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Abstract In this study the assessment of randomly amplified polymorphic DNA (RAPD) analysis was
established as a molecular epidemiological tool. RAPD analysis was performed to differentiate faecal
Escherichia coliisolates from human and animal sources. E. coli strains (128) were isolated from human and
animal faeces (from cattle and sheep). Genomic DNA was extracted and randomly amplified polymorphic
DNA-PCR (RAPD-PCR) fingerprinting was performed. Seven arbitrary primers were tested with a view to
discriminating between E. coliisolates from humans and E. coliisolates from animals. RAPD profiles were
analysed with hierarchical cluster analysis using an unweighted pair group method. RAPD profiles obtained
with three of the tested primers (1247, 1290 and 1254) established a distinct differentiation between E. coli
isolates from humans and E. coli from animals. Low levels of misciassification and high levels of specificity
make RAPD a sensitive, efficient and reliable means of distinguishing closely related strains.
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Introduction

Faccal pollution is a major concern with regard to many water resources. where it can orig-
inate from a variety of sources, including humans and animals. Its impact can degrade
water quality and restrict its use. However, without knowing the precise source of faecal
input. the human health risk cannot be accurately predicted. Escherichia coli is a ubiquitous
bacterium in the intestines of warm-blooded animals and is used as an indicator of faecal
pollution (Parveen ¢t al., 1999). In order to assess risk it is important to determine whether
the source of faecal contamination is human or animal, as microorganisms of human origin
are regarded as having greater potential to cause disease in humans (Guan et al., 2002).
DNA genotyping methods have been increasingly used for bacterial characterisation and
for taxonomic studies (Bando ¢t «l.. 1998: Maurer et al., 1998; Carson et al., 2001;
McLellan et al.. 2002). RAPD-PCR is one of the most promising of these methods as it has
proven to be areliable, practical. rapid. cost-etfective strategy and it is suited for studying a
large number of strains (Wang er al.. 1993: Seppala er al., 1994; Pacheco et al., 1997; Arias
ctal.. 1998: Bando er al.. 1998: Grif et al.. 1998; Maurer et al., 1998; Chansiripornchai et
al..2001; Dautle et al., 2002: Khan ¢r al.. 2002; Aslam et al., 2003). The purpose of this
study was to identify a procedure that could be used to differentiate E. coli isolates accord-
ing to their origin (human-animal): thus we applied the RAPD method, and dendrograms
were constructed based on the statistical analysis of fingerprint differences.

Materials and methods

Bacterial strains

The study included 128 E. coli isolates from human and animal faeces. All strains were
isolated according to standard culture procedures on selective media: mEndo agar (Les-
BBL) and TBX medium (Oxoid) and identified using API 20E (bioMerieux). Of the E. coli
strains 60 were isolated from animal faeces (cows, sheep, bovine) and 68 from human faeces.

sioyine ayy pue Bulysiiand YA\l ¥O0Z © 864-€6 4 dd | ON 0§ [oA ABojouyoa | pue sousiog istepm |



Aialasizy 10€ (4] ‘0 w0 2¢ 2 Mimatanty 100 o hed 0 2 °

isolate - 1sclate

EITRETY - WYL KD, AL HES, B1E ]
a8 - HDLHB, KIS, HAD, KO-
- us,xn.no,uo,nq

HA8,X7, K0, K4, 2%
R13, 410, 025, 036

H3,H26, 409, K37, N1y
427,H0.813,m6 \

s
4s”
Hes
wn
net
Ly
e
e
“
nz

B
463,433, K86
e

et
W22.H2D.HIO
158,85, X271
10, ke

463

B2, H8Y
134,481
as

N

a2

e

AR

any

az

PUANG, A

»
H

AN i . —_— AL ADS

PEYPINY : | ~

ASGASE RS2 — ] ’ i B
I
i
!

e T

Figure 1 RAPD-PCR method analysis with primer Figure 2 RAPD-PCR method analysis with primer

1247 of 128 E. coliisolates. Prefixes A and H indi- 1254 of 128 E. coliisolates. Prefixes A and H indi-
cate veterinary and human isolate respectively cate veterinary and human isolate respectively
DNA extraction

Genomie DNA was extracted from 1.5 mL stationary-phase £. coli cells using 20 mg/mL
proteinase K and phenol-chlorotorm—isoamylalcohol (25:24:1) (Wang et al.. 1993). DNA
samples were analysed using a spectrophotometer at 260/280nm for determination of
purity.

RAPD fingerprinting

Several 10-nt primers were tested (Table 1). PCR was performed with the use of a Peltier
Thermal Cycler (MJ Research) in 50 uL reaction volumes containing approximately 50 ng
of bacterial DNA. MgCl, 2.5 mM. 10x PCR butfer. 20 pmol of primer, 1 U of AmpliTaq
DNA polymerase and 250 uM ot each dNTP (dATP, dCTP. dGTP and dTTP). All
data used in the present analysis were generated in a cycling program of 45 cycles of the
following: 94°C. 1 min: 38°C ramp to 72°C. 3 min: 72°C. 2 min. After PCR 20 uL

aliquots of the products were electrophoresed in 1.3¢% agarose gels containing 0.5 ug/mL



shimilarity 100 83 €0 40 20 Qe

Tsclmtes
A4d, A48, 085
ALT A9, A0E

A56, A58, A40
AT, ALL,ASS
A3l

AN2LNIG

A8, A5

A7

A2y

A36

A21
ALA, A29 il
AST,ALe —i

A53.A39

412, K49
413, HIY :lr]———

"9, H37 :]-—-
Hil.Hae
-

Hif nol
H&4, H20 Y
Hie - |

an -

63 —_ ;

M7, 182,501 = —
HE, 80, HES + I

3, 160 —
H19,NM28

H92.MLJ, 49
HAL ML, U2, 7
HeY. 133, 148
M63, 110, 18C

422 —

MR HIBLHLS —

Figure 3 RAPD-PCR method analysis with orimer 1290 of 128 E. coli isolates. Prefixes A and H indicate
veterinary and human isolate respectively

cthidium bromide. Gels were photographed under UV light. A molecular size marker (100
bp. Biolabs) was used for reference mall gels.

Analysis of data

RAPD profiles were analysed with the Labworks Analysis Software UVP-Version
3.0.02.00. The statistical analysis of data was performed with the SPSS program. version
10.0. using Hierarchical Cluster Analysis (Unweighted pair-group method-UPGMA —
Pearson correlation coetticient).
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Figure 4 Representative RAPD profiles obtained ~ Figure 5 Representative RAPD profiles obtained
with primer 1247. Lanes 1 and 16: ladder 100 bp with primer 1254, Lanes 1 and 16: ladder 100 bp
(Biolabs: New England). Lanes 2-9: animalisolates. (Biolabs: New England). Lanes 2-9: animal isolates.
Lanes 10-15: human isolates Lanes 10-15: human isolates

Figure 6 Representative RAPD profiles obtained with primer 1290. Lanes 1 and 16: ladder 100 bp
iBiolabs: New England). Lanes 2-9: animal isolates. Lanes 10-15: human isolates

Table 1 Primers used for RAPD analysis

Primer Nucleotide sequence Primer Nucleotide sequence

1247 5'-AAGAGCCCGT-3’ OPA6 5-GGTCCCTGAC-3’
1254 5-CCGCAGCCAA-3’ OPA10 5-GTGATCGCAG-3’
1290 5-GTGGATGCGA-3' OPA14 5-TCTGTGCTGG-3’
OPAS 5-AGGGGTCTTG-3’ OPA15 5'-TTCCGAACCC-3’

Results and discussion

A total of cight primers were tested. Three primers that gave distinct differentiation
between £. coliisolates from animal and human sources were chosen. Considering isolates
with less than 75% of bands matching as different RAPD types. dendrograms were
obtained according to different RAPD profiles of £. coli isolates. RAPD profiles obtained
with primers OPA 4. OPA15. OPAS, OPA6 and OPA 10 did not establish a distinct differ-
entiation between E. coli isolates according to their source. Data obtained with primers
1247.1290 and 1254 separated bacteria into two major clusters according to their source
thuman-animal).

With primer 1247, E. coli isolates were divided into two major groups with a similarity
level of 327, Isolates generated 2—15 amplification bands. £. coli from animals showed 23
different RAPD types. whilst those from humans showed 15 RAPD types (Figures 1 and 4).
The misclassifications observed were eight veterinary isolates within the major cluster of
human isolates, and five human isolates within the major cluster of veterinary isolates. The
specificity of the classification was 854 .

RAPD data with primer 1254 divided isolates in two major clusters with a similarity of
p i



18%. Isolates generated 3—16 amplification bands. Human isolates generated 13 different
RAPD types. while veterinary isolates generated 27 RAPD types (Figures 2 and 5). Only
tour veterinary E. coli isolates were found concentrated within the major cluster of human
isolates. The specificity level of the method was 97%.

With primer 1290 we obtained two major clusters with bacteria from humans and ani-
mals respectively. The similarity level of the two clusters was 46%. Isolates generated 3—12
amplification bands. Animal isolates generated 13 different RAPD types and human iso-
lates 10 RAPD types (Figures 3 and 6). Only four veterinary E. coli isolates were found
concentrated within the major cluster of human isolates. The specificity level of the classi-
tication was 97%. Most of the misclassifications with the three primers used (1247, 1254
and 1290) concerned isolates from animals.

RAPD is a molecular tool that covers most of the genomic diversity and has been
increasingly used in microbiology. In this study RAPD analysis using different primers
revealed that the 128 £. coli isolates originating from different sources generated distinct
amplification profiles. Moreover, many ot the isolates from the same source showed simi-
lar or identical RAPD profiles. The greater diversity of RAPD profiles was observed
among veterinary isolates. They revealed more RAPD subtypes than human isolates, which
showed homology in their amplification patterns (Table 2).

Our dendrograms showed a ood discrimination between veterinary and human E. coli
isolates generating two major clusters that concentrated the two main groups of isolates
(veterinary and human) (Figures 1-3). RAPD analysis has been used for similar classifica-
tions and differentiations of £. coli isolates (Wang eral.. 1993: Pacheco et al.. 1997; Grif et
al. 19980 Chansiripornchai e al.. 2001: Aslam er al.. 2003) or other microorganisms
(Seppala et al.. 19940 Arias er al.. 1998). Concerning the classification of E. coli isolates
and other bacteria. although many methods have been applied such as ribotyping (Grif et
al 1998 Parveen er al.. 19992 Carson er ul.. 2001: Guan ¢r al.. 2002), PEGE (Grif et al..
FOOS McLellan er al.. 2002) and AFLP (Guan ¢r al.. 2002; Aslam er al.. 2003).
RAPD-PCR has been proposed as a method less laborious and time-consuming than other
DNA-based techniques (Wang er al.. 1993 Pacheco er al.. 1997: Arias et ul.. 1998: Bando
cral 19980 Grif eral.. 1998 Maurer er al.. 1998: Chansiripornchai er al.. 2001). It seemed
to be the fastest genetic typing method that could be employed for a rapid identification,
and it has been widely used as a typing technique for both Gram-positive and Gram-nega-
tive bacterta (Arias er al.. 1998). Other techniques require relatively large amounts of
DNAL expensive equipment and take days to obtain results. By contrast. RAPD results are
generated within 4 hand hence are time and cost saving (Grif et al.. 1998; Chansiripornchai
et al.. 2001). Furthermore. RAPD typing is more efficient than the other methods when
numerous isolates are to be examined (Meunier and Grimont. 1993; Pacheco er al., 1997).
The maim disadvantage of RAPD-PCR is its reproducibility. which can be overcome when
the conditions are strictly defined (Meunier and Grimont. 1993). The RAPD method is
rehiable when used to answer limited problems. such as typing ot a collection of unknown
isolates. which do not necessitate between-laboratory comparison. In the present study the
conditions and materials of all experiments were strictly identical and defined: thus we

Table 2 Human and animal isolates showing the same amplification bands of human and animal RAPD pat-
terns, respectively, with the use of three primers

Primer
1290 1254 1247

% human isolates sharing 70% of ampiification bands of human RAPD pattern 81 69 44
"5 animalisolates sharing 70°5 of ampiification bands of animal RAPD pattern 52 57 33
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demonstrated that the RAPD fingerprints of isolates were reliable and enabled the compila-
tion of a data bank of patterns for isolate classification.

Conclusions

The objective of this study was to evaluate the RAPD—PCR method as a molecular typing
tool for the differentiation of E. coli isolates originating from animals and humans. Our
results demonstrated that RAPD analysis provided great discriminatory ability and high
rates of specificity, depending on the primers used, as E. coli isolates could be grouped and
separated into two major clusters according to their source. Although RAPD analysis is not
too laborious, and is fast, reliable and low cost, it needs high standardisation. Moreover,
environmental studies with genetic comparisons to detect sources of E. coli contamination
will require extensive isolation of strains to encompass the E. coli strain diversity found in
host sources of contamination. This assay assists in the development of approaches to
determine sources of faecal pollution, an effort important for protecting water resources
and public health.
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