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Abstract: This study was undertaken to apply 163 rRNA sequence and Cellular Fatty Acid (CFA) composition
analysis techmiques for the identification and characterization of sever individual bacteria 1solates obtained from
seven infected fish samples. All samples were cultured on brain heart infusion agar. All the seven isolates were
Gram positive and were identified as Streptococcus sp. The 165 rRNA sequencing method yielded about 1500
bps for each strain where upon the sequence was compared to nucleotide data in Gene Bank using BLASTN
2.2.1 sequence alignment from NCBI for the nucleotide comparison. The 165 rRNA gene sequence for all the
seven samples had no sequence variation between the isolates and gave a 100% similarity to plus, plus strand
with Streptococcus agalactiae strain A909 Accession number NC 0074321 and S. agalactiae strain H36B
(Accession number AATS01000007). Also the 165 tRNA sequence showed a high (92-93%) similarity between
S. agalactiae and S. equi, S. suis and S. uberis. All strains appeared to be nearly 1dentical to each other after
CFA analysis using Library Generation System (LGS) software (MIDI) and were consistent to that of
S. agalactiae ATCC 12386, the CFA analysis not only confirmed the results of 165 rRNA sequence but also
indicated a possibility of single source of infection. Despite their accuracy to identify the poorly described,
rarely 1solated, or phenotypically aberrant strams, 163 rRNA gene sequence analysis and CFA analysis lacks
widespread use beyond the large and reference laboratories because of technical and cost considerations.
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INTRODUCTION

A disease breakout m wild mullet was observed in
Kuwait Bay from August to September 2001 (Evans et al.,
2002). Microbiological investigations strongly suggested
streptococcal infection as major cause for fish mortality
in  Kuwait aqua environment (Evans et al., 2002;
Olivares-Fuster et al., 2008). The objective of this work
was to use of 163 tRNA sequencing and Cellular Fatty
Acid  (CFA) composition analysis for species
identification of the isolates.

The analysis of cellular fatty acids for bacteria
identification has been used for many years. The
availability of high resolution gas chromatography
coupled with a computer data base has allowed this
method to become widely accepted (Welch, 1991).

Bacteria grown under controlled conditions extubit
free fatty acid profiles which can be used for their
identification. These qualitative
differences 1n cellular fatty acids profiles can differentiate

and quantitative

genus, species and sub-species of the bacteria. Whole
cell bacteria extracts contain straight and branched fatty
acids with 9 to 20 carbon lengths (saturated or
unsaturated). The presence or absence of the over 300
different compounds along with ther quantitative
composition yields a wealth of taxonomic information
which allows bacterial identification to species.
(Lechevalier, 1982; Welch, 1991).

Alternatively, the use of chemical analysis of
bacterial components, i.e., lipids, polysaccharides,
proteing and nucleic acids, has increasingly been applied
to bacterial taxonomy (Moss et al., 1980; Moss, 1981).
Bacterial lipid determination, particularly cellular fatty acid
analysis by gas-liquid chromatography, has long been
recognized as a valuable chemotaxonomic tool for the
classification and identification of nonfermentative
gram-negative bacteria (Dees and  Moss, 1975;
Lechevalier, 1982; Moore et af., 1987; Moss, 1981,
Veys et al., 1989). Compared with conventional and other
chemical identification methods, other advantages of

Corresponding Author: Dr. Jafar A. Qasem, P.O. Box 9508, Al-Ahmadi City, 61006, Kuwait



Pak. J. Biol. Sci., 13 (1): 9-15, 2010

cellular fatty acid analysis include its relative speed and
sunplicity and the lack of the need for re-cultivation of the
orgamsm after initial growth or specialized and expensive
reagents (Miller, 1982). Bacterial fatty acids, unlike many
phenotypic  characteristics, are genetically highly
conserved owing to their essential role n cell structure
and function. In addition, technical advances in recent
yvears through the development of fused-silica
capillary columns, automatic injection systems, digital
mtegrators and standardized calibrators have increased
the applicability of this technology to the clinical
microbiology laboratory (Moss et al, 1980
Lehtonen et al, 1996). Despite these improvements,
cellular fatty acid analysis and subsequent bacterial
identification have relied on manual fatty acid
identification and clromatogram interpretation, which
require considerable time and expertise on the part of the
mvestigator. Recently, an automated gas-liquid
chromatography system with a computer interface and
software for the identification of bacteria on the basis of
cellular fatty acid composition has been introduced. In
this study we used two advanced methods for microbial
identification based on the 165 rRNA gene sequence and
the cellular fatty acid content for the identification of
non-fermentative Gram-positive bacteria.

We report here the usefulness of CFA composition
and 163 rRNA sequence as methods to identify and
distinguish the Streptococcus on the species level
isolated from environmental samples.

MATERIAL AND METHODS

Bacterial isolates and culture conditions: A total of
7 bacterial isolates from infected fish tissues were used in
this study. The solates were derived mainly from Mullet
(Liza klunzingeri). Streptococcus sp., used 1n this study
were isolated from the moribund fish in Kuwait Bay during
outbreak that occurred m Kuwait bay 2001-2002 the
samples were kept frozen at -80°C.

Isolates were provided by the Mariculture and
Fisheries Department (MFD) at the Kuwait Institute for
Scientific Research (KISR).

Working cultures were maintained on brain heart
mnfusion agar (BHIA, Oxoid). When required, the culture
was transferred from BHIA plates to brain heart infusion
broth (BHIB, Oxo1d) followed by appropriate mcubation
for 18-24 h at 37°C (Al-Marzowk et ¢l , 2005). All cultures
were maintained at 4°C in tubes with BHIB partially
solidified with 0.8% agar. Purity was checked by plating
on BHIA with 0.5% lactose.

DNA extraction and PCR amplification: The bacterial
cells were harvested from 5 mL brain-heart infusion broth

10

{10° cfuml.™), re-suspended in 100 pl. TE; total genomic
DNA from the entire streptococcus 1solates was purified
by using a commercial kit (Promega MD, TISA).

16S rRNA sequencing and analysis: Positive samples
identified through bacteriology and PCR methods
(Qasem et al., 2008) were selected from each fish species
and were tested for species identity using 165 rRNA
sequencing method which was further analyzed by Basic
Local Alignment Search T ool for Nucleotides (BLASTN),
National Center for Biotechnology Information (NCBT),
USA (Altschul et al, 1990). The gene sequencing was
done in National Microbiological Laboratory Health
Canada using improved method developed by
Bemard et al. (2002), it is based on Edwards et al. (1989).
This methed 1s similar to many other described m recent
literature, yielding about 1500 bps for each strain
whereupon the sequence 1s compared to 163 data in
Genbank. Establishing the closest known relative was
done by performing database search of GenBank with the
Blast program. The phylogenetic tree was constructed
based on Fast Minimum Evolution (FastME) (Desper and
Gascuel 2002, 2006), the phylogenetic and molecular
evolutionary analysis were conducted using Molecular
Evolutionary Genetic Analysis (MEGA) Version 4.0.
(Tamura et al., 2007).

Cellular fatty acid analysis: All strains were growr on 5%
sheep blood agar with Columbia base for 24 h, 35-37°C,
5% CO, prior to harvest. Each strain was extracted and
processed as described by Bernard et al (1991), using
Version 3.9 or version 4.0 of the MIDI method aerobe
(MIDI), New-ark, Del.). Cellular fatty acid composition
analysis was done in National Microbiological Laboratory
Health Canada And library generation system software
(MIDI) were used to make entries for an in-house
library. Tdentification were made based on a strain's
having a cellular fatty acid composition and products
of fermentation consistent with species of the genus
S. agalactiae ATCC 12386 (Aguggini et al., 1966). Values
for fatty acids observed for each isclate represented a
percentage of the total fatty acids for that 1solate and were
rounded off to the nearest whole percent. The entries
consisted of arnithmetic means of observed fatty acids for
all isolates tested.

RESULTS AND DISCUSSION

The fatty acid composition of the seven presumptive
Streptococcus  sp., were determined, the CFA
composition of the bacterial isolates studied consisted
primarily  of  straight-chained  satwated  and
monounsaturated  fatty acids (Table 1). Six of the 21
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Table 1: Cellular Fatty Acid (CFA) profile generated from fatty acids extracts of seven individual fish isolates belonging to Streptococcis sp. and an ATCC
12386 (reference strain used in these studies). The table represents the mean percent composition, standard deviation, and frequency percent of cellular

fatty acids
SN Features (compound) Count Frequency (%) Mean (%) kD) SD/Mean Min Val Max Val Use feature
1 12:0 7 88 1.87 0.80 0.43 0.00 2.58
2 14:0 8 100 54 1.52 0.28 1.68 6.13
3 15:0 1 13 0.12 0.33 2.83 0.00 0.93 NO
4 16:1 w9c 8 100 3.02 0.25 0.08 2.63 3.33
5 16:1 whc 8 100 1.52 0.12 0.08 1.30 1.70
6 16:0 8 100 30.32 1.35 0.04 28.25 3232
7 17:0 3 75 0.93 0.62 0.66 0.00 1.57
8 18:1 w9c 8 100 10.53 1.39 0.13 9.27 13.62
9 18:1 w7c 8 100 13.36 4.58 0.34 11.11 24.64
10 18:1 w5c 2 25 0.41 0.81 1.97 0.00 2.15 NO
11 18:0 8 100 13.65 0.68 0.05 12.23 14.30
12 19:1 1801 1 13 0.15 0.42 2.83 0.00 1.18 NO
13 19:01I80 1 13 0.10 0.28 2.83 0.00 0.79 NO
14 19:0 1 13 0.05 0.14 2.83 0.00 0.38 NO
15 20:4 w6,9,12,1 5¢ 5 63 0.46 0.42 0.91 0.00 1.11
16 20:2 w6,9% 8 100 0.89 0.39 0.44 0.18 1.54
17 20:1 w9c 8 100 1.10 0.34 0.31 0.50 1.52
18 20:1 wic 2 25 0.15 0.29 1.88 0.00 0.70 NO
19 20:0 7 88 2.21 1.0 0.46 0.00 3.23
20 Summed feature 3 8 100 5.69 0.61 011 4.28 6.20
21 Summed feature 5 8 100 8.06 1.02 0.13 6.08 9.69
*1 Principle comp 1 9 3.55 5.32% 0.13 6.08 9.69 --

*For the fatty acid composition the number to the left of the colon is the number of carbon atoms and the number to the right is the number of double bonds.
*The portion of the double bound can be located by counting methyl w end of the carbon *chain A cis isomer is indicated by the suffix c¢. *SD: Stander
deviation. *NO: Due to low frequency of the FA in the tested isolate it was excluded fiom final anatysis

different fatty acid types were excluded from the final data
analysis since these were detected 1n 25% or less of the
isolates (nl or 2/7). The frequency and mean percentages
of the other fatty acid methyl esters (FAMEs) are shown
in Table 1. The mean values were calculated by using
FAMEs data for the tested 1solates, regardless of the fact
that every fatty acid was not detected in all of the isolates.
All seven isolates produced two summed features, the
summed features represent groups of two or three fatty
acids which could not be separated by gas-liquid
chromatography with MIDI system, the summed feature
30161 w7c¢/1518s020H and/or 1 5:0TSO 20H/1 6: 1w7c) and
summed feature 5 (18:2 w6, 9¢/18:0 ANTE and/or 18:0
ANTE/18:2 w6, 9¢) were found in all the isolates.

The Cellular fatty acid Identification were made based
on a strain's having cellular fatty acid composition and
products of fermentation consistent with species of the
genus Streptococcus agalactiae. Averaged fish isolate
data plus ATCC 12386 gave rise to, using principle
component analysis, a value of 5.32, (Table 1) whereas the
same data with just fish isolates averaged 1.34. Tn analysis
of data an averaged values of <10 suggests that the
strains studied are members of the same taxon group.
However, the lower the number, (such as found for fish
isolates alone), the more the strains are considered as
being like colonel. All strains appeared to be nearly
identical to each other after CFA analysis using Library
Generation System (LGS) software (MIDI) and were
consistent to that of S. agalactice ATCC 12386 (reference
strain used in these studies) (Table 1).

11

To ensure 163 sequencing was performed on pure
culture and to obtain classic bacteriological profiles, a
number of accepted bacteriological tests (i.e., growth on
differential media, biochemical tests, serological tests etc.)
were executed (data not shown). The seven bacterial
1solates were confirmed to be pure strains and were
classified accordingly.

A sigmificantly high degree of identity between the
seven test isolates (100% similarity) with respect to 1,300
to 1,500 bp of 16 StIRNA gene sequence was found. The
consensus sequence determined for the S. agalactiae
163 rRNA was examined for sequence homology with
those of the prokaryotes by using National Centre for
Biotechnology Information (NCBI), Gene Bank BLASTN
function. The sequence alignment using BLASTN 2.2.1
for the comparison up to 1500 bp of the 165rRINA gene
sequence gave a high homology 100% to plus, plus
strand with Streptococcus agalactiae stram A909
(ATCC 27591) (Accession number NC 007432.1) and
S. agalactiae strain H36B (ATCC 12401, NCTC 8187).
(Accession number AAJS01000007). The sequence
alignment with sequence derived from validated
S. agalactiae species (derived from GenBank) indicates
the genus and species to be Streptococcus agalactiae
(Table 2, Fig. 1).

Subsequently, an evolutionary distance matrix was
then generated from the nucleotide sequences in the data
set and a phylogenetic tree was constructed based on
FastME algorithm using MEGA software. Tt clearly
appears that all the seven 1solates are affiliated with the
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Table 2: Similarity percentage of the top twenty microorganisms with the highest similarity percentage to the test isolates 168 rRNA sequence

SN Gen bank accession No. Bacterial species Similarity (%)
1 AATS01000007 Streptococcus agalactiae H36B 100
2 NC 0074321 Streptococcus agalactiae A909 100
3 AAJR01000001 Streptococcus agalactiae COH1 98
4 N7, AATQO1000002 Streptococcus agalactiae CTB111 98
5 NZ_AAJO01000006.1 Streptococcus agalactiae 18RS21 98
6 NC 0041161 Streptococcus agalactiae 2603 V/R 98
7 NZ_AAJP01000011.1 Streptococcus agalactiae 515 98
8 NC 0043681 Streptococcus agalactiae NEM316 98
9 NC_009443.1 Streptococcus suis 98HAH33 93
10 NC 009442.1 Streptococcus suis 05ZYHA33 93
11 AAFA03000005.1 Streptococcus suis 89/1591 ctgld0 93
12 NC 0120041 Streptococcus uberis 01407 93
13 NC_011134.1 Streptococcus. equi subsp. zooepidemicus MGCS10565 92
14 NC 012891.1 Streptococcus. dysgalactiae subsp. equisimilis GG8 124 91
15 NC 011375.1 Streptococcus pyogenes NZ131 90
16 NC 009332.1 Streptococcus pyogenes str. Manfredo 90
17 ABGG01000010.1 Streptococcus pneurnoniae CDC3059 90
18 NC 011072.1 Streptococcus pnelnoniae G54 90
19 NC_010380.1 Streptococcus pneumnoniae Hungary 19A-6 90
20 NC 008532.1 Streptococcus thermophilus LMD-9 87

species agalactize. According to the phylogenetic tree,
(Fig. 1) the species suis, equi, dyvsaglactiae, pyogenes,
uberis, thermophilis and pueumoniae had a similarity
of 90% or more with the test isolates. The most closely
related species was S. suis and S. equi with similarity of 92
and 93 % to the test isolates (Table 2, Fig. 1)

Conventional and molecular identification methods
were uwsed to investigate the isolates of the different
organs from the different fish were S. agalactiae. The
biochemical characterization of the seven isolates
supporting the identity of the isolated bacteria as a
B-hemolytic group B Streptococcus, this was also
confirmed by other work done by Al-Marzouk et af. (2005)
and Bvans et al. (2002, 2008) due to high similarity
between S. inice, Lactococcus graviae, S. dificile,
S. shiloi with S. agalactiae. We established the species
confirmation using two other molecular methods namely
163 rRNA gene sequencing method and CFA composition
analysis results.

Limited
epidemiology of Kuwaiti S. agalactiae 1solates recovered
from different fish species. To our knowledge, only three
studies using DNA-based techniques have been
carried out with a large collection of field isolates of
fish and sewage origin in Kuwait (Qasem et af., 2008,
Olivares-Fuster et af., 2008, Duremdez et al., 2004).

In the present study, at least seven isolates with an
identical 16SrRNA and CFA pattern were found and
sequenced. This fact might suggest that, in some
1solates, there may be a common source of S. agalactiae
in different infected fish from the same region (Welch,
1991). No sequence variation was observed for fish
1solates originating from the different fish species, except
for those from same species (Mullet). This result is
consistent with a previous report of Olivares-Fuster et al.

information was available on the
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(2008), who analyzed S. agalactiae of fish origin by single
standard conformation pelymorphism (SSCP). They
reported the Kuwaiti isolates as one genotype group
while the other clustered of non-Kuwaiti isolates (UUSA,
Brazil and Hondwas) indicating correlation between
geographical  origin of genotypes
(Olivares-Fuster et al., 2008).

The traditional identification of bacteria on the basis
of phenotypic characteristics is generally not accurate as
identification based on genotypic methods. Comparison
of the bacterial 16S rRNA gene sequence has emerged as
a preferred genetic technique. The 165 rRNA gene
sequence analysis can better identify poorly described,
rarely 1solated, or phenotypically aberrant strans
(Woese et al, 1985). The 165 rRNA gene sequencing was
conformed the species 1dentity of the 7 fish solates to be
8. agalactice. The sequencing results gave further
support to the biochemical and PCR as to the identity of
the isolates being S. agalactiae. Despite its accuracy, 163
TRNA gene sequence analysis lacks widespread use
beyond the large and reference laboratories because of
technical and cost considerations (Edwards et al., 1989).

The method used forthe characterization was
163 rRNA sequencing, which is genomic approach to
the classificaion of bacteria based upon the 163
ribosomal RNA gene (Lane et al., 1985). This gene 1s both
ubiquitous and highly conserved among prokaryotic
orgamsms, making it a useful primer site for gene
amplification by PCR (Lin and Schwarz, 2003). Results
emphasized the need to take a polyphasic approach when
isolating and identifying bacterial isolates, particularly
when they are to be used in future pathogenicity studies.

The present study genetically characterized seven
bacterial 1solates derived from mfected fish and compared
these results against bacteriological and metabolic

was observed
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Fig. 1: Polygenetic tree based on Fast Minimum Evolution (FastME) after alignment of 1500 bp from 16 S rRNA
sequences of the Kuwaiti isolates bacteria from diseased fish, with maximum sequence difference of 0.1 created
using MEGA V 4.0 software
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identification techniques to assess the need for a
polyphasic approach when identifying bacteria from
environmental and fish samples. As bacteriological and
metabolic data showed discrepancies across different
phenotypic analyses (Al-Marzouk et al., 2005), present
results suggest the need to incorporate 163 rRNA
analysis to identify the strains.

In conclusion the bacterial isolates of fish are
identical or similar with high homology; this might
suggest that the bacteria that infected the Mullet
originated from the same sowrce. This is the first work
from fish kill in Kuwait using CFA technique to identify
and characterize Streptococcus agalactiae from Kuwait.
It 1s interesting that, by phylogenetic analysis of the
165 RN A gene sequence, S. agalactiae; S. suis, S. uberis
and S. equi were most closely related (92 to 93% identity)
with each other but at times are difficult to differentiate
using polyphasic  approach,
phenotypically aberrant stramns (Evans ef af., 2008). Also,
the conclusion derived from CFA analysis

evenn after a for
were
consistent with those derived from morphological,
cultured and physical characteristic (Welch, 1991). We
conclude that the utility of CFA testing as an in vitro
procedure that can help to verify or to refine the identity
of species of viable bacteria present in environmental

samples.
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