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Abstract: Availability of sanitized quality water is one of the basic rights of humans
worldwide. The international standards require the drinking waters to be odorless,
tasteless, and colorless besides being free of pathogenic microbes and toxic heavy
Using traditional microbiological techniques twelve bacterial colonies were
isolated and identified from eight drinking water samples. Molecular biology tools such
as random amplified polymorphic deoxyribonucleic acid fingerprinting, protein
banding patterns, sequencing the gene encodes for a conserved region of the 16S
rRNA, and Matrix-Assisted Lasar Desorption lonization were used for identification of
the multidrug-resistant bacterial isolates from drinking waters. All bacterial isolates
belong to three genera named E. coli, Staphylococcus epidermis, and Bacillus halo...
The accuracy of molecular techniques to the speciation of the bacterial isolates was
beyond doubts. Moreover, Matrix-Assisted Lasar Desorption lonization proved to be
faster, highly accurate and cheaper to perform than other molecular biology techniques;
considering the availability of the instrument and the existence of the bacterial spectra

keywords: Drinking water, Bacteria, MALDI, Molecular biology

1.Introduction

There should no doubts or problems with the
safety of the direct use of municipal drinking
waters. This water should be absolutely free of

any human infectious pathogens such as
bacteria and viruses. The waterborne
pathogens can cause cholera, intestinal

infections, typhoid fever, hepatitis, dysentery,
hepatitis....etc. However,  continuous
monitoring of municipal drinking water is done
by health official worldwide as precautionary
routine to ensure public safety against
waterborne microbial diseases. Diseases such
as diarrhea have amounted to 2.2 million
annual deaths among children and population at
large in the developing countries.  UNICEF
reported in 2010 about 5,000 children were
dying every day due to diarrheal diseases (11,
25, 26). The main cause of these diseases is
known to be fecal bacteria such as E. coli and
Enterococcus. All this constituted huge
challenges to public health officials especially
it affected more than half of the world

population in the developing countries.
Therefore, Egypt has developed a number of
reviews of drinking water to quell any
microbial threat to the health of its people. In
the same time, it can take the necessary
measures to prevent the entry of any microbial
pathogen into the water distribution system
after treatment process.

The worries have increased from the
presence of more dangerous microbes such as
Salmonella and campylobacter in drinking
waters. Also, the rise of multidrug-resistant
bacteria (MDR) and the presence or spread in
the drinking water will not only complicate
their health hazards but bigger challenges and
threat to the whole population. Therefore,
detection and then elimination of these harmful
microbes from drinking water is a priority to
the scientific community and the health
community as well (15, 19, 23, 24). Standard
tests of water sanitary require the presence of
zero number of total coliforms per 100 ml
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tested andless than 15 colony forming units
(CFU) per 100 ml of Salmonella (21, 25, 26).
Other dangerous bacteria that should be
completely absent from drinking water include
Campylobacter Shigella, Yersinia or Vibrio
cholera, Legionella pneumophila (1, 22).

Every day we read about new microbial
pathogenic agent isolated from drinking water
bodies and that number has totaled more than a
1000 species of viruses, bacteria, fungi,
protozoa, and parasitic worms (15, 22) which
necessitates quantitative risk assessments to
these waterborne pathogens. There are many
factors which affect the choice of the
quantitative methods including the isolation,
sensitivity, and rapidity of the identification
process. The available numerous methods for
rapid  detection and quantification of
waterborne pathogenic bacteria in drinking
water can be classified into classical
bacteriological techniques, immunology-based,
nucleic acid-based, and biosensor-based
methods. The highly sophisticated modern
molecular biology techniques have also been
adopted for water microbiological analysis and
evaluation.  These included digital droplet
PCR, DNA microarray, Next-generation

sequencing (pyrosequencing, llumina
technology, and genomics), real-time PCR,
multiplex PCR, and fluorescence in situ

hybridization. However, the very cost-effective
test, the basic total coliform techniques, is as
informative as all other technologically
advances and costly tests.

The increase of human leisure activities,
the globalization of travel and trade, and
different changes in drinking water treatment
technology have affected the trust of the public
in the municipal waters and converted them to
bottled waters. This is another burden on
drinking water industry that requires absolute
sanitary  standards and  microbiological
monitoring. Therefore, this study has taken the
responsibility to test the degree of sanitary of
the municipal drinking water in Mansoura city
and some selected sites in Dakalyia and
Alexandria  Governorates. Our  results
demonstrated that the water treatment process
in Dakahlyia does follow the standards and no
serious problem is associated with the water
samples tested.

Materials and Methods
Sample collection

Eight drinking water samples were collected
from Dakahlyia and Alexandria Governorates.

Seven samples from Dakahlyia  (Meet
Khamis Water Treatment Station, Weesh,
Neketah, Khaeriah, Belgas, EI-Sinbilawain,
laboratory tap) and one sample from
EIMontazah drlstrlct Alexandrla (Flg 1).
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Fig. 1. A map showing locations of water
samples; the white arrow points to the location
of Alexandria Sample.

Bacterial growth media and isolation

Water samples were streaked onto Luria
Bertani (LB) agar plates (contains g/L:
Tyrptone 10g, yeast extract 5g, sodium chloride
10g and agar 15g), nutrient medium (Peptone
5g, yeast extract 3g, sodium chloride 5g, and
agar 159), 36.6g of TBX medium, MacConkey
agar (49.53 g of ready-made mix was dissolved
in 1L disitilled water, and Mueller Hinton agar
(2.0g beef extract, 17.5g casein hydrolysate,
1.5g starch, and 17.0g agar). All bacterial
isolates were grown in solid/liquid media were
incubated at 37°C for overnight before any
further manipulations. All media constituents
were dissolved in one liter distilled water and
autoclaved at 121°C for 20 minutes (10). The
selected purified colonies were stored at -20°C
in 20% glycerol stocks for longer preservation
time.

Antibiotic sensitivity test

All 12 bacterial isolates were tested for their
sensitivity to seven commercially available
antibiotic discs by Kirby-Bauer disc diffusion
method [4, 7]. Each disc type was saturated
with a fixed concentration of the antibiotic and
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used as recommended by the manufacturer
(Table 1). The zones of inhibitions were
recorded and analyzed according to the Clinical
Laboratory Standard Institute (7). The
antibiotic discs used and their concentrations
were Ampicillin (10ug), Amoxicillin (25ug),

Amoxycillin-  Clavulanic acid (20-10ug),
Aztreonam  (30ug),  Cefoxitin  (30ug),
Cefsoludin 30, Cephalexin (30ug),
Chlorampheicl 30, Erythromycine (15ug),
Imipenem  (10ug), Kanamycin  (30ug),
Meropenem  (10ug), Methicillin ~ (10ug),
Nalidixic Acid (30ug), Oxacillin (5ug),
Penicillin ~ (10ug), Streptomycin  (10ug),
Trimethoprim- sulfamethoxazol (1.25-

23.75ug), and vancomycin (30ug).
Protein banding patterns

The total cellular proteins of all bacterial
isolates from drinking water samples were
analyzed by polyacrylamide gels
electrophoresis in denaturing conditions (17).
The gel consisted of a stacking layer (upper)
and a separating layer (lower). Both layers
consisted of the same components with varying
concentrations; the lower layer is 12% and the
upper layer IS 4%.
Tetramethylethylenediamine (TEMED) and
ammonium persulphate  (APS) were the
initiator and gelling agents of the bis-
polyacrylamide matrix. The loaded proteins
were standardized by extrapolating their
concentrations from a standard curve
constructed using Bovine serum albumin
(BSA).

Identification of Bacteria

The purified bacterial colonies were
morphologically, biochemically and
molecularly characterized according to the
standard bacteriological techniques (25).

DNA Fingerprinting

The three multidrug-resistant isolates were
further differentiated from each other by the
DNA fingerprinting as described in the
literature [ 1, 5, 9, 15, 19]. Four randomly
constructed and chosen primers manufactured
by OPERON were used. These were OPU-16

5-CTGCGCTGGA-3'), (OPT-16 50
GGTGAACGCT-3), (OPK-02 50
GTCTCCGCAA-3) and (OPI-17 5"

GGTGGTGATG-3". Each of the four primers
should result in a different PCR product profile

depending on the bacterial DNA templates
which are called RAPD-PCR fingerprint. Each
reaction final volume was 25ul (20 ng of
bacterial template DNA, 20 pmol of primer, 1U
of Tag DNA polymerase, and 1x buffered
master mixture of dNTPs and covered by a tiny
drop of mineral oil) heated at 94 °C for 5
minutes to denature the template DNA. This
followed by 35 amplification cycles in each
cycle the template DNA was denatured at 94°C
for 1 min, the primer was annealed at 46°C for
45seonds and the polymerization was extended
for 3 min at 72°C. At the end of the 45 cycles, a
final extension step at 72°C for 7 min was
performed. The yield of the PCR was analyzed
by agarose gel electrophoresis, visualized by
staining with  ethidium  bromide and
photographed for analysis.

Plasmid DNA purification

Although the alkaline lysis technique is the
gold-standard for preparation of plasmid DNA
from bacteria, a lot of commercial kits are now
available that simplified such procedures. One
of these kits is manufactured by iINtRON
Biotechnology (South Korea) called DNA-spin
Plasmid DNA Purification kit. The kit contains
resuspension buffer, lysis buffer, neutralization
buffer, washing buffer A, washing buffer B,
elution buffer, spin column and collection tube,
RNase A (Lyophilized powder), and lysis
viewer.

Mass spectrometry microbial identification
system

A mass spectrometry (VITEK® MS) located
at Zagazig University hospital was used for
quick microbial identification. This instrument
uses a laser to ionize matrices and the time ions
take to reach a detector (MALDI-TOF MS)
technology. A loopful of each designated
bacteria loaded on the specific slide which
inserted into a high-vacuum chamber. Within
the closed chamber the sample was ionized by
exposing to a precise laser burst to release a
cloud of proteins accelerated by an electric
charge. This cloud was passed through the ring
electrode and the time of flight of each was
recorded generating characteristic spectra for
each bacterial isolate (1).
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The 16S rRNA gene amplification and
sequencing

One of the highly accurate molecular tests
depends on the sequencing of conserved
regions of the gene encodes for 16SrRNA. This
gene was amplified using two universal
oligonucleotide  primers:  forward  -(5'-
CAGGCCTAACACATGCAAGTC-3" and
reverse -(5-CGGCGGAGTGTACAAGGC-3").
The DNA template used in the PCR was
prepared from the different bacterial strains by
Quick-gDNA  miniprep  kit-from  Zymo
Research, USA. MyTaq™ Red Mix from
Bioline Company contains all the necessary
reagents and stabilizer with no interfering
materials with the PCR was used in the gene
amplification. The annealing temperature for
the primer pair was 60°C depending on the
melting temperature values. The amplified
DNA fragments were extracted and purified
from agarose gels by the DNA clean and
concentrator kit-25 from Zymo Research, USA,
as recommended by the supplier. The highly
purified DNA was sequenced by an automated
sequencer. The use of this kit removes not only
the free dNTPs but also the DNA polymerases,
as well.

RESULTS
Coliform bacteria in drinking water samples

Twelve morphologically distinctive bacteria
isolated from all the collected water samples
were tested for the presence of the pollution
indicator E. coli and other coliforms (Fig. 1).

One bacterial colony was isolated from
samples collected from Kharieh (#1), Belgas
(#10), Weesh (#12) and Meet Khames Water
Purification Station (#5). Two from Tap
waters from Alexandria (6, 7), our Bacteriology
Laboratory (8, 9), Neketah (2, 3) and
Senbellaween (4, 11) samples and three isolated
from each other water samples used for this
study. After 24h of growth, only isolate
number three produced acid and gas, isolates
one, two, four, five, six, seven, eight, nine, ten,
eleven and twelve produced gas and a slight
change in the indicator color; into yellow.
Isolates two, five, six, seven, and eight

appeared red as the control (un-inoculated)
tubes, while isolates one, four, nine, ten, eleven,
and twelve are pink in color; i.e neither red (as
control) nor yellow as the completely positive
isolate

three

Fig. 2. The coliform test for the twelve isolated bacteria from the drinking water samples collected
from different locations in Dakahlyia and Alexandria Governorates, Egypt.

Antibiogram of bacteria from drinking
water

The antibiotic sensitivity of the twelve
bacterial isolates varied from highly sensitive,
intermediate sensitive to resistant (Fig.2 and
Table 1). Isolates one (Khariah) and two
(Neketah) showed complete resistance to the
seven antibiotics tested. These were followed
by isolate seven that showed resistance to six
antibiotics and an intermediate sensitivity to
vancomycin only. Isolate three resisted
ampicillin, penicillin G,  gentamycin,

vancomycin, and trimethoprim-suflanoaxonal
and showed intermediate sensitivity to
erythromycin and kanamycin. Isolate four
resisted only three of the seven antibiotics
tested; these were ampicillin, penicillin, and
trimethoprim-suflanoaxonal. Each of isolates
five and 10 showed resistance to only two
antibiotics; these were erythromycin and
penicillin and ampicillin and SXT, respectively.
The rest of the isolates showed sensitivity to
some antibiotics and intermediated sensitivity
to others. Strains 8 and 9 showed the highest
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sensitivity to the SXT with 30mm diameter of
the inhibition zone.

Fig. 3. The antibiogram of the twelve bacterial
isolates from drinking water sample

Table 1. The sensitivity of twelve bacterial
isolates (to seven antibiotics) from the drinking
waters scored according to the CLSI standards
(R, 1, and S)

AntibioticsZone of inhibition (mm)
2 -

Isolate S O e EZ| 2 c

c| 2| | £/55 35| %5
No. = IS = o | X X =

= ] = > 2@ g =

o = o E |52 o

3| S 'S g | gl o 3

Q. =] [} c E K] c =

e b S S | =€ & >

< | W |a | ¥ |53 >0
1 R |R R R R R R
2 R |R R R R R R
3 R |1 R | R R R
4 R |1 R I R I I
5 I R R I I I I
6 R |1 R | | | |
7 R |R R R R | R
8 I S I I S I R
9 I I I I S I S
10 R |1 I I R I I
11 S |S S I S R I
12 I S S S S I I

R. resistance (<16mm) I. Intermediate, (from
16 to 21mm) S: sensitive (>21mm

The protein contents of the bacterial isolates
from drinking waters

The protein banding patterns of the twelve
bacterial isolates can be grouped into four
major bacterial types. The isolates one, three,
six, seven and 11 are closely similar while
isolates number two, four and 12 showed
unique protein banding patterns. The closely
related  bacteria  isolated  from  four
geographically different localities are isolated
one from khiarieh village north of Mansoura
city, isolate three from Nekeetah village south
of Mansoura city, isolates six and seven from

Alexandria, and isolate 11 from Senbellaween
city east of Mansoura city. isolate two from
Nekeetah, isolate four from Senbellaween and
isolate 12 from Weesh (Fig. 2)

1 : 3 4 - 1

i ——

— T —
-— -

Fig. 4. The protein banding patterns of seven
bacterial isolates from drinking water samples

16, OPK-02 and OPI-17 havd PCR products
with organism three and primer OPT-16 did
not.

DNA Fingerprinting of three MDR bacteria
from drinking waters

From the antibiogram, three bacterial
isolates showed resistances to all antibiotic
tested. These three isolates were fingerprinted
using four oligonucleotides primers OPU-16,
OPT-16, OPK-02, and OPI-17 (Fig. 5). The
four primers are numbered from 1 to 4 with one
isolate, 5 to 8 with the second isolate and from
9 to 12 with the third isolate. Primers OPU-16
and OPK-02 have no PCR products with
organism one, primer OPT-16 produced two
distinct DNA bands (300 and 600bp), and
primer OPI-17 produced a 900bp band and a
faint 600bp band.  Only primer OPT-16
produced three DNA fragments with organism
two, while primers OPU-16 (no.5), OPK-02
and OPI-17 did not produce any PCR products.
Primers OPU-

Fig. 5. DNA fingerprinting of the three MDR
bacterial isolates from drinking water with
OPU-16, OPT-16, OPK-02 and OPI-17
oligonucleotides random primers.
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Automated identification of bacterial isolates
using MALDI-TOF-MS

A special mass spectrophotometry technique
called matrix-assisted  laser  desorption
ionization (MADLI) technique was used to
automatically identied the bacterial isolates
obtained in this study. In this technique, the
bacteria was mixed with a matrix which ionizes
upon exposure to specific laser burst producing
a cloud of proteins carrying specific electric
charge that travels to a detector at the end of the
process for identification (mass/charge, or m/z).
The detector generates spectra for the different
ions. The spectra are represented as mass over
charge (m/z) and the intensity is the height of
the peak. Comparing the acquired spectrum for
each bacteria against the built-in library, the
produced spectrum was used to name the
bacteria under examination (Fig...6 A, B, and
C). The spectra are definitely different from
each other
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Fig.6.“T>h'e MALDI sbectra for the three MDR
bacterial isolates from drinking waters. Panel

A: isolate 1, panel B: isolate 2 and panel C:
isolate 3.

Discussion

Without water and oxygen, human life is
impossible on earth. The irony of the
availability of clean water for drinking is
dramatized in the fact that poor people have
less access to mobile phones than safe drinking
water. This scarcity of high-quality potable
water to about 2.6 billion of human was
highlighted by the different WHO reports. In
specialized reports by the WHO and the
UNICEF, the annual death reached 3.4 million
among children due to water-related diseases.
Annually, the waterborne diseases lead to the
death of over 25 million from amongst them
children (10, 15). Inadequate drinking water
contributed to five million diarrhea deaths and
inadequate sanitation lead to about three
million deaths according to a retrospective data
analysis collected from 145 countries (20).
Water distribution pipeline systems are known
to age over time, due to rusting or breakage and
may contain pathogenic bacteria. Therefore, the
availability of clean drinking water dictates
regular examination to ensure safety and
complete sanitization. This is to avoid any
contamination due to Leaks from sewage pipes
running side by side with the water distribution
network. Since it is well documented, broken
and/or rusty pipelines help in mixing sewage
with drinking water and hence spread of
potential pathogens to drinking water.

From the bacteriological or microbiological
point of view presence of coliforms in drinking
water is the gold-standard indicator of fecal
contamination and hence unsuitability for
human consumption. Three major bacterial
species were isolated and identified in this
study: E. coli, Staphylococcus epidermis and
Bacillus species Luckily the total coliform
counts (only one E. coli) in our samples did not
exceed the permissible range and total absence
of pathogenic bacteria such as Salmonella,
Shigella, and Vibrio cholera from the collected
samples during this study. These satisfactory
results conform to the microbiological
standards set by the WHO for the drinking
water. The international standards demand the
absence of any fecal pollution indicator and any
pathogenic bacteria from natural water, soil, or
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any other environmental source. However, the
classical water examination does not include
the detection of pathogenic bacteria and looks
only for indicator bacteria such as E. coli. The
presence of E. coli is a serious indicator of
either human and/or animal fecal contamination
or even both. The major concern is the
association of any of six highly pathogenic
microbes  such as Campylobacter Jejuni,
Hepatitis A, Giardia Lamblia, Salmonella,
Legionella Pneumophila, Cryptosporidium with
E. coli (14). However, some English
researchers found another four biofilm-
producing bacteria in Sheffield tap drinking.
These biofilm-producing bacteria were not
harmful themselves but they were helpful for
the thriving of harmful bacteria. Moreover, they
suggested the use of sophisticated DNA-based
methods for water analysis instead of culturing
bacterial techniques for pathogenic bacterial
identification and hence a quicker response to
clean and sanitize drinking water. (17). Many
organizations like the Environmental Protection
Agency (EPA;) in the USA did not agree with
the British argument because it is not practical
and expensive to test drinking water for all
potential bacterial pathogens. The EPA even
stated that the presence of coliform in drinking
water does mean it is not unsafe for drinking,
but rather it is a sign of risk that pathogens are
present. However, the EPA requires zero total
coliforms for every 100 milliliters of drinking
water.

Regular drinking water checking for
potential  bacterial pathogens is highly
important to take the correct measures to
protect human from being infected. From the
microbiological point of view all bottled water
on the roadside of Dehli, 28% of tap water in
Patiala, Punjab, India, 23 out of 24 samples
from Ethiopia, 87.5% of bottled waters in
Nepal were unsuitable for human drinking.
These authors were able to isolate highly
virulent human pathogenic bacteria from the
water samples examined such as Enterobacter,
Klebsiella, Salmonella and Shigella, Vibrio,
rotavirus, all are predominantly fecal in origin
(6, 15,16, 18, 23)

In conclusion, public drinking water systems
are safe for the majority of people to use.
However, special group of people such as the
immunologically compromised group is at high

risk if they drink inadequately disinfected and
sanitized water. This last category of drinking
water can be identified from its color, odor, and
bad taste. Despite the assurance of the current
drinking water the majority of people now
depends on bottled regardless of their financial
status and you find them everywhere around at
homes, bus or railway stations, airports,
restaurants, and hospitals....etc. Recently, a
published report on the low quality of waters on
major Airlines served to their passengers
(DietDetective.com and the Hunter College
New York City Food Policy Center at the City
University of New York, USA). This and
similar reports increased the distrust in public
drinking water and hence created great demand
for bottled waters which needed more scrutiny
and attention to this life-dependent resource
system.

The molecular fingerprinting widely used in
place of the phenotypic characterization of
isolated bacteria just to avoid the confusion and
inconclusive results associated with it. The
molecular methods included 16S rRNA
sequencing, protein banding patterns, MALDI
spectral analysis, and RAPD-PCR typing.
These powerful methods not only identified the
bacterial isolates at the species level and were
able to make a sharp distinction between
closely related species to the same genus. (2, 3,
8, 9, 10, 12, 13). Generally, the molecular
methods need specific experiences and
specially equipped laboratory which may not
available all the time. However, these
molecular techniques not only accurately
identify bacterial content of the drinking water
but were able to show the least amount of
differences among them even it is a single
nucleotide polymorphism in a single copy of
the DNA from any bacterium under
examination.
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