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ABSTRACT:

Roots are the plant parts which facilitate the pmyncontact between a plant and pollutant and gofjuof
genetically transformed hairy roots of hyperaccuatar plant s@Brassica juncea L. grownin vitro was established
to study the potential oh vitro hairy root cultures for the uptake and accumutatté heavy metals (Ni and Zn)
for their growth and biomass from an aquatic emuinent. At elevated concentrations of Ni and Zn tsetaairy
roots showed an exponential growth and accumulagipdwer concentrations, Zn might have no effetgoowth of
root biomass and also found to be it caused noatramdecrease in root growth even they are accateul At higher
concentrations of ZrB. Juncea hairy roots was not only found to be tolerent toahd also had capacity to increase
their root biomass and no growth retardation wasn.séll concentrations of Ni showed a drastic cleaing root
biomass growth irrespective of the duration of btion periods. Ni in higher concentrations causedxponential
increase in root biomass growth and Ni showed Rizity symptoms in hairy roots even at higher comnrations for
longer time upto 8 weeks of our study period anavié found to be an essential micronutrient forgtoevth of hairy
root biomass. From this study, it was cleared amtitded that hairy roots @f vitro grown hyperaccumulator plant
culture system could be the useful and effectiveleh@as it needs metals for their root biomass grp¥o study the
metal uptake and accumulation from an aquatic enxients.

KEYWORDS: Hairy rootsin vitro culture ; Nickel (Ni); Zinc (Zn)Brassica juncea; hyperaccumulator.

INTRODUCTION by toxic metals dramatically since the beginning of
Metals are natural components in soil with a the industrial revolution. As a result of human
number of heavy metals being required by plants activities such as mining and smelting of metals,
as micronutrients.However, pollution of biosphere €lectroplating, gas exhaust, energy and fuel
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production,fertilizer, sewage and pesticide disease known as hairy-root syndrome or root-mat
application, municipal waste generation, etc.(1), disease.Transformed plant roots, also called hairy
metal pollution has become one of the most severeroots, are adventitious roots that are caused by
environmental problems today. Excessive infection with the soil pathogenAgrobacterium
accumuation of heavy metals is toxic to most rhizogenes, a gram- negative bacterium that
plants.Heavy metals ions, when present at anbelongs to the Rhizobiaceace family and the
elevant level in the environment,are excessively development of these roots is the result of natural
absorbed by roots and translocated to shoot genetic engineering in which a specific region of
Jeading to impaired metabolism and reduced bacterial DNA contained in the Ri (Root inducing)
growth (2) (3). According to their chemical plasmid is transferred from the bacterial cellie t

properties and biological function ,heavy metal plant cell and this fragment of DNA ( T-DNA) is
form a heterogeneous group ; toxicity varies by integrated into the plant genome and
metals and concentrations. Many of them ( expressed.(12) (13).

Hg,Cd, Ni,Pb,Cu,Zn ,Cr,Co) are highly toxic both Hairy roots extensively used in phytoremediation
in elemental and soluble salt forms. Their studies due to their ability to grow rapidly in
presence in the atmosphere , soil and water ,evenmicrobe-free conditions, providing a greater
in traces can cause serious problems to organismssurface area of contact between contaminat and
. Heavy metals bioaccumulation in the food chain tissue, they are genetically and metabolically
especially can be highly dangerous to human more stable in comparison to wild type (14)
health . The most common route of human (15).They are amenable to  genetic
exposure to heavy metals is through ingestion transformation, making gene transfer and
from both food and water sources (4). characterization possible in a system that may
Heavy metals , such as cadmium , copper , lead ,Pose minimum health or environmental concerns.
chromium ,zinc , and nickel are important They also have ability to produce large quantities
environmental pollutants , particularly in areas Of exudates which are composed of enzymes and
with high anthropogenic pressure (5). some metal chelating compounds that may
Environmental pollution is a global problem that detoxify or sequester harmful inorganic
affects both the developing and developed contaminants (14) (16) (17). Hairy roots have
countries(6). To a large extent , both human and been applied to investigate heavy metal uptake
natural processses contribute to environmental and detoxification by rare plant species capable
pollution and  contaminants are commonly Of growing in high-metal environments and
classified as either organic or inorganic . In gahe ~ accumulating elevated levels of specific metal
, inorganic contaminants originate from either ions. These  species are known as
natural processes of soil weathering or human “hyperaccumulatorsthat store heavy metal in
activities including agriculture and mining (7). their tissues at a concentration at least 100 times
Subsequently ,both natural and human activities greater than those found in non accumulator
may promote the release of heavy metals e.g. plants.(18).

manganese ,lead , copper , zinc , molybdenum , Hairy roots of several hyperaccumulators have
mercury , and nickel into soils and water posing a been applied in metal uptake studies in liquid
health threat to livestock and human populations. culture systems and these includdyssum

(8). bertolonii and Thlaspi caerulescens,which were
Agrobacterium rhizogenes ( formerly Phytomonas tested for hyperaccumulation of nickel and
rhizogenes) was first identified more than 70 yr  cadmium,respectively.(19).

ago (9)(10) (11). as the causative agent of that pla
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Metal hyper accumulator plants have been found essential element that can be toxic and possibly
in wide range of families of vascular plants (20) carcinogenic in high concentrations( 30). Ni
(21). About 400 hyper accumulators have been toxity in humans usually results from repeated
identified and many hyper accumulators belong occupational exposure resulting in dermatitis
to the Brassicacea family. Indian mustard(  ,asthma or headaches (31)(32).Ni ,Cu and Zn are
Brassica juncea)belong tobrassicas family have three essential micronutrients for plant nutrition.
been tested for their ability to tolerate and Ni is an essential component of the enzyme
accumulate heavy metals and it showed a strongurease,but when Ni concentrations in vegetative
ability to accumulate and translocate Cu,Cr tissues of plants exceed 50 mg/kg dry
VI,Cd,Ni,Pb and Zn to the shoots. weight,plants may suffer from toxicity symptoms.
Indian mustardBrassica juncea. Czern) is one of ~ Zn is essential microelement , but is toxic to
the most promising terrestrial plants for metal animals and plants at high concentrations
removal in water and the roots of Indian mustard (33)(34).

are effective in removal of Cu, Cr VI, Cd, Ni, Pb
and Ni ( 22)(23)(24)(25). MATERIALSAND METHODS

The Brassicaceae is very important group when All the chemicals and reagents in this experiment
heavy metal accumulation is concerned,with Were of Analytical grade and were obtained from

several species being able to hyperaccumulate"'_i media |§1b0ratories Pvt !td-, Mumbai, India.
more than one metal (26)Brassica juncea Zinc and Nickel were used in the form of ZnSo
belongs to the familyBrassicaceae and is a very ~ and NiCh. . _

important oil crop . Mustard oil is one of the Initiation or generation of In vitro cultures of
major edible oils in India .Mustard oil has also Ind_lan mustard o

got medicinal importance . Residual part of seeds /ndian mustard Brasgcgju.r.]ceg L) seeds were
is used as cattle feed and in fertilizer. India Used as a source for initiatingvitro cultures for

mustard Brassica juncea L) is a fast growing generating explant to form hairy roots Wy
plant which produces a high biomass even in rhizogenes infection. The seeds were sterilized
heavy metal polluted soils . Thus this plant might With 70% ethanol for 40 s followed by 0.1 %

be a potential candidate for phytofiltration and / Mercuric chloride for 5 min. The .sterilize.d see@s
or rhizofiltration of heavy metal contaminated Were subsequently washed five times with sterile
wastewaters. double distilled water and aseptically inoculated

Brassica juncea (Indian mustard ) — a high- for germination on MS basal medium

biomass plant that can accumulate, Ni , zn (35)-supplemented and solidified with 3%

(22)(23)(24). The sources of Ni contamination SUCrose and 0.8% agar respectively. Two to three
are Volcanic eruptions, land fill, forest fire, Weeks old sterile seedlings were used for
bubble bursting and gas exchange in ocean, Infection byA. rhizogenes.

weathering of soils and geological materials CuIturgofA.rhizogep&e _
Production of stainless steel,alloys,storage WO Wild type strains ofA. rhizogenes, MTCC

batteries,spark plugs,magnets and machinery. 2364 and MTCC 532 were obtained from

(27). Microbial Type Culture Collection Centre,
The sources of 7n contamination are (MTECH) Chandigarh, India and were cultured
Electroplating industry smelting and ©On solid YMB medium. The bacterial suspension
refining,mining, biosolids Brass and bronze ©F 48-hrs old culture of A.rhizogenes was

alloys production,galvanized metal transferred to sterile centrifuge tubes and

production,pesticides and ink. (28)(29). Ni is an centrifuged at 4000- 5000 rpm for 5-10 min and

A. Mohamed Ismail and P. Agastian Theodor 690



THE EFFECT OF HEAVY METALS ZN AND NI ON GROWTH OR VITRO HAIRY ROOT CULTURES

the resultant cell biomass was suspended in liquid For amplification ofvir B10 coding sequence

MS medium supplemented with 3% sucrose and
this culture of A. rhizogenes at exponential
growth phase was used for transformation
studies.

I nfection with A.rhizogenes

A manual wound was made on the stems of
Invitro grown seedlings of indian mustard with a
fine needle attached to a syringe containing
culture ofA. rhizogenes and inoculated 1-2 drops
onto the wounded portion of the tissue.the
infected plants were placed in the same medium
for co-cultivation for another 2-3 weeks without
disturbing the media even without adding
antibiotic to avoid contamination.

Induction or generation of Hairy roots

Hairy roots induced at the site of infection were
individually isolated and cultured on
phytohormone free MS medium supplemented
with 500mg L cefotaxime to inhibit the growth of
agrobacteria. Hairy roots were subcultured for
another two passages on fresh MS medium with
reduced level of cefotaxime to 250 mg L. After
two passages, the clonal hairy roots were were
transferred to MS liquid medium devoid of
cefotaxime and maitained or kept on an orbital
shaker operated at 50-70 rpm. Two to three
weeks old hairy root cultures each one initiated
from a single clone was used for uptake and
accumulation of Ni and Zn from liquid medium.
Confirmation of transformation by PCR

The total genomic DNA was isolated from hairy
root cultures of Brassca juncea L. for
transformation confirmation. For amplification of
the ORF-13 coding sequence of TL DNAwith a
498 bp domain, the primers used were(+)5’ CAG
CTT CTA AAT GTG GAG GCC and ()5’ CCT
TGC CGA TTG CCA GTA TGG C. For
amplification of mas 1’ sequence of TR DNA
with a 970 bp domain, the primers used were (+)
5' CGG TCT AAA TGA AAC CGG CAA ACG
and (-)5’ GGC AGA TGT CTA TCG CTC GCA
CTCC.
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with a 644 bp domain, the primers used were
(+)5" CAA TCC CGA TCA AGT CGT GCT C
and (-) 5 AGA CGC CAA CCT CGT GAA ACC
G.

DNA amplification was performed on an
eppendorf thermal cycler in 25uL reaction
mixture containing 25 ng template, 2.5 puL 10 x
Tag DNA polymerase buffer (3-
tris(hydroxymethyl) methylamine propane
sulfonic acid pH 8.8, 15 mM Mggl 500 mm
KCI, 0.1 % gelatin).100 uM each of dNTPs, 0.2
UM primer and 0.5 U Taq polymerase (
Bangalore Genei Pvt. Ltd). Following an initial
denaturation step at %2 for 2 min, the
amplification programme was 30 cycles of 30s at
94°C, 30 s at 5 and 1 min at 7Z.
Amplification products were separated by
electrophoresis on 1.5 % agarose gel in 1x TBE
buffer, stained with ethidium bromide and
visualized under UV trans-illuminator.

GROWTH STUDIES:

M etals uptake and accumulation in short-term

and long term experiments:

Two sets of experiments were carried out in
triplicate independently for lower concentrations
with short period and higher concentrations with
long term periods.

500 mg — 1 g of hairy root tissues was inoculated
in 50 mL MS medium in 250 mL conical flasks
and kept on a orbital shaker at 50-75 rpm. The
rate of growth was measured from 1h upto 48 hr.
At different periods the medium was drained off
and the tissue was blotted briefly and its fresh
weight was determined. The samples were then
dried in an oven at 7G for a minimum period of

2 days and the final dry weight was determined.
The initial dry weight was noted. The rate at
which the tissue grew up was determined as
grams per gram tissue per day.

Short-term experiments were performed over 48
h using hairy roots exposed to metal ions in MS
medium. Ni in the form NiGI6H,0 Zn in the
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form of ZnS@4H,O were used witiBrassica
juncea L roots at a concentration of 25 ppm,50
ppm,100 ppm, 250 ppm and 500 ppm.

Long-term experiments were performed over
periods of 1-8 weeks. Flasks containing 50 mL
MS medium with initial Ni and Zn concentrations
of 500 ppm ,1000 ppm, 2000 ppm , 3000 ppm,
4000 ppm and 5000 ppm. The initial pH of two (
Zn and Ni ) metal solutions was 5.8 before
autoclaving and no considerable change in pH
was observed by the addition of Ni®H,0
solution, and ZnS@tH,O solution,irrespective of
different concentrations of Nickel chloride and
Zinc sulfate respectively. For all short term and
long term experiments, 1 g fresh weight biomass
of hairy roots ofBrassica juncea L.was added to
50 mL medium in 250-mL conical flasks.

After each sampling, the roots were filtered
through Whatman No. 1 filter paper and dried at
70°C for measurement of dry weight. The sample
was dried until the weight remained constant for
a minimum of two consecutive weighing. The
liguid medium was passed through a 0.45 ~tm
filter and stored at -20°C for analysis of residual
metal ion concentration. The dry biomass was
digested in concentrated HN@r 2 h at 140°C
under pressure in a fume hood. After digestion
the acid was completly removed by evaporation.
Ni and Zn concentrations in hairy roots and
medium were determined using an atomic
absorption spectrophotometer (Varian, Australia).
Uptake of Zn and Ni by hairy roots, their
accumulation and hairy root biomass growth
were measured periodically. The reduction of
metal concentrations in the medium was
attributed to its uptake by hairy roots.

RESULTSAND DISCUSSIONS

Induction of hairy roots by A. rhizogenes

Both wild type A.rhizogenes strainsMTCC 2364
and MTCC 532 induced profuse root system from
the wounded portions af vitro grown seedlings
or stem parts within 1- 4 weeks of incubation.
The hairy roots were cultured on solid MS
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medium supplemented with cefotaxime antibiotic
and roots grew plagiotropically with extensive
branching while non transformed ( control ) roots
failed to grow on MS medium devoid of

phytohormones. A single fast growing clone of
roots was selected for metal uptake.

PCR amplification

PCR amplification of hairy root DNA with primers
specific for ORF 13 and mas 1 sequences
indicated the expected fragment sizes of 498 and
970 bp, respectively. The control plant did not
showed amplification with primers which
indicated the integration of TL and TR DNA
regions ofA. rhizogenes with the genome oB.
Juncea L .hairy roots. PCR analysis using primers
specific to vir. B10, a non transformed region of
Ri plasmid showed amplification only in the
positive control ( plasmid DNA) and not in DNA
isolated from the hairy roots.

Uptake and accumulation of Zn and root
biomass growth By hairy roots of Brassica
junceal.

In the short- term lower concentrations of Zn metal
uptake studies dB.juncea hairy roots, 5 different
concentrations of ZnQ@H,O ( 25 ppm- 500 ppm)
were tested. Uptake and accumulation of Zinc by
Brassica juncea hairy roots from the initial periods
of incubation to 2 days (48 hours) of incubation,
upto 250 ppm showed no change in root biomass
growth meanwhile the lower concentrations of Zn
25, 50, 100 and 250 ppm were uptaken from the
liquid spent medium and accumulated by hairy
roots and these lowest level of Zn was not utilized
by hairy roots for their growth of root biomass and
500 ppm of Zn after 24 hours of incubation had a
marked effect on root biomass growth Bf
Juncea hairy roots.
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Effect of Zn So;0n biomass growth of B.junces hairy roots
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Figure 1 shows the efficiency oBrassica juncea
hairy roots to uptake and accumulate Zmetal
for their biomass growth from 1 hour to 48 hours of
incubation  period. (Short time with low
concentrations).
This result indicated that low levels of Zn had no

influence on root biomass growth upto 2 days of
incubation eventhough they were uptaken and
accumulated by hairy roots meanwhile 500 ppm of
Zn caused an gradual increase in hairy root
biomass (150-200 mg / g dry weight) within a day
of incubation. At the end of 48 hours exposure,
80% of root biomass growth was attained.From
this analysis it was observed and cleared thahZn i
higher concentration might be the nutrient for the
growth induction of hairy roots @rassica juncea

and no growth inhibitory effect was seen at this
level and in lower concentrations of Zn might have
no effect on growth of root biomass and also found

ppm of Zn had the same influence on root biomass
growth within 2 weeks but at the end of fourth
week, there was no significant changes in the
growth of root biomass at the same concentrations.
Root biomass was highly increased after 4 weeks
of incubation period with the Zn concentrations of
3000 ppm to 5000 ppm. At higher concentrations
of Zn, B. Juncea hairy roots was not only found to
be tolerent to Zn and also had capacity to increase
their root biomass (400- 500 mg / g dry weight)
without losing their viability and no growth
retardation was seen. This studies showed that
there was a direct linear uptake relationship of Zn
metal with B. Juncea hairy roots growth and
transformed root system ( hairy roots ) Bf
Juncea is a potential plant model system to study
the removal of Zn from the metal contaminated
water solutions.

Effect of Zn Sod on hiomass growth of B.juncea hairy

roofs
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Figure 2 shows the efficiency oBrassica juncea

to be it caused no dramatic decrease in root growth hairy roots to uptake and accumulate Zp@etal for
even they are accumulated and hairy roots of their biomass growth from 1 week to 8 weeks of

Brassica juncea had the potential to uptake and
accumulate Zn which was in higher concentrations
used for their root biomass growth also.

In the long- term higher concentrations of Zn
metal uptake studies dB.juncea hairy roots, 6
different concentrations of ZngdéH,O ( 500
ppm,1000 ppm, 2000 ppm, 3000 ppm, 4000 ppm
and 5000 ppm) were tested. Uptake and
accumulation of Nickel byBrassica juncea hairy
roots from the initial periods of incubation —1
week to 8 weeks of incubation ,500 ppm to 2000
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incubation period. (long time with high
concentrations).
Uptake and accumulation of Ni and root

biomass growth By hairy roots of Brassica

junceal.

In the short- term lower concentrations of Ni metal
uptake studies dB.juncea hairy roots, 5 different
concentrations of NiGI6H,O ( 25 ppm- 500 ppm)
were tested. Uptake and accumulation of Nickel
by B.juncea hairy roots from 1 hr to 48 hrs of
incubation period ,all concentrations of Ni showed

693



THE EFFECT OF HEAVY METALS ZN AND NI ON GROWTH OR VITRO HAIRY ROOT CULTURES

a change in root biomass growth irrespective of the
duration of incubation periods meanwhile the Effect of NiCl, on hiomass growth of B.juncea hairy
lower concentrations of Zn 25, 50, 100 ,250 and ' roots '

500 ppm were uptaken from the liquid spent 100%
medium and accumulated by hairy roots and these :90%
lowest concentrations of Ni was utilized by hairy E80%
roots for their growth of root biomass unlike irth ;g?ﬂ%

500ppm

case of Zn. There was an gradual increase in root EEQ% . ={=1000 ppm

biomass with the increase in exposure time. B50% -
: a5 - =sr=2000 ppm

Effect of NiCl; on biomass growth of B.juncea hairy E

M2 30% - e 3000 ppm

220% -
B10% - e 40000 ppm

; 0%

==5000 ppm

£
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=

Exposure / Incubation time in weeks

Figure 4 shows the efficiency oBrassica juncea
hairy roots to uptake and accumulate Ni@ktal for
their biomass growth from 1 week to 8 weeks of
incubation  period. (long time with high
Exposure / Incubation time in hours concentrations).

1 B 16 4 j? 40 48

Figure 3 shows the efficiency oBrassica juncea
hairy roots to uptake and accumulate Ni@Gktal for
their biomass growth from 1 hour to 48 hours of
incubation  period. (short time with low
concentrations).

Ni in higher concentrations caused an exponential

increase or saturation curve in root biomass

growth as Ni level increases in medium with the

increase in duration of incubation.Ni showed no - Wi
toxicity symptoms or growth inhibitory effects in aln
hairy roots even at higher concentrations for m

longer time upto 8 weeks of our study period and ™ L i

Ni was found to be an essential micronutrient for
the growth of hairy root biomass.

The result showed that an increase in growth of

hairy root biomass was directly proportional to the Figure 5 shows the metals accumulation potential of

reduction of concentrations of Ni in MS liquid hairy roots in dry weight basis after 48 hours of
medium incubation periods.

Accumulation of Zn and Niin the dry biomass hairy roofs of B.Juncea
with shot ime low concentrations of heavy metals (after 48 hours)

=
=
=

biomass
I:'_llgll E\de&]ght}lg
=
=

Concentrations of metalsin hairy root

1appm 50ppm 100ppm 150ppm 500ppm

Concentration of metals in ppm
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Aocumulationaf Zn and Ni in the dry biomass hairy roots of 8 juncea with long time high

(ne /o dry weizht )

concentrations of heavy metals ( after § wesks)
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Figure 6 shows the metals accumulation potential of

Brassica juncea hairy roots in dry weight basieradt

weeks of incubation periods

500ppm

CONCLUSION

It is essential to have plants with highly branched
root system with large surface area for efficient
uptake of toxic metals and hairy roots induced in
hyperaccumulators were shown to have high
efficiency for rhizofiltration of radionuclides (36
and heavy metals (19)(37) Vitro plant cultures
are commonly used as tools for conducting basic
laboratory studies of phytoremediatidm vitro
cultures of roots(the main plant organ involved in
uptake of metals) are of particular importance for
studying the interaction of contaminants(heavy
metals)with this plant organ and the drawback of
root cultures is their low growth rate but the
Invitro cultures of transformed rootkajry roots)
have the properties of fast growth, autotrophy in
phytohormone and genotype and phenotype
stability. Extensive root proliferation by
Agrobacterium rhizogenes, generally considered
an undesirable charecteristic, may find good
utility for phytoremediation as roots for their
larger penetrating ability to retrieve the heavy
metal from aqueous solution.

In vitro cultures of roots may have the potential to
study the interaction of metals with this plant
organ and this type of isolated organ culture

A. Mohamed Ismail and P. Agastian Theodor

permits the charecterization of the uptake and
accumulation capability of the roots while
avoiding the interference of translocation to other
plant tissues and the drawback of root cultures is
their low growth rate butin vitro culture of
transformed roots might be the suitable alterrate t
carry out this experiments and thus vitro
Culturing of hyperaccumulator hairy roots have
proven to be suitable and successful experimental
model system to study the uptake and
accumulation potential for the metals from
solution. Roots play a primary role in

phytoremediation and phytomining, as they are
the plant organs in direct contact with sail
pollutants and heavy metals. Accordingly, there
is a particular need to understand the biochemical
and physiological functioning of roots in
contaminated environments. Hairy root cultures
are a convenient experimental system for such
studies(19). As an experimental system, hairy
root culture shares many of the advantages of
hydroponics over soil- based cultivation,
including better control over the conditions and
nutrient concentrations experienced by the roots.
There are additional benefits associated with
hairy roots, however, such as the ability to use
propagated tissues originating from the same
plant throughout the experimental program, thus
overcoming problems with variability between
individual specimens (38). The influence of
microbial contamination on metal uptake
characteristics can also be eliminated using
axenic root cultures, while the absence of aerial
organs such as leaves and shoots allows
identification of root-based mechanisms for metal
uptake without interference from translocation
effects.

Even the Brassica juncea L. Showed as a
hyperaccumulator status for Zn and Ni
accumulation in previous studies, its hairy roots
may have more capacity / potential to uptake and
accumulate such metals in higher level than that
of in native form and this is may be due to the
activation and synthesis of metal stressed gene
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products such as nicotianaming;glutamyl 7.
cysteine, citrate, phytochelatin,
metallothionins,glutathione, thiols and forming &
various complexes with the metals at higher level
for the efficient sequestration, translocation,
uptake and detoxification of metals by
transformed roots ( hairy roots) than in non
transformedoots.
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