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1. Introduction

Egypt.

Abstract

Rapid and accurate identification of pathogenic bacteria is a fundamental
goal in microbiological monitoring of pharmaceutical water quality, but one
that is very difficult for many slow-growing and fastidious microorganisms.
Purified water is widely used in pharmaceutical manufacturing in washing
of equipment, preparation of finished product, and it is also used for rinsing
equipment or for the preparation of disinfectants and detergents. A total of
150 purified water samples were collected from all the plant’s departments
over a period of 3 months from December 2020 to February 2021. Each
sample was filtered on 0.454 membrane filter then cultured on R2A agar
plates. Bacterial isolates from water samples were morphologically
categorized based on shape, size, colour, and its characteristic growth on
selective media and biochemical testing. Colonies with different colors and
morphologies were subjected to amplification and sequencing of a 1000—
1500 nt portion of the 16S rRNA gene. A total of 235 colonies were isolated.
These were categorized into 29 isolates as colonies showing identical
morphology were grouped together. 16S rRNA Sanger sequencing
categorized these 29 isolates into 18 genera and 22 species. Sixty-six
colonies (categorized into 7 isolates) were presumed to the genus
Pseudomonas by conventional method. However, 16S rRNA Sanger
sequencing indicated 21 out of these 66 colonies (categorized into 2 isolates)
belonged to another genus. For the purified water system, Pseudomonas was
the most common gram-negative genus isolated, followed by Enterobacter
then Klebsiella and Citrobacter.

Keywords: Pharmaceutical water monitoring, Conventional methods, 16S
rRNA gene, Enterobacter, Pseudomonas, and Citrobacter.

heterotrophic bacteria are enumerated to manage water

Water quality for human consumption is regulated by
the European pharmacopeia, USP and International
(ICH or WHO) GMP issues, engineering guides, or
other regulatory (FDA, EPA, or WHO) guidance for
water. In both types of water, an absence of fecal
bacterial indicators is an indicator of safety, and

quality (Bartram et al., 2003 & Chowdhury, 2012).
Traditional methods are the reference for the control
of microbiological quality of water as they are reliable,
easy to use and allow microorganisms identification.
However, these methods are time-consuming and
labor intensive (Nemati et al., 2016). For many slow



growing and fastidious organisms, traditional
phenotypic identification is difficult and time-
consuming (Cloud JL, et al., 2010). They depend on
the ability of microorganisms to show visible colonies
after an incubation period of typically 3 days that can
go up to 14 days. (United States Pharmacopeia). The
long time-to-result is a concern for industries as
improvement in processes and products requires faster
methods to control microbiological quality. Therefore,
over the past 25 years, many technologies have been
developed to reduce the time-to-result. The culture-
dependent approaches have been successful at
gathering bacterial presence data; however, they have
been criticized for their inability to accurately
characterize the microbial diversity in natural
environments (Amann et al., 1995). Besides, when
phenotypic methods are used to identify bacteria,
interpretation of test results involves substantial
subjective judgement. Genotypic identification is
emerging as an alternative or complement to
established phenotypic methods (Cloud JL, et al.,
2010). Typically, genotypic identification of bacteria
involves the use of conserved sequences within
phylogenetically informative genetic targets, such as
the small subunit 16S rRNA gene (Clarridge 111, J. E.
(2004). Consequently, molecular surveys based on 16S
rRNA template as the target molecule may be useful to
identify active bacterial contaminants (Felske et al.,
2000; Morgan et al., 2002). The aim of the current
study was to evaluate the efficiency of 16S rRNA
Sanger sequencing in comparison to conventional
culture and biochemical testing in the detection and
identification of pharmaceutical water contaminants.
2. Materials and methods

2.1. Samples and sampling conditions

From December 2020 to February 2021, the water
samples were collected aseptically in sterile bottles
with cap. Each the bottle was labelled with full details
and properly handled till delivered to Microbiology
laboratory and processed within two hours after
collection. One hundred and fifty water samples were
taken from different points of use. The samples were
analyzed by membrane filtration method using R2A
Agar as nutritive media (Reasoner et al.,1985), and
incubated at 37°C for 24-48 hrs. Separate colonies were
then submitted to identification with conventional
subculturing culturing on selective and differential
media combined with conventional biochemical
testing. Further identification was done using 16S
rRNA Sanger sequencing (Revetta et al., 2010).

2.2. ldentification of bacterial isolates

2.2.1. Conventional method

Separate colonies from R2A agar were subcultured on
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Cetrimide agar, Endo agar, MacConkey’s agar and
Eosin Methylene Blue (EMB) then incubated at 37°C
for 24-48 hrs. Plates were examined for colony
morphology where identical colonies were examined
with Gram staining and then identification of bacterial
contaminants was performed according to standard
microbiological techniques using selective and
differential media in addition to a battery of
biochemical analysis tests as described by (Sandle, T.,
2016). The biochemical tests included amylase test,
catalase test, citrate test, gelatin test, indole test
(Kovacs’ reagent), nitrate reduction test, oxidase test,
sugar fermentation test, urease test and methyl red test
(Voges Proskauer test) (Table 1).

2.2.2. Molecular identification of bacterial isolates
using 16S rRNA Sanger sequencing

2.2.2.1. DNA Extraction

Extraction of DNA from bacterial isolates was done as
per the protocol described by Atashpaz et al. 2008
Briefly, a single colony was inoculated in nutrient
broth and was grown for 24 hr. at 37 °C. From the 5
ml of culture, the cells were harvested and 800 pL of
lysing buffer (2% CTAB, 100 mM Tris-HCI, 1.4 M
NaCl, 1% PVP, 20 mM Na2EDTA and 0.2% LiCl)
was added to the sample and incubated at 65 °C for 30
min. The sample was then centrifuged at 10000 rpm
for 5 min at 4 °C. Equal volume of chloroform —
isoamyl alcohol (24:1 v/v) was added to the
supernatant, mixed and centrifuged at 12000 rpm for 8
min at 4 °C. The DNA was extracted from the aqueous
layer by adding ice cold (—20 °C) isopropanol. The
dried DNA pellet was dissolved in 50 pL of 1X Tris
EDTA buffer. The quality and intactness of the
extracted DNA was checked by running on 1%
agarose gel. The A260/A280 absorbance ratio was
used to determine undesired contaminations.

2.2.2.2. PCR amplification and sequencing of 16S
rRNA genes.

PCR amplification and sequencing of the extracted
DNA samples was done by Yaazh Genomics, Tamil
Nadu kit. Amplification was done using the 16S rRNA
universal primers described by Lane 1991: Forward
primer 27 F AGAGTTTGATCMTGGCTCAG and
Reverse primer 1492 R
TACGGYTACCTTGTTACGACTT. The PCR
reaction was performed using MJ Research Peltier
Thermal Cycler with the following conditions: Initial
denaturation was done at 94 °C for 2 min, followed by
35 amplification cycles at 94 °C for 45 s, annealing
temperature of primers was 55 °C for 60 s, and
extension at 72 °C for 60 s. Final extension was done
at 72 °C for 10 min (Chagnaud et al., 2001). The
resulting PCR products were purified using Montage
PCR Clean up kit (Millipore) then handled using ABI
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Table 1: The Biochemical tests used in microbial analysis of pharmaceutical water

Biochemical testing Reference Observation Type of bacteria
Kovacs’ reagent: (para Macwilliams, Appearance of pink Presence of E. coli
dimethyl amino m. P. (2012) colored ring
bezaldehyde + isoamyl
alcohol + sulphuric acid)

Methyl red (Voges McDevitt, s. Appearance of pink Presence of E coli and
Proskauer test (2009) colored ring in methyl Citrobacter freundii
red
Citrate utilization test: MacWilliams, Appearance of green Absence or presence of
(simmon’s citrate medium M. P. (2009). colour or blue colour in  Citrobacter freundii.
+ bromo thymol indicator the medium Green
Negative. Blue- Positive
Urease test: (urease is Brink, b. Appearance of yellow Presence of Citrobacter
digested by urease enzyme (2010). colour shows negative. freundii. and Klebsiella
resulted in release of Appearance of pink pneumoniae
ammonia) colour positive
Oxidase reaction: (tetra Shields, p., & Appearance of purple Presence of bacteria
methyl parapholene cathcart, I. colour within 30 contains cytochrome
diamine dihydro chloride) (2010). seconds. oxidase like
pseudomonas
aeruginosa
Triple sugar iron test (TSI) Lehman, d. Black colour change Presence of hydrogen
(glucose, lactose and (2005). in the media. sulphide gas producing

sucrose 1:10:10).

bacteria.

PRISM® BigDyeTM Terminator Cycle Sequencing
Kits with AmpliTag® DNA polymerase (FS enzyme)
(Applied Biosystems) and submitted for Sanger
sequencing.

3. Results and Discussion

Among 150 samples analyzed, 235 different colonies
were obtained. All the colonies were streaked on
selective and differential media (Figure 1). Bacterial
colonies from water samples were morphologically
categorized based on shape, size, color, and growth on
selective and differential media. Identical colonies were
grouped into isolates. The total number of isolates after
classification was 29 different isolates. Isolates were
examined by PCR using universal 16S rRNA primers.
A clear band of 1500 bp in length was obtained for each
isolate (Figure 2). The 16S rRNA sequence for each
isolate compared with NCBI database
(https://www.ncbi.nlm.nih.gov/). 16S rRNA Sanger
sequencing was able to identify isolates 100% to the

species level in contrast to conventional methods
(Table 2).

Conventional method was not able to identify (8/29,
27.5%) isolates from the total isolates, misidentify
(10/29, 34.4%) isolates and (7/29, 24.1%) isolates
could not be identified to species level. This method
was not able to differentiate between pathogenic and
nonpathogenic Pseudomonas species. In contrast, all
colonies were successfully identified with 16S rRNA
sequence analysis where isolates were categorized into
(18) genera and 22 species. All isolates showed high
sequence identity (99%). Sixty-six  colonies
(categorized into 7 isolates) were presumed to
Pseudomonas by conventional method. However, 16S
rRNA Sanger sequencing indicated 21 out 66 colonies
(categorized into 2 isolates) belonged to another
genus. Pseudomonas was the most common gram-
negative genus isolated, followed by Enterobacter
then Klebsiella and Citrobacter.
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Figure 1. Conventional ldentification of cultured plates. A) Pink colonies on Endo agar medium. B) Pink
mucoid colonies on MacConkey agar medium. C) Green pigmented colonies on Cetrimide agar. D) Colonies
showing green metallic sheen on Eosin Methylene Blue (EMB) agar medium

Figure 2. Agarose gel electrophoresis of 16S rRN gene (1500 bp), Lane (L): ladder (100 bp DNA ladder), Lane

(1-11): positive results.

Molecular identification using 16S rRNA Sanger
method accurately detected contaminants in all
pharmaceutical process waters after 24 to 40 hours of
incubation, in contrast to 5 to 7 days with the traditional
method. An additional sample of highly purified water
containing very high stressed microorganisms required
14 days to detect contaminants with the culture-based
procedure, whereas molecular identification was able to
shorten this time-to-result to few days. Pseudomonas,
Enterobacter, Citrobacter and Klebsiella species were
overwhelmingly which considered the most common
pathogenic isolates from the purified water system.
Bacterial identification by the conventional methods
showed less accuracy compared with molecular

identification. These results confirmed the highly
accuracy of molecular identification of pseudomonas
species which considered the most critical pathogens
that should not be found in water samples.
Pharmaceutical market seeks for rapid drug release
which depends on rapid, accurate identification of
pathogenic bacteria in finished products. The aim of
the current study was to isolate and identify the
bacteria found in the purified water samples collected
from pharmaceutical factory. We have shown that
genotypic methods based on 16S rDNA Sanger
sequencing improved the identification of gram-
negative bacteria compared to conventional
phenotypic methods.
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Table 2. Bacterial identification results according to the conventional methods and 16S rRNA Sanger

sequencing
Colonies Biochemical Identification
tests
S o I Conventional 16S rRNA
© (=) = c g . H
s ° S S 2 o 3 o (Identification) Sequencing
2 2 © 8 8§33 gL g
E— 5 — X & = = > £
S o © O ~— o =
S O o
z
1  Circular, Small, Beige, G- 18 + - - - - - Pseudomonas Ralstonia
Smooth aeruginosa pickettii
2 Circular, Small, G- 12 - - - - - - - Chryseobacteri
Yellow-Orange, um pallidum
Smooth
3  Circular, Small,White, G- 11 - - - - - - - Mitsuaria
Smooth chitosanitabida
4 Circular, Large G- 10 - - + + + - Enterobacter sp. Enterobacter
Yellow, Smooth cloacae
5  Circular Small, Dark G- 12 + - - - -+ - Methylobacteri
Pink um
radiotolerans
6  Circular, Medium, G- 28 + - - + 4+ - Pseudomonas Pseudomonas
Beige, Smooth putida aeruginosa
7  Circular, Large Buff, G- 17 - - + + + - Enterobacter sp. Enterobacter
Smooth hormaechei
8  Circular, Medium, G- 4 + - - + + - Pseudomonas sp. Pseudomonas
Beige, Smooth putida
9  Circular, Large Buff, G- 3 + + - - + + Burkholderia Burkholderia
Smooth cepacia cepacia
10 Circular, Translucent, G- 10 - - - + + - Citrobacter Citrobacter
Medium, Smooth freundii freundii
11 Circular, Large ,Buff, G- 1 + + - - + + - Burkholderia
Smooth vietnamiensis
12 Circular, Medium, G- 4 - + - - + + Acinetobacter Stenotrophomo
Yellow, Smooth Iwoffii nas maltophilia
13 Circular, Translucent, G- 11 - - - + + - Citrobacter Citrobacter
Medium, Smooth freundii freundii
14  Circular, Medium, G- 2 - + - - + + Stenotrophomonas  Acinetobacter

Yellow, Smooth

maltophilia

lwoffii




Rec. Pharm. Biomed. Sci. 7 (2), 180-187, 2023

15 Circular Creamy G- 4 + - Pseudomonas sp. Pseudomonas
White, putida
Medium ,Smooth

16  Circular Creamy G- 13 -+ Kluyvera Klebsiella
white, Large, Shiny, intermedia pneumoniae
Mucoid

17  Circular Creamy G- 1 -+ Kiebsiella Klebsiella
white, Large, Shiny, pneumonia spp aerogenes
Mucoid

18 Circular Creamy G- 7 + - Pseudomonas sp. Pseudomonas
White, fluorescens
Medium ,Smooth

19  Circular, Medium, G- 6 + + Stenotrophomonas  Shewanella
Bright Pink, Smooth maltophilia putrefaciens

20 Circular, Buff, Large, G- 14 -+ Kiebsiella Kluyvera
Shiny, Mucoid pneumonia spp intermedia

21 Circular, Medium, G- 1 - - - Aeromonas
Beige, Smooth hydrophila

22  Circular, Brown, G- 1 - - - Erwinia
Medium, Smooth amylovora

23 Circular, Medium, G- 5 - - - Serratia
Red ,Smooth ureilytica

24  Circular, Large, G- 6 + - Enterobacter Pantoea
Yellow , Smooth clocae agglomerans

25  Circular, Small, G- 3 - - - Roseateles
White, Smooth depolymerans

26 Circular, Large, Buff, G- 12 + - Enterobacter sp. Enterobacter
Smooth cloacae

27 Circular, Small, Beige, G- 3 - - Pseudomonas Ralstonia
Smooth aeruginosa pickettii

28 Circular ,Buff, G- 2 + - Pseudomonas Pseudomonas
Medium ,Smooth aeruginosa fluorescens

29  Circular ,Buff, G- 4 + - Pseudomonas Sp. Pseudomonas
Medium ,Smooth fluorescens

Total 235

Isolates




We found that 16S rRNA gene sequences frequently
provide  phylogenetically  useful information.
Signature nucleotides allow classification even if a
particular sequence has no match in the database,
since otherwise-unrecognizable isolates can be
assigned to a phylogenetic branch at the class, family,
genus, or subgenus level. We also note that
identification of slow-growing or biochemically inert
gram-negative bacilli to the species level is difficult
and time-consuming by conventional methods
(Gernerer et al., 1991).

The present study provided evidence suggesting that:
Pharmaceutical water harbors a diverse and dynamic
microbial community. Many of the bacteria are
difficult-to-grow using the conventional methods.
Sequencing data done in this study could be used to
develop assays for the monitoring of potentially active
bacteria in pharmaceutical water systems. Time taken
for complete analysis and identification of
microorganisms in each sample was between 3-7
days, while the time needed in rapid methods was only
24 hrs. The molecular identification would solve the
problem of not identified or misidentified isolates
which is a critical problem for the microbiology
laboratories in quality control departments.
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