
Chapter 3 

Identification of Oligotrophic Bacteria bearing Class 1 
integron 

[A]: Identification of isolates using basic approaches 

3A.l. Background 
Scientific naming of organisms dates back to 181h century. A famous Swedish botanist, Carolus 

Linnaeus, also called as "Father of taxonomy", proposed binomial nomenclature, the system that is 
still used today to name all living things. In addition to binomial system of nomenclature, Linnaeus 
also propounded a hierarchy of taxonomic ranks: species, genus, family, order, class, phylum or 
division, and kingdom. An order of taxonomic hierarchy from larger to smaller taxon is shown in Fig. 
3.1. The overall philosophy of Linnaeus is also adapted in classifying bacteria as well. The Bacteri al 
taxonomy or systematics is generally defined as "the branch of bacteriology that deals 
characterization and naming of organism and organizing them into groups". It can be separated into 
three branches-

( a) nomenclature: namingofbacteria 
(b) classification: grouping of bacteria sharing common properties 
(c) identification: to determine bacterial genus followed by species 

"Bergey's Manual of Determinative Bacteriology", coming to existence in late 1957, published reports 
relating to the identification of bacteria largely based on 
Artificial classification and Numerical taxonomy: Artificial 
classification is based on the characteristics expressed by 
bacteria that we observe, and results generated increases the 
accuracy with which we can detect similarities among them and 
the organizing of these data in a special manner to conclude 
how that species are closer to each other in terms of 
characteristics leads to numerical taxonomy. In numerical 
taxonomy, each characteristic is allocated a value of '1' if 
present and '0' if not present, means all characteristics are 
given equal weight Characteristics may be genetical, 
morphological, physiological or biochemical response of 
bacteria like cell shape, cell margin, colour, reaction to Gram 
staining, aerobic, anaerobic, capsule present or absent, catalyse 
production, citrate utilization, properties of nucleic acids and 
proteins, and the presence or absence of particular enzymes 
and chemical reactions can be evaluated. Bacteria are then 

SUBSPECIES (!>TRAIN) 

' compared, and patterns of similarities and differences are Fig. 3 .1: inverted pyramid showing 
computed and analysed. In this system, each strain is compared hierarchical relation of di fferent taxa. 
with everyone and if two organisms shared a 90% or more of 
the characteristics studied, they are supposed to be the same species. Though the idea of numerical 
taxonomy was developed much before the introduction of computers applications in biology, but 
after the development of user-friendly computer algorithms, a large number of data now can be 
compared in a fraction of second. Hence computerized numerical taxonomy offers great promise for 
improving our understanding of relationships among all organisms. A dendorgram can be generated 
from computed similarity values. Separating isolates according to colour, cell shape, size, flagella, 
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endospores, capsules and other physiological characteristics neither produce a very significant data 
to classify bacteria nor allow identification of particular species. For that reason, other criteria must 
be considered. However, Gram test is still the first requirement of all bacteriologists among all the 
known characteristics used to classify bacteria. However, with time and advancement of modern 
biology, some molecular techniques were perceived by some as useful in standard bacterial 
classification. Several efforts, though in lesser scale were mounted to improve classification by 
various molecular approaches. Genetic characterization, deoxyribonucleic acid (DNA) base ratios, 
nucleic acid hybridization studies, cell wall analyses, and protein sequencing began to reveal 
phylogenetically valid groupings. "These early molecular approaches, though useful. were not 
powerful enough to reveal the higher bacterial taxa, and in any case conventional wisdom did not 
perceive doing so as important" (Woese, 1987, Woese eta/., 1990). The sequencing of proteins and 
nucleic acids further strengthened the methodology to measure evolutionary relationships and a 
novel way oflooking at them, in terms of the "evolutionary clock" (Wilson eta/., 1977). 

In 1987, Carl Woese's seminal work has added a new dimension to this field. An important 
observation was that by examining structural feature in the small subunit rRNA, the hairpin loop (a 
side lump made-up of six nucleotide in all eubacteria protruding from stalk of the structure) found 
between positions 500 and 545 (E. coli numbering), could distinguish eubacteria from 
archaebacteria and eukaryotes (Woese eta/., 1990). In subsequent years, ease of sequencing ofrRNA 
gene sequences revolutionized the molecular phylogeny. Genetic information, i.e., sequence 
information, was found as superior tool over phenotypic data in two main ways: (a) more readily, 
reliably, and precisely interpreted and (b) inherently more informative of evolutionary relationships 
than phenotypic information is. "Unlike three-dimensional phenotypic patterns, a sequence pattern 
is one dimensional and One-dimensional pattern can be measured in simple ways, in terms of simple 
relationships" (Woese; 1987). Five important points summarized by ,Woese eta/. (1990), as stated 
below have provided the strongest logic in support of using ribosomal RNA for evolutionary 
phylogeny. 
" 

I. They possess a high degree of functionally fidelity, which assures relatively good clock like 
behaviour over other. 

II. They found in all organisms, and different positions in their sequences change at very 
different rates, allowing most phylogenetic relationships (including the most distant) to be 
measured, which makes their range all-encompassing. 

III. Their sizes are large and they consist of many domains. 
IV. There are about 50 helical stalks in the 16S rRNA secondary structure and roughly twice that 

number in the 235 rRNA which makes them accurate chronometers on two counts. 
V. The most compelling reason for using rRNAs as chronometers is that they can be sequenced 

directly." 
As multiple copies of 165 rRNA gene(s) possessing highly conserved regions at both upstream and 
downstream and hypervariable regions providing conserved species-specific signature sequences 
has advantage of easy PCR based amplification, it has become mbre relevant for phylogenetic 
studies. 

Later on, bacteriologist realized that there should be a uniform rule for naming. In 1992, 
bacteriologists at international level agreed to set a rule for naming Bacteria and Archea. These rules 
are termed as "International Code for the Nomenclature of Bacteria" (ICNB). ICNB stated that each 
bacterium will be named in the same manner as of plant and animals i.e Linnaeus's binomial system. 
International journal of Systematic and Evolutionary Microbiology (IJSEM) is the journal devoted to 
the taxonomy for the publication of newly discovered bacterial species. Hence it has been accepted 
universally that any claim for a new species requires validation by the authorities of IJSEM. The 
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recent edition of "Bergey's Manual of Systematic Bacteriology (2001-2008)", published by Springer 
contains a complete list of prokaryotic species and their classification. 

There were many rules formulated for bacterial classification. For example, rule 9 (Lapage et 
a/., 1992) of the Bacteriological code (1990 Revision), the name of taxon between genus and class 
will be figured by the addition of a suitable suffix to the stem of the name of the type genus. 
Stackebrandt eta/. (1997) proposed a list of suffixes to denote class and subclass. However, there is 
no such hard-and-fast official document in prokaryotic taxonomy (Sneath and Brenner, 1992) and 
still it is a matter of debate. The latest "Taxonomic Outline", now known as "Taxonomic Outline of 
the Bacteria and Archaea" (TOBA) release 7.7 (Garrity eta/., 2007). At present, to define a bacterial 
species accurately, a set of tests like phenotypic features, 16S rRNA gene based phylogenetic data; 
results of DNA-DNA hybridization assay, typing of housekeeping genes, DNA base composition, 
chemical composition of cell, fatty acid methyl ester analysis and some genus or species specific 
characteristics are required. This collective species identification approach called as polyphasic 
characterization. 

In the first phase, phenotypic characterization along with total cellular protein profiling of 
the isolates were performed. The results of the first phase enabled to create the dendrogram based 
on similarity coefficient. In the second phase, representative isolate(s) from each cluster were picked 
up for determining phylogeny using 16S rRNA gene sequences for identification at least up to the 
genus level. A polyphasic approach was also utilized to characterize and classify one novel Gram
positive bacterium, Brevibacterium si/iguriense discovered during the study. This novel species have 
been validated and published in l)SEM (Kumar eta/., 2012). 

3A.2. Materials and methods 

3A.2.1. Bacterial isolates 
All ninety facultatively. oligotrophic bacteria which yielded amplicon(s) of the variable region of class 
1 integron were characterized up to genus level. · • 

3A.2.2. Morphological and physiological characterization of isolates 
Conventional tests for catalase, oxidase, lMViC, casein hydrolysis, citrate utilization, gelatin 
hydrolysis, amylase production, HZS production, acid production from carbohydrate were 
performed following methodology described earlier (Cappuccino and Sherman, 1996; Aneja, 2001). 
Ready to use test kits for biochemical characterization were also used as per manufacturer's 
instructions (HiMedia, India Ltd). The data generated from these tests were converted into binary 
numbers and used for numerical taxonomy for categorizing the bacteria. 

3A.2.3. Numerical taxouomy followed by total protein profiling 
The tentative genus of class 1 integron positive oligotrophic bacteria was ascertained by the 
application of numerical taxonomy. The phenotypic data generated from physiological and 
biochemical tests were converted into binary characters (1, for positive character and 0, for negative 
character) and similarity matrix was generated by using the Sneath and Sakal methodology (Sneath 
and Sakal, 1973). The jaccard (Tanimoto) coefficient was computed from the set of variable 
(similarity: a fa+b, where a, is the homolog character present in tw~ bacterial isolate and b is the 
number of non-homolog character present in two bacterial isolate). The similarity dendogram was 
generated using unweighted pair group method with arithmetic means (UPGMA) tree building 
method with the help of DendroUPGMA tool available at http:/ fgenomes.urv.catfUPGMA/. The 
obtained output also can be visualized in tree view tool. The isolates clustered together in groups 
were subjected for total protein profiling. The total protein of individual isolates of each cluster was 
extracted followed by one-dimensional polyacrylamide gel electrophoresis (SDS-PAGE) in running 
buffer of pH 8.3 [composition (g/L): Glycine, 14.4; Tris-buffer, 3; and SDS, 1) at 100v 30 amps for 3 h 
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(Sambrook and Russell, 2001). For extracting total proteins, 3-4 colonies were suspended in 200 J.LL 
2X SDS-gel loading buffer [composition: 100mM Tris-cl, pH 6.8; 4% (w/v) SDS; 0.2% (wfv) 
bromophenol blue; 20% (v/v) glycerol and 200mM DTT or ~-mercaptoethanol W-ME) (should be 
added at time of experiment)]. Total proteins separated on 12% polyacrylamide gel. according to 
their molecular size (molecular weight), was stained in 0.25% (w/v) coomassie-blue [staining 
solution: coomassie blue 0.25% (w/v); 90 mL SO% methanol+ 10 mL absolute glacial acetic acid] for 
3h at gel dancing apparatus. Gel was visualized under white light. Pattern were compared and 
considered identical when all the protein bands (migrated bands) were at same distances. 

3A.2.4. Amplification, cloning and sequencing of 165 rRNA gene sequence 
One representative culture from each group of bacteria, exhibiting similar phenotype and nearly 
identical proteins band pattern, was used for amplification of16S rRNA gene sequence using 27F (5'
AGAGTTTGATCCTGGCTCAG-3') and 1492R (5'-TACGGTTACCTTGTTACGACTT-3') primer pair in 
DNA engine (BioRAD; USA). For PCR assay total DNA was extractad by boiling lysis method as 
described in chapter 2. A 100 J.LL of supernatant from the lysed cell suspension (after centrifugation 
step) was aspirated and transferred to the fresh micro-centrifuge tube and stored at 4 ·c until use. 
The supernatant was used as template in the PCR-reaction mixture for amplification of 16S rRNA 
gene sequence (or 16S rDNA). PCR cycling conditions used were: initial denaturation at 94 ·c for 3 
min; followed by 30 cycles of denaturation at 94 •c for 30 sec, annealing at 58 •c for 30 sec and 
amplification at 72 ·c for 1 min and final extension at 72 ·c for 7 min. Amplified product was 
resolved on 0.7% or 1% agarose gel containing 0.3- 0.5 J.Lg/mL ethidium bromide. Amplified product 
was purified using commercial PCR purification kit [EluteTM PCR Clean-up kit (Sigma-Aldrich, St. 
Louis, MD)]. If the multiple bands of PCR product appeared on gel then the gel extraction method 
was followed to get the desire amplicon for cloning and sequencing purpose. Desired band of -1.5kb 
was visually identified by comparing with the marker lane. The DNA band was excised with the help 
of sterile surgical blade and DNA was extracted using gel extraction kit (Genie, India) following 
manufacturer's instruction. The purified DNA was cloned in to pGEMT easy vector-11 (Fig. 3.2) and 
transformed in to E. coli )M109 host cell. The cells bearing recombinant plasmid, were screened by 
blue-white screening on ampicillin (100 J.Lg/mL; ampicillin is the selective marker of pGEMT easy 

• 
vector), X-gal (5-bromo-4-chloro-3-indolyi-~-D- galactopyranoside, concentration used: O.SmM) and 
IPTG (isopropylthio-~-galactoside) containing Luria agar plate. The white colonies (colony 
containing recombinant plasmid) along with one blue (for hegative control) were picked and 
purified on ampicllin containing Luria agar plate. The pure white and blue colonies were transferred 
to the fresh Luria broth containing ampicllin [concentration, 100J.Lg/mL] and incubated at 37"C for 
overnight. The recombinant and non-recombinant plasmids were isolated from overnight grown 
culture following alkaline lysis method (Sam brook and Russell, 2001). The extracted plasmids were 
visualized over UV trans-illuminator (Genie, India) after run on 0.7% agarose gel containing 
ethidium bromide and compared with control (non-recombinant). An upward shifting in test 
plasmid in compare to control is the indication of chimeric DNA (clone containing desired insert). 
Further the cloning was confirmed by restriction digestion of recombinant plasmid DNA using EcoRI 
endonuclease (Genie, India). The clone was sequenced as described in chapter 2. 

3A.2.5. Analyses of 165 rRNA gene sequences (derived from the isolates) using tools of 
Bioinformatics 
DNA sequences of cloned 16S rRNA genes were edited and vector sequences were removed from 

both the ends after examining via vee-Screen tool (www.ncbi.nlm.nih.gov) or manually. Orientation 
of the gene sequence was examined manually by searching forward primer location on sequenced 
16S rRNA gene sequence. Nearest matches were determined in the GenBank database using BlastN 
(www.ncbi.nlm.nih.gov) program. Best five or more similar 16S rRNA gene sequences were 
retrieved from databank and compared using Clustal Wjor X. A pairwise sequence alignment 
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' [http:ffwww.ebi.ac.uk/Tools/psa/) was conducted to determine the homology percent. The closest 
known genera with maximum score and percentage homology were considered as nearest probable 
genus. 

3A.2.6. 16S rRNA gene sequence based phylogeny 
The 16S rRNA gene sequence (16S rONA sequence) of representative isolate was used as a query for 
search of homologous sequence in the nucleotide sequence databases by using BlastN program 
(Altschul et a/., 1997). Sequences showing high similarities with maximum scores were retrieved 
from the GenBank database and were aligned with 16S rRNA gene sequences of the isolate by using 
CLUSTAL W software [Thompson, 1994). Distances were calculated according to jukes & Cantor 
(1969) one-parameter/ or Kimura two-parameter (1980)/ and or Tamura and Nei (1993) four
parameter methods. Phylogenetic trees were inferred by using the neighbor-joining (Saitou and Nei, 
1987)/ or maximum-likelihood [Yang, 1999)/ and or by maximum-parsimony (Eck and Dayhoff, 
1966) algorithms. The tree topology was evaluated by the bootstrap analysis based on 1000 re
samplings [Felsenstein, 1985). For tree building, a MEGA 4.0 software package was used (Tamura et 
a/., 2007). · 

Accession numbers: The 16S rRNA gene sequences of the isolates were deposited in GenBank/EMBL 
nucleotide database [Table 3.2). 

3A.3. Results and Discussions 
The biochemical characteristics exhibited by all class-1 integron-positive isolates are shown in Table 
3.1. Out of ninety, eighty nine integron positive oligotrophic isolates were Gram-negative and a 
single isolate was determined to be Gram-positive. Two isolates, one Gram positive, MB18, and one 
gram negative, MB12, were excluded from the numerical taxonomy analyses because they 
responded differently and were not amenable for comparison [Isolate, MB18 was excluded because 
it was the only; isolate which was Gram-positive, while MB12 did not respond conclusively to any of 
the biochemical test performed]. Extensive characterization of the strain MB18 has been 
presented separately [under the subtitle: Po/yphasic taxonomy of Brevibacterium siliguriense, 
strain MBlBT, a novel Gram positive facultative oligotrophic bacterium isolated from River 
Mahananda, Silguri, India). All gram negative facultatively oligotrophi~ isolates were grouped in two 
major categories (i) isolate showing positive reaction to oxidase test and [ii) isolates showing 
negative reaction to oxidase test. All phenotypic characters were converted in to binary numbers and 
similarity matrix was calculated using DendroUPGMA tool. Similarity matrix of phenotypic data 
computed with jaccard [Tanimoto) coefficient is shown in supplementary table (Annexure-!, 
available in the. soft copy of the thesis). An UPGMA dendogram of all the isolates were constructed 
from binary data generated from phenotypic characters (Fig. 3.3). It was observed that bacteria 
possessing same phenotype were found to exhibit nearly same protein pattern under the same 
cultural condition (Fig. 3.3). 

The 16S rRNA gene sequencing (molecular approach) and phenotypic data [similarity matrix, 
a numerical taxonomic approach) of representatives of each cluster revealed that all oxidase positive 
and oxidase negative isolates fell under two main classes, Betaproteobacteria and 
Gammaproteobacteria. Results revealed that Betaproteobacteria comprised of only two genera, 
Comamonas and Acidovorax of family Comamonadaceae while other isolates were identified under 
sl!per class Gammaproteobacteria. The representative genera of class Gammaproteobacteria were 
constituted by families, Moraxellaceae, Pseudomonadaceae, Aeromonadaceae and Enterobacteriaceae. 
Similar to previous reports published on presence of integrons in copiotrophic bacteria, majority of 
the identified integron positive oligotrophic bacteria of super class Gammaproteobacteria were 
detected from the family Enterobacteriaceae. (Mukherjee and Chakraborty, 2007; Chen eta/., 2011; 
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Xu eta/., 2011; Mokracka eta/., 2012). Eight facultative oligotrophic isolates MB25, MB28, MB41, 
MB44, MB48, MBS4, MB81, MB83 and one oligotrophic isolate MB12 could not be assigned a specific 
genus from the data derived either phenotypically or by 165 rRNA gene sequence (Fig. 3.3 to 3.8). 
The 165 rRNA gene sequences of these unclassified isolates (the isolates which could not be assigned 
any genus) shared insignificant homologies with the known genera of different classes. The 165 
rRNA phylogeny showed that they were branching with uncultured bacteria. However on comparing 
the phenotypic data, the group of unknown species was found to cluster with members of family 
Enterobacteriaceae (Fig 3.3). Due to taxonomic uncertainties, these strains were kept under category 
of unknown spp. 

Majority of the integron positive oligotrophic bacteria were detected from the family 
Enterobacteriaceae similar to earlier reports on presence of integrons in copiotrophic bacteria 
(Mukherjee and Chakraborty, 2006; Chen eta/., 2011; Han eta/., 2012; Suet a/., 2012). The results 
indicate that the members of this family are more prone to acquire antibiotic-resistance genes to get 
selective advantages over other. In the present study fifty five integron-positive oligotrophic isolates 
were identified as the members of the family Enterobacteriaceae. Isolate MBOS and MB24 was 
identified as member of genus Shigella (Table 3.2; Fig 3.3 and 3.9). Genus Kluyvera was only 
represented by the single isolate MB66 (Fig. 3.10 and Table 3.2). Eight isolates, MB19, MB26, MB29, 
MB42, MB45, MB49, MB51 and MB72 were recognized as the member of genus Klebsiella (Table 3.2; 

' Fig.3.3, 3.11 and 3.12). Genus Enterobacter were represented by six integron positive oligotrophic 
bacterial isolates named as OD21. SR19, MR01, MB40, MBS9, and MB73 (Table 3.2; Fig. 3.13). Four 
isolates MB30, MB34, MB47 and MBS7 were identify as member of genus Proteus (Table 3.2; Fig. 
3.13). Phenotypic data and 165 rRNA sequence homology revealed that isolates MB20, MB38, MB43, 
MB64, MB67, MB74, MB75, MB76 and MB82 belongs to the genus Salmonella (Table 3.2; Fig. 3.13). 
Only two isolates MR04 and NV66 represented the genus Providencia (Table 3.2; Fig. 3.14). Genus 
Serratia was represented by isolates MB23 and MBS3 (Table 3.2; Fig. 3.15). Phenotypic and 
genotypic study revealed that the isolates MR03, MB35, MB61, OC16, OC24, ODDS, 0008, OD10 and 
0024 represented the genus Citrobacter (Table 3.2; Fig. 3.13 and 3.15). Twelve isolates, OC75, OC78, 
MB27, MB31, MB32, MB33, MB36, MB37, MB60, MB65, MB68, MB69, and MB79 were tentatively 
classified under genus Escherichia (Table 3.2; Fig. 3.13 and 3.16). 

Family Comamonadaceae was represented by nine integron positive isolates, MB09, 0805, 
MR02, MB16, MBSO, MBS6, MBSB, MB70 and MB71 (Fig.3.3 and Table 3.2). Isolate MB09 was 
identified as the member of genus Comamonas while rest eight isolates were tentatively 
characterized under .genus Acidovorax (Table 3.2; Fig. 3.17 and 3.18). All known species of 
Acidovorax are aerobic and less is known about them, few of them are found to cause diseases in 
vegetables. Acinetobacter was the only genus identified amongst the isolates that was under the 
family Moraxellaceae. Seven isolates, MB03, MB22, MB46, MBS2, MBSS, MB63 and MB80 were 
assigned to the genus Acinetobacter (Table 3.2; Fig 3.3 and 3.19). Acinetobacter strains are capable 
of surviving in extremely nutritionally deficient (oligotrophic) abiotic environments of hospitals for a 
substantial period, for example, up to ten days on dust and dry particles (Webster eta/., 2000) or for 
more than 4 months on both moist and dry surfaces such as polyvinyl chloride, rubber, ceramics, and 
various types of medical equipments (Wendt eta/., 1997) and are an important cause of infection in 
immunocompromised patients. 

Aeromonas was the only genus that was identified for the family Aeromonadaceae of super 
class Gammaproteobacteria. On the basis of habitat genus Aeromonas divided in two groups
psychrophilic and mesophilic. Psychrophilic are omnipresent aquatic environmental species and are 
mostly pathogenic to the aquatic (mainly fish) and terrestrial animals while mesophilic Aeromonas 
spp. are grow in temperature ranging 10-42 "C and are important pathogens for humans (Lee eta/., 
2008). In a study from conducted in Taiwan it was observed that 13.9% of the total were carrying 
class 1 integron (Lee ·et a/., 2008). A report on Aeromonas isolated !;rom aquaculture showed that 
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-60% members were found to carry gene cassettes in variable region of class 1 integrons (Lukkana 
eta/., 2012; 01 Ndi and Barton, 2011). Four isolates MB21, MB39, MB77 and MB78 were classified 
under this genus (Table 3.2; Fig 3.3, 3.20, 3.21 and 3.22). Family Pseudomonadaceae was covered by 
a single genus Pseudomonas. Four isolates OB12, MBOB, MB62, and OC74 were categorized in the 
genus PseudolT!onas (Table 3.2; Fig 3.3 and 3.23). Pseudomonads are recognized as opportunistic 
pathogen of human and other animals (Haenen and Davidse, 2001; Fonseca et a/., 2005) and have 
been recovered from diverse sources even from distilled water (Favero et a/., 1971). Reports 
revealed that member of Pseudomonas are potential carrier of antibiotic resistance genes in class 1 
integrons (Poirel eta/., 2001; Yan.et a/., 2007). 

[B]: Identification of a novel gram positive bacterium using 
polyphasic approach 
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3B: Polyphasic taxonomy of Brevibacterium siliguriense, strain MB18T, a 
novel Gram positive facultative oligotrophic bacterium isolated from 
River Mahananda, Siliguri, India 

The genus Brevibacterium was established by Breed (1953) for some non-sporulating, non

branching, Gram-positive rods, which were earlier assigned to genus 'Bacterium'. While several 
gram-positive, non-spore-forming, non-branching rods were classified as members of the genus 
Brevibacterium, further chemotaxonomic studies showed that not all of these species are the 
members of the genus Brevibacterium. Eventually, the genus Brevibacterium has been described after 
the type species, Brevibacterium linens (Collins eta/., 1980). As per available reports, Brevibacterium 
spp. have been isolated from diverse sources such as milk products (Kolliiffel-et a/., 1999), clinical 
specimens (Collins eta/., 1983; Pascual eta/., 1996; Wauters eta/., 2001; Wauters eta/., 2003; 
Wauters eta/., 2004; Mages eta/., 2008; Roux and Raoult, 2009), human body parts (McBride eta/., 
1993), soil (Gavrish eta/., 2004; Tang eta/., 2008), sediment (Lee, 200,6; Bhadra eta/., 2008 ), brown 
algae (Ivanova eta/., 2004), paintings (Heyrman eta/., 2004), poultry (Pascual and Collins, 1999), 
marine environments (Lee, 2008), fresh water (Manage eta/., 2009), insects (Kat1 eta/., 2010), wall 
colonized by moulds (Kampfer eta/., 2010), salt-lake (Tong-Wei Guan eta/., 2010) and recently, B. 

daeguense, isolated from industrial wastewater treatment plant (Cui eta/., 2012). So far 46 species 
were classified in genus Brevibacterium (http:/ /www.bacterio.cict.fr /b/brevibacterium.html). 

A facultatively oligotrophic Brevibacterium siliguriense sp. nov. strain MB18T, isolated from 
waters of river Mahananda at Siliguri (Longitude, 88°25'22.89"E; Latitude, 26°44'23.20"N) West 
Bengal, India, representing a novel member of the genus Brevibacterium, has been described in 
details in this chapter. 

Oligotrophic growth of the strain MB18T was 
demonstrated. In diluted (10·3) Luria Broth (LB), an increase of 
approximate 12 times from the initial cell number was noted in 
span of 4 days incubation, at 28 oc (Fig. 3.24). Oligotrophic 
growths of the strain were also recorded in other diluted (10·3) 
media like nutrient broth (NB, HiMedia, India) and tryptone soy 
broth (TSB, HiMedia, India). However strain MB18 could grow 
we!l in the undiluted rich media like LB, NB and TSB. Since the 
strain was able to grow on both nutrient-rich and nutrient
deficient media, it has been described as a facultative 
oligotrophic bacterium. 

Cell morphology and motility were determined under 
phase contrast microscope (Olympus, japan); detail of the cell 
shape (Fig. 3.25) was ascertained with help of scanning 
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electron microscope (LEO 1430 VP). Result of Gram-staining Fig. 3.24: Viability and growth of 
(Claus, 1992) was confirmed by the KOH lysis method (Murray· MBlST in diluted (10·') Luria broth 
eta/., 1999). Growth of the strain MB1S was tested at 10, 20, 28, 30, 37, 40 and 45 oc (±1). Salt 
tolerance was tested in peptone-yeast extract (PY) medium (composition g/L; Peptone 10, yeast 
extract 5) supplemented with following concentrations (o/ow/v): 0, 2, 4, 6, 8, 10,15 and 20 ofKCl and 
NaCI. To assess growth at different pH, the pH of the sterile LB medium was adjusted from pH 3.0 to 
12.0 by using either 0.1 M HCl or 0.1 M NaOH. Catalase activity was examined by air bubble 
production after the ·addition of few drops of 3% (v/v) H,O,. Ability to hydrolyze starch was 
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determined by assessing the development of clear zones around the streaked culture. L1pase 
production was determined by standard procedure. Hemolytic activity and gelatin hydrolysis were 
tested according to the method described 
ea rlier (Kumar et at., 2010). Pyrazinamidase 
activity and acid production from 2, 3-
butylene glycol were detected as described by 
Wauters et at. (2001). Acid production from 
ethylene glycol and phenyl acetate; and Alkali 
production from sodium-formate was 
detected by methods described earlier 
(Wauters et at., 1998, 2003). Hydrolysis of 
casein, tyrosine and xanthine were examined 
using the method described by Gordon eL at. 
(1974). Oxidase, lysine utilization, ornithine 
utilization, urease activity, deamination of 
phenyl alanine, reduction of nitrate, H2S 
production, citrate utilization, VP test , MR Fig. 3.25: Scanning electron micrograph of 16 hold cells 
test, malonate uti lization and carbon source of Brevibacterium siliguriense sp. nov. strain MB18T 

utilization/fermentation tests were carried grown in undiluted Lunia broth at 28 oc. Bar, 2 ~-tm. 

out using HiBio-ID/HiCarbo system (HiMedia, Mumbai, India) and GP card (VITEK 2 system, 
BioMerieux) according to manufacturer's instruction. Results were scored after 7 day at 28 oc. The 
biochemica l characteristics of strai n MB18T were also determined using the Biolog GP2 MicroPlate 
system (BioMerieux). Bacterial suspens ions prepared in GP steri le inocula ti on fluid transferred to 
GP2 Microplates as described by the manufacturer.The tests were repeated three times. The 
metabolic fingerprint patterns were noted. Antibiotics susceptibility tests (specific for oligotrophic 
bacteria) determined according to the method described in chapter 2. Susceptibility to some of the 
drugs was tested using GP card (VI TEK 2 system, BioMerieux) and results were interpreted 
according to manufacturer's instructions. 

For am plification of 165 rRNA gene, whole cell DNA was extracted according to the method 
described in chapter 3. The amplified 16S rRNA gene sequence was purified, cloned and sequenced. 
Nearly complete 165 rRNA gene sequence comprising 1433 bp was obtained from strain MB18 using 
2717 and 1492R primers. 165 rRNA ge ne sequence comparisons with entries in the updated GenBank 
and EMBL databases were performed with the f7ASTA and BLAST programs (Pearson, 1990; Altschul 
et at., 1990, 1997). To determine the phylogenetic affiliation, the 16S,rRNA gene sequence of strain 
MB18 was aligned with the sequences of species of the genus Brevibacterium using Clustai-W 
(Thomson et at., 1994). Approximately 1360 bp long stretch of 165 rRNA gene sequences present in 
all strains of Brevibacterium between position 13 and 1371 selected from nucleotide database from 
EMBL European Bioinformatics Institute (http:/ jwww.ebi.ac.uk) for further analysis. The rest of the 
lanking nucleotide sequences were omitted due to alignment ambiguities. Phylogenetic tree(s) 
[maximum-parsimony (MP) and neighbour-joining (NJ)] were constructed from continuous stretch 
containing -1360 bp (Fig. 3.26 and 3.27). Evolutionary distances were computed using the Kimura 
2-parameter method (Kimura, 1980). The fidelity of the tree topologies were evaluated by the 
bootstrap analysis with 1000 replicates (Felsenstein, 1985). The phylogenetic analyses were 
conducted in MEGA4 (Tamura et at., 2007). 

The phylogene tic tree (Fig. 3.27) showed that strain, MB18 belong to the genus 
Brevibacterium. In the phylogenetic tree, strain formed a cluster comprising five Brevibacterium 

species: B. epidermidis NCDO 2286T, B. iodinum DSM 2062T, B. permense VKM Ac-2280T and B. linens 

DSM 20425T and B. oceani LMG 23457T. Strain MB18 makes a deep branch ing with B. epidermidis 

NCDO 2286T (= DSM 20660 = LMG 21455) with 165 rRNA gene sequence si milarity value of96%. 
' 
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According to previous studies if 
any strain, showing 3% or more than 3% 
16S rRNA gene sequence dissimilarity 
with their neighbours, it can be assigned 
as separate species (Stackebrandt and 
Goebel, 1994; Stackebrandt eta/., 2002; 
Lee, 2006 and Tindall et al., 2010) 
without the need of DNA-DNA 
hybridization. As the level of similarity 
between 16S rRNA gene sequences of 
strain MB18 and the closest 
Brevibacterium species, Brevibacterium 
epidermidis NCDO 2286T was 96%, 
therefore, this strain, MB18 can be 
endorsed to a separate genospecies 
without entering into DNA-DNA 
hybridization. The differences are also 
evident between the strains in terms of 
biochemical and chemotaxonomic 
characters. 

Fig. 3.27: Consensus Nj tree 
derived from 16S rRNA gene 
sequences showing the position of 
strain MB18T within the members 
of the genus Brevibacterium. The 
tree was reconstructed using 
maximum parsimony method and 
common clusters obtained in both 
NJ and MP tree are indicated by 
hash(#). Bootstrap values (>70%) 
expressed as percentages of 1000 
replications are given at each 
branch point Dermabacter hominis 
DSM 7083T was used as out-group. 
Bar, 5 nucleotide substitutions per 
1000 nucleotide. 

B. epidermidis NCDO 2286° (X76565) 

B. siliguriense MB181 (AM937247J 

B. permense VI<M Ac-228if (A¥243343) 

B. iodinum OSM 11161~ ()(83813) 

L-----B. finens OSM 10415' ()(77451) 

'---------B. oceani LMG 13457' (AM158906) 

B. cetere KMM 363t (AY228463) 

B. caseiOSM 10657' (A.I151418) 

'--------------,D. hominisOSM 7083' ()(91034) 

Fig. 3.26: MP tree based on 16S rRNA gene sequences, 
showing the position of strain MB18T (Bold face) within 
the closely related members of the genus 
Brevibacterium. Bootstrap values (expressed as 
percentages of 1000 replications) are given at the 
branch nodes. Dermabacter hominis DSM 7083T was 
used as outgroup. 

100 

., B. anliquumVKMAc·1118T (AY143344) 
B. an/attlicum DVS 5a17 (AJ5n724) 

B. auranliacum NCOO 139T (X/6566) 
B. ce/ere KMM 36377 (AY228463) 

B. caseiDSM 206577 (AJ151418) 
B. malinum HFW·26T (AM421807) 

100 8. pic/urae LMG 2211617 (AJ620364) 
'----B. sandarakinum CCM 7649' (FN193377) 

B. oceanilMG 23457T (AM158906) 
B. linens DSM 10415T (X77451) 

, B. iodin urn OSM 106167 (X83813) 
B. pellllense VKM Ac-2280T (AY143..'43) 
B. epidennidis NCDO 12867 (X76565) 

·a. siliguriense MB187 (AM937247) 

B. avium NCFB 3055T (Y17962) 
.-----B. olilidis NCFB 30537 (X93593) 

'----1!i!!i00 B. ravenspurgense DSM 212587 (EU086793) 
B. massiliense CIP 10942~T (EU868814) 

~---.B. samyangense SST.Jif (00344485) 
B. pilyocampae DSM 2172o' (EU464189) 

.---B. daeguense JCM 17468' (H0246161) 
B. album YIM 90718' (EF158852) 

B. salilolerans TRM 4157 (GU117109) 
1oo 8. p3Ucivorans CF627 (A.I251463) 

'-----~, B. mcbrellneri ATCC 490307 (X93594) 

Dermabacler hominis OSM 708':/ X910 

To determine the sugar composition and presence of meso-diaminopimelic acid (mDAP) in 
strain MB18T, 200 mg (wet weight) cells were scraped from LA plate grown at 28 oc for 3 days. The 
cell walls were prepared according to the method of Boone and Pine (1968), and sugars and mDAP 
in acid hydrolysates were identified by one-dimensional paper chromatography following the 
method described earlier (Staneck and Roberts, 1974) with slight modification (Whatman paper 
No.1 was used instead of cellulose thin- layer chromatographic plate). Using butanolic ninhydrin 
(0.3% w fv ninhydrin in isobutanol) spray, the appearance of gray-green spot with low Rf value 
(0.37-0.38) which turned yellow on keeping in dark for more than 24 h, confirmed the characteristic 
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presence of mDAP (Fig. 3.28). mDAP standard was kindly provided by Dr. B. Bhadra (CCMB 
Hyderabad, now at dupont, Hyderabad). 

Sugars present in cell wall r;;;;;;;=== = -:---:::::::-------------------, 

acid hydrolysate were de tected by -
sprayi ng the acid aniline phthalate 

(0.325% 0-pthalic acid dissolved in • 
water saturated n-butanol 
containing 0.2 mL aniline). Galactose Fig. 3.28: mOAP (yellow spot) of Brevibacterium siliguriense 

as the sole s ugar was identified in L.....:sp_.n_o_v_._stra_i_n_M_B_l_B_r_. C....:.,_c_on_tr_o_I ____________ ..J 

the cell wall of strain MB18 (Fig. 3.29). Polar lipids were isolated from the strain MB18 by the 

method described earlier (Minnikin et a/., 1984). The isolated polar lipids were detected on 

aluminum backed sil ica gel 60 Fm plate (Merck, Germany) by one and two-dimensional thin-layer 
chromatography (TLC) according to the method (Counsel and Murray, 1986). Polar lipid profile (Fig 

3.30) con tained, phosphatidylglycerol (PG) and diphosphatidylglycerol (DPG) phospholipids as 
found in the other members of Brevibacterium. For detection of mycolic acid, method described by 

Minnikin eta/. (1980) was used. No mycolic acid was detected in cell wall of the strain MB18. 
Menaqui nones were extracted from lyophilized cells and analyzed by HPLC following methods 
described by Collins eta/. (1977) and Groth eta/. (1997) respectively. 

PG 

Fig. 3.29: Cell wall carbohydrate profile of MB18. 
1, arabi nose; 2, galactose; 3, rhamnose; 4, mannose; 
5, glucose; 6, xylose; 7, Acid hydrolysate of PG, phosphatidylglycerol; 
Brevibacterium siliguriense sp. nov. strain MBl ST. DPG, diphosphatidylglycerol 

colored line showed solvent front 
For analysis of fatty acids, fatty acid methyl esters (FAM Es) were extracted from 36 h old 

(exponentially growing) cells grown in Tryptone-soy-agar (M290; HiMedia, India) at 28 oc. It was 
then analyzed by gas chromatography (Hewlett Packard 5890 II plus, Palo alto, CA, USA) and the 

Sherlock Microbial Identification System using version 4.10 of the TSBA40 library (Microbial 10, 

Newark, DE, USA). The analyzed FAME peaks are shown in Fig 3.31. Fatty acids of strai n MB18T 
[anteiso-C15 ,0 (50.82%), anteiso-Ct7:o (26.73%), iso-Ct s:o (14.04%), isoCt6:o ( 4.07%); iso-C11:o (3.16%); 
and trace amount of C16,0 (0.48%); isoCH:o (0.47%) and Ct4:o (0.22%)] were typical of the genus 

Brevibacterium, but the proportion differed from those reported for B. epidermidis DSM 20660T 
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{anteiso-C,s.o (70.0%), anteiso-C"'' (21.5%), iso-C,s.o (2.0%), isoc,.,0 (3.0%); and trace amount of 
anteiso-A Cn,, (2.0%), ClB,o (1.5%), and c,.,, (1.0%) [Collins eta/., 1983]}. 

For determination of G+C content, the 
genomic DNA of the strain was prepared by 
disrupting cells with French pressure cell and 
purified on hydroxyapatit following standard 
procedure (Cashion et a/., 1977). The purified 
DNA was hydrolyzed with p1 nuclease and the 
nucleotides de-phosphorylized with bovine 
alkaline phosphates (Mesbah et a/., 1989). The 
resulting deoxyribonucleside were analyzed by 
HPLC system (Shimdzu Corp. japan,) having LC-
20AD solvent delivery module, DGU-3A online 
degasser, CT0-10AC column oven, SIL-20A 
automatic sample injector and a SPD-6A UV 
spectrophotometric detector. The system was 
calibrated with non-methylated lambda DNA 
(Sigma) ( 49.86 mol% G+C) and three sample 
DNAs, Bacillus subtillis DSM 402 ( 43.52 mol% 
G+C), Xanthomonas campestris pv. campestris 
DSM 3586T (65.07 mol% G+C), and 
Streptomyces violaceoruber DSM 40783 (72.12 
mol% G+C). GC was calculated from the ratio of 
deoxyguanosine (dG) and deoxythymidine (dT) 
according to the method of Mesbah et a/. 
(1989). The DNA G+C content of the strain 
MB18 was found to be 64.6 mol% which was 
very near to its neighbour, B. epidermidis DSM 
20660T (63.5 mol%). 

Table 3.3: Differential phenotypic characteristics between 
B. siliguriense sp. nov. strain MB18T and B. epidennidis 
LMG 21455T, the nearest phylogenetic neighbor. 
Symbols:-, negative result;+, positive result 
Characteristics MB18T B. epidennidis 
Growth at:. 

37•c poor good 
4o•c - + 

Hydrolysis of Casein - + 

Hydrolysis of Xanthine - + 

Acid from Phenyl acetate + -
Carbon utilization: 
Glucose - + 

Arabinose - + 

Succinic acid - + 
. 

Xylose - + 

Inositol - + 

Mannose + -
Raffinose 

' 
- + 

Glycerol + -
Galactose - + 

Gluconate - + 

Enzymes: 

Alkaline phosphatase - + 

b-glucoronidase - + 

Fermentation of D-mannitol + -
DNA G+C content [mol%) 64.6 63.5 

Origin of isolation River water Human skin 

In spite of the similarities, strain MB18 can be readily differentiated from B. epidermidis with 
reference to some physiological and biochemical characteristics (Table 3.3). Strain MB18 can also be 
distinguished from B. epidermidis NCDO 2286T by 16S rRNA gene sequence similarity, DNA G+C 
content,' cellular fatty acids, and other chemical analysis. On the basis of the data obtained with our 
polyphasic taxonomic approach, strain MB18 merits recognition as a member of a novel species of 
the genus Brevibacterium, for which the name Brevibacterium siliguriehse sp. nov. was proposed. 

38.1. Description of Brevibacterium siliguriense sp. nov. 
Brevibacterium siliguriense: si.li.gu.ri.en'se. N.L. neut. adj. siliguriense of or pertaining to town 
Siliguri, the location from where the water sample was collected. 

Cells are Gram-positive, non-motile, non-spore-forming, rods, 2.0 ±0.23 11m long and 0.4±0.06 11m 
wide, catalase-positive and oxidase-negative. Colonies are off-white, circular and low convex with 
entire margin. Growth is observed at 20-3TC (optimum 28 oc; no growth at 40 oc), pH 5-12 
(optimum 7.0); and 0-15% (wfv) KCl and NaCI (optimum 2 %). The supplementation of KCl in PY 
media shows better growth than the NaCI. Urease, gelatinase, arginine dihydrolase 1, ~

galactosidase, ~-glactopyranosidase, leucine arylamidase, L-proline arylamidase, a-galactosidase, 
alanine arylamidase and tyrosine arylamidase are positive. Nitrate is reduced to nitrite. Tests for a
glucosidase, ala-phe-pro arylamidase, L-aspartate, arylamidase, a-mannosidase, phosphatase, ~

glucoronidase, H2S production, indole production, L-pyrrolidonyl-arylamidase and fermentation of 
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Fig. 3.3: Dendogram based on similarity matrix (numerical analysis) computed from phenotypic characters and One

dimensional SDS-PAGE analysis of total proteins extracted from bacteria possessing class 1 integrons. MB12 and MB18 are 
excluded from this ana lysis, for detail please see manuscript. Similarity matrix of phenotypic da ta is availab le as 
sup plementary table in d1e soft copy of the d1esis (Annexure-1). 
Numbers correspondmg to the isolates: 1, OB OS; 2, OB 12; 3, MB 03; 4, MB OS; 5, MB 08, 6, MB 09; 7. MB 16; B. MB 19, 9. MB 20. 10, MB 

21; 11, MB 22; 12, MB 23; 13, MB 24; 14, MB 25; 15, MB 26; 16, MB 27; 17, MB 28; 18, MB 29; 19, MB 30; 20, MB 3 1, 21. MB 32, 22, MB 33, 

23, MB 348; 24, MB 35; 25, MB 36; 26, MB 37A; 27, MB 38; 28, MB 39; 29, MB 40; 30, MB 41; 31, MB 42; 32, MB 43; 33, MB 44, 34, MB 45; 

35, MB 46; 36, MB 47; 37, MB 48; 38, MB 49, 39, MB 50; 40, MB 51, 41, MB 52; 42, MB 53, 43, MBS4, 44, MB 55; 45. MB 56, 46, MB 57, 47, 

MB 58; 48, MB 59; 49, MB 60; SO. MB 61, 51, MB 62; 52, MB 63; 53, MB 64; 54, MB 65; 55, MB 66; 56, MB 67; 57, MB 68; 58, MB 69; 59, MB 

70; 60, MB 71; 61, MB 72; 62, MB 73; 63, MB 74; 64, MB 75; 65, MB 76; 66, MB 77; 67, MB 78; 68, MB 79; 69, MB 80; 70, MB 8 1, 71, MB 82; 

72, MB 83; 73, MR 01, 74, MR 02; 75, MR 03; 76, MR 04; 77, SR 19, 78, NV 66, 79, OD 05, 80, OD 08, 81, OD 10, 82. OC 16, 83, OC 24, 84, OC 

74; 85, OC 75; 86, OC 78; 87, OD 21; 88, OD 24 
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100 C. gracilis 7·1T(AB109889) 
r---oC:..:..J 

ssj C./anceo/a/usATCC 14669T(AB021390) 
r-----C. delicatus LMG 4328'(AF078756) 

85 c._ ____ C. fontanus AQ9T(AB120963) 

L-------loO[====~L~a:u:s/~ratis MWH-BRAZ·DAM2DT(FM178226) 
100 L. curvus MWH-C5T(AJ938026) 

Fig. 3.4: Neighbour
joining phylogenetic tree 
based on 16S rRNA gene 
sequences, showing the 
position of strain MB-12 
(Bold face] within 
uncultured bacteria and 

r U.B clone DR341 (JF429341) 
IL-----

1
-
00

-1 -U.B clone DRJOO (JF429307) 

l ,----------MB12 (AM937246) 

l_r- U.B done KM2 (AB698037) 
L U.B clone DR218 (JF429238) 

related genera. 
Bootstrap values 
(>60%), expressed as a 
percentage of 1000 
replications, are 

L--:;:---:---roo[======~:::Xenophi/us aerolatus 5516s-2T(EF660342) 
o oos 100 Xylophilus ampelinus ATCC 33914T(AF078758) 

indicated at branching 
nodes. Accession 
numbers are given in 
parentheses. Bar, 0.005 
substitutions per 
nucleotide. 

. I 

C= Curvibacter. l= limnohabitans 

100 

113 U.S clone MSOJ3 (FR691493) 
!19 MB28 (HF5622311 

87 U.S cone 41c (FJ461042) 

U.S done 7b IF J462038) 

u.s cone E44 (EU864476) 

Fig. 3.5: Neighbour-joining phylogenetic 
tree based on 16S rRNA gene sequences, 
showing the position of strain MB28 
(Bold face) within the uncultured 
bacterium and members of related 
genera. Bootstrap values (>60%), 
expressed as a percentage of 1000 
replications, are given at branching 
nodes. Accession numbers are given in 
parentheses. Bar, 2 nucleotide 
substitutions per 100 nucleotides. 

A• Amyoootopsis 

U.S clone R4-77S (GU196239) 

.-----Streptomyces vilaminophius NSRC 141941(AB184589) 

.----c,-:Segnliparus rugosusATGG BAA-9741(Gl622754) 

,.---,A. xyfanica CPCC 201699T(FJ529701) 
U.S• Uncullured bacterium 

L_---,::-J A.lwida DSM 431341(AJ577997) 

99 MB44 (HF562230) A japonica DSM 442131(AJ508236) 

99 U.S clone MS052 (FR691512) 

65 

'-U.B d~~ RRD10.0May-86(JN641438) 

Fig. 3.6: Neighbour-joining 
phylogenetic tree based on 16S rRNA 
gene sequences, showing the position of 
strain MB28 (Bold face] within the 
uncultured bacterium and members of 
related genera. Bootstrap values 
(>60%), expressed as a percentage of 
1000 replications, are given at 
branching nodes. Accession numbers 
are given in parentheses. Bar, 2 
nucleotide substitutions per 100 
nucleotides. 

94 ,--------Sunxiuqinia efliplica DQHS4T(GQ200190j 

~--i_---------IProlixibacter bellariivorans Fi{AY918928) 

,-------Aikaliflexus imshenetskii Z-70101(AJ784993) 

~ ],~-----,Cytophaga fennenlans ATCC 1907zT(M58766) 

'----------oNatronoffexus pectinivorans AP1T(GQ922844) 

Fig. 3.7: Neighbour-joining 
phylogenetic tree based on 
16S rRNA gene sequences, 
showing the position of 
strains MB-81 (Bold face) 
within uncultured bacteria 
and related genera. 
Bootstrap values [>60%), 
expressed as a percentage of 
1000 replications, are given 
at branching nodes.. Bar, 
0.005 substitutions per 
nucleotide. 

99 

U.S clone MS015 (FR69,1001) 

L--IU.B clone NA18_531 (GU941136) 
L_ ______ ,Undibacterium sp. CMJ-15 (HE648174) 

-------IOxalobactemceae bacterium AKS-100thl0113 (AM989116) 
100 U.S clone PicaPaklmera_M19 (HE857941) 

,--------!Undibacterium o/igocarboniphilum EM 11(GQ379218) 

L_----------Undibaclerium pigrumCCUG 49Q09T(AM397630) 

.-----------•Oxalicibaclerium ffavum TA17T(AY061962) 

!J.IJ ;i'b;;;;---98l====~O~xalicibaclerium so/urNs MY14T(AB008503) 
U.S• UnculiUred bacterium 98 Herbaspirillum chlorophenoliwm CPW301T(AB094401) 
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Fig. 3.8: Neighbour
joining phylogenetic 
tree based on 16S 
rRNA gene 
sequences, showing 
the position of strain 
MB-83 (Bold face) 
within uncultured 
bacteria and related 
genera. Bootstrap 
values (>60%), 
expressed as a 
percentage of 1000 
replications, are 
given at branching 
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O.G1 
100 

100 U.B clone MS036 (FR691496) 

MB83(HF562233) 

U.B clone BCWCSP1F1(FM955650) 
U.B= Uncultured bacterium 

U.B clone TDB04(FJ793154) 

ulfuricwvum kuJiense DSM 16994T(CP002355) 

S3 Uuncultured epsilon proleobacterium 1 OJJT(AB030608) 

,-------Sulfurimonas denilrificans DSM 1251T(CP000153) 

98 .---Suffurimonas autotrophica DSM 16294T(CP002205) 

.___---s!991L--su/furimonas parafvinellae G025TiAB252048) 

'---------------s.uJfurovum Jilhotrophicum 42BKTT(AB091292) 

nodes. Accession numbers are given in parentheses. Bar, 0.01 substitutions per nucleotide. 

0.005 

80 

79 

67 

Escherichia fergusonii ATCC 35469T(CU928158) 

Escherichia coli KCTC 24411(EU014689) 

Sflfgella nexneri ATCC 299031(X96963) 

Shigella sonneiGTC 7811{A8273732) 

Shigella boydii GTC 779T(A8273731) 

L-----Escherichia a!berlil LMG 209761(AJ508775) 

r-------MBOS (FM865446) 

65 '------Shigella ctysenteriae ATCC 13313T(X96966) 

L----------Salmonel/a enterica subsp. houtenae DSM 9221T{U92195) 

L--------Citrobacter kosen· CDC 3613-63T(AF025372) 

'--------Salmonella enrerica subsp. arizonae ATCC 13314T{AP008580) 

0 ----Citrobaeler farmeri CDC 2991-811(AF025371) 

91 ,.------Citrobacterrodentium COC1843-731(AF025363) 

79 L----Cilrobacter sedfakii CDC 4696-86T(AF025364) 

,----Salmonella bongori NCTC t2419T(FR877557) 

,-----SalmoneDa anterica subsp. enterica LT21(AE006468) 

L---Salmonella anterica subsp. sa/amae DSM 92201(EU014685) 

,-------Escherichia hermannii GTC 347l(AB273738) 

93 

100 Enterobacter cloacae subsp. dissolvens LMG 26831(Z96079) 
.----...:.=.:..j 

Enterobacter cloacae subsp. c/oacaeATCC 130471(CP001918) 

,.----Enterobacter hormaechei ATCC 491621(AFHR01000079) 

Citrobacter bmakii CDC 08Q..587(AF025368) 

99 Citrobaelermurfiniae CDC 2970-S9T{AF025369) 

Cilrobacter werkmanii CDC 0876-581(AF025373) 

0 -----Enterobacter cancerogenus LMG 26931(Z96078) 

..--------Enterobacter soli LF7a1(CP0030?6) 

Serratia marcescens subsp. sakuensis KRED1(AB061685) 
L--------1 

100 Serratia nematodiphila OZ0503SBS1T(EU0369B7) 

Fig. 3.9: Unrooted neighbour-joining phylogenetic tree based on 16S rRNA gene sequences, showing the 
position of strain MB-05 (Bold face) within the members of family Enterobacteriaceae. Bootstrap values 
(>60%), expressed as a percentage of 1000 replications, are given at branching nodes. EMBL/GenBank 
accession numbers are given in parentheses. Bar, 0.005 substitutions per nucleotide. 
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Fig. 3.10: Unrooted 
neighbour-joining 
phylogenetic tree based "on 
165 rRNA gene sequences, 
showing the position of 
strain MB66 (Bold face) 
within the members of 
family Enterobacteriaceae. 
Bootstrap values (>60%), 
expressed as a percentage 
of 1000 replications, are 
given at branching nodes. 
Accession numbers are 
given in parentheses. Bar, 
0.002 substitutions per 
nucleotide. 

E= Enterobacter 
C= Citrobacter 
P= Providencia 

,..-----------------MB66 (HF562221) 

Kluyvera ascorbata CDC 0648-741(AF17~560) 

Kfuyvera cryocrescens ATCC 33435T(AF31021B) 

Raoultelle omithinolytica JCM 6096T(AJ251467) 

E eerogenes KCTC 2190T(CP002824) 

L---------E. soli LF7aT(CP003026) 

L--.~===::::-:.Ktcwvern intermedia ATCC 33110T fAF310217l 
60 Raoultel!a terrigena ATCC 33257T(Y17658) 

C. gillenii CDC 4693-861(AF025367) 

,----1 L_ __ i __ :_::Yok.enella regensburgeiGTC 1377l(AB273739) 

C. braakii CDC 080-5ST(AF025368) 

C. werkmanii CDC 0876-58l(AF025373) 

C. freundii DSM 30039T(AJ233408) 
1 

L---------------Leminorefla grimontif OSM 507BT 

L----£. nimipressuralis LMG 1 0245T(Z96077) 
(AJ233421) 

Leclercia adecarboxylata GTC 12Bil(AB273740) 

E. hormaechei ATCC 49162T(AFHR01000079) 

,------JE.Iudwigii DSM 16688T(AJ853891) 

L ________ ,Cedecea davisae OSM 456BT(AF493976) 

,--------P. sneebia AT(HM038003) 

,------------.,..,- Tatumella puncrata 
LMG 220SOT(EF688006) 

66 
r-----P. stuartii OSM 4539T(AM040491) 

P. vermicola OP1T(AM040495) 

P. rettgeri DSM 4542T(AM040492) 

C= Citrobacter 
K= Klebsiella 

.-----~·~·.r---- C sedlakii CDC 4696-86T{AF025364) 

,------"99"-! C. rodentium CDC1843·73T(AF025363) 

L-------c. koseri CDC 3613-63T(AF025372) 

,--,--C. braakii CDC 080-58T(AF025368) 

L-----C. g!//enil CDC 469J..86T(AF025367) 

'------Yokenefla regensbmgei GTC 1377T(AB273739) 

.-----Klebsiella oxytoca JCM 1665T(AB004754) 

'------Raoultella omilhinolytica JCM 6096T(AJ251467) 

Enterobacter eerogenes KCTC 21907(CP002824) 

K/uyvera cryocrescens ATCC 334357(AF310218) 

,------Kiuyvera ascorbate CDC 0648-74T(AF176560) 

Kluyvera inlennedie ATCC 331 1 QT(AF31 0217) 

,------S. ureilytica NiVa 517(AJ854062) 

L----s-al ______ -1 S. marcescens subsp. sakuensis KRED7(AB061685) 

99 S. marcescens subsp. marcescens 

L
------ DSM 30121T(AJ233431) Enterobaclercloacae subsp. dissolvens 

LMG 2683T{Z96079) 
K variicofo F2R9T(AJ783916) 

K. pneumar1ise subsp. pneumoniae JCM 1662T(AB004753) 

K pneumoniae subsp. rhinosc/eromotisATCC 138847(ACZD01000038) 

MB45 (FR677021) 

IL--K. sJn(,aporensis LX3T(AF250285) 

K pneumoniae subsp. ozaenae ATCC 11296T(Y17654) 

L--------K. granuloma tis KH 22T(AF01 0251) 

., 

Fig. 3.11: Unrooted neighbour-joining phylogenetic tree based on 165 rRNA gene sequences, showing the 
positions of strains, MB42 and MB45 (Bold face) within the members of family Enterobacteriaceae. Bootstrap 
values (>60o/o), expressed as a percentage of 1000 replications, are given at branching nodes. Accession 
numbers are given in parentheses. Bar, 0.002 substitutions per nucleotide. 
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90 Citrobacter rodentium CD 

Citrobacter sedlakii CDC 4696-86T 
(AF025364) 

C1843-73T(AF025363) 

~Klebsiella pneumoniae subsp. ozaenae ATCC 11296T(Y17654) 

81 . MB49 (FM865635) 

Klebsiella pneumoniae subsp. rhinoscleromatis AT 

Klebsiella singaporensis LX3T(AF250285) 

Klebsiella variicola F2R9T(AJ783916) 
~ Klebstella pneumomae subsp. pneumomae JCM 1662 (AB004753) 

Klebsi~lla granulomatis KH 22T 
(AF010251) 

CC 13884T(ACZD01000038) 

Fig. 3.12: Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences, showing the position of 
strain MB49 (Bold face) within the members of family Enterobacteriaceae. Bootstrap values (>60%), expressed 
as a percentage of 1000 replications, are given at branching nodes. Accession numbers are given in 
parentheses. Bar, 0.002 substitutions per nucleotide. 
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P= Providencia 
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E. aerogenes KCTC 2190T(CP002824) 

E. cancerogenus LMG 2693T(Z9607B) 

MB40 (HF562222) 

C. gillenii CDC 4693-86T(AF025367) 
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C. werkmanii CDC 0876-5BT(AF025373) 

Lj,---MB35 (HF562227) 

Erwinia aphidicola DSM 19347T(AB273744) 

C. murliniae CDC 2970-59T(AF025369) 

C. youngae CECT 5335T(AJ564736) 

E. cloacae subsp. cloacae ATCC 13047T(CP001918) 

E. cloacae subsp. dissolvens LMG 268JT(Z96079) 
75 E. ludwigii DSM 166BBT(AJ853891) 

67 Leclercia adecarboxylafa GTC 1267T(AB273740) 

E. kobeiCIP 105566T(AJ508301) ' 

S. bongori NCTC 12419T(FRB77557) 

MB3B (HF562224) 

S. enterica subsp. diarizonae DSM 14847T(EU014688) 

S. enferica subsp. enterica L T2T(AE006468) 

S. enferica subsp. salamae DSM 9220T(EU0146B5) 

'-----s. enterica subsp. houtenae DSM 9221T(U92195) 

S. enterica subsp. indica DSM 1484BT(EU014680) 

L-----S. enterica subsp. arizonae ATCC 13314T(AF008580) 

~---Escherichia albertii LMG 20976T(AJ508775) 

MB37 (FN39660B) 

Escherichia fergusonii ATCC 35469T(CU928158) 

Escherichia coli KCTC 2441T (EU014689) 

53 Escherichia coli 0157 EC4115 (CP001164) 

Escherichia hermannii GTC 347T(AB273738) 

L-------s. subterranea FRCIT(AY373829) 

100 

89 

.------MB34 (HF562223) 

Proteus mirabilis ATCC 299Q6T(ACLE01000013) 

Proteus vulgaris ATCC 29905T(DQ885257) 

Cosenzaea myxofaciens NCIMB 13273T(DQ885~Ji9) 

'----Proteus hauseri DSM 14437T(FR733709) 

.-------Moe/lerefla wisconsensis DSM 5676T(AM040754) 

P. heimbachae DSM 3591T(AM040490) 

P. rusligianii DSM 4541T(AM040489) 

P. alca/ifaciens DSM 30120T(ABXW01000071) 

P. vermicola OP1T(AM040495) 

P. sneebia AT(HM03B003) 
P. burhodogranariea BT(HM038004) 

Fig. 3.13: Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences, showing the positions of 
strains, M!i34, MB35, MB37, MB38, and MB40 (Bold face) within the members of family Enterobacteriaceae. 
Bootstrap values [>60%), expressed as a percentage of 1000 replications, are given at branching nodes. 
Accession numbers are given in parentheses. Bar, 0.01 substitutions per nucl~otide. 
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,---P. vermicola OP1 (AM040495) 

'-------------------P. stuartiiDSM 4539 (AM040491) 

P. rettgeri DSM 4542 (AM040492) 

,---P. burhodogranariea B (HM038004) 

'-----------,P. heimbachae DSM 3591 (AM040490) 

P. alcal/faciens DSM 30120 (ABXW01000071) 

93 r---------------MR04 (HF562225) 

'---.P. rustfgianii DSM 4541 (AM040489) 

p!:: Providencia 

Fig. 3.14: 
Unrooted 

neighbour-joining 
phylogenetic tree 
based on 16S rRNA 
gene sequences, 
showing the 
position of strain 
MR-04 (Bold face) 
within the 
members of genus 

Providencia. 
Bootstrap values 
(>60%), expressed 
as a percentage of 

1000 replications, are indicated at branching nodes. Accession numbers are given in parentheses. Bar, 0.002 
substitutions per nucleotide. 

0.005 

E= Enlerobacter 
C= Citrobacter 
K= Klebsiella 

r---MB61 (HF562228) 

C. murliniae CDC 2970-59T(AF025369) 

C. youngae CECT 5335T(AJ564736) 

C. braakii CDC 080-58T(AF025368) 

C. freundii DSM 30039T(AJ233408) 

C. gi/lenii CDC 4693-86T(AF025367) 

C. youngae ATCC 29935T(M59291) 

Yokenella regensburgei GTC 1377T(AB273739) 

K. oxytoca JCM 1665T(AB004754) 

65 E. cloacae subsp. dissolvens LMG 2683T(Z96079) 

r------------Kiuyvera ascorbata 
1------i CDC 0648-74T(AF176560) 

Kluyvera georgiana ATCC 51603T(AF047186) 82 

E. aerogenes KCTC 2190T(CP002824) 
'-----i 

97 Raoultella omilhinolytica JCM soesT(AJ251467) 

r----K. variicola F2R9T(AJ783916) 
'-------l 

96 K. granuloma/is KH zzT(AF010251) 

99 

S. nematodipl1ila DZ0503SBS1T(EU036987) 

.---- S. urei/ytica NiVa 51T(AJ854062) 

S. marcescens subsp. marcescens 
DSM 30121T(AJ233431) 

.-------'---Ma53 (HF562226) 

S. marcescens subsp. sakuensis KREDT(AB061685) 

Fig. 3.15: Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences, showing the positions of 
strains, MB53 and MB61 (Bold face) within the members of family Enterobacteriaceae. Bootstrap values 
(>60%), expressed as a percentage of 1000 replications, are given at branching nodes. Accession numbers are 
given in parentheses. Bar, 0.005 substitutions per nucleotide. 
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Escherichia coli 0157 EC4115(CP001164) 

'----------------------MB27 (FN396607) 

77 

Shigella flexneri ATCC 29903T(X96963) 
90 

Escherichia coli KCTC 2441T(EU014689) 
99 

.--=!Escherichia fergusonii ATCC 35469T(CU928158) 

Escherichia alberlii LMG 20976T(AJ508775) 

I----Shigella dysenteriae ATCC 13313T(X96966) 

80 .----Cronobacter sakazakii ATCC 29644T(EF088379) 

I o.oos I 

'-------Pantoea gaviniae A 18107T(GQ367483) 

Salmonella enterica subsp. salamae DSM 9220T(EU014685) 

Salmonella enterica subsp. arizonae ATCC 13314T(AF008580) 

'----Escherichia hennannii GTC 34i'(AB273738) 

70 

100 Serratia nematodiphila DZ0503SBS1T(EU036987) 
.---~ 

Serratia marcescens subsp. sakuensis KREDT(A8061685) 

82 

Erwinia aphidico/a DSM"i9347T(AB273744) 

Citrobacter murliniae CDC 2970-59T(AF025369) 
.-----=~ 

Citrobacter braakii CDC 080-58T(AF025368) 

Enterobacter cancerogenus LMG 2693T(Z96078) 

Enterobacter honnaechei ATCC 49162T(AFHR01000079) 

Fig. 3.16: Neighbour-joining phylogenetic tree based on 16S rRNA gene sequences, showing the position of 
strain MB27 (Bold face) within the members of family Enterobacteriaceae. Bootstrap values (>60%), expressed 
as a percentage of 100·0 replications, are given at branching nodes. EMBLJGenBank accession numbers are 
given in parentheses. Bar, 0.005 substitutions per nucleotide. 
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Fig. 3.17: Unrooted neighbour-joining phylogenetic tree based on 16S rRNA gene sequences, showing the 
position of strain MB-05 (Bold face) within the members of family Enterobacteriaceae. Bootstrap values 
(~60%), expressed as a percentage of 1000 replications, are given at branching nodes. EMBL/GenBank 
accession numbers are given in parentheses. Bar, 0.005 substitutions per nucjeotide . 
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r------·-N35'tli1,1Q27jl~ 

'-------ki!Mia:dela&JiiATCC 115051!AFD18i04) 

'-------.kGr-lll'S{fdsCCUG2113l'(AFOi8765'1 

'-------,AOOlmz solBI21TifJ59967l) 

Fig. 3.18: Unrooted neighbour-joining 
phylogenetic tree based on 16S rRNA gene 
sequences, showing the position of strain 
OB-05 (Bold face) within the members of 
genus Acidovorax. Bootstrap values (>60%), 
expressed as a percentage of 1000 
replications, are given at branching nodes. 97 OS.OSifll86M~J 
EMBL/GenBank accession numbers are kiir.tta:erem,oeraruca.JGI171ifW013766) 

given in parentheses. Bar, 0.002 y~------------. AthN:taxanrh!dCFB?mitAJm"Cill 
substitutions per nucleotide. 

'------.!!IOO~[AOOOmfr•"""'":"'""ATCCI!S&/iCP00'.521) 
Aall>"""l'"f~141{00300114J 

0.005 I 

A"'- Acinerobacler 

SO MB03 (FM865448) 

MB52 (FN263374) 

MB22 (FR677019) 

A. johnsonii DSM 6963T(X81663) 

L------A. bouvelii 4B02T(AF509827) 

~--A. beijednckii 58aT(AJ626712) 

., 

0 -------A. lwoffii DSM 24Q3T(X81665} 

L----------A. kyonggiensisKSl5401-037T(FJ527818) 

A.J10emofyticus DSM 6962T(X81662) 

,---A. gylfenbergii 1271T(AJ293694} 

L-------------A.Ijembergiae 7N16T(AF509825) 

~--------.A. schindleri LUH5832T(AJ278311) 

,-----A brisouii 5YN5-8T{DQ832256) 

r---•A. nosocomialis LMG 1 0619T(HQ 180192) 
L.__--1 

99 A. c8/coaceticos DSM 30006T(X81661) 

84 A.piltiiLMG 1035T(HQ180184) 

L---------A randoii4N1JT(AF509830) 

~--------A. ursingiiLUH 3792T(AJ275038) 

A. guillouiae ATCC 111711(X81659) 

L----9g:,ji_ __ A bereziniae ATCC 17924T(Z93443) 

L-------A. parvus LUH4616T(AJ293691) 

L------------A rudis G30T(EF204258) 

~----------A. gemeri 9AQ1T(AF509829) 

~--A junii LMG 9981(AM41 0704) 

'---.A. baumanniiATCC 196061(ACQB01000091) 

L---------.A. radioresistens DSM 6976T(X81666) 

~----A venetianus RAG-11(AJ295007) 

,---------------------A. towneriAB111QT 

L---88-{ A sofiB1T(EU290155} (AF509823) 

89 A. baylyi 82T(AF509820) 

Fig. 3.19: Unrooted neighbour-joining phylogenetic tree based on 16S rRNA gene sequences, showing the 
position of strains, MB03, MB22, and MB52 (Bold face) within the members of genus Acinetobacter. Bootstrap 
values (>60%), expressed as a percentage of 1000 replications, are given at branching nodes. EMBL/GenBank 
accession numbers are given in parentheses. Bar, 0.005 substitutions per nucleotide . 
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A punctata subsp. caviae ATCC 1546BT(X74674) 

60 A. punctate subsp. punctata NCIMB 13016T(X60408) 

A enterope/ogenesATCC 49657T(X60415) 

A= Aeromonas 

66 

89 

95 . A. taiwanensis A2-SOT(FJ230077) 

A. sanarellii A2-li7T(FJ230076) 

'----------MB21 (FR677D18) 

,---A. mediaATCC 33907T(X74679) 

A. hydrophile subsp. ranae LMG 19707T(AJ508766) 

A. hydrophila subsp. hydrophila ATCC 7966T(CP000462) 

,----A. eucnenophila NCIMB 74T(X60411) 

'------A. tecta F518T(AJ458402) 

A. popoffii LMG 17541T(AJ224308) 

~--L ___ A. bivalvium 868ET(DQ504429) 

A. molluscomm 848T(AY532690) 

.---------A. salmonicida subsp. smfthia CCM 4103T(AJ009859) 

A. rivuli WB4.1-19T(FJ976900) 

A. sobria ACC 43979T(X74683) 

,------A. allosaccharophila CECT 4199T(S39232) 

97 A. veroniiATCC35624T(X60414) 

A. ichthiosmia DSM 6393T(X71120) 

'-----.A. fluvialis 717T(FJ230078) 
'-----::-1 

66 ,------A. jandaei ATCC 49568T(X60413) 

I 0.002 I A. diversa ATCC 43946T(GQ365710) 

99 A. sc/wbertii ACC 437QOT(X60416) 

Fig. 3.20: Unrooted neighbour-joining phylogenetic tree based on 16S rRNA gene sequences, showing the 
position of strain MB21 (Bold face) within the members of genus Aeromonas. Bootstrap values (>60%), 
expressed as a percentage of 1000 replications, are given at branching nodes. EMBL/GenBank accession 
numbers are given in parentheses. Bar, 0.002 substitutions per nucleotide. 

Fig. 3.21: Rooted 
neighbour-joining 
phylogenetic tree based 
on 16S rRNA gene 
sequences, showing the 
position of strain MB-78 
(Bold face) within the 
members of genus 
Aeromonas. Bootstrap 
values (>60%), 
expressed as a 
percentage of 1000 
replications, are given at 
branching nodes. 
Oceanisphaera litoralis 
DSM 15406T was used 

A= Aeromanas 
0= Oceanisphaera 

A. bivalvium 868ET(DQ504429) 

76 II. encheleia LMG 16331T(AJ458409) 

MB78 (HF562229) 
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81 A. enteropelogenes ATCC 49657T(X60415) 

A. aquadorum MDC47T(EU085557) 

A. taiwanensis A2-5QT(FJ230077) 

A. sanare/lii A2-67T(FJ230076) 

L--------------------•0./itoralis DSM 154Q6T(AJ550470) 

as out group. Accession numbers are given in parentheses. Bar, 0.01 substitutions per nucleotides. 
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Fig. 3.22: Maximum parsimony tree [based on 16S rRNA gene sequences] showing the position of strain MB· 
78 [Bold face] within the members of genus Aeromonas. Oceanisphaera litora/is DSM 15406T (Ac. No. 

· A)SS0470) was used as an out group. 
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Pseudomonas afcafigenes LMG 1224T(Z7p653) 

MBOB (F M865444) 
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99 

Pse udomonas otitidis MCC1 0330T(AY953147) 

Pseudomonas aeruginasa LMG 1242T(Z76651) 

Pseudomonas angul 1/iseptica NCIMB 1949T(X99540) 

Pseudomonas peli R·20805T(AM 114534 l 

Pseudomonas stutzeri ATCC 17588T(CP002881) 

-Pseudomonas indoloxydans IPL-11{ DQ916277) 
67 
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I 0002 I 
Pseudomonas alcaliphila A 

85 
L 15·21T(AB030583) 

- ensis HT·3T(AB453701) ~Pseudomonas toyotomi 
98 

Pseudomonas ofeovorans subsp. fubrican(is RS1T(DQ84201 8) 

Fig. 3.23: Unrooted neighbour-joining phylogenetic tree based on 16S rRNA gene sequences, showing the 
position of strains OB·12 and MBOB [Bold face) within the members of genus Pseudomonas. Bootstrap values 
[>60%), expressed as a percentage of 1000 replications, are given at branching nodes. EMBL/GenBank 
accession numbers are given in parentheses. Bar, 0.002 substitutions per nucleotide. 

135 



Studies on oligotrophic bacteria .......... Genomics oflntegrons Chapter 3 

-~ .,.. CJ) 
~ 8 y. 0 0 0 

0 I I I I I I 
(.1"1 ., 

a 
Solvent Peak -;r> 

v m -.,.. 
N ...., 

-- ~ 
N s 
0 
N 

~ 
<D 

~ 
8 

~-

lo 1 94 1 I SO-C 14 0 
N-

2 046 C14 0 
anteiso-C 15 0 

· 2 .235 1So-C15 0 l ~~ . 3 

2 346 C15:0 

~-
(.1"1 ~ 2.542 iso-C16 0 

2.656 C 16 .0 

.11~=:::::~ ?A~.t;i6~is~o;;-C:;,1,;,;7..;0~----- 2.886 anteoso-C17 0 

w-

Fig. 3.31: Fatty acid composition analysis of Brevibacterium siliguriense. Fatty acid methyl esters 
(FAMEs) were analyzed by gas chromatography with flame ionization detection. The analyzed fatty 
acids corresponding to the FAME peaks are indicated with red text. 
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Table 3.1: Phenotypic characteristics exhibited by class 1 integron bearing facultatively oligotrophic 
bacteria 

Tests Isolates 
0805 0812 M803 M805 M808 M809 MB16 MBlB MB19 MBZO 

Indole . - . + - . . . . + 

MR - - . + . . - - . + 

VP . - - - - - - + + -

Citrate . + + - + . - - + + + 
Catalase + - + + - - + + + + 
Casienase - + - - + - - - - -
Gelatinase - - . - - + - + - + 

Amylase - - - . + - - - . -
HZS - + - - + - - - - -
Oxidase + + - - + + + - . -
Acid from 

Dextrose - - - - - - . - + + 

Dulicitol . - . + . . - - - . 
Adonitol - + . - + . - - . + 

Cellobiose - - . . - - - - + -
Melibiose - - . . - . . - + + 

Man nose - + . - + - - + + -
Trehalose - - - - - - - - + + 

Maltose - - - - - - - - + + 

Sorbitol . + - . + - . - + + 

Table 3.1: continue ..... 

Tests Isolates 
M821 M822 MB23 M824 MB25 M826 MB27 M828 MB29 MB30 

Indole - - - + + - + + - -
MR + - + + + . + + . -

VP . - - . - + - . + . 
Citrate + + + - . + - . + + 

Catalase + + + + . + + + + + 

Casienase + - + - - - - - . . 
Gelatinase + + - - - - + - . + 

Amylase + . - - - . - - . . 
HZS . - - - - . . - . + 

Oxidase + - - - - . . - - -
Acid from 

Dextrose + - + - + + + + + + 

Dulicitol . - + + - - + - - -
Adonitol . - + - . ' - . - - + 

Cellobiose - - + - - + - - + + 

Melibiose - - + - + + + + + + 

Mannose - - + . + + + + + + 

Trehalose + . + . + + + + + + 

Maltose + - + . + + + + + + 

Sorbitol - - + - + + + + + -
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Table 3.1: continue ..... . 
Tests Isolates 

MB31 MB32 MB33 MB34 MB35 MB36 MB37 MB38 MB39 MB40 
Indole + + + - . + + + . -
MR + + + - + + + + + -
VP - - - - . - - - - + 

Citrate - - - + + - - + + + 

Catalase + + + + + + + + + + 

Casienase - - - - - - - - + -
Gelatinase + + + + - + + + + -
Amylase - - - - + - - ' - + + 

H2S - - - + - - - - - -
Oxidase - - - - - - - - + -
Acid from 

Dextrose + + + + + + + + + + 

Dulicitol + + + - + + + - - -
Adonitol - - - + + - - + - + 

Cellobiose - - - + + - - - - + 

Melibiose + + + + + + + + - + 

Man nose + + + + + + + - -
Trehalose + + + + + + + + + + 

Maltose + + + + + + + + + + 

Sorbitol + + + - + + + + -

Table 3.1: continue ....... . 
Tests Isolates 

M841 MB42 MB43 MB44 MB45 MB46 MB47 MB48 MB49 MBSO 

Indole + - + - - - - + - -
MR + - + + - - - + . -
VP - + - - + - - - + -
Citrate - + + - + + + - + -
Catalase + + + + + + + + + + 

Casienase - - - - - - - - - -
Gelatinase - - + - - - + - - -
Amylase - - - - - - - - - -
H2S - - - . - . + - - -
Oxidase - - - - - - - - - + 

Acid from 

Dextrose + + + + + - + + + -
Dulicitol - - - - - - - - - -

Adonitol - - + - - - + - - -

Cellobiose - + - - + - + - + -
Melibiose + + + + + - + + + -
Mannose - + - + + - + + + -
Trehalose + + + + + - + + + -
Maltose + + + - + - + + + -
Sorbitol + + + + + - - + + -
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Table 3 1· continue ....... 
Tests Isolates 

MBSl MBSZ MB53 MB54 MBSS MB56 MB57 MB58 MB59 MB60 
Indole - - - + - - - - - + 
MR - - + + - - - - - + 
VP + - - - - - - - + -
Citrate + + + - + - + - + -
Catalase + + + + + + + + + + 
Casienase - - + - - - - - - -

Gelatinase - - - - - - + - - + 
Amylase - - - - - - - - + -
HZS - - - - - - + ' - - -
Oxidase - - - - - + - + - -
Acid from 

Dextrose + - + + - - + - + + 

Dulicitol - - + - - - - - - + 

Adonitol - - + - - - + - + -
Cellobiose + - + - - - + - + -
Melibiose + - + + - - + - + + 

Man nose + - + + - - + - - + 

Trehalose + - + + - - + - + + 

Maltose + - + + - - + - + + 

Sorbitol + - + + - - - - - + 

Table 3 1· continue ................. 
Tests Isolates 

MB61 MB62 MB63 MB64 MB65 MB66 MB67 MB68 MB69 MB70 

Indole " - - + + + + + + -., 
MR + - - + + + + + + -
VP - - - - - - - - - -

Citrate + + + + - + + - - -
Catalase + - + + + + + + + + 

Casienase - + - - - - - - - -
Gelatinase - - - + + - + + + -
Amylase + + - - - - - - - -
H2S + + - - - - - - - -
Oxidase - + - - - - - - - + 

Acid from 

Dextrose + - - + + + + + + -
Dulicitol + - - - + + - + + -
Adonitol + + - + - - + - - -
Cellobiose + - - - - + - - - -
Melibiose + - - + + - + + + -
Mannose + + - - + - - + + -
Trehalose + - - + + + + ' + + -
Maltose + - - + + + + + + -
Sorbitol + + - + + - + + + -
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Table 3.1: continue ....... . 
Tests Isolates 

MB71 MB72 MB73 MB74 MB75 MB76 MB77 MB78 MB79 MBBO 
Indole - - - + + + - - + -

MR - - - + + + + + + -
VP - + + - - - - - - -
Citrate - + + + + + + + - + 

Catalase + + + + + + + + + + 

Casienase - - - - - - + + -

Gelatinase - - - + + + + + + -
Amylase - - + - - - + + - -
H2S - - - - - - - - - -
Oxidase + - - - - - + + - -
Acid from 

' 
Dextrose - + + + + + + + + -
Dulicitol - - - - - - - - + -
Adonitol - - + + + + - - - -
Cellobiose - + + - - - - - - -
Melibiose - + + + + + - - + -

Man nose - + - - - - + + + -
Trehalose - + + + + + + + + -

Maltose - + + + + + + + + -

Sorbitol - + - + + + - - + -

Table 3.1: continue ....... . 

Tests Isolates 
MBBl MBBZ MB83 MROl MROZ MR03 MR04 SR19 NV66 ODOS 

Indole + + + - - - - - - -
MR + + + - - + + - + + 

VP - - - + - - - ' + - -
Citrate - + - + - + + + + + 

Catalase + + + + + + + + + + 

Casienase - - - - - - - - - -
Gelatinase - + - - - - - - - -
Amylase - - - + - + - + - + 

H2S - - - - - + - - - + 

Oxidase - - - - + - - - - -
Acid from 

Dextrose + + + + - + + + + + 

Dulicitol - - - - - + - - - + 

Adonitol - + - + - + + + + + 

Cellobiose - - - + - + - + - + 

Melibiose + + + + - + + + + + 

Man nose - - - - - + - - - + 

Trehalose + + + + - + + + + + 

Maltose + + - + - + + + + + 

Sorbitol + + + - - + + ' - + + 
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Table 3.1: continue ..... . 

Tests Isolates 
0008 0010 OC16 OC24 OC74 OC75 OC78 0021 0024 

Indole - - - - - + - - -
MR + + + + - + - - + 
VP - - - - - . - + . 

Citrate + + + + + - + + + 
Catalase + + + + - + . + + 
Casienase - - - - + - + - -
Gelatinase - - . - . + . . -
Amylase + + + + + - + + + 

H2S - + . + + - + - + 

Oxidase - - - - + - ,+ - -
Acid from 

Dextrose + + + + - + - + + 

Dulicitol + + + + - + - . + 

Adonitol + + + + + - + + + 

Cellobiose + + + + - - - + + 

Melibiose + + + + - + - + + 

Mannose + + + + + + + - + 

Trehalose + + + + - + - + + 

Maltose + + + + - + - + + 

Sorbitol + + + + + + + . + 
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' Table 3.2: Putatively assigned genera (on the basis ofpartiai16S rRNA gene sequences) ofintegron carrying 
isolates 

SI.No Isolate Genus Ac.No. Sl. No Isolate Genus Ac.No. 
1 • OB OS Acidovorax sp. FM865443 46 MB57 -f-
2 OB 12 Pseudomonas sp. FM865447 47 MB 58 -a-
3 bMB 03 Acinetobacter sp. FM865448 48 MB 59 -e-
4 'MB OS Shigella sp. FM865446 49 MB 60 -a-
5 'MB 08 Pseudomonas sp. FM865444 so 'MB 61 Citrobacter sp. HF562228 
6 MB09 Comamonas sp. FM865445 51 MB62 -r· 
7 MB 16 -a- 52 MB 63 -b-
8 MB 19 ·d- 53 MB 64 ·g-
9 MB20 -g· 54 MB 65 -a-
10 PMB 21 Aeromonas sp. FR677018 55 MB 66 Kluyvera sp. HF562221 
11 MB22 Acinetobacter sp. FR677019 56 MB67 -g-
12 MB23 -i- .57 MB68 -0· 

13 MB24 -c- 58 MB69 -O· 
14 MB25 -I· 59 MB70 ' -a-
15 MB26 -d- 60 MB71 -a-
16 •MB 27 Escherichia sp. FN396607 61 MB72 ·d-
17 mMB28 Un. B HF562231 62 MB 73 -e-
18 MB29 -d- 63 MB74 -g-
19 MB30 -f- 64 MB75 -g· 
20 MB31 -a- 65 MB76 -g· 
21 MB32 -a- 66 MB77 -q-
22 MB33 -a- 67 'MB 78 Aeromonas sp. HF562229 
23 'MB 348 Proteus sp. HF562223 68 MB 79 ·0-

24 iMB 35 Citrobacter sp. HF562227 69 MB 80 -b-

25 MB36 -a- 70 •MB 81 Un. B HF562232 

26 MB37A Escherichia sp. FN396608 71 MB82 -g-

27 •MB 38 Salmonella sp. HF562224 72 MB83 Un.B HF562233 

28 MB39 -p· 73 MR01 -e-

29 •MB 40 Enterobacter sp. HF562222 74 MR02 -a-
30 MB41 ·n· 75 MR03 -k· 

31 •MB42 Klebsiella sp. FR677020 76 hMR04 P~ovidencia sp. HF562225 

32 MB43 -g- 77 SR19 ·e-

33 MB44 Un.B HF562230 78 NV66 -h-

34 MB45 K pneumoniae FR677021 79 0005 -k-

35 MB46 -b- 80 OD 08 -k-

36 MB47 -f- 81 OD 10 + 
37 MB48 ·m· 82 oc 16 ·k· 
38 •MB 49 Klebsiella sp. FM865635 83 oc 24 + 
39 MBSO -a- 84 oc 74 -r· 

40 MB 51 ·d- 85 oc 75 -o-
41 MB52 A. johnsonii FN263374 86 OC78 -r-

42 1MB 53 Serratia sp. HF562226 87 OD 21 ·e-

43 MB54 ·m- 88 OD 24 -k-

44 MBSS -b· 89 MB 12 Un. B AM937246 

45 MB 56 ·a- 90 MB 18 B. siliguriense AM937247 

Un.B, Unclassified bacterium; . 
Isolates exhibiting similar phenotype: a, Acidovarax sp.; b, Acinetobacter sp.; c, Shigella sp.; d, Klkbsiella sp.; e, Enterobacter sp.; f, Proteus 
sp.; g. Salmonella sp.; h, Providencia sp.; i, Serratia sp.; j and k. Citrobacter.; 1-n, Unknown bacterium; o, Escherichia sp.; p and q. Aeromonas 
sp.; r, Pseudomonas sp.; A johnsonii, Acinetobacter johnsonii; B. siligun'ense, Brevibacterium siliguirense; K. pneumoniae, Klebsiella 
pneumoniae; rONA, ribosomal deoxyribonucleic acid. 
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Table 3.4A: Detailed phenotypic characteristics of Brevibacterium si/iguriense sp. nov strain MB18T. 
S bl . W k . R . S ~ ::>ym1 o s: +, postttve; -,negative; ,wea reactwn; , reststant; ,sen itive 

C.haracteristics .. ' MBlBT Characteristics MB18T 

NaCl tolerance(% wfv) '"·ts. Citrate utilization + 
Oxidase - Utilization ofD-arabinose -
Hydrolysis of Esculin . - Utilization ofL-arabinose -
Hydrolysis of Gelatin + Utilization of Sodium gluconate ~ 

Phenylalanine deamination - Acid from: 

Haemolysis - 2,3 butylene glycol -
H,S production - D-Arabinose -

Voges proskaurs + D-mannitol + 

Methyl Red - D-Xylose -
Indole - D-galactose -
Amylase - D-ribose -
Lipase production - Lactose -
a-Glucosidase - D-Maltose -
Pyrrolidone peptidase . '.;\· - D-Sorbitol -
Pyrazinamidase ' ':;., :i.'· ,:.·-· D-mannose + 

Phosphatidyl-inositol-Phospholipase I'" - D-Raffinose -
Arginine Dihydrolase1 · .... + .. D-Trehalose -
Arginine Dihydrolase 2 - Saccharose/Sucrose -
~-Galactosidase . + Fructose w 

a-galactosidase ':f: Dextrose w 

L-aspartate arylamidase - Melibiose -
~ galactopyranosidase + L-Arabinose -
a-mannosidase - Inulin · -
Phosphatase - Glycerol + 

Leucine arylamidase + Salicin -
L-proline arylamidase + Dulicitol -
~ -glucuronidase - Inositol -
Ala-Phe-Pro Arylamidase .,. Xylitol -

~-glucuronidase + Adonitol -
Alanine arylamidase .. + Melezitose 

' 
-

Tyrosine arylamidase + Sorbose -
D-amygdalin . ~ Rhamnose -
L-Lactate alkalization . - DNA G+C content (mol%) 64.6 

N-Acetyl-D-Glucosamine . - Antibiotic susceptibility test: 

Methyl-~ -D-Glucopyronside .. - . Bacitracin Resistance (0.0006 mg) R 

a-methyl-D-mannoside .. - Novobiocin Reistance (0.000075 nig) s 
a-methyl-D-glucoside w 0/129 Resistance ( 0.0084 mg) s 
Glucosamine - Optochin (0.000399 mg) R 

Pullulan - Ampicillin ( <S/R~. 25 mg/L) R 

Salicin - Cefepime ( <S/R~. 7.5 mg/L) R 

ONPG - Chloramphenicol ( <S/R~. 30 mg/L) R 

Lysine utilization - Co-trimoxazole ( <S/R~. 15 mg/L) R 

Ornithine utilization + Netilmicin ( <S/R~. 3.75 mg/L) R 
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Table 3.48: Detailed phenotypic characteristics of Brevibacterium siliguriense sp. nov. strain MB18T. Symbols: 
+,positive;-, negative; W, weak reaction; V, variable reaction 

; Characteristics MB18T 1 CharacteriStics MB18T Chaiacter:istics MBlBT 

a-Cyclodextrin - ~-Methyi-D-Galactosidee ~ Succinic Acid -
~-Cyclodextrin - 3-Methyl Glucose - N-Acetyi-L-Giutamic Acid -
Dextrin w ~-Methyi-D-Giucoside - L-Alaninamide 
Glycogen - a-Methyl-D-Mannoside - D-Aianine -
Mannan '+ Palatinose - L-Alanine -

Tween40 + D-Psicose 7 L-Aianyl Glycine -
Tween SO ; . " L-Rhamnose " L-Asparagine -
N-Acetyi-D-Mannosamine - Stachyose - L-Glutamic Acid -

N-Acetyi-~-D- - D-Tagatose - Glycyi-L-Giutamic Acid -
Mannosamine 

Amygladin - Turanose - L-Pyroglutamic Acid -

D-Arabitol - Acetic Acid + L-Serine v 

Arbutin - a-Hydroxybutyric Acid - Putrescine w 

D-Cellobiose ( ·7 
'·"• l 

~-Hydroxybutyric Acid ,;·" c' 2,3 butandiol -
D-Fructose ~ y-Hydroxybutyric Acid - Adenosine -

L-Fucose - p-Hydroxy-Phenylacetic Acid - 2'-Deoxy Adenosine -

D-Galactose ~· c -.:... l', -! a-Ketoglutaric Acid '- Im.1~ine .. " 
D-Galacturonic Acid ' - - i a-Ketovaleric Acid .. - ' Thymidine -
Gentibiose 

' 
;'- ' Lactamide ~ Uridine -

D-Gluconic Acid - D-Lactic Acid Methyl Ester - Adenosine-5'- -

t Momonophosphate 
ct-D-Giucose - L-Lactic Acid - Thymidine-5'- -

Momonophosphate 
m-Inositol - D-Malic Acid - Uridine-5'-Momonophosphate -
a-D-Lactose - L-Malic Acid D-Fructose-6-Phosphate 

Lactulose - Pyruvatic Acid Methyl Ester + a-D-Glucose-1-Phosphate 

Maltotriose - Succinic Acid Mono-methyl + D-Giucose-6-Phosphate w 
Ester 

D-Melezitose - Propionic Acid + D-L-a-Giycerol Phosphate -

D-Melebiose - Pyruvic Acid + 

a-Methyi-D-Galactoside - Succinamic Acid -

., 
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