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4.1 Introduction 
The ability to classify baqeria into the 

correct species and to distinguish different 

strains is of vital importance. The classical 

identification method i.s to use. phenotypic 

traits such as morphology and metabolism, 

together with physiological characteristics, 

to group an unknown bacterium with other 

bacteria sharing the same traits. However, 

not all strains within a given species may 

be positive for a common trait and the 

same strain may exhibit biochemical 

variability. Moreover, small alterations in 

the realization of a test may give varying 

and false results. Consequently, 

techniques based on phenotypic tests 

might not exhibit an unambiguous 

identification of certain species. 

The detailed biochemical characterizations 

of the integron-positive isolates have been 

presented in this chapter. The bacterial 

isolates 

Bergey's 

were identified 

Manual of 

according to 

Systematic 

Bacteriology following the principle of 

numerical taxonomy method of numerical 

taxonomy. Numerical taxonomy is defined 

as the grouping by numerical methods of 

taxonomic units into taxa on the basis of 

their character states. Information about 

the properties of organisms is converted 

into a form of suitable numerical analysis 

and then compared by cpmputer. The 

resulting classification is based on general 

similarity as judged by comparison of 

many characteristics, each given equal 

weight. The process begins with a 

determination of the presence or absence 

of selected characters in the group of 

organism under study. A character usually 

is defined as an attribute about which a 

single statement can be made. After 

character analysis, an association 

coefficient, a function that measures the 
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agreement between characters possessed 

by two organisms, is calculated for each 

pair of organisms in the group. The 

similarity coefficient (SsM) is the proportion 

of characters that match regardless of 

whether the attribute is present or absent. 

Jaccard coefficient (SJ) is calculated by 

ignoring any ·characters that both 

organisms lack. Both coefficients increase 

linearly in value from 0.0 (no matches) to 

1.0 (100% matches). 

The calculation of association 

coefficients for two organisms 
The similarity coefficient 

(SsM) = a+d/a+b+c+d 

The Jaccard coefficient (SJ) = a/a+b+c 

a = number of characters coded as present 

(1) for both organisms 

b and c =numbers of characters differing 

(1,0 or 0,1) between the two organisms 

d = number of characters absent (0) in 

both organisms 

Total number of characters compared = 

a+b+c+d 

4.1.1 Materials and methods 
4.1.1.1 Bacterial isolates 

Forty integron-positive isolates were used 

for biochemical characterization. 

4.1.1.2 Media and culture condition 

The integron positive bacterial isolates 

were maintained in Luria-Bertani agar 

medium supplemented with appropriate 

antibiotic. For biochemical tests, cultures 
were grown overnight in Luria broth at 37 

°C and one loop-full culture/ 1% inoculum 

were added in respective media. Culture 

media used for the experiments were 

supplied by HIMEDIA, India Ltd. (unless 

otherwise mentioned). 
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4.1.1.3 Biochemical tests 

The following biochemical tests were 

conducted for the identification and 

characterization of the isolates. 

I. Gram Reaction : Gram reaction was 

performed following protocols stated by 

Cappuccino and Sherman (1996). A 

smear of the culture was made on a 

glass slide, air-dried and was heat

fixed. The smear was stained with 

crystal violet for one minute, washed 

with tap water and stained with gram's 

iodine for one minute followed by 

washing and decolorization with 95% 

ethanol. It was washed and counter 

stained with safranin for 45 seconds, 

washed with tap water, air dried and 

finally examined under compound light 

microscope with oil immersion 

objective lens. Gram-negativity of the 

isolates was also tested on McConkey 

Agar plate (HIMEDIA). 

II. Indole test : Cells were grown in 

Sml tryptophan broth (g/1; NaCI, 5.0; 

MgS04.7H20, 0.2; NH4HzP04, 1.0; 

K2HP04; L-tryptophan, 10.0, pH 7) and 

were incubated at 35 °C for 24h. 0.2 ml 

of the test reagent (p

dimethylaminobenzaldehyde, O.Sgm; 

Isoamyl alcohol, 0.5 ml; Cone. HCI, 2.5 

ml) was then carefully added into the 

full-grown culture and the tubes were 

allowed to stand for 10min after a 

gentle shaking. A dark red colored ring 

on the surface was regarded as positive 

test. 

III. Methyl Red test : The organisms 

were' grown in 10 ml of glucose 

peptone broth for 2-3 days at 30 °C. 

The medum contained (g/1)- peptone, 

5.0; KH 2P04, 5.0; glucose 10.0 and the 
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pH of the medium were adjusted to 

7 .4. Few drops of methyl red reagent 

(5 mg dissolved in 30 ml of 95% 

ethanol and diluted to 50 ml with 

water) were added to the growing 

culture. Methyl red positive reaction 

was indicated by bright red coloration 

and negative reaction was indicated by 

yellow color of the culture medium. 

IV. Voges-Proskauer test : One loop 

full of overnight grown test culture was 

inoculated in Sml of the sterilized 

buffered glucose broth (g/1, Protease 

peptone, 7.0; Glucose~ 5.0; KzHP04, 

5.0; pH 7.0) and was incubated at 35 

°C for 48h. One ml aliquot of the full

grown culture were taken in a separate 

test tube and 0.6ml of a-naptha 

solution (a- napthol, S.Ogm dissolved in 

lOOm! ethanol) and 0.2ml 7(N) KOH 

were sequentially added and mixed 

well by shaking. Development of pink 

to crimson color at the surface within 

Smin considered as positive test. 

V. Catalase test : The organisms were 

grown on Tryptic Soy Agar (TSA) plates 

for 24- 28 h at 35 °C to get isolated 

colonies. A drop of H20 2 was put over a 

colony. As a negative control H20 2 was 

always dropped on any part of the 

plate devoid of any bacterial growth. 

Catalase positive character was 

indicated by effervescence of gas 

bubbles from the colony surface, 

immediately after the addition of H20 2• 

VI. Oxidase test : The test was 

performed by adding bacterial culture 

on a strip of filter paper which was 

initially impregnated with 1% (w/v) 

aqueous solution of N-N-dimethyl-p

phenylenediamine. Development of 
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pink color within 30 seconds indicated 

the oxidase positive tests. 

VII. Citrate utilization test : The 

Simon's Citrate medium was used for · 

this test. The composition of the 

Simon's Citrate medium is as follows 

(g/1); NaCI, 5.0; MgS04.7H20, 0.2; 

NH4H2P04, 1.0; K2HP04, ·1.0; Na

Citrate, 5.0; bromothymol blue, 0.02; 

Yeast Extract, 0.05 agar powder 20; pH 

6.8. Blue coloration of the media after 

24- 48 h of inoculation was recorded as 

positive reaction. 

VIII. Urease test : Urease activity was 

tested with a medium having following 

composition (g/1): part A: peptone, 

1.0; glucose, 1.0; NaCI, 5.0; KH 2P04, 

2.0; phelol red, 0.12; agar, 20.0; pH 

8.0; and part B (g/1): urea 40.0. After 

filter sterilization part A and part B 

were mixed together aseptically and 

were cooled to approximately 40-50 

°C, and petri-plates were poured with 

the medium. In each plate, a loopful of 

overnight-grown culture was streaked 

and incubated at 30 °C for 1-2 days. 

Development of deep red color 

surrounding the bacterial growth was 

indicative of positive test. 

IX. Lysine Decarboxylase test :Moeller 

Decarboxylase broth [(g/1) Peptic 

digest of animal tissue, 5.0; beef 

extract, 5.0; 

cresol purple, 

cresol red, 

Dextrose, 0.5; bromo 

0.01; pyridoxal, 0.005; 

0.005; pH 6.0] 

supplemented with 1% L-lysine was 

used for this experiment. 50 JJI of 

overnight grown culture(s) were added 

in 5 ml broth and incubated at 35 °C 

for 18 -20 h. Change of color from 
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yellow to red was recorded as positive 

test. 

X. Ornithine Decarboxylase test: 

Moeller Decarboxylase broth [(g/1) 

Peptic digest of animal tissue, 5.0; 

beef extract, 5.0; Dextrose, 0.5; 

bromo cresol purple, 0.01; pyridoxal, 

0.005; cresol red, 0.005; pH 6.0] 

supplemented with 1% L-Ornithine 

was used for this experiment. 50 IJI of 

overnight grown culture(s) were added 

in 5 ml broth and incubated at 35 °C 

for 18-20 h. Change of color from 

yellow to red was recorded as positive 

test. 

XI. Nitrate reduction test : The enzyme 

nitrate reductase is a molybdenum

containing membrane bound enzyme, 

which reduces nitrate to nitrite in 

presence of an electron donor. Nitrate 

reduction and denitrification (as a 

function of dissimilatory reduction of 

nitrate denoting the presence of the 

enzyme nitrate reductase) was 

examined in the medium having 

following composition (g/1); KN03, 1.0; 

peptone, 5.0; pH 7.5. 5 ml volume of 

medium were dispensed in each tube 

and sterilized by autoclaving at 15 psi 

for 15 min. Each culture tube was 

inoculated with a single isolate and 

incubated at 30 °C for 24 h. Formation 

of nitrite in the culture medium was 

tested by adding 1.0 ml test reagent 

(0.8g of sulfanilic acid dissolved in 100 

ml of S(N) acetic acid and 0.5 g of a -

napthalamine dissolved in 100 ml 

acetic acid, mixed immediately before 

use). Development of red color 

indicates a nitrate reductase positive 

test. To monitor the production of gas 
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by nitrate respiration, inverted Durham 

tubes were placed in culture medium. 

XIII. Gelatin hydrolysis test : Gelatin 

hydrolysis was examined in a medium 

with components (g/1); gelatin, 20.0; 

nutrient broth, 1.0. Melted medium of 6 

ml aliquots were dispensed into 

different culture tubes, plugged with 

cotton and sterilized by autoclaving at 

15 psi for 15 min. each tube was 

inoculated with freshly grown culture 

by stabbing, and incubated for 2 -3 

days at 35 °C. The culture tubes, after 

growth of the organisms, were kept at 

4 °C along with an un-inoculated 

(control) tube. The tubes that did not 

solidify even at 4 °C indicated the 

liquefaction of gelatin and the isolates 

were recorded as gelatinase positive. 

XIV. Starch Hydrolysis : For this test 

organisms were streaked on Starch 

agar plates [(g/1); NA, 23; soluble 

starch, 5.0; pH 7.2] and incubated at 

37 °C for 1 -2 days. After the growth of 

the culture the petri-plates were 

flooded with Lugol's iodine solution. 

Appearance of colorless zone 

surrounding the bacterial growth 

indicated the hydrolysis of starch 

leaving the other part dark blue in color 

due to the reaction of starch with 

iodine. 

XV. Casein hydrolysis: Milk Agar plates 

were streaked with overnight grown 

loop-full culture(s) and caseinase 

producing bacteria showed a clear zone 

along the growth. 

XVI. Lipase test : One loop full of 

overnight grown culture was streaked 

on Tributyrin agar plate (1.0 ml 

Tributyrin adde'd in 100 ml sterile 
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Tributyrin agar base) and was 

incubated at 37 °C. Isolates showed 

opaque zone around the growth area 

was considered as lipase positive. 

XVII. Fermentation of sugars: 

Fermentation of sugars was tested 

using 'Phenol Red Broth base' medium 

[(g/1); protease peptone 10.0; beef 

extract, 1.0; Sodium chloride, 5.0; 

phenol red 0.018; pH 7.4] containing 

different sugars at a concentration of 

1% {w/v). An aliquot of 50 [.11 

overnight grown culture was 

inoculated in 5 ml of test media and 

incubated at 35 °C for 24 -48 h. 

Change in the color of the media from 

red to yellow was recorded as positive 

test. 

XVIII. Utilization of organic acid salts 

To assay the utilization of organic acid 

salts as a carbon source, inorganic M70 

media (Veron, 1975) was used. To 

prepare 1L of M70 medium, 10 ml of 

'Metal-70' solution [(mg/1): H3P04, 

1960; FeS04. 7H20, 55.6; ZnS04. 

7H20, 28.7; MnS04. 4H20, 22.3; 

CuS04. 5 H20, 2.5; Co(N03). 6H20; 

H3B04, pH 6.2] was added in to 490 ml 

of 'P-Ca-Mg solution' [(mg/1); CaCI2. 

2H20, 14.7; MgS04. 7H20, 123; 

KH2P04, 680; K2HP04, 2610, pH 7.2], 

the resultant mix was filter- sterilized 

and added in 500 ml autoclaved 

'Nitrogen Base' solution [(g/1); NaCI, 

10; NH4S04, 1]. The substrate was 

filter-sterilized and added to the sterile 

M70 media at a concentration of 10 % 

(w/v). To the 10 ml of media 100 IJI of 

growing cultures were added separately 

and growth was observed after 2 -6 

days after incubation at 30 °C. 
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4.3 Results and Discussions was produced by TR 63. Five isolates were 

The results of detailed biochemical identified as representatives of the genus 

characterization of all the integron-positive 

isolates have been presented in the Tables 

4.1, 4.2, 4.3 and 4.4. 

Thirty two integron-positive isolates were 

identified as different members of the 

family Enterobacteriaceae. Isolate TR 02 

and TR 53 yielded a maximum similarity 

coefficient (SsM 0.95, and 0.91) to 

Escherichia coli. A maximum similarity 

coefficient (SsM : 0.87) to Enterobacter 

cloacae was produced by isolate TR 04. 

Nine isolates, TR 06, TR 10, TR 11, TR 12, 

TR 13, TR 14, TR 15, TR 17 and TR 91 

yielded a maximum similarity coefficient to 

Citrobacter freundii (SsM value ranged 

from 0.83 to 0.91). To Kluyvera ascorbata, 

maximum similarity coefficient of 0.83 and 

0.91 were produced by TR 37 and TR 97. 

Five isolates, TR ·39, TR 40, TR 48, TR 78 

and TR 82 yielded maximum similarity 

·coefficient of 0.87, 0.83, 0.87, 0.83 and 

0. 79 to Serratia plymuthica, Serratia 

ficara, Serratia fonticola, Serratia ficara 

and Serratia odorifera respectively. TR 56, 

TR 76 and TR 77 exhibited a maximum 

similarity coefficient to Proteus mirabilis 

(SsM values ranged from 0. 79 to 0.83). To 

Yersinia enterocolitica, SsM value of 0.79 

Providencia. Of the five isolates, TR 18 and 

TR 81 produced SsM of 0.79 and 0.83 to 

Providencia rettgeri, whereas, TR 58, TR 

68 and TR 73 yielded a maximum 

similarity coefficient to Providencia stuartii 

(SsM : 0.95, 0.87 and 0.91). Two isolates -

TR 79 and TR 95, yielded maximum SsM 

(0. 79) to Salmonella sp. Isolate TR 85 

yielded a maximum similarity coefficient to 

Enterobacter sakazakii (SsM 0.83) while 

maximum similarity coefficient to 

Morganella morganii (SsM 0.83) was 

produced by the isolate TR 90. 

TR 20, TR 27, TR 49, TR 52, TR 59, TR 62, 

TR 92 and TR 99 did not bear any 

significant resemblance with the enteric 

members. After performing the tests 

specific for the identification of enteric 

members, some more tests- lipase test, 

casein hydrolysis, starch hydrolysis, 

utilization of different organic salts- were 

performed. Six of the isolates (TR 27, TR 

52, TR 59, TR 62, TR 92 and TR 99) were 

further identified as Pseudomonas sp. and 

the remaining two (TR 20 and TR 49) were 

identified as Acinetobacter sp. 
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Table 4.1. Biochemical characterization of integron-positive isolates 

TR 02 TR 04 TR 06 TR 10 . TR 11 TR 12 TR 13 TR 14 TR 15 TR 17 

Indole + 

Methyl Red 

Voges 
Proskauer 

Citrate, 
Simmons 

Urease 

Lysine 
decarboxylase 

Ornithine 
decarboxylase 

Motility 

Gelatin 
Uquefaction 

D-Giucose, acid 
production 

D-Giucose, gas 
production 

Lactose 

Sucrose 

0-!'.lfannitol 

Dulcitol 

Salicin 

0- Adonitol 

Myo-Inositol 

0- Sorbitol 

L-Arabinose 

Raffinose 

L-Rhamnose 

Maltose 

0-Xylose 

Trehalose 

Cellobiose 

Melibiose 

Nitrate 
reduction 

Oxidase,Kovacs 

D-Mannose 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ 

+ + 

+ 

+ + + 

+ 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + 

+ + + + + 

+ 

+ + + + + 

+ 

+ + + + + + 

+ + + + + + 

+ + + + + 

+ + + + + + 

+ + + + + + 

+ + + + + + 

+ + + + + + 

+ + + + + + 

+ + + + + + 

+ + + + + + 

+ + + + + + 

+ + + + + 

+ + + + + + 

+ + + + + + 

+ + + + + + 

+ + + + + + 

+ + + + + + 

+ + + + + + 

+ + + + + 

+ 

+ + + + + + 
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Table 4.2. Biochemical characterization of integron positive isolates 

TR 18 TR20 TR27 TR 37 TR 39 TR40 TR48 TR49 TR 52 TR 53 

Indole + + + 

Methyl Red + + + + + + 

Voges Proskauer 

Citrate, + + + + + + + + + + Simmons 

Urease + + 
Lysine + + + + decarboxylase 

Ornithine + + + decarboxylase 

Motility + + + + + + + + + + 
Gelatin + + + Liquefaction 

D-Giucose, acid + + + + + + + production 
D-Giucose, gas + + + + + production 

Lactose + + + 

Sucrose + + + + + + 

D-Mannitol + + + + + + + 

Dulcitol + + + 

Salicin + + 

D- Adonitol + + 

Myo-Inositol + + + + 

D- Sorbitol + + + + + + 

L-Arabinose + 

Raffinose + + + + + 

L-Rhamnose + + + + + + + 

Maltose + + + + + + + 

D-Xylose + + + + + + 

Trehalose + + + + + 

Cellobiose + + + + + 

Melibiose + + + + 
Nitrate 

reduction 

Oxidase,Kovacs 

D-Mannose + + + + + + 
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Table 4.3. Biochemical characterization of integron positive isolates 

TR 56 TR 58 TR59 TR 62 TR63 TR 68 TR 73 TR 76 TR 77 TR 78 

Indole + + + 

Methyl Red + + + + + + + 
Voges 

Proskauer 
Citrate, + + + + + + + + + + Simmons 

Urease + + 
Lysine + + decarboxylase 

Ornithine + + + decarboxylase 

Motility + + + + + + + + + + 
Gelatin + + + + Uquefaction 

D-Giucose, acid + + + + + + + + production 
D-Giucose, gas + + production 

Lactose 

Sucrose + + + + + + + 

D-Mannitol + + + 

Dulcitol + + + 

Salicin + + + + + + + 

D- Adonitol + + + + + + + + 

Myo-Inositol + + + + + + -:1- + 

D- Sorbitol + + + + + 

L-Arabinose 

Raffinose + 

L-Rhamnose + + + + 

Maltose + + + 

D-Xylose + + + + + + 

Trehalose + + + + + + + + + 

Cellobiose + + + + 

Melibiose + + + + + + + 
Nitrate 

reduction 

Oxidase,Kovacs 

D-Mannose + + + + + + + + 
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Table 4.4. Biochemical characterization of integron positive isolates 

TR79 TR81 TR82 TR85 TR90 TR91 TR92 TR95 TR97 TR99 

Indole + + + 

Methyl Red + + + + + + + + 

Voges Proskauer + + 

Citrate, + + + + + + + + + + 
Simmons 

Urease + + + + 

Lysine + + + + + 
decarboxylase 

Ornithine + + + + 
decarboxylase 

Motility + + + + + + + + + + 

Gelatin + + + 
Liquefaction 

D-Giucose, acid + + + + + + + + + + 
production 

D-Giucose, gas + + + + + + 
production 

Lactose + + + + + 

Sucrose + + + + + + + + 

D-Mannitol + + + + + + + 

Dulcitol + + + + 

Salicin + + + + + + + + + 

D- Adonitol + + + + + + + + + 

Myo-lnositol + + + + + + 

D-Sorbitol + + + + + + 

L-Arabinose + 

Raffinose + + + + 

L-Rhamnose + + + + + + + 

Maltose + + + + + + + + 

D-Xylose + + + + + + + 

Trehalose + + + + + + + + + 

Cellobiose + + + + + + 

Melibiose + + + + + + + + 

Nitrate + + + 
reduction 

Oxidase,Kovacs 

D-Mannose + + + 
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4.2 Phylogenetic analysis of the 
isolate TR 90 [isolate possessing 
novel ORF encoding dihydrofolate 
reductase for trimethoprim 
resistance] using 16S rRNA gene 

sequence 
Techniques based on nucleic acids such as 

DNA-DNA hybridization, RFLP analysis and 

different techniques using PCR and 

sequencing have been developed to 

improve identification of bacteria. The 

nucleic acid sequence particularly is of 

large practical value since it contains more 

evolutionary information than the 

traditionally used phenotypic traits and 

because it is precisely defined and 

relatively simple to determine. Two 

important properties of a nucleotide 

sequence to be used for bacterial 

identification are as follows: it must be 

universal in its distribution and it must 

contain sufficient sequence variations. The 

most commonly used molecule is 165 

rRNA since it is generally accepted that the 

sequence of 165 rRNA can be used to 

distinguish genera and well resolved 

species. Beside functional constancy, 

ubiquitous distribution and size (1.5 KB), 

genes encoding for 165 rRNA exhibited 

both evolutionary conserved locus as well 

as highly variable region. For these 

reasons, comparison of 165 rRNA gene 

sequences of the organisms could be used 

to calculate evolutionary distance between 

organisms (Woese et a/. 1990). The 165 

rRNA gene of bacteria can be amplified 

and sequenced by using specific primers, 

designed from conserved regions. To 

identify the systematic position of the 

isolates, the 165 rRNA gene was 

sequenced and the sequence was used to 

generate phylogenetic trees with nearest 

relatives. 
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4.2.1 Material and Methods 
· 4.2.1.1 Bacterial isolate 
Isolate TR 90 was selected for 

phylogenetic analysis using 165 rRNA gene 

sequence. 

4.2.1.2 Isolation C;»f total genomic DNA 
Total cellular DNA of TR 90 was prepared 

by the method as proposed by 5ilhavy et 
a/. (1984). A fresh colony of the respective 

culture was inoculated in 70ml Luria broth 

(LB) and incubated at 35°C for 18-20 hr. 

Cells were harvested through 

centrifugation (10000 rpm for 10. min at 4 

°C washed with Tris.HCI-EDTA (TE, SOmM: 

SOmM, pH 8.0) and finally re-suspended in 

6 ml of TE (1:1) and were kept at -20 °C. 

Frozen cells were thawed followed by the 

addition of lysozyme (30 mg dissolved in 1 

ml TE) and were kept in ice bath for 30 

min. Then 5D5 solution [125 mg dissolved 

in 1ml of TE (50:50)] was added into it 

and was incubated at 40 °C for 30 min. 

Equal volume of phenol (equilibrated in 50 

mM Tris.HCI, pH 8.0) was added and 

placed in a shaker (100- 125 rpm) at 37 

°C for 15 min. The whole concoction was 

centrifuged at 12000 rpm for 15 min at 10 

°C and the aqueous phase of it was 

collected. To this aqueous phase, equal 

volume of chloroform (Chloroform: 

Isoamyl alcohol, 24: 1) was added. Tubes 

were inverted several times to facilitate 

proper mixing, centrifuged and aqueous 

phase was collected in a beaker. To this 
lli ' 

1/10 volume of 3M sodium acetate (pH 

4.5) was added followed by addition of 

double volume of dehydrated ethanol 

(chilled). Then DNA was spooled with 

sterile bent glass rod and air-dried. The 

dried DNA sample was re-suspended in 

appropriate amount of TE (SOmM: 1mM, 

pH 8.0) and treated with RNAase 

(RNAaseA dissolved in 10 mM Tris.Hcl, pH 

7.5 with 15 mM NaCI, heated at 100 °c for 
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15 min) for 30 min followed by extraction 

with phenol and reprecipitation with 

ethanol. Finally the DNA was suspended in 

TE (lOmM: lmM, pH 8.0). For estimation 

of DNA, 10 !JI of the DNA sample was 

diluted with 990 !JI TE in a lml quartz 

cuvette and absorption was measured at 

260 nm. The concentration of DNA was 

calculated considering that A26onm of 1.0 is 

equivalent to 50 jJg of double-stranded 

DNA (Towner, 1991). 

4.2.1.3 Amplification, cloning and 
sequencing of 165 rRNA gene of the 

strains 
PCR amplification was performed using 

'PCR Amplification Kit' (GENEI, India), in 

501JI reaction volume, following 

instructions provided by supplier. Each 50 

!JI PCR mix contain; 3 !JI of lOmM dNTP 

mix, 5 !JI of lOX buffer containing 15 mM 

MgCh, 12.5 pmol of each forward (f) and 

reverse (r) primers [27f (5'

AGAGlTfGATCCTGGCTCAG-3') and 1500r 

(5'-AGAAAGGAGGTGATCCAGGC-3') 

(Gerhardt et a/. 1994) corresponding to 

the Escherichia coli numbering system] 

(Brousius et a/. 1978)], 20 ng target DNA 

· and 3U Taq DNA Polymerase. The PCR was 

done in a GemAmp PCR system (Applied 

Biosystems). PCR cycling parameters 

included an 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 5 min. The 1.5 KB amplic~n was 

purified using PCR purification kit (KT 62, 

GENEI, India), cloned into pGEM®r -easy 

vector system II (Promega, USA) and 

tram;;formed in E. coli XLl Blue following 

techniques stated in section 4.3.2 of 

Chapter 4. Plasmid from the resulting 

clones, extracted by using 'alkaline lysis 
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method' (Birnboim and Daly, 1979), was 

checked for the presence of 1.5 KB inserts 

from EcoRI digestions prior to sequencing. 

Sequencing was carried out with an ABI 

DNA sequenetor model 377a (Applied 

Biosystems) using Big-Dye Terminator kit 

(Applied Biosystems). 

4.2.1.4 Phylogenetic analysis of the 

strains 

The 16S rRNA gene sequence of the isolate 

was used as a query to search for 

homologous sequence in the nucleotide 

sequence databases by using BlastN 

program (Altschul et a/. 1997). The 16S 

rONA sequences showing high similarities 

were retrieved from the GenBank database 

and were aligned with 16S rRNA gene 

sequences of the isolate by using CLUSTAL 

W software (Thompson 1997) of the 

European Bioinformatics Institute website 

(http://www .ebi .a c. uk/clustalw). 

Distances were calculated according to 

Jukes and Cantor (1969) one-parameter, 

Kimura two-parameter (1980), Tajima and 

Nei (1987) three-parameter, and Tamura 

and Nei (1993) four-parameter methods 

when software package MEGA 3.0 (Kumar 

et a/. 2004) was used for generation of 

phylogenetic trees. When PHYLIP v 3.6 

software package (Felsenstein 2002) was 

used for the same purpose, distances were 

calculated by using Jukes and Cantor one

parameter and Kimura two-parameter 

methods. 

Phylogenetic trees were inferred by using 

the neighbour-joining (Saitou and Nei I 
1987) and parsimony (Felsenstein 1983) 

analysis methods. Bootstrap analysis was 

based on 100 re-samplings. . For 

neighbour-joining and parsimony analysis 
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both MEGA 3.0 and PHYLIP 3.6c software 

packages were used; and for Maximum

likelihood analysis only PHYLIP 3.6c was 

utilized. 

4.2.2 Results and discussion 
The 1.5 kb 16S rONA of the isolate TR 90 

was amplified and checked in an agarose 

gel comparing with a molecular size 

marker (Figure 4.1). The PCR product was 

purified and cloned in pGEM T-easy vector 

prior to sequencing. The recombinant 

plasmid containing 1.5 kb PCR product of 

TR 90 was named as pMC90 (Figure 4.2). 

The 16S rRNA gene sequence (Figure 4.3) 

of the isolate was deposited in EMBL 

nucleotide database under accession no. 

AM156948. The sequence was used as a 

query to search for homologous sequence 

in the nucleotide sequence databases by 

running BlastN program. The consensus 

sequence, obtained using three replicate 

sequence reads, was compared with those 

in GenBank using the BLAST program. The 

16S rRNA gene sequences of eleven 

different strains of Morganella showed 

99% identity with the 16S rONA sequence 

of TR 90, which substantiated the 

assumption taken from the biochemical 

tests enlisted in Table 4.4. For neighbor 

joining, KITSCH, and FITCH analysis, 

distances were calculated by using both 

Kimura-two parameter (Kimura 1980) and 

Jukes-Cantor one parameter (Jukes and 

Cantor 1969) model with DNADIST. The 

16S rONA sequence of Plesiomonas 

shigel/oides (the most closely related 

species of the Enterobacteriaceae family) 

was used to root all the trees. To 

determine the confidence values for 

bp M 

5000 

1500 
1000 

500 
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Figure 4.1. Agarose gel electrophoresis of the 

amplified 165 rRNA gene from isolate TR 90 

(Lane 1)using primers 27f and 1500r (M, 

marker lane). 

individual branches, 100 bootstrap 

replications were done for each generated 

tree using SEQBOOT and CONSENSE from 

the PHYLIP package. The phylogenetic tree 

obtained with Kimura's two-parameter 

model and the neighbour-joining method 

(Figure 4.4), showed that isolate TR 90 

form a separate cluster with Morganel/a 

species and therefore undoubtedly a 

member of the genus Morganella. The 

same results were obtained when 

phylogenetic distances were calculated by 

using the Jukes-Cantor one-parameter, 

Tamura-Nei three-parameter and Tajima

Nei four-parameter models. The 

maximum-parsimony (Figure 4.5) analysis 

also showed the same result. Sequence 

similarity, based on pairwise sequence 

comparisons, was investigated by using 

complete 16S rONA sequences. 
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4.3 Conclusion 
Phylogenetic analysis based on 165 rDNA 

gene sequence clearly indicated that 

isolate TR 90 is a species of Morganella 

with which it shared 99% identity. In the 

phylogenetic trees obtained by neighbour

joining and maxin;~um parsimony methods, 

TR 90 branched in a cluster with other 

4.4 Summary of Chapter 4 

Chapter 4 

strains of Morganella. The isolate showed 

some differences in biochemical properties 

with the Morganella type strain. Therefore 

further exploration of genomic DNA 

relatedness as well as chemotaxonomic 

features are required for the identification 

of proper taxonomic position of this 

isolate. 

Taxonomic characterizations of forty integron-positive isolates were done following 
principles of ~;~umerical taxonomy. Thirty-two isolates were identified as members of the 
family Entero~pctericeae. Six of the isolates were identified as Pseudomonas spp. While 
two isolates Vlj~f~ identified as representatives of the genus Acinetobacter. Phylogenetic 
analysis of tl;l,p)solate TR 90, using 165 rRNA gene sequence, identified it as one of the 
species of MrJ(P.,anella. 
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Figure 4.2. Construction of recombinant plasmid pMC 90 (not in scale). Amp', gene for ampicillin resistance; 

ori, origin of replication; lacZ, gene for the synthesis of 13-galactosidase. 

1 ggaattcgat tagagtttga tcctggctca gattgaacgc tggcggcagg cctaacacat 
61 gcaagtcggg cggtaacagg gggaagcttg cttctctgct gacgagcggc ggacgggtga 

121 gtaatgtatg gggatctgcc tgatggcggg ggataactac tggaaacggt agctaatacc 
181 gcataatgtc ttcggaccaa agcgggggac ctcagggcct cgcgccatca gatgaaccca 
241 tatgggatta gctagtaggt gaggtaacgg cttacctagg cgacgatccc tagctggtct 
301 gagaggatga tcagccacac tgggactgag atacggccca gactcct;acg ggtggcagca 
361 gtggggaata ttgcacaatg ggcgcaagcc tgatgcagcc atgccgcgtg tatgaagaag 
421 gccttcgggt tgtaaagtac tttcagtcgg gaggaaggtg gtaaggttaa taaccttatc 
481 aattgacgtt accgacagaa gaagcaccgg ctaactccgt gccagcagcc gcggtaatac 
541 ggagggtgca agcgttaatc ggaattactg ggcgtaaagc gcacgcaggc ggttgattga 
601 gtcagatgtg aaatccccgg gcttaacccg ggaattgcat ctgatactgg tcagctagag 
661 tcttgtagag gggggtagaa ttccatgtgt agcggtgaaa tgcgtagaga tgtggaggaa 
721 taccggtggc gaaggcggcc ccctggacaa agactgacgc tcaggtgcga aagcgtgggg 
781 agcaaacagg attagatacc ctggtagtcc acgctgtaaa cgatgtcgac ttggaggttg 
841 tgcccttgag gcgtggcttc cggagctaac gcgttaagtc gaccgcctgg ggagtacggc 
901 cgcaaggtta aaactcaaat gaattgacgg gggcccgcac aagcggtgga gcatgtggtt 
961 taattcgatg caacgcgaag aaccttacct actcttgaca tccagagaac ttagcagaga 

1021 tgctttggtg ccttcgggaa ctctgagaca ggtgctgcat ggctgtcgtc agctcgtgtt 
1081 gtgaaatgtt gggttaagtc ccgcaacgag cgcaaccctt atcctttgtt gccagcgcgt 
1141 gatggcggga actcaaagga gactgccggt gataaaccgg aggaaggtgg ggatgacgtc 
1201 aagtcatcat ggcccttatg agtagggcta cacacgtgct acaatggcgt atacaaaggg 
1261 aagcgacccc gcgagggcaa gcggaactca taaagtacgt cgtagtccgg attggagtct 
1321 gcaactcgac tccatgaagt cggaatcgct agtaatcgta gatcagaatg ctacggtgaa 
1381 tacgttcccg ggccttgtac acaccgcccg tcacaccatg ggagtgggtt gcaaaagaag 
1441 taggtagctt aacctccggg agggcgctta ccactttgtg attcatgact ggggtgaagt 
1501 cgtaacaagg taaccgtaaa tcactagtga attcgcggcc gcctgcag 

Figure 4.3. 165 rRNA gene sequence of the isolate TR 90 (EMBL Accession no. AM156948) 
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.--------------------Piesiomonas shigelloides ATCC 14029T (X74688) 

1---------semdia rubidae DSM 4480 (AJ233436) 

73 

78 

Enterobacterdissolvens LMG 2683 (Z96079) 

'----------Escherichia coli ATCC 43895 (ZB3205) 

Enterobader cancerogenes LMG 2693 (Z9607B) 

'-----Citrobacter freundii DSM 30039 (AJ23340B) 

.--------Pantoea stewartii LMG 2715 (Z960BO) 

100 Erwinia persicinus LMG 11254 (Z960B6) 
'-----------1 

Erwinia rhapontid LMG 26BB (Z96087) 

.---------Hafnia alvei (M59155) 

100 

Morganella morganii Strain AP2B (ABOB9246) 
100 

TR 90 (AM15694Bl 

.~organella morganii Strain CIPA 231T (AJ3016B1) 

100 .---Moellerella 1visconsensis DSM 5676T (AM040754) ...._ ___ ___, 
'------,Providencia rustigianii DSM 4541 (AM0404B9) 

1% 

Figure 4.4. Phylogenetic tree derived by neighbor-joining method showing systematic position of TR 90 within 
the members of the family Enterobacteriaceae. The evolutionary distances were calculated by using Kimura 
two-parameter model. Bootstrap valu-es for 100 replications (only values above 60 are given) are shown at the 
branch nodes. The bar represents one substitution per 100 nucleotides . 

.-------------Piesiomonas shigelloides ATCC 14029T (X746B8) 

95 

92 

Erwinia rhapontici LMG 2688 (Z96087) 

EnviniapersicinusLMG 11254 (Z96086) 

Pantoea stewartii LMG 2715 (Z96080) 

.------ Serratia rubidae DSM 4480 ( AJ233436) 

'------------Escherichia coli ATCC 43895 (Z83205) 

EnterobacterdissolvensLMG 2683 (Z96079) 

Enterobactercancerogenes LMG 2693 (Z96078) 

.------------Moellerella wisconsensisDSM 5676T (AM040754) 

Providencia rustigianii DSM 4541 (AM040489) 

.---------Morganella morganii Strain AP28 (AB089246) 

Morganella morganii strain CIPA 231T (AJ301681) 

65'-------·!TR~9~0!_!(~AM~1~5~69~4_1!!8) 

10% 

Figure 4.5. Phylogenetic tree derived by maximum-parsimony method showing systematic position of TR 90 
within the members of the family Enterobacteriaceae. The bootstrap values were calculated using SEQBOOT 
program for 100 replications (only values above 60 are given). The bar represents 10 substitutions per 100 
nucleotides. 
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