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Abmzract- The treatment of baEt'eriql infections is increasingly complicated due to development of resistance to antimicrobial
zmzres. The present study records, occurrence of tetracycline (TET) and oxytetracycline (OTC) resistance bacteria in the
offzens waste water of Zoologlcal .garden, Sri Lanka. Moreover, corresponding antibiotics resistance genes of the isolated -

. Sz were screened. Four bacterial strains which were resistant'to both TET and OTC were isolated by enrichment culture’
e._:x:ﬁmn ‘following’ standatd pour plate. Different concentrations of OTC and TET (0 - 900 ppm) were used to detect

. WEmomem Inhibition Concentration (MIC) of isolated bacteria using standard pour plate and 96 well plate methods.

EImresomal DNA of the bacterial isolates was extracted and the presence of resistance genes (retd. ter M. ter S) were
arihad by Polymcrase Chain Reaction (PCR). Isolated bacterial strains were identified as Adcinetobacter Junii,
- Briweadacter calcoaceticus, Staphylococcus aureus and Staphiylococcus arletiae by 165 rRNA sequencing. The MICs of the

A, fem? {OFC=480ppm. TET= 540ppm). A. calcoaceticii (OTC= 540ppm, TET= 660ppm). S. aureus (OTC =780ppm,

TET= $403pm). and. S. arleniaé (OTC= 600ppm. TET= 540ppm) were detected rgspectlvely It was identified that S. aureus -
Bear a4, 1 § and tet M genes where rer 4 gene was detected fromA. junii.- A. calcoaceticus. The resistant genes of 1er M
ol wT a wzre derected inS. arletiae. Acinetobacter strains were commonly known for transmitting antibiotic resistance

" g i

mu &t:@%xwemc bactena

wech are aasouau,d with urinary tract infections, pricumonia.and wound infections.- Thus, the finding of the prgsunl
Eds M de comammauon status of antibiotics in the efivironment and it would lead to develop antibiotic resistance in

:hmmﬁmmnon (MIC) .

i, 4. calwa( eticus, S. arlenae, S. aureus, Oxytetracyc]me Tetracyclme antibiotic resistance, memum; )

(tetracyclme

*:at:tena atypical organisms such as
mmwp!asmas. and rickettsiae, and

P]

e

: ?i:mm:nz .ncreasmgly controversxal

doxycycline. .

& w !de range of gram- pomtwc and-

i ‘ . environmental
M\e,wxdely been used for the past”: -

‘f exchange  of
ms:. ~ . complex for a proton. [6]. In Gram-negative bacteria . -
mﬁ mi‘_er ‘annbiotics as ammal growth i

oy wmmwence of resistance in human
mgm mmng mcxdeme of bactenal :

determinants ‘of resistance are transfesred between -
bacteria and: the molecular basis of the resistancé

- .mechanisms:themselves. .

- The increase of TC resistance bacteria is a serious. .
_.issue in receint years, not only in human clinics but -
. -also in other fields such as animal husbandry,

aquaculture _.and etc [4]. Chronic, low-dose -
application. of . TC: for the promotion of growth of -
farm animals, particularly cultured for food, causes

“an increase. in the presence of TC resistant bacteria,

not only in- pathogenlc bacteria but in commensal
bacteria as  well  [5].Three
different spec1ﬁc mechanisms of tetracycline. 7,

. resistance have beéen -identified so far: tetracycline
~ efflux,

ribosome protection  and

tetracycline
modification. . :

_ Ten'acyclinc efflux is achieved by an export proteii 7
'~ from the Major Facilitator Superfamily (MFS). The-
- exporf protein was

shown to function as an
electroneutralantiport system which catalyzes the
.. tetracycline-divalent-metal-cation

the export protein contains 12 TMS (transmembrane

- fragments) ‘whereas in Gram-positive bacteria has 14

TMS. Ribosome protection is mediated by a soluble
protein which ‘shares homology with the GTPases
participating in.protein synthesis, namely EF-Tu and

- EF-G. The third mechanism involves a cytoplasmic

protein that chemically modifics tetracycline. This
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reaction takes place only with the presence of oxygen
and NADPH and does not function in the natural host
(Bacteroides) [6).

The two first mechanisms are the most widespread
and most of their genes are normally acquired via
transferable plasmids and/or transposons. These two
mechanisms were observed both in aerobic and
anaerobic gram-negative or gram-posilive bacteria
demonstrating their wide distribution among the
bacterial kingdom [7].

OTC and TET are the most common analogues of
tetracycline (TC). widely used in Sn Lanka for the
culture of farm ammals and fish. Thus. the aim of the
present study was 1o examine the occurrence of
resistant bacteria for both OTC and TET and identify
the tet (M). tet (S). tet (A) genes which are
responsible to develop tetracycline resistant in
effluent water from national zoological garden. Sri
Lanka.

1. MATERIALS AND METHODS

2.1. Chemicals and reagents

OTC and TET standards, HPLC and Bacteriological
grade chemicals were purchased from Sigma Aldrich.
USA.

2.2. Sampling

The tnplicate effluent water samples were collected
trom three sites in National Zoological garden. Water
samples were filtered through 150um plankton nets to
remove debnises and stored in sterilized bottles and
transported to the laboratory in ice box. Samples were
kept in freezer (-20°C) until further analysis{8].

2.3. Enrichment and isolation of antibiotic
resistance isolates

50ml of water from each sampling sites in 100 mi
erlenmeyver flasks were enniched with inoculating,
TET and OTC at final concentration of 60ppm. Then
the final volume was topped up to 100ml with sterile
water and then flasks were incubated at 25°C = 1" in
100rpm for 14 days in the shaking incubator.

After 14 days of enrichment. imi of sample aliquots
was taken from the flask for isolation and
enumeration of bacteria following standard pour plate

method. LB medium containing 60ppm of TET and
OTC (Lauryl-Bentani (LB) medium; Tryptone. 9.1g:
4.6g. Sodium chlonde. 4.6g: Yeast extract, 4.6g: agar
.13.1: per liter) were used to isolate TET and OTC
resistant bacteria[8].

After three days of incubationat C. bactenal
colonies with different morphological characters were
picked up and re-suspended in liquid LB medium.
Subsequently pure bacterial cultures were sub
cultured and stored in agar slants at -20 °C in LB-
glvcerol media for turther studies and identification
purposes.

"i“

2.4. Determination of Minimum Inhibition
Concentration (MIC)

The LB broth cultures were prepared and a loop of
isolated bactenial strains were inoculated and
incubated at 2&"C. 100 rpm overnight. The turbidiry
of the bacterial suspensions was equalized using
McFarland.

The 96 well plates were used to determine the MIC of
antibiotic for cach isolate. A well in the plate
contained  optimal  density adjusted  bacterial
suspension (10 pl). LB broth and antibiotic (60ppm-
900ppm). Each bacterial strain tested against TET
and OTC in triplicates.

The plate was incubated at 25 “C and absorbance was
taken at 0 and 24 hours incubation using an ELISA
plate reader {Thermo Scientific. USA) at 393nm[9].
The positve control wells in the, plate contained
bactenial isolates and LB brothwhere as negative
control contained antibiotic. LB medium and sterilize
saline water.

28

P

DNA extraction from isolates and PCR
amplification

Genomic DNA was extracted following the modified
method of Kim et al (2004) {10]. A PCR mixture
comained 0.3ul of each primer(10um). 5 pl Go taq
reaction buffer. 0.5 puldNTPs. 2.0 pl from 25 mM
MgCI2 and .1 ul of Gotag DNA polyvmerase.
adjusted to a total volume of 25 ul. Purificd DNA (3
ul) was used as the PCR wemplate. PCRamplication
was  performed  with  BIOLAB  PCR  system
(BYQOO78E-"37. Chinar. An optimized conditions
used for the primers were shown in table 1.

Table 1: Optimized PCR conditions for tet (4. ter (M) and tet (S) genes

T T
'[ ' | POR ann=ahing
Prunel pau { Sequense i femperan e PoAnpiicon size aps
: . | . | R,
Ter A-FP GCOGCOGATCTGGTTCACTCG < ; -
Ter 4-RP AGTCOACAGYRGCGL CLGC o o
JeiAf -FP GTTAAATAGTIGTTCTTGGAG 48 e
Tet M- RP CTAAGATATGGCTCTAACAA ° )
Ter S- FP CATAGACAAGCCOTTGACC 0 »
TS RP CATGTTTTTOGAACGACAGAT ’ ne
. . -
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26 ldentlﬁcatton of OTC andLTET remstance
- bacteria

The bacteria isolates were subjected to gram stax '
-__blochemlcal tests for tentative identifica
“Confirmations of the bacterial strains were done” by
168 rRNA‘gene sequence ana]ysxs

: lll RESULTS AND DISCUSSION

‘,'Human and animal pathogenic . and potentxal]y
~path0gemc bacteria are constantly released . with
" wastewate
‘bacteria- harbor antibiotic-resistance genes, eventially

msened ifito ‘genétic mobile. platforms (plasmids; -
‘integrons) able to spread among. water"

- transposons
~and sml bactenal communities as well

N Se eral studles have suggested that mcreasmg use of

antibiotics has promoted the dtssemmanon ‘of
anttbxotlc tesistant bacteria and resistance genes in
.~ the localizéd natural environment (Popowska et.al,

: 2012) Chee:Sanford et al.. (2001) observed .that fecal -

'wasfe frofii” animals could be a ma)or source "of
oo resnstant bactena to various environments.”

resenlstﬁdy' eiamined the occurrence of TET and

-“OTC tesistance bacteria in cfflucit water taken from4

national zoologtcal garden in Sti Lanka and “theit
MIC for tested antibiotics.

3

L The samphng sntes in present study do not dlrectly '
7 receive antibiotics, but contaminatcd via waste water-

which. discharged from animal -cages and fecal
=matters. The: OTC and TET contammatnon levels of

> effluent ‘water were recorded- as 0007 %0. 043ppm
and 0; 003 10 002ppm \especnvely [8] Thus, there 1s

Ac meloba( te/ ‘
am -eus - -and

-

are  aerobic gram negattve
. coccobacnlh ¢ommonly present in soxl rand water as
free- hvmg saproph\tcs lnfecnons associated
- with Acinetobacter spp. include vennlator associated:
L pneumonia, skin and soft-tissue, infections, ‘wound
infections, ' urinary tract mfecnonSt pentomtxs
», secondary menmgms and bloodstream mfectlons_

N s Acmetobauw Junii,
i calcoaceucus .- Staphylococcus
Slaph‘vlococcus arletlae

resistance to-multiple antibiotics’ among such

§nd .
on. .

into the aquatic envtronment Many’ of :

3 tsolated bacterla .

[13]. Their opumism was shaken by the emergence of -

o pathogens as Staph\ dococcus aureus, Streptococcus.
¢ h: aerugmova.f

- Table 2:MIC of OTC .and TET resistance bacteria

'

i Namw aof isatute : MIC

. i ST ey,
i donii A80pp S0pp
i o : .
LA cadeanecriony S Wiy ; At
= . e T e e
AR IR - Txbppm L NaOppm
by urlertay OO0pPM S

The MIC values for the bacteria isolates were shown
in table 2. Each.isolate had MIC greater than 420ppm
for both TET and OTC. Among 4 isolates from TET
and OTC resistance, S. aureus: had MIC greater than
700ppm for both TET and OTC. ,

In particular, over use of antibiotics in “human therap)
as well as in veterinary therapy. is. probably a major
source of antibiotic-resistant _organisms  and
antibiotic-resistancegenes  released ~- into  the
environment. )

3.2 Detection: of tct (A), tct (M) and te (S) genes in

657 b wep

’ 1:S. areds, 2: S.
ealcoacencm 5: Negative

{b). Presence: of
arlentae, 3:A.jun‘n_ 4:4
control :

667 'bp
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Figure 1: Presence of rer (A). ter (M) and tet (S) genes
in resistance genes. (a) ter (4)-167bp: (b1 ter (M)-
65Tbp : (¢} ter (S) — 667bp (M-100bp ladder. P-
positive control)

It was detected that S. aureus bear tet 4. ter S and rer
M genes.One of the resistant gene (ter 4) was
detected in the isolates of A. junii. A. calcoaceticus
where two resistant genes (tet M and rer §) were
detected in S. arlenae.

The previous studies showed that 21-96% of TC
bacteria possessed the rer (M) and rer (4)genes.
suggesting that le/ (M) and tet (A) are a significant
contribution to the TC mechanism in environmental
bacteria. The possessing rate of tet{M) and tet (A)
were almost the same between isolates from culture
plates with high and low concentrations of TC.
suggesting that rer (M) and rer (4/possessing rate was
not depend on TC level [15}].

The bacterium S. aureus bear all three genes and
show highest MIC values (OTC=780ppm. TET =
840ppm) for both TET and OTC respectively. The
present study showed that among the 4 isolates §.
aureus showed more resistance for TET and OTC
respectively.

The long-term dispersion of liquid manure on tields
may result in serious contamination. especially when
certain antibiotics, such as tetracycline. accumulate in
the environment. Previous studies reported. that a
broadcr range of bacteria including Vibrio sp.. L.
garvicae and P. damsela and subspecies in
Staphviococccuswith tet (M) and ter 74} in diseased
fish [16]. Widespread presence of ictracveline
resistance genes 1s thought to be due w0 broad-hosi-
rangc conjugative plasmids and transposons that may
play a significant role in dissemination of resistance
among clinically important species | 7).

The impact of antimicrobial drugs administered 10
animals in terrestrial and aquatic environments
depends not only on the used amount and the tvpe of
administration.  but also on ammal husbandry
practices, metabolism within the animal. manure
handling and storage and degradation rates in it. Also
the long-term dispersion of liquid manure in
environment may result in serious contamination.
especially  when certain  anuibiotics.  such  as
tetracycline. accumulate in the environment [4].

Antimicrobials released into the environment can
enhance the formation of single, cross- and even
multiple resistances in pathogens, commensal and
environmental bacteria [17. 18]. The role of
antimicrobials in the development and maintenance
of single or multiple antibiotic-resistant bacterial
populations. especially pathogenic bacteria. is stll a
subject for further studies.

Therefore. further studies are necessary to fully
understand of the distribution ~mechanisms  of
tetracycline resistance genesin envirenment.
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