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Abstract: Problem statement: The role of plasmid in the heavy metal resistaam@ accumulation by
endophytic bacteria was investigaté®pproach: The experimental results showed that high level
plasmid mediated CG8 and ZA" resistance in this strain is due to decreased” @dd/or ZA*
uptake/accumulation by resistance strétesults: Based on the fact that subsequent plasmid curing
experiments demonstrated that the ability to gnoriesence of Gtiand Zi* was encoded by the 98
kb plasmid, whereas the ability to grow in presemfePl* appeared to be encoded by the
chromosome. The Gtand ZiA*" removal capacity of the respective metal resissémain (pBN4) were
about 36 and 45 nggDW respectively, while the removal capacity of theth metal by sensitive
variant showed a significant high €dand zZri* removal capacity of 153 and 228 pg W
respectivelyConclusion: The isolated endophytienterobacter was not only tolerant to heavy metals,
but also bound considerable amount of heavy métads the growth medium. The biosorbed order of
the metals by parental strain and its cured devieststrain based on the cell dry weight was fotmnd
be in the order of P> Zn**>Cdf*.
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INTRODUCTION from root and stem tissues of different heavy metal
accumulator plant growing at heavy metal contanethat
Contamination of the aquatic environment by toxicsites were able to accumulate metals. The distoitwtf
metal ions is a serious pollution probféft”. Unlike  these bacteria was spatially limited both withind an
organic pollutants, chemical or biological processan between the individual accumulator cultivars. Water
not degrade toxic metal ions. To remediate the taua hyacinth Eichhornia crassipes) is one of the plant
environment, the toxic metal ions should be come¢ed  species that attracted considerable attention Isecati
in a form that can be extracted conveniently, fdsdor  its ability to grow in heavily polluted water to
reuse or at least for proper disposal. Naturaluess  with its capacity for metal ion accumulatidh!®** 2833
including plants and microorganisms are extensiveljthough other studies have clearly manifested that
explored to combat metal ion pollution. hyacinths are more efficient in the phytoremedraid
Endophytic bacteria are described as nonheavy metal®?**! We therefore hypothesized that
pathogenic bacteria found within the interior tesswf  Eichhornia crassipestissues could be a potential habitat
healthy or symptomless plafits These bacteria are for metal-resistant microorganisms. Because certain
found in most, if not all, plant species, span @avi microorganisms could enhance the growth and
range of bacterial phyla and are known to havetplanremediation potential of plaftd and because heavy
growth promoting and pathogen control activifiés®. metal-resistant microorganisms could be sources of
Recent research suggests that these beneficiakimpa genes for engineering plants for heavy metal rascs
may, in the case of plant growing at contaminatezs and remediation, our objective of the current studg
extent to the degradation of xenobiotic to identify and characterize heavy metal resistant
compounds 530321 bacteria in the plant tissues &fchhornia crassipes.
Although endogenous bacterial endophytes capablaccordingly the aim of this work was to study the
of degrading hydrocarbons are likely to be wideagre tolerance and the uptake of different heavy mebgls
to date only a few studies have assessed the lneetay endophytic bacteria isolated from heavy metal
removal potential inherent to endophytic commusit®  accumulator plant water hyacinth and to investigaée
heavy metal accumulator plant in phytoremediat®m. role of endogenous plasmid in metal resistant and
Soltan and RashBf found that bacterial strains isolated removal potential by endophytic bacteria.
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MATERIALSAND METHODS Table 1: Bacterial strains and plasmids used gshidy
Strains or plasmid Relevant characteristic(s)a FRefee or source

Bacterial strains: The bacterial strains and plasmids Enterabacter sp. AVaoT9 T study
used in this study are listed in TableEbterobacter sp.  BN4 Knf, Tef, Amp, Cd, Z,
BN4 was originally isolated from surface sterilized P wild type BN, pBNd
leaves ofEichhornia crassipes growing on irrigation  BNawm Kn?, Amp* Cdf, Zrf a
canals, Egypt. The endophytic character of this strain BNaT f(“r:fdAfrTT‘]lgag‘ dOfZEr‘{N“'v plasmidiess  This study
was previously confirm d and identified as transconjugant by mating of
Enterobacter sp. based on the 16S rRNA gene sequence thglKe;)ndK 2&4%, %BdNé rC{arrier Tghistst(;idy
analysis. The sequences were deposited at Gen Bapi, heavy metaltesisiant plasmid
(Enterobacter sp. Accession no. AM40578). of Enterobacter sp BN4

Tet: Tetracycline , Km: Kanamycin, Amp: Ampicillin
Chemical: Agarose and ethidium bromide were
purchased from S|gma (St LOUS, MO, USA), Cadm|umplasrn|d isolation: Plasmid DNA was isolated from
Chloride (CdCJ.H,0), Zinc Chloride (ZnG) and lead endophytic bacteria essentially by the procedure of
acetate Pb (NO3) were procured from Merck Kado and Lilt¥. The isolated plasmid was
(Darmstadt, Germany). Bacteriological media werecharacterized by agarose gel electrophoresis aicgprd
purchased from Difco (Difco Laboratories, Detroit, t0 the standard procedure of Sambroek al %,
Michigan) and Oxoid (Oxoid Inc., Nepean, Ontario). Agarose gel electrophoresis through a horizonta sl

Chemical reagents used were of the highest gradg@el of 0.8% agarose submersed in TBE (Tris-HCI,
commercially available Boric acid, EDTA) running buffer at 70 V for 2 h wee

performed. DNA bands were stained with ethidium
Media and growth condition: Strain BN4 and its bromide for 15 min. and visualized on a UV
derivatives were grown aerobically in Luria-Bertani transilluminator. Molecular weight of the plasmids
(LB) mediun®®®. For testing the degree of resistance towere determined by using a computer program (DNA
heavy metal salts, bacterial cells were grown 4C30  Size Version ;Y.
a Tris-buffered Minimal Salts Medium (MSWY. This
medium was buffered with 50 mM Tris-HCI (Trizma; Curing and conjugation: To determine if the
Sigma), pH 7, instead of a phosphate buffer to davoi resistance genes are encoded by a plasmid or not,
precipitation of insoluble metal phosphates. Phosmh  Mitomycin C was used to eliminate the plasmid from
was added to the medium in the form of sodigm the strain. Bacterial strain was grown on LB broth
glycerophosphate. This medium does not complexontaining various concentrations of mitomycin G (5
heavy metal cations. Analytical-grade salts 0f10 and 20 pug ml}) on a rotary shaker at 30°C for 48 h.
CdCL.H;0O, Pb (NO3)} and ZnCj were used to prepare Appropriate dilutions were spread on LB agar plates
1.0 M stock solution, which were sterilized by Single colonies were replicated onto nutrient agar
autoclaving and added to MSM media for determimatio supplemented with different heavy metals. Heavyainet
of the minimum inhibitory concentrations (MICs) thie  sensitive colonies were scored and reported asperc
metal ions for each isolate. The range of concéatrs.  cured. Cured isolates were then reinoculated inBVV
used was 0.5-5 mM for lead nitrate, 0.5-5 mM forczi  with and without metals stress to reevaluate th€ M
chloride and 0.1-3 mM for cadmium chloride. each isolate to each metal. For conjugal gene fagns
Overnight cultures grown in LB Broth were dilutesl t overnight cultures of donor stralinterobacter sp. BN4
10 cells mL.* then spotted onto LB agar plates orand of the BN4M recipient strain were mixed (1:h)ia
MSM agar plates. Duplicate plates of each isolateew incubated at 28°C. After overnight growth, the laiet
incubated at 28°C for 3 days before growth wasestor were suspended in saline (9 g of NaCl)Ldiluted and
and MIC (the lowest concentration of metal thatplated onto selective media and several dilutioesew
completely prevented growth) determined. plated on minimal medium agar supplemented with

heavy metals.
Antibiotic resistance: Antibiotic resistance was tested,
using Nutrient agar containing tetracycline (20mig™),  Inducibility of heavy metal resistance of strain BN4:
kanamycin (100 ug mit), ampicillin (100 pg mt) or A Tris-glucose medium was used to study the
chloramfenicol (25 pg mt), which then added inducibility of cadmium, zinc and lead. The pretaus
aseptically to the medium after autoclaving. Catur were prepared by the inoculation of BN4 in 10 mlthef
were incubated at 30°C for 7 days. Tris-glucose medium and left to grow overnight at
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30°C on a rotary shaker (100 rpm). For the inductio pBN4, mitomycin C was used to cure strain BN4 from
0.1 mL of this culture was then added to a 100 mlits plasmid pBN4. The loss of resistance td'Ca@n?*,
Erlenmeyer flask containing 10 mL of the Tris-glseo or PE* in cured strains was used as an indicator of
medium with and without heavy metals (e.g. 0.05 mMcuring (Table 2). Out of three handEdterobacter sp.
Cd?*, 0.05 mM ZA", or 0.05 mM PB) and incubated at (BN4) transformants, 200 colonies were cured, shgwi
30 °C on shaker for 18 h. These cultures were tised  66% curing efficiency.
to inoculate 50 mL media containing sub-inhibitory The comparison of resistance before and after
concentrations of the heavy metals (1 mM?#Cd curing is shown in Table 2. This was taken as an
1.5 mM zrf* or 1.5mM PB") and incubated at 30°C indication of curing of the plasmids. The resutiswed
with shaking. The growth of bacteria was monitoredthat while the BN4 resisted &d zZr?* and PB, it
periodically by measuring the optical densitgt could not grow on medium containing Cahd
600 nm. Zn*after curing. This strain showed a growth on
medium containing Pb before and after curing.
Analysis of Metal removal: Cd*, Zin®* and/or PB*  Similarly, the antibiotic resistance of uncured anded
uptake by growing cells was determined at 0.1 mM ofcultures of the isolate was also compared to déterm
tested metals by the parental strain and its curethe location of antibiotic resistance genes. Tisulie
derivative. The cells were grown in nutrient broth showed that while the BN4 resisted to Kanamycin and
supplemented with desired concentration of metals ampicillin, it could not grow on medium containing
30°C with 150 rpm. After 24 h the bacterial werethese antibiotics after curing. To confirm if the
collected, washed and dried at 55°C for 24 h. Adidd  resistance genes are encoded by this plasmid, the
digestion (nitric acid: Perchloric acid, 5:3), mnleta electrophoretic profile of the plasmid isolatednfrehe
concentration in both washed fluid and pellet wereoriginal (non-cured) strain was compared with theed
determined using an atomic absorption strain. The results of this experiment indicatext #ach
spectrophotometer (Perkin  Elmer analyst 300).0f cadmium and zinc and/or antibiotic-sensitive amat
Determination of cadmium, zinc and lead was done byost the plasmid pBN4 (Fig. 1; Lane 1). One of thes
using a specific lamp for each metal and at specifi mutants was designated as BN4M.
wavelengths. All of the metal removal experiments

were conducted in triplicate and mean values weegl u Table 2: MICs of heavy metals fdEnterobacter sp. BN4 and its
; ; derivatives in different cultural conditions
in the analysis of data. MIC of CdZ*(mM)  MIC of Zr** (mM)  MIC of PB* (mM)

Bacterial
RESULTS strains ~ MSM LB MSM LB MSM LB
BN4 2.1 30 40 50 48 6.0
Heavy metal and antibiotic resistance: MIC of BN4M 03 06 05 0.7 36 5.8
BNAT 21 30 40 50 4.8 6.0

various metals foEnterobacter sp. BN4 are shown in
Table 2. zA'and PB" were less toxic towards
Enterobacter cells than C&. The order of the metals
toxicity to the bacterium was found to be “Cd
Zn’*>PK*. The resistance to antibiotics was also
examined for metal tolerant BN4. It was found to be
resistance to tetracycline (20 pg ™l kanamycin
(100 pg mc* and ampicillin (100 pg mt).

pENg
Ch

Genetic localization of cadmium, zinc and lead
resistance in the endophytic bacteria BN4:

Plasmid content: The plasmid isolated from BN4 was
designated as pBN4. The estimated size of the jpdlasm
was approximately 98 Kb (Fig. 1, Lane 1, 3). The
location of heavy metal resistance genes on plasmiffig. 1: Plasmid profile of strain BN4 and its

DNA was determined by plasmid curing and derivatives. (Lane 1), wild type strainBN4;
conjugation experiments. (Lane 2), Shigella flexneri 49 used as size

standard: (Lane 3), BN4T transconjugant
Plasmid curing: To examine the correlation between obtained by mating of BN4 and BK4M, Ch;
resistant to cadmium, zinc and lead and the presefic chromosomal DNA
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Plasmid conjugation: Wild type strain BN4 was used 0.2
as a donor of pBN4 plasmid to ensure that cadmium 0.8
and zinc resistance genes are located on this jdasm
The strain BN4M was marked to be rifampin resistanc
(data not shown) and was used as a recipient s#in

obtained transconjugants were true rifampin restga

These transconjugants acquired the resistance 6 Cd
and Zrii* and contained a plasmid were shown to be
identical to pBN4 by agarose gel electrophoresig. (E 0.1
Lane 3). The frequency of plasmid transfer from Bbhl4 0

BN4M ranged from 2107 per recipient cell. 0 6 8 12 24 43 T2 96
Time (h)

@
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MIC comparison between wild type strain and its
derivatives. Examination of growth of the plasmid bear
strain BN4 and its cured derivative on differentdioen 08
compositions containing varied concentrations @hiye
metals showed variable degrees of resistance tmpne
more of three metals: Cadmium, zinc and lead (Taple
On rich medium (LB), wild type strain BN4 (pBN4)
exhibited high resistance to cadmium and zinc in
comparison with the cured strain (Table 2). However 02
the MICs of PB" for the wild type strain and its cured o1
derivative were very close (Table 2). Tris-buffeasv YT s s 1z m a1z s
not utilized as a carbon or nitrogen sources byebed T‘(“g)@

strains (data not shown). In the present study/dhel

of cadmium, zinc and lead resistance in strains B
its cured strain BN4M when grown on Tris-medium 0o
amended with glucose as sole carbon and energgesour
was determined. As reported in Table 2, the MIC of
Cd?** for the sensitive cured strain was 0.1 mM, whereas
the MICs for wild type strains (BN4) were 2 mM.
Furthermore, Strain BN4 exhibited the highest lexfel
resistance to zinc (3 mM), although its resistaesel
was much higher than that of sensitive strain (@&l o
The results in Table 2 showed that no great diffeee o B 8 12 %4 a8 72 o

among the MICs of Pb for the tested strains. (C)T‘““(h-“

Zn*
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Regulation of heavy metal resistance genes in BN4: . . .
Whether the G, Zr?*, or PB" resistance property in Fig. 2: Growth of Enterobacter sp. strain BN4 in

strain BN4 is inducible or constitutive was detered presence of 1 mM Cdgl1.5 mM ZnC} and

by examining the growth curves. Figure 2 shows, that 1.5 Pb (NQ); . Cells were induced by overnight
the induced and uninduced cells passed a lag pefiod growth in presence of 50 pM Cd, Zn, or Pb

6 hr indicating that the pb in strain BN4 is

constitutively expressed. In contrast, the cellstto$ The parental strain and its cured derivative were

strain pre-grown in the presence ofCdr Zrf*, started  grown in the presence of 0.1 mM of each metal. Meta
to grow after a shorter lag phase than the unirdlucewhich loosely bound with cells (in washing) and
cells (Fig. 2). accumulated metal in the cells were determined.

Curing of plasmid in the parental strain resulted i
Heavy metal removal by endophytic bacteria BN4  substantial increase in €dand/or ZA*uptake (both
and its cured derivative: The heavy metal-resistant accumulated and loosely bound?Zor Cd™) (Fig. 3).
endophytic strain BN4 and its cured derivative BNAMHowever, the accumulated and loosely bound®Pb
were tested for their ability to remove cadmiummczi uptake were the same in the parental strain and its
and/or lead from the growth medium. cured derivative (Fig. 3).
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3007 in toxicity could be explained by the conditionstbé
2501 g 7n isolation and selectivity of microbial culture tedfues
@ Pb

200 adopted in each study, particularly with respecthie
nature and specificity of growth melf#”. These
results also indicating that cadmium and zinc tasise
in strain BN4 are inducible expressed whereas, igad
constitutively expressed. Similar observations have
been reported by othérs'? in which Cd* and zA*
resistance genes were inducedPsudomonas putida.
Metal-tolerant bacteria have evolved various
resistance and detoxification mechanisfg?® The
resistance mechanisms are chromosomally encoded or,
more often, plasmids of different size and showing
conjugﬁ\tive capabilities are carriers of metalstsice

Fig. 3: Cadmium, zinc and lead uptake as accunylate 96"€S - Curing of the plasmid in the isolated strain
loosely bound and total metal sorption by meta/Vas done by using mitomycin C in order to determine

; ; . .. "the presence of metal ion resistance genes on flasm
rBel\let/?nt strain BN4 and its cured derlvatlveor chromosomal DNA. This study also revealed the

high efficiency of mitomycin C in curing the plaghi
DISCUSSION Cured and uncured cultures were compared for their

. . . resistance against metal ions and antibiotics. The
The differences between MIC of either wild type comparison clearly showed the tolerance té*Zand

strain or its derivatives on rich medium or Trisdian C* appeared to be associated with plasmid, as
could be explalrgg? by those mentioned previously by.,hfirmed by the conjugation data. However, Lead
Mergeay et al.”™ They demonstrated that the oqigtance gene was shown to be present on the
interference of high phosphate content in usualmah -\ romosomal DNA rather than the plasmid DNA as the
medium with metals effect, can lead to overestiomti cured and uncured cultures remained similar iR* Pb
of the MIG®.. In comparison to previous stud2i7es on theagistance Previously, Piotrowska-Seget al.l*"
metal tolerance of endophytinterobacter sp:*”) the reported that resistance to toxic metals?{zand Cd")
endophytic bacterium isolated in the present study,ye peen found in bacteria from clinical and
exhcltéétfdzrrrggre rgsllaségnze d('m Tris medium andfaEpH environmental origins and genetics determinant of
to ' and ’ Irect comparison of these qqistance are frequently located on plasmids or
MIC estimates with those reported by other authers transposons. In contrast, R§3h and Roan and

not conclusive. These discrepancies in the MICltgsu Kellog®® did not find plélsmids in Pbresistance
could be resulting in differences in the metal-imgd isojates collected from contaminated soils. Similar
capacities of the media used. However, the MIC

. +report was presented by Hag al.'® for loss of
estimated forEnterobacter sp. BN4 for C@', zr? lasmid linked d - -
v . . ! t fter treat tnou

and/or PB" in Tris medium as well as the MIC of the plasmid inked drug resistance afier treatmen r

A ) agent. Here | found that curing with mitomycin C
same metals for BN4 in rich med'“”?’ were at (!]EVEISresulted in loss ampicillin and kanamycin resiséirc
rega_rded as_thos_e typ|§:al for metal resistant eptci’ BN4 strain. The location of resistance genes for
Multiple antibiotic resistance shown by isolate BN4 5yiibintics, metal resistance on plasmicEaferobacter
might be associated with heavy metals resistante. | '

) - sp. BN4 was confirmed by conjugation of BN4M
many studies, the association between metal taleran n;iant and cured BN4 , whereby the transconjugants
and antibiotic resistance have been rep&fedt has ’

: .S showed all characteristic of wild type strain BN4.
been suggested that under environmental conditibéns Wild type BN4 and its cured derivatives isolatad i

metal stress, metal and antibiotic resistanthis siudy show different efficiencies in removdl o
microorganisms will adapt faster by the spread of Rc?*  zm* and PB" from the medium. They
factors than by mutation and natural selectfon ~ gccumulated a significant amount of these metals
Enterobacter BN4 was able to grow at high within 24 h. The accumulation fraction of €dand/or
concentrations of C4, Zr** and PB"in liquid medium,  zn®* was more relative to loosely bound one either in
which might be important for the capacity of this parental or cured derivative. A comparison of ptaken
bacterium to survive in different source of poluti strains and its cured derivative exhibited thathvitie
with elevated heavy metal levels. It was found that loss of plasmid, Cd and ZA*sorption (accumulated
toxicity of Cd** was higher than that of Zhand PB*,  and loosely bound) of bacterial strains increaseshd
that consistent with the results in solid mediatfie 6 fold, respectively (Fig. 3). These results reecthat
present study and many other repdftsThis difference  high level plasmid mediated €dand Zri" resistance in
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this strain is due to decreased ?Cdand/or zZA* 4.
uptake/accumulation by resistance strain.
Plasmid-determined reduced accumulation of"'Cd
have been described Pseudomonas putida*?. Roan
and Kellog$® observed that different strains of Cd-
resistant bacterial isolates varied in their resise
level due to potentially varied mechanism of resise. 5.
Significant reduction of soluble &dwas observed
during growth of plasmid-bearin8acillus strain H9
and Pseudomonas H1. Similarly, three strains of
bacteria isolated from industrial effluenin{erobacter
cloacae and Klebsiella spp.) were resistant to high 6.
concentrations of Cd, Ptg and Cf* in the growth
media and could remove approximately 85%?2‘Cd
during growth®. Further, the Cd, zrn** and PB
removal efficiency was growth-phase dependent. This
result implicated the advantage of plasmid-encoded
Cd?* and zZi" resistance genes, allowing for further
genetic manipulation and enhanced efficiency. 7.

CONCLUSION

In view of the results of metal accumulation
experiments, it was concluded that endophytic teola 8.
was not only tolerant to heavy metals, but alsonblou
considerable amount of heavy metals from the growth
medium. The biosorbed order of the metals by patent
strain and or its cured derivatives strain basedhen
cell dry weight was found to be in the order of®b 9.
Zn**>Cd,

Conjugation frequency of Gtland Zi* resistance
genes suggests that horizontal gene transfer manbe
important factor for the development of metal

resistance microorganisms in the environment ang maio0.

be linked to the distribution of these resistanaes
nature.
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