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ABSTRACT

Recently environmental metagenomics are useful methodology to study microbial
diversity in the environment as well as functional metabolic genes. This study was also
based on metagenomic method to discover antibiotic resistance genes from aquatic
environments. To create a metagenomic library, the environmental DNA was extracted
from water and sediment sample of Thi Nghe canal, Ho Chi Minh City. Total DNA then was
fragmented by sizes of 1-3 kb and inserted in to pUC19 plasmid. After transformation into
E.coli DH5« host, transfomants were screened by growth on a minimal inhibition
concentration (MIC) of antibiotics. Results showed that antibiotic MIC values for Ecoli
DH5aHUC19 used as a negative control are 5.g/ml gentamicin, 6.g/ml chloramphenicol, and
50g/ml streptomycin and 30xg/ml tetracyclin. From a newly created environmental DNA
library of 1.315 mega bases (337 transformants) 176 clones resistant to gentamicin and 284
clones resistant to chloramphenicol were found, but either recombinant resistant to
streptomycin nor to tetracycline. Because of timing limited for a Msc. study, the sequences of
clones have not been verified yet. However, primarily results showed here indicate that the
antibiotic resistant gene(s) from an aquatic environment in Ho Chi Minh city could be cloned
for further studies.
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1. Introduction be a pool for accessing the untapped

It has been estimated that less than 1%  resources of microbial biodiversity, which
population of microorganisms in our earth ~ was larger than that seen by traditional
are cultivable, especially, only 0.1% known ~ methodologies *'* 3% Recently some
in marine environment?”).  Many useful ~ functional genes such as synthesis of
microorganisms have being used in the biocatalysts, enzymes, antibiotic and anti-
industry and environment. Microbes are  biotic resistance genes have been reported
powerful bioconversion “machines” that  from metagenomic libraries.
play important roles in degradation of Antibiotic resistance genes are gene-
natural as well as synthetic compounds rally cloned by a targeted PCR from a
including drugs or antibiotics, thus many of  cultivable microorganism. This method can
them are antibiotic resistant. not assess the major uncultivable popula-

Metagenomics, the genomic recon-  tion of microorganisms that is believed to
struction from environmental samples can  be more than 99%*%"#  thus novel
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antibiotic resistance genes are still under
recovered™.

The polymerase chain reaction (PCR)
can be wused for cultureindependent
isolation of antibiotic resistance genes
from environmental samples *°2%]  but
only accesses genes that are similar to
known sequences and often does not
recover complete genes. Here we circum-
vented the limitations of both culturing and
PCR based methods by extracting total
DNA directly from environmental sam-
ples and cloning it, thus constructing
libraries include the genes of uncultured
microorganisms™. Clones exp-ressing vari-
ous enzymes reported previously (222123
were from environ-mental metagenomic
libraries (2.

To construction of a metagenomic
library, several vectors have being used
such as Fosmid vector ?*, Cosmid M, BCA
vector %8 or plasmids ! and the host can
be E.coli &MY or pseudomonas sp ¥
depending on purposes. This study was
based on construction of a metagenomic
library using plasmid pUC19 and host
E.coli DH5a. The environment site for
study is Thi Nghe bridge that belongs to
Thi Nghe canal in Ho Chi Minh city.

For screening antibiotic resistant E.coli
strains  bearing recombinant pUC19
plasmids, 4 common antibiotics such as
gentamicin, tetracycline, chloramphenicol,
streptomycin were used.

2. Experimental procedure

2.1. Materials and chemicals

Wizard® SV Gel Kit and PCR Clean-
Up System (Promega) were purchased from
Promega. Antibiotics were from HCMC
Food Drug Quality Control Institute.
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Restriction enzymes were products of
Invitrogen. All other chemicals used were
highest purity.

The E.coli strain DH50 (F @80dlac-
ZAM15 A(lacZYA-argF) U169 deoR recAl
endAl hsdR17(rk, m'k) phoA supE44 X thi-
1 gyrA96 recAl) (Life Tech-nologies) was
used as the host strain for maintaining libra-
ries. Strains were grown in LB- medium with
100pg.ml* Amp and if it is necessary, an
appropriate antibiotic was added.

2.2. Sampling and samples storage:

Each time, 5 litters of canal bottom water
containing top-layer of sediment samples was
collected from Thi Nghe canal. Samples
were immediately transferred to the labora-
tory and centrifuged at 12,000 rpm 4°C for
10 min. Cell pellet was immediately under
step of extraction of total DNA or stored
under — 80°C for later use.

2.3. Determination of MIC (Minimal
Inhibition Concentration) of E.coli DH5
a/puCio.

Minimum inhibitory concentrations
(MICs) were determined using microtitre
plate dilution assays in LB broth with the
various concentrations of each of 4 anti-
biotics. The lowest concentration of anti-
biotic at which E.coli DH5a/pUC19 does
not growth is defined as a MIC.

2.4. Extraction of total
environmental samples.

Total DNA from pellet containing cells
was extracted by manual protocol. In that
protocol, pellet (from about 1 liter sample)
was re-suspended by 200ul solution (Tris-
HCI pH 8.0) and then 5.5ul protease K and
15ul 20% SDS added and mixture was
incubated for an hour at 37°C. After that 30
pl CTAB and 30 pl 5M NaCl were added
and mixture was further incubated at 65°C

DNA from
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for an hour. The treated sample was
extracted three times with same volume of
P:C:1IAA mixture. Each time, after 10 min
shaking by hands mixture was centrifuged
at 14,000 rpm for 5 minutes. The
supernatant finally was precipitated with
2.5 volume of ice-cold 96% ethanol and
1/10 volume per volume of 3M
CH.,COONa, pH 4,5, and stayed at -20°C
for 15-20 minutes. Total DNA pellet after
collected by centrifugation was air dried
and re-suspended by 50 ul TE buffer.

2.5. Construction of recombinant
pUC19 caring inserted DNA fragment from
environment samples.

Total DNA was digested with 3 pairs
of the restriction enzymes: Hindlll -
EcoRI; Hindlll - Kpnl; or Hindlll —
BamHI, respectively. DNA fragments
from 1- 3kb were cut out and purified by
kits and then inserted into the same
restriction enzymes sites (multicloning
sites) of pUC19. The ligated mixture was
transformed into E.coli DHSa host cell and
plated onto LB-Amp agar for numeration
of tranformants. The table below is the
designs of ligation mixture.

Table-1: Insertion of the fragments

into pUC19 vector:
Tube Hindlll- | Hindlll- | Hindlll-
EcoRlI Kpnl BamHI
DNA fragment 6l 6l 6l

pUC19 vector 6l 6l 6l
Ligation buffer 2ul 2ul 2ul
10X(with ATP
at 10mM)
H,O 6l 6l 6l
T4 DNA ligase 2ul 2ul 2ul
(3U/ml)

2.6. Screening transformants for anti-
biotic resistance clones.

Transformant were replicated on to
LB-Amp and LB-Amp containing an
additional antibiotic with MIC: 50ug.ml”
streptommycin,  30ug.ml*  tetracycline,
5ug.ml* gentamycin or 6ug.ml* cloram-
phenicol, respectively. Plates were incu-
bated overnight at 37°C. Positive clones
were verified by growth in both types of
plates and in construct with the negative
control of E.coli DH5a/ pUC19 that can
only grow in LB-Amp.

3. Results

3.1. MIC values of E.coli DH5o/pUC19

The minimum inhibitory concen-
trations (MICs) of 4 antibiotics obtained
on the E.coli DH5a/pUC19 were various
from 5- 50 ug/ml depending on type of an
antibiotics used. The tables below are
results of MICs determination with 4
antibiotics.

MIC value of chloramphenicol is 6pg/mi,
of streptomycin is 50ug/ml, of gentamicin is
5ug/ml, and of tetracycline is 30pg/ml.

Table-2a: MIC of chloramphenicol [(+) : growth,(-): no growth]

Chloramphenicol concentration (ug/ml) 1 2 3

4 5 6 7 8 9 10 11 12

Growth of DH5a/pUC19 + + +

+ +

Table-2b: MIC of streptomycin [(+) : growth,(-): no growth]

Streptomycine concentration

(kg/ml)

10 15 20 25

30 35 40 45 50 55 60 65

Growth of DH5a/pUC19 + + + +

+

34



Tap chi Pai hoc Thi Dau Mét, s6 5 (18) — 2014

Table-2c: MIC of gentamicin [(+) : growth,(-): no growth]

Gentamicine concentration (ug/ml) 1 5
Growth of DH5a/pUC19 +

Table-2d: MICs of tetracycline [(+) : growth,(-): no growth]
Tetracycline concentration (pug/ml) 5 10 30
Growth of DH5a/pUC19 + +

2. Creation of an environmental meta-
genomic

Figure-1: From left to right
lanes, DNAs extracted from
sediment (lane 1) and from
water (lanes 2 and 3). 2ul of
50 g of total DNA loaded per

a lane.

The first step of making a metagenonic
library from an environmental sample is
total DNA extraction. In figure-1, the
concentration of DNA extracted from
sediment sample is higher and more smear
band than that of DNA extracted from
water sample. This may indicate that DNA
from sediment sample is more diverse thus
it is better use for purpose of mining a
novel functional gene.

Environmental DNA extracted was
digested by each pair of HindllI-EcoRl,
Hindlll-Kpnl, or Hindlll-BamHI. The
figure-2  shows environmental DNA
fragments cut by size 1-3 kb.

Figure-2: from right to left, DNA ladder (lane-1),
sediment DNA digested by Hindlll-EcoRI (lane-2), water
DNA digested by Hindlll-EcoRlI (lane-3), sediment DNA
digested by HindllI-Kpnl (lane-4), water DNA digested
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by Hindlll-Kpnl (lane-5), sediment DNA digested by
HindlI1-BamHI (lane-6), water DNA digested by HindlIlI-
BamHI (lane-7), pUC19 digested by either HindllI-EcoRl,
HindIlI-Kpnl, or Hindlll-BamH]I (lanes: 8,9,10)

DNA fragments and pUC19 vector
were tested to determine DNA ratio in
ligation mixture.

DNA
fragments

pUC19

Figure-3: Testing DNA fragments and pUC19 after
extracted by kit gel extraction.

DNA vector: fragment in ligation
mixtures was 1:1 as showed in table-1, this is
the best ratio giving a highest transformant
counts. Results showed that for 3 ligation
mixtures (3 types of digested DNA fragments
total of 678 clones (table-3) were obtained.
From that 17 clones were picked up to verify
the insert. As it is showed in figure-4, all 17
clones carried inserts. All most plasmid had 2
bands of fragments, which are indication of a
right insert. The remaining lanes showed
only single bands these may due to the size of
insert equals to the size of vector or the two
vector was ligated together. For the higher
size single band, the plasmid may be
contained an insert but the restriction enzyme
site were altered during ligation step.
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Figure-4: Left picture: DNA ladder (lane-1), 8 transformant plasmids digested with Hindll1-EcoRI (lane
2-9); pUC19 digested with HindllI-EcoRI (lane-11) Right picture: DNA ladder (lane-1), 9 transformant
plasmids digested with HindllI-EcoRI (lane 2-8) by Hindlll-Kpnl (lane 9-10), pUC19 digested with Hindlll-
EcoRlI (lane-11).

Thus we have been otained 3 libraries with 1-3 kb inserts from environmental DNA.
The inserted size was calculated using DNA ladder. Size of total 3 libraries was estimated as
shown in table-3 yield about 1.3 mega bases.

Table 3. Characteristics of water metagenomic library

Library vector Enzyme used for cloning No of | Average insert | Amount of cloned DNA
name clones size (kb) (mega bases)

LT1 puC19 Hindlll and EcoRI 273 1.62 0.45

LT2 puUC19 Hindlll and Kpnl 55 2.3 0.13

LT3 puUC19 Hindlll and EcoRl 350 2.1 0.735

3. Screening for antibiotic resistance clones

After screening 337 transformants with each of 4 antibiotics, we found 167 clones
resistant to 5 pg/ml gentamicin, and 284 clones resistant to 6 ug/ml chloramphenicol.
Neither growth was found on plate containing 30 ug/ml tetracyclin nor 50 pg/mi
streptomycin. 7 clones from those positive ones and re-grown in 5 pg/ml gentamicin (Fiure-
5A) were checked with their plasmids for the inserts. Figure-5B shows among 7 clones 5
had inserts (lanes 2, 4, 5, 6, and 7). 2 others ones were non-specific inserts.

Figure 5B: Testing plasmid of gentamicin

resistance from left to right, DNA

Figure 5A: Testing the expressing resistance ladder(lanel), clones HE239(lane 2),
antibiotic of specific clones (167/337). HE243(lane 3), HE263(lane 4), HE264(lane
DH5a/pUCL19 is negative control on LB- 5), HK312(lane 6), HK313(lane 7),
Amp/gentamycin(5ug.ml™) HK325(lane 8), HE/pUC19(lane 9).
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4. Discussion

Metagenomic analysis has advantages over
cultivation or PCR-based methods for isolating
antibiotic resistance genes because of several
reasons below ™:

The result here with 50% and 84% of
transformants were resistant to gentamicin
and chloramphenicol, respectively, are
abnormal high frequencies. We do not have
any suitable explanation for these at this

time point. The plasmids of positive
antibiotic resistant must be verified by
sequencing and compare with known
sequences. Once sequence of genes were
verified we can further studied in which
way the resistance was done.

5. Conclusion

The aim of study was to clone the
antibiotic resistance genes from environ-
mental DNA has been archived for
gentamicin and chloramphenicol. Obtained
E.coli DH5a clones expressed antibiotic
resistance properties on agar plates, but
their recombinant plasmids have not been
further verified by DNA sequencing. This
work has contributed to the type of study
on a functional gene from a metagenomic
library.

— provides access to uncultured mic-
roorganisms,

— does not require prior knowledge of
gene sequences,

— recovers complete genes.

Although having several advantages as
above, in this study, we have realized that
the first difficulty is to obtain the high
purity of the total DNA extracted from an
environmental sample. This DNA often
contain un-purity substances thus interferer
with enzymatic reactions. The second
difficulty is a suitable expression system
for an interest functional gene. The third is
that working with antibiotic resistance
strains defined by its growth on MIC —agar
plate, however, the growths may include
artifact from contaminated ones.

*

THU NHAN CAC POAN GEN KHANG SINH TU MOI TRUONG TU NHIEN
Mai Thi Ngoc Lan Thanh®, Lé Phi Nga®
(1) Trong Pai hoc Thii Dau Mét, (2) Triong Pai hoc Khoa hoc Tie nhién (VNU-HCM)
TOM TAT

Gadn ddy, thu vién gen thugc vé méi trieong hitu dung cho cdc phwong phdp nghién ciu
da dang Vi sinh Vdt trong méi trwong ciing nhw cdc gen c6 chire ndng trao doi chat. Nghién
CitU Ny dira vao phwong phdp thie vién gen dé kham pha ra nhizng gen khang khang sinh ti
méi triwong nwde. Pé tao ra dwoC Mot thie vién gen, DNA dwoc tach tir mdu nwéc va mau
bun cua kénh Thi Nghé (thanh phé Ho Chi Minh). DNA tong sau dé cdt thanh nhing doan
CO Kich thuoc tr 1-3kb va sau do nhirng dogn DNA nay sé duoc chén vao plasmid pUC19.
Sau khi chuyén gen vao té bao E.coli DH5¢, nhiing té bao chuyén gen dwoc khdo sat suw
phét trién trén méi trwong bé sung nong ic ché toi thiéu cua khang sinh. Cac két qua chi ra
rang gia tri nong do ¢ ché toi thiéu cua khang sinh danh cho ching Ecoli DH5apUC19
dwoc sir dung nhir doi ching &m 1a 5.g/ml gentamicin, 6g/ml chloramphenicol, 50zg/ml
streptomycin va 30g/ml tetracyclin. T thu vien DNA méi truong maéi Vi kich thuoc 1.315
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Mb (337 dong té bao chuyén gen) c6 176 dong khang gentamicin va 284 dong khang
chloramphenicol dwoc tim thdy, nhung khéng cé cdc chung tai té hop nao khang véi
streptomycin va tetracycline. Boi vi gidi han thoi gian cia mét ludgn van thac s, nghién curu
giai trinh tw gen cua nhitng dong khdng khdang sinh da khong dwoc thuc hién. Tuy nhién,
cac két qud chi ra rang cac gen khang khang sinh tir méi trueong nwéc & thanh pho Ho Chi
Minh da dwoc tao dong can phdi dwroc nghién cizu nhiéu hon.
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