jeon et al., 2003). The ultimate goal of a PCR-mediated analysis of
16S rRNA genes is the retrieval of sequence information, which allows

determination of microbial diversity (Wintzingerode et al., 1997).

This chapter investigated the bacterial community present in contaminated soll
and potatoes using molecular techniques. The study sought to investigate the
prevalence of pathogenic microorganism in crops grown in soil treated with
sewage sludge in order to establish if these crops are potentially hazardous to

human health.

5.2 Materials and Methods

5.2.1 Potato Samples

Low and high metal sludges were used at the application rates of 8 and 16
tons/ha to grow potatoes. This experiment was carried out in green houses under
controlled conditions (the experimental layout was described in detail in Chapter
4). In chapter 4, the potatoes grown in LMS showed microbial contamination at
harvest time. These potatoes and the sludge-treated soil in which they were

grown (Chapter 4), warranted further study.

5.2.2 Extraction of Genomic DNA

Two (2) grams from each of the 3 soil samples and 2 g of the mashed potato

peel, from each of the 3 contaminated potatoes used, were suspended in ringer

solution. This was done in duplicate. As samples were concentrated, serial
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dilutions were made. The suspension was plated out on nutrient agar and also on
Chromocult agar and incubated for 18-24 hrs at 37 °C. Nutrient agar is a
universal medium in which most bacteria would grow, and the Chromocult
coliform agar is a selective culture medium for detection of Enterobacteriaceae
(Byamukama et al., 2000). Single colonies were picked and transferred to LB
(Luria Bertani) broth in Erlenmeyer flasks, and incubated at 37 °C for 18-24 hrs.
The cell suspensions were transferred to sterile plastic tubes. The optical density
(OD) of cell suspensions was measured at 620 nm. To calculate the number of
cells needed for further use the following formula was used:

V (1) = %2/OD2g0 X 1000 ... ve oo oo, (1)

The appropriate volume of cells was harvested and transferred to a clean

Epperndorf tube and centrifuged at 12 000 g for 10 minutes.

The pellet was suspended in 100 pl Tris-HCI buffer (10mM, pH 8.2). DNA
extraction from the bacterial cultures was carried out using the DNA extraction kit
purchased from Qiagen and conducted according to the manufacturer’s

instructions.
5.2.3 PCR Amplification of the 16S rRNA Gene

The 16S rRNA gene was amplified using primers rP2 and fD1 as described by
Weisburg and colleagues (1991). Sequences for these primers are indicated in
Table 5.1. PCR amplification was carried out in 50 ul mixtures that comprised the
following: 5 ul template, 1.5 mM MgCl,, 1.5 mM dNTP, 12.5 pmole FD,, 12.5
pmole rP, and 0.5U Tag DNA polymerase (Southern Cross Biotechnologies) and
10 mM Tris-HCI pH 9.0. Sterile distilled water was used to make the mixture up to

a volume of 50 pl.
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Table 5.1 Sequences of Primers used

Primer Sequence Reference
I ——————————————§—S—S$§8§y°
rP, 5 ACGGCTACCTTGTTACGACTT 3’ | Weisburg et al (1991)
FD1 5 AGAGTTTGATCCTGGCTCAG 3’ | Weisburg et al. (1991)

Amplification was carried out on a Perkin ElImer GeneAmp PCR System 2400
thermocycler using the following thermal profile: initial denaturation step at 95 °C
for 3 minutes, thirty cycles denaturation (94 °C for 30 seconds), annealing (55 °C
for 30 seconds), and extension (72 °C for 1 minute). An additional extension step

of 7 minutes was performed after completion of the thirty cycles.

5.2.4 Agarose Gel Electrophoresis

To evaluate the success of amplification, the PCR product was electrophoresed
through a 1% agarose gel (containing 3 pl ethidium bromide (10 mg/ml))
suspended in 1x TAE buffer (40mM Tris-HCI, 20 mM NaOAc and 1 mM EDTA,
pH 8.5) for 30 minutes at a current of 42 Amps and a voltage of 100 V. The gel
was assessed under UV for the presence of bands.

5.2.5 DNA Purification

Since residual reaction components, such as unincorporated dTNPs, primers
and residual enzyme can interfere with subsequent DNA sequencing
methodologies, PCR product was purified. This purification was done using the
Qiagen PCR Purification Kit (Southern Cross Biotechnologies, South Africa)
according to the manufacture’s instructions. To assess the purity and
concentration of the purified product, 1 ul was subjected to electrophoresis on a

1% agarose gel [Promega].
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5.2.6 Cloning

The PCR products were cloned into the pDrive cloning vector supplied in the
Qiagen PCR cloning kit (Southern Cross Biotechnologies) according to the
manufacture’s instructions. Plasmids were introduced into competent E. coli
DH5a cells. Both a negative and a positive control were prepared. About 200 pl
drawn and plated on the AMP plates (smeared with 10 ul IPTG and 40 ul XGAL)
and incubated for 18 -24 hours at 37 °C. Recombinants were isolated according

to standard protocols (Saambrook et al., 1989).

5.2.7 Plasmid Extraction

About 1.5 ml cell suspension was centrifuged for 3 minutes. The pellet was
resuspended in 100 pl of Solution I and left on ice for 5 minutes. About 200 pl of
Solution Il was added to the mixture and left on ice for a further 5 minutes.
Solution Il (150 pl) was added and left on ice another 5 minutes. The mixture
was centrifuged at high speed for 5 minutes and transferred to a new
microcentrifuge tube. Two volumes of 100% EtOH were added and incubated at
room temperature for 1 hour. This mixture was centrifuged for 15 minutes at high
speed. The pellet was washed with 1 ml of 70% EtOH, centrifuged for 5 minutes
and air dried to remove excess EtOH. The pellet was dissolved in 30 ul TE
buffer.

5.2.8 Plasmid Purification

Sterile dH,O was added to the sample to a final volume of 200 ul. Phenol (200
ul) was added and centrifuged for 5 min. Chloroform-isoamyl alcohol (24:1) (200
ul) was added and centrifuged for 5 min at full speed. Two volumes of 100%
Ethanol (EtOH) and Sodium acetate (NaoAc) to a final concentration of 1.8 mM,
were added to the supernatant and this was left on ice for 1 hour. The precipitate

was washed with 70% EtOH, and suspended in 15 pl sterile distilled water.
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5.2.9 Restriction enzyme

The restriction enzyme reaction was carried out to determine successful cloning.
The reaction used the restriction enzyme, EcoRI (Roche Molecular Diagnostics,
South Africa) according to the manufacture’s instructions. Electrophoresis was
also carried out to evaluate the action of the restriction enzyme using the A EcoRI
/ Hind 11l (Roche Molecular Diagnostics, South Africa) as a molecular weight

marker.

5.2.10 Sequencing

Sequencing was carried out in 10 ul reaction volumes that comprised of the
following: 2 pl of purified plasmid, 2 ul ready reaction pre-mix (supplied with the
sequencing kit, containing dye terminators, dNTPs, Taq DNA Polymerase,
MgClI2, and Tris-HCI buffer pH 9.0), and 10 pmol of rP2 primer (Weisburg et al.,
1991). The reactions were carried out in a Perkin EImer GeneAmp PCR System
2400 thermocycler and comprised of 25 cycles of denaturation (96 °C for 5
seconds), annealing (50 °C for 5 seconds) and extension (60°C for 4 minutes). At

the end of the cycles, the reactions were kept at 4°C until needed.
5.2.11 DNA Precipitation
Products of the sequencing reactions were precipitated with 60% (v/v) ethanol at

room temperature for 15 minutes, centrifuged at 12 000 g for 15 minutes, washed
with 70% (v/v) ethanol, vacuum dried and stored at -20 °C until needed.
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5.2.12 Sequence Determination

Sequencing samples were run overnight on an ABI 377 Automated Sequencer at
the sequencing facility at the University of Pretoria, South Africa. Sequence
identity was determined using the BLAST search tool.

5.3 Results and Discussion

5.3.1 DNA Extraction and PCR Amplification of the 16S Gene.

In this chapter, DNA was extracted from sewage contaminated soil and potatoes
grown in such soil, and the 16S rRNA genes of viable bacteria amplified.
Representative colonies from Nutrient agar and Chromocult coliform agar were
used for DNA extraction. The DNA extraction method described earlier resulted
in pure DNA suitable for PCR amplification. The PCR product showed sufficient
DNA amplification, which was subsequently cloned. The white colonies obtained
following plating of the ligation reaction, suggested successful cloning.

Restriction enzyme treatment confirmed DNA transfer to the vector (Figure 5.1).
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Figure 5.1 Agarose gel electrophoresis following restriction enzyme
treatment.

Three bands were visualized from each of the samples. These were estimated to
be in the regions of 200, 500 and 800 bp (Figure 5.1), which are fragments
resulting from the restriction of the 1,5 kb PCR amplicon of the 16S rRNA
molecule (Weisburg et al., 1991). These estimates are based on the comparison
with the band sizes of the molecular weight marker (A EcoRI/ Hindlll). This
marker yields fragments ranging in size from 21kb to 125 bp. The PCR
amplication of the 16S rRNA gene using primers fD1 and rP2 resulted in the
detection of an amplified fragment of about 1500 bp for all isolates. This
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corresponds to the size of 16S rRNA genes previously determined by Brosius

and colleagues (1978).

5.3.2 Homology Searches Using the BLAST.

Each 16S rRNA sequence was compared with the sequence in Genbank
according to the BLAST search tool. Organisms identified from the matched
sequences are tabulated below (Tables 5.2 and 5.3). Sequence analyses of the
16S rRNA gene remains one of the most reliable indicators for revealing the
identity of the organisms (Wintzingerode et al., 1997; Amann and Ludwig, 2000).
In this study, generated sequencing data of studied isolates, yielded unique
matches for most isolates, with the Genbank sequence database. However,

sequence similarity was observed between some isolates.

Most of the microorganisms identified in this study were found not to be primary
human pathogens, but those that normally exist in the environment, in the soill,
water or in plants. Plant pathogens in sewage sludge may originate from washing
of vegetable and fruit (Beauchat, 1998). These organisms may cause
opportunistic diseases in individuals with suppressed immune systems
(Greenwood, 1997).

As indicated in Table 5.2, according to the sequencing data, the sludge
contaminated soil yielded a variety of microorganisms. Other than the Klebsiella
spp., Enterobacter sp, Proteus sp and Escherichia coli, which are enteric
organisms found commonly in the gastrointestinal tract of humans and animals,
bacteria identified were predominantly Bacillus spp, which are usually found in

soil, water and rarely in plant material (Greenwood et al., 1997).
Infections associated with sewage sludge use may result from contaminated

crops (Rudolfs, 1951; Pahren et al., 1979; Cieslak et al., 1993), airborne particles

(Dutkiewicz, 1997) or unintentional ingestion of pathogens from contaminated
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hands, utensils or surfaces. Farm workers may also be infected (Pande et al.,
2000). Although agricultural application of sewage sludge on food crops has
been used by some countries over the years (Rudolfs, 1951; Dorn et al., 1985;
Strauch, 1991), it has been reported that use of pathogen containing sludge
could result in a broad variety of infections (Burge and Marsh, 1978; Pell, 1997;
NRC, 1996).

Table 5.2 Organisms identified in contaminated soil

Organism Percentage match
Bacillus pumilis 99%
Enterobacter aerogenes 98%
Proteus mirabilis 100%
Klebsiela oxytoca 99%
Bacillus sphaericus 99%
Bacillus luciferensis 99%
Klebsiella pneumoniae 98%
Bacillus niacini 99%
Bacillus drentensis 99%
Pantoea sp. 98%
Klebsiella fusiformis 98%
Escherichia coli 99%
Klebsiela ornithinolytica 99%

Bacteria of the genus Klebsiella are opportunistic pathogens that can lead to
severe diseases such as septicemia, and urinary tract and soft tissue infections
(Jonas et al., 2004). For instance Klebsiella oxytoca is one of the organisms often
implicated in antibiotic associated diarrhoea (Ayyagari et al., 2003), while K.
oxytoca and K. pneumoniae have been associated with outbreaks in newborn
babies (Westbrook et al., 2000). These pathogens are also capable of being

airborne and have been implicated in respiratory problems that occurred
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following land application of sludge (Dutkiewicz, 1997). Small Wright (2002)
recently reported the occurrence of three deaths in Pennsylvania, USA that

occurred as a result of exposure to sludge spread fields.

Bacillus spp are usually implicated in food poisoning. They are capable of
forming endospores during unfavourable conditions, whereby the interior of the
cell transforms into a multi-layered structure around the bacterial DNA (Walker,
1998). The spores can survive adverse environments and grow again when
conditions improve. If contaminated food is cooled slowly or kept warm before
serving they will germinate (Walker, 1998). Some species such as Bacillus
licheniformis have been implicated in nosocomial infections (Matsumoto et al.,

2000), while B. fusiformis is the causative agent for noma (Deeb et al., 1999).

Bacteria detected in potato samples were mostly plant pathogens or
environmental organisms (Table 5.3). Erwinia spp are responsible for plant
diseases such as soft rot (Erwinia carotovora), vascular wilts (Erwinia stewartii)
and fire blight (Erwinia amylovora), especially in potato (Pérombelon and
Kelman, 1980; Cappellini et al., 1984, Prescott et al., 2002). Although these are
primarily plant invaders, some Erwinia spp such as E. amylovara are
opportunistic pathogens implicated in cases of septicimia, urinary tract infections,
conjunctivitis and endophthalmitis (Faulde et al., 2001). Pectobacterium spp are
also plant pathogens, known to cause blackleg and soft rot (Toth et al., 2003).
Four Buttiauxella spp were isolated from the potato samples. Of these,
Buttiauxella agrestis, B. noackie and B gaviniae have been implicated in the
urinary bladder infection of a spinal cord patient. The frequent occurrence of
Buttiauxella spp is normally in mollusks, mainly snails and slugs, and they have

been isolated from soil but rarely from humans (Muller et al., 1996).
Plant pathogens are not known to cause disease in humans with competent

immune systems. However they can provide a route of entry for human

pathogens as they cause lesions for easy entry. Earlier, Wells and Butterfield
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(1997) indicated that the incidence of Salmonella spp on fruits and vegetables
affected by bacterial soft rot is far greater than in healthy produce as this

provides favourable environment for replication.

Several Pantoea spp and an Enterobacter spp were identified in the samples.
Pantoea spp are coliform bacteria that are often isolated from the environment
(Greenwood et al., 1997). Strauch (1991) also reported on the presence of
Enterobacter spp in sludge. Most Enterobacter spp are enteric organisms that
make up the normal flora of the human gastrointestinal tract. These species can
cause urinary tract infections and other opportunistic infections on various parts
of the body (Greenwood et al., 1997). Rolph and colleagues (2001) also using
the molecular technique found some Pantoea spp and Enterobacter spp in
endodontic infections.

Recently, Staskawicz and his colleagues (2001) have reported on the ability of
some bacteria to harm both animal and plant hosts. However, as their common
habitat is not directly linked to humans or animals, but the environment, their
presence in contaminated crop may not necessarily implicate sewage sludge as

the source.

Enterobacter agglomerans also referred to as Pantoea agglomerans, is found in
water and soil and has only occasionally been isolated from humans. P.
agglomerans is a causative agent for allergic alveolitis in workers exposed to
sewage sludge (Dutkiewicz, 1997). This organism has also been implicated in

neonatal meningitis and sepsis (Greenwood et al., 1997).
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Table 5.3 Organisms identified from potatoes following sequencing

Organism

Percentage closeness

Pantoea agglomerans 99%
Enterobacter agglomerans 99%
Pantoea agglomerans 99%
Erwinia carotovora 99%
Pantoea ananatis 98%
Pantoea toletana 98%
Erwinia amylovora 97%
Pectobacterium carotovorum 99%
Pectobacterium chrysanthemi 98%
Buttiauxela agrestis 98%
Buttiauxela ferragutia 97%
Buttiauxela noackiae 97%
Buttiauxela gaviniae 98%

5.3.3 Bacteria Associated with Sewage Sludge Use

Table 5.4 details the organisms that are usually found in sludge and organisms

detected in this study following sludge use.

In this study, human pathogens

known to be sludge borne (Chapter 2) were mostly detected in the sewage

sludge samples as indicated earlier in Chapter 3.

organisms were not detected in the soil or potato samples.

However, most of these
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Table 5.4 Bacteria associated with sludge use

Organism Sludge Sewage Sewage sludge Potatoes from
borne sludge treated soil sludge treated soil
(Chapter 2) | (Chapter 3) (Chapter 4 & 5) (Chapter 4 & 5)

Achromobacter spp

Acitenobacter calcoaceticus

Bacillus spp

Brevibacterium spp

Buttiauxela spp

Cellulomonas hominis

Chromobacterium violaceum

Citrobacter spp

Clostridium spp

Enterobacter spp

Erwinia spp

Escherichia coli

Exiguobacterium acetylicum

Klebsiella spp

Leclercia adecarboxylata

Leptospira spp

Listeria spp

Mycobacterium spp

Oligella urethralis

Pantoea spp

Pectobacterium spp

Proteus spp

Providencia spp

Pseudomonas spp

Raoutella terrigena

Rhodococcus australis

Salmonella spp

Serpens flexibilis

Serratia spp

Shigella spp

Staphylococcus spp

Streptococcus spp

Vibrio cholerae

N RN NN BN B A N I BN N N N I RN N A BN I I IR AR B B BN IRN
LI I NI BN A N A N N N N I BN RN B N N N I N B I B BN ERN A BN IR
x| x| x| x| x| x| x| «| x| x| x| x| « % « x| x| x| x| x| « x| & x| <« x| x| x| x| x| x| « *x| %
x| x| x| x| x| x| x| <] x| x| x| x| x| < & x| x| x| x| x| x| x| «| & & x| x| x| x| «| x| x| x| x

Yersinia enterocolitica
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Organisms detected from soil or potato samples using molecular techniques
were mostly opportunistic pathogens that may cause infection at the advent of
limited immune capacity. They take advantage of weakened host defense
systems to colonize and elicit a variety of disease states. Thus, their presence in
crops could lead to adverse effects in individuals with compromised immune
system such as pregnant women, children, the elderly, cancer patients and those
suffering from HIV/AIDS (Greenwood et al., 1997). Considering the high
incidence of HIV infection in South Africa (Dorrington et al., 2002), the use of
inadequately treated sludge could result in a large number of the population

being sick.

Although a number of viable bacteria belonging to the Enterobacteriaceae were
found in the potato, neither E.coli nor Salmonella spp (also members of this
group) were identified from the sequencing results. Salmonella spp and E.coli are
amongst organisms of major concern with regards to sludge use (EPA, 1999).
The absence of Salmonella spp and E.coli in potato samples reserved for
molecular studies may be as a result of the unfavourable environmental and

refrigerator conditions.
Although the types of organisms identified in this study may not necessarily

present a complete community due to the cost of the molecular technique, they
however provide a representation of the types of pathogens in this environment.
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5.4 Conclusion

Bacteria identified in the sludge-contaminated soil were predominantly non-
enteric and of environmental origin, probably out-competing the enteric
pathogens, as enteric organisms survive well in the human and animal gut and

not in the environment.

It appears that growing even high risk crops such as potato using sewage sludge
contaminated soil may not lead to a high infestation of produce with primary
human or animal pathogens. However, even though limited, the presence of

human pathogens detected at harvest may cause infection if ingested.

Considering the opportunistic tendency of the secondary pathogens and the
prevailing state of weakened immune systems of the South African population,

proper treatment of sewage sludge prior to use in agriculture is essential.

Organisms identified from potatoes were mainly plant pathogens. Bacterial soft
rot in crops caused by plant pathogens such as Erwinia spp could lead to interior
contamination of crops with human pathogens, if untreated sewage sludge is

used.

If sewage sludge is used in agricultural land, routine analysis of harvested crops

has to be in place for quality assurance purpose.
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