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ABSTRACT

Chloramphenicol acetyl transferase (CAT) is an emzyencoded by plasmids that detoxify the antibiotic
chloramphenicol. It is responsible for chloramphemiresistance in bacteria. Chloramphenicol acdtghsferase
covalently attaches an acetyl group from acetyl-GoAchloramphenicol which prevents chloramphenitom
binding to ribosomes. CAT is used as a reporteregmiarker for the successful uptake of the genstefast. It is
used to measure chloramphenicol in body fluids alsg to inactivate chloramphenicol where the amtiisi has
been added as potential reversible inhibitor oftpio synthesis. Production of CAT enzyme is a ydirelquented
area and hence it will be of great use if an indiges methodology is developed to produce CAT enwjtneost
effectiveness. Commercial synthesis of this eng/ommplicated and is expensive too. Hence theoditine study is
to isolate CAT producing microbes from soil by inlating the soil in nutrient agar containing chlarghenicol as
substrate, thereby only those organisms that cakem#se of chloramphenicol will survive and multipkhis
screening resulted in 44 isolates and all of thearencharacterized by macroscopy followed by miapgcand
biochemistry. Of these 44 isolates 4 were shoetlistnd were gene sequenced. The short listed stvaéne coded
as BDU2, BDU3, BDU4 & BDU5 and their sequence wagasited in gene bank.

Key words: chloramphenicol acetyl transferase, chloramphénjeme sequence.

INTRODUCTION

The enzyme chloramphenicol acetyl transferase d@sxhe antibiotic chloramphenicol and gives sesice to
chloramphenicol in bacteria. Chloramphenicol is finst antibiotic to be synthetically manufactured a large
scale. Chloramphenicol acetyl transferase covaleithches an acetyl group from acetyl-CoA to @ragohenicol
which prevents chloramphenicol from binding to bmes [1]. The biochemical mechanism of bacteeisistance
to chloramphenicol is the inactivation Bracetylation of the antibiotic, a reaction catatyssy chloramphenicol
acetyl transfesrase (CAT) (EC 2.3.1.28) with ac€yA as the acyl donor. Bacterial resistnce to dhébiotic
chloramphenicol, an inhibitor of the peptidyltragsfse activity of prokaryotic ribosomes, is commocdnferred
by the enzyme chloramphenicol acetyl transferajeJAT is used as a reporter system to measurdetted of a
promoter or its tissue specific expression. Baategsistance to chloramphenicol is mediated thindbg enzymatic
action of CAT [3]. The enzyme is cytoplasmic aattameric in all bacterial species examined to,datssisting of
four identical catalytic subunits, the molecularigte of which is approximately 25000 Da [4]. Most of tBAT
characterized to date constitute a family of prigehat catalyse the acetylation of chloramphenidth variable
efficiency. Each purified CAT preparation was shawexit as tetrameric protein with a native molacwveight of
80,000 Da and 4 identical subunits size of 20,0aJ%). The optimum Pneeded for CAT production is 7.8 [6]. It
was found thak.colil strains carryingransmissible elements for chloramphenicol rescgtamere able to inactivate
the drug rapidly and completely. ChloramphenicaistantStaphylococcivere screened for the presence of CAT
and were found to contain inducible chloramphenicattivating enzyme. It has been found that ndy &ncoliand
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other gram negative bacteria with R factor, bub alsat some naturally occurring isolates of thermgiaositive
pathogens lik&Staphylococcus aurewsn inactivate chloramphenicol [3]. It is leafmatt naturally occurring strains
of chloramphenicol resistant staphylococci also taimed CAT. Plant mitochondria are also sensitige t
chloramphenicol suggesting that CAT may be a gabectable marker for plant mitochondria transfoiora{1].
All CAT varients behave on poly acrylamide gel #&lephoresis as same. Bacterial resistance to ahlameanicol
was demonstrated in various strains of bacteriav B& them areEschrichia colj several multiple resistant
Staphylococcus epidermis, Haemophilus parainfluen3saphylococcus faecaisdMorganalla morgani

MATERIALSAND METHODS

Five different soil samples were collected fromfatiént locations i.e hospital waste dumped soitrgbebunk,

Trichy distilleries effluent, soil containing lakaiory waste and garden soil. Collection of the saihple and its
physical nature assessment were done by standatase[7, 8]. Soil microbes were isolated by sedidlition

method using nutrient agar enriched with chloramjatté and isolates were identified by macroscopigrascopy,

and biochemical methods. Macroscopy was mainlyamkihg for the isolate’s colony morphology, sizelour

odour and appearance [9]. Microscopic observatlikes size, shape and motility was done by simphlEngatg,

Gram'’s staining and motility of the isolates [1Bhysiological and metabolic characteristics ofrtfieroorganisms
were assessed through biochemical tests. The folgptests were done to identify gram negative teslagrowth
on Mancconkey’s agar, Manitol motility salt agdrjple Sugar Iron agar, Indole reaction, Methyl ,r&tbges
Proskauer, Citrate utilization, Nitrate reducti@ecarboxylation of lysine, ornithine and arginifenylalanine
deaminase. In addation, tests for the productiorefymes like Urease, Oxidase, Catalase, Gelatinase
Coagulase were done. The isolates were also |ofwketieir Carbohydrate fermentation ability. Thédwing tests
were done to identify gram positive isolates. Bixical tests done were Peptone water with 6.5%, Neathlase,
Gelatinase and Carbohydrate fermentation test [11].

Extraction of DNA, 16srRNA sequencing and Phylogenetic analysis

Bacteria were grown for 48 hrs at eithePQ®r 37°C on LB agar. Whole cell DNA was extracted using thethod
of Gillings and Fahy [12]. Amplification of 16S rENgene was done using universal primers. PCR aivgiibn
products were electrophorectically separted on lag#rose gel prepared in 1x TAE. The gel was rur2 fors. at
50V. Staining was done with ethidium bromide andtpgraphed.

The PCR product of the amplified region was disesttquenced by 16S rRNA sequencing. It was dordi-dgoxy
chain termination method and the sequences wageealiusing chrome software and homology was idedtifith
NCBI BLAST tool with genetic analyzer at EUROFINSvPLtd., Bangalore. The Phylogenetic trees were
constructed using the neighbor-joining, minimumlation and maximum parsimony methods from MEGA \tams
3.1. The genetic distance was calculated with Kaisutwo-parameter model. The resultant rooted topelogies
were evaluated by bootstrap analyses based onrgp06ations [13].

RESULTS

Physical nature

A total of five different sites were selected atuthirappalli city for collection of soil samplesll sites were
exposed to different kinds of environmental potuati A site at which the soil sample was collecteKauvery
Medical Center, Tiruchirappalli that was dumped hwitospital wastes. Another site was at Petrol Bunk,
Tiruchirappalli exposed to Petroleum products. Sainple collected from Trichy Distilleries is riéh effluent
containing dirt, organic waste and chemicals. Towth site at which the soil sample was collecgedaboratory
Waste dumped with organic wastes. Fertile cultoratand is the next site which is rich in humuse Tollected soil
samples were coded as JKM, JPB, JTD, JLB and J@&idal natures of the samples were of sandy, sdichisr
clayey. Colour of the sample varied from dark braawmeddish brown and the smell was earthy or wffluent or
sewage smell or unpleasant (Table 1).

Table 1 Physical nature of soil samples collected
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S Site Sample Natur e of the environment Soil char acteristics
No code

Kauvery Medical cente IKM Exppsed to various organic wastes Clay, dark brown, Wet & earthy .

Trichy. environmental stress
2 | Petrol bunk soil, Trichy. JPB Er)(o%oj:tg to sediments of various petrolg Clay, dark brown, Wet & earthy.

. T Exposed to contaminatd Semisolid, dark brown, Wet liquid &
8 | Trichy Distilleries effluent JTD with dirt, organic waste and chemicals unpleasant.
4 |Laboratory waste JLB Exp_o sed to various organic wastes Clay, dark brown, Wet & earthy.
environmental stre

5 |Garden soil JCG Fertile cultivation land rich in humus s:r?ﬁ)y,’ reddish brown, free powdergd,

Biological analysis
All the 5 samples were rich in bacterial populatfoom which 44 individual isolates were chosen base their
unigueness in colour, texture, shape etc. fohéuridentification (Table 2).

Table 2 Bacterial population in the soil samples

S.No. | Samplecode | No. of isolateschosen | Bacterial population
1 JKM 08 Innumerable
2 JPB 05 Innumerable
3 JTD 05 Innumerable
4 JLB 11 Innumerable
5 JGS 15 Innumerable
Total 44

JKM-Kauvery Medical Center: JPB- Petrol Bunk: JTDriehy Distilleries: JLB — Laboratory Waste : G&arden Soil

M acr oscopic natur e of the isolates

The macroscopic natures of isolates vary sligl@ylony morphology of 24 isolates were circular|daled by 10
irregular, 8 irregular raised and 2 circular rais&lllisolates were pale yellow in colour. 29 isels had pungent
odour and 15 were odourless.

Microscopic nature of theisolates

Microscopic study of the isolates showed the shaqmile nature and gram’s nature. The shape oisthlates was
of rod or cocci. 54% of the isolates were of rodd. 81% of the isolates were motile. The isolat® of both
gram positive (39%) and gram negative (61%).

Biochemical nature, Enzyme analysis and sugar fer mentation

The isolates were identified by various biochemiegts, enzyme analysis and sugar fermentationusGkvel
identification of the selected isolates was madehejr biochemical nature and it was observed thast of the
isolates showed the biochemical nature of the g&taghylococcus, E.cadind StreptococcusSome of the isolates
showed the characteristic featureBatillus andEnterobacter.

Table 3 Details of short listed & gene sequenced isolates

S.No. | Soil sourcecode | Isolatecode | Binomial name of theidentified isolates | Gene Bank Accession No.
1. JKM -1 TJBDU2 B. cereus JX503931
2. JPB -5 TJBDU3 | Staphylococcus hominis JX503932
3. JTD-3 TJBDU4 | Ochrobactrum intermedium JX503933
4. JLB -7 TJBDUS | Enterobacter sp JX503934

Extraction of DNA, 16srRNA sequencing and Phylogenetic analysis
DNA was extracted from the four shortlisted isosa(BDU2, BDU3, BDU4, BDUS5) and the region was arfigd
using universal primers and subjected to nucleat@tpiencing by gel electrophoresis (Fig.1). Thelifiegh product
was found to have 614, 1424, 1454, 1354 base pgairsBDU2, BDU3, BDU4, BDUS5 respectively. The
phyolgenetic tree was constructed (Fig. 2, 3, 8)& The aligned sequence was deposited in GenBdrdy were
identified and coded as TJBDU2, TJBDU3, TJBDU4, aniBDU5 with the accession number JX503931,
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JX503932, JX503933, and JX503934 (Ta3) and they were identified d&. cereus, Staphylococcus homil
Ochrobactrum intermedium, Enterobacte. respectively.

Fig. 1 Gel electrophoresis of isolated DNA

Lane 1: Marker, Lane 2: BDULane 3: BDU3, Lane 4: BDU4
DISCUSSION

Soil samples were collected from the sites thatevexposed to different kinds of environmental pants as they
may be enriched with varied group of microorganisBuil is a rich source of diverse group of micrela@d thei

characters are influenced by physical, physicocbhahdand chemical nature of the soil. Soil microoigms are

responsible for therbakdown of organic matter including hydrocarbarm)version of inorganic components fr(

one form to another and the production of humud. r8wroorganisms play an important role in maintag soil

quality [14, 15].To find out a novel source organi for CAT enzyme, a total of five different samplegre

collected from different environment viKauvery Medical Center, Petrol Bunk soil, Laborgtavaste, Trichy

Distilleries effluent andsarden soil and their physicochemical characters awaalyzed

The results revealed that the samples taken Kauvery Medical Center, Petrol Bunk soil, Laborgtaraste are
clayey, dark brown, wet & earthy (Table 1). Thes@ma may be the presence of moisture and much @har
wastes. The sample frofrichy Disiilleries effulent issemisolid, dark brown, wet liquid with unpleasamted and
it could be due to the chemical nature of the efftand the action of microbes on it. Small lumgseaobserved i
the sample collected frofirichy Distilleries and it could be due tihe presence of distillery waste mater Garden
soil sample wasandy, reddish brov and finely powdered which may be due to ¢ihganic content and weatheri
processColour of the samples varied from dark brown todiskd brown depending upon the site from where
samples were collected (Table 1). The colour ofst@plesJKM, JPB, JLB may be due to the presence of orc
matter and humudDark brown colour of tt Trichy Distillaries may be due to its continuougpesure to the
effluents. The sample taken from the gardenwasreddish brown. The richness of decomposed vegetedxtes
and other materials may be the reason for Presence of innumerable ba@épopulation indicates the richness
soil in terms of nutrient. Garj46] reported that soil microbial communities are knawrbe remarkably comple
and the estimates of soil diversity are as hig8.281¢ unique genomes per 30g of soil.

From them a total of 44 isolates were selectedffiother studyconsidering colony morphology, colour a
macroscopic naturelhe different pigments produced by the bacterialaigs may be the reason for their
yellow colour. The reason for the pient odour could be its metabolic produ@sme of the isolates were bac
and some were coccid in shape. A few of them weremotile and the rest were motile. Most of thdatss were
gram negative and some of them were gram posBased on the bchemical nature, the individual response
the isolates to various chemicals and polysaccearidere exhibitedLogan and Berkely [1, reported that
bacterial species are with characteristic biochatrdmd morphological features and the strains ined showed
little variation. On the other har[d8] isolated CAT producing organism from fish also meed the isolates wit
transferable R plasmid€8ased on macroscopic, microscopic and biochemasallts 4 isolates were shortlisted :
subjected to genus level identification. Based 68 'RNA sequence the isolates were identifieBacillus cereus,
Staphylococcus hominis, Ochrobactrum intermedand Enterobacter spand hey were deposited in Gene bz
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and their accession numbers are JX503931, JX50338303933, JX503934 respectivelRoberts et.al [3]
characterized three chloramphenicol acetyl transteisolated frorHaemophilus influenze

By this preliminary study 4 different genera of mises producing chloramphenicol acetyl transferasee
identified. On the basis of the data esented it can be concluded thatoduction of chloramphenici
acetyltransferases possible from soil microls identified. Considering the simplicity and relility of the
biochemical methods, increased production of CAf loa done at a lower cost in India if further exptmns are
made. The high cost incurred in buying and impgrtihis enzyme from foreigcountries can also be lesset
considerably with the production of CAT India itself.

Fig. 2 Phylogenetic tree of 16srRNA for TIBDU2

& Eacillus barbaricus strain U2- Bk A2 165 ribosomal BkA, partial sequence
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Fig.3 Phylogenetic tree of 16srRNA for TIBDU3
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Fig.4 Phylogenetic tree of 16srRNA for TIBDU4
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Fig.5 Phylogenetic tree of 16srRNA for TIBDUS
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