120

Annals of Plant Sciences
ISSN: 2287-688X
Original Research Article

Possible involvement of non-protein nitrogenous metabolites in conferring in

vitro lead tolerance to Dalbergia sissoo Roxb.
Roma Rani and Y Vimala*
Department of Botany, CCS University, Meerut-250004, Uttar Pradesh, India

Received for publication: January 15, 2013; Accepted: March 21, 2013.

/Abstract: Dalbergia sissoo Dehn. is planted on the roadsides all over India. A heavh
load of lead pollution on these sites due to various reasons is well documented. An
investigation was thus, conducted to study the in vitro differential action of lead on
morphological and biochemical parameters of D. sissoo shoots regenerated from young
nodal explants. D. sissoo has been observed to tolerate very high concentration of Pb
(150mgl?) in vitro, through its stress alleviation mechanism, which possibly involves
detoxification of heavy metal generated ROS species by nitrogenous metabolites, and by
accumulation of antioxidant - carotenoids and phenolics.
alleviating proteins could not be found in the present investigation.

The accumulation of stress
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Introduction
Environmental pollution is one of the Plants near roadways have relative
major problems world is facing today. increase of Pb deposition due to vehicles
Unmanaged human activities such as using leaded petrol (8, 9). Lead toxicity has

livestock grazing, logging and international
fire can result in environmental degradation.
Burning of fossil fuel, flooding, mining and
eutrophication, further deteriorate the
environment. Degradation of environment
adversely affects germination, growth and
biodiversity of plants. Heavy metals are of
special interest with respect to toxicological
importance to human health, plants and
animals (1, 2). Lead is one of the best known
heavy trace elements, with a long history of
toxicity. Its exposure is becoming a great
concern because of its toxic nature, wide
occurrence and long life in biological system.
The major source of lead in soil are usually
derived from weathered bedrock, parent
material from lead mine, smelting operations,
use of lead arsenate, use of tetramethyl lead
as anti-knocking additive to petrol (3). Lead is
a common heavy metal and can be found in
batteries, ceramics, chemicals and fertilizers.
It is also used in a number of products
including gasoline, hair dyes, leaded glass,
newsprint, paints, pesticides, pottery and
rubber toys. In general, Chhattisgarh soils
(with higher clay content) are reported to
contain 12.8 -545ugg™ Pb (4). Inhibition to
germination and retardation of plant growth
has been reported due to lead toxicity (5, 6,
7).

*Corresponding Author:
Prof. Y. Vimala
Department of Botany
C.C.S. University
Meerut-250004, U.P., INDIA.

become important due to its constant
increase in the environment. The effects of
heavy metals on the environment and human
health have been widely studied (10).

Heavy metals are defined as elements
with metallic properties (ductility,
conductivity, stability as cation etc.) and
atomic weight >20 or in other words with a
density higher than 5g cm™ (11).

In vitro response of lead in D. sissoo
callus or any other plant have not been
reported previously, although, fragmentary
reports on effects of different atmospheric
lead concentrations on several plants (plant
parts) including D. sissoo are available
(12,13). Since, systematic experiments with
lead (Pb) in field or pots may lead to
contamination of soil, in vitro studies have
been preferred. Thus, this work was aimed to
study the effect of different concentrations of
lead on the growth indices and possible
mechanism of lead tolerance in D. sissoo in
vitro.

Material and Methods
Nodal parts of young shoots of 4-5
year old plant of D. sissoo were used as
explants. The size of the explant was about
1.5-2.0cm. Nodal explants were collected and
kept in running tap water for 30 minutes for
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removal of surface contaminants followed by
sterilization with 2-3 drop of tween-20 for 15
minutes and subsequent sterilization with 1%
aqueous solution of Bavistin (fungicide) for
15-20 minutes. The explants were rinsed with
double distilled water 3-4 times to remove all
traces of sterilants. The explants were then
disinfected with 0.1% (w/v) aqueous solution
of mercuric chloride for 8-10 minutes and
further rinsed with sterile double dist
water 3-4 times. Nodal parts contai
axillary bud in the month of April-May were
cultured on semi-solid media containing MS
salts and vitamins (14) with 3% (w/v)
sucrose, 0.1% PVP and different
concentrations of auxin and kinetin with PbAc
(lead acetate). The pH of medium was
adjusted to 5.7 with 1IN NaOH or 1N HCI.
Flasks were plugged with non-absorbent
cotton plug and sterilized at 121° C and
1.06kgcm™ pressure for 15 minutes. The
cultures were maintained in incubation
chamber by providing proper light and
temperature using PAR lamps and timer. The
constituents of MS medium used in these
studies were purchased from (HIMEDIA) in a
pre-mixed powder form.

Lead was supplied as Pb (CH5COO); in
the medium at the concentration of 25, 50,
75, 100 and 150 mgl™. Eight week old callus,
raised as above, and the regenerated shoots,
were analyzed for selected morpho-
biochemical attributes such as, morphological
nature of callus, its dry weight, in vitro shoot
length and frequency of shoot-multiplication;
proline (15), protein (16), phenolics (17),

TI (Tolsrance index %) =
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nitrogen (18), Ca**(19), Pb, chlorophylls (20)
and carotenoids (21) in 8-week old callus.

All the biochemical parameters were
estimated by using Shimadzu
spectrophotometer (UV-1800). Tolerance
index of 8-week old regenerated shoots was
calculated by modifying protocol of (22).

The average shoot length of experimental group

The average shoot length of contrelgroup

Lead analysis:

After 2 months of treatment, callus
was dried at 70°C for 48 h, then pulverized
and digested in HNO3: HCIO4:: 4:1. Five ml of
acid mixture was added in 200 mg dried
callus, kept for 24 h and then heated on
water bath at 90°C for 1h. After completion of
digestion 1ml aliquot was made to 10ml with
Distilled Water (D.W.) and analyzed for lead
concentration by using Atomic absorption
spectrophotometer (LABINDIA AA7000).

Results and Discussion

Callus was raised on an optimized
medium for shoot regeneration from nodal
explants of D. sissoo young shoots, (MS+
0.5mgl' BAP+ 0.5 mgl? IAA+ 0.1 % PVP).
After eight weeks of induction, callus
exhibited maximum shoot regeneration in
control set, whereas, lead treatment (O-
150mgl™) resulted in reduced shoot growth
(frequency and length) as compared to
control (Table.1).

Table.1. Callus response and Shoot regeneration after 8-weeks of inoculation on MS medium
supplemented with different growth regulators and PVP with and without lead acetate in D.

Sisso0
. PGRs Concent Degree of % frequency Mean no. of Mean length
Media + 1 ration of Callus
PVP (%) (mgl™) PbAC morphology callus of shoo!: shoots/expl of shoot
BAP+IAA (mgl™) response regeneration ant +SD# (cm) +SD#
MS+0.1 0.5+0.5 0 Compact, ++ 80 1.26+0.524 3.35+0.789
whitish green
MS+0.1 0.5+0.5 25 Compact, ++ 60 0.85+0.506 2.79+0.508
whitish green
MS+0.1 0.5+0.5 50 Compact, ++ 53.80 0.76+0.571 2.78+1.03
whitish green
MS+0.1 0.5+0.5 75 Compact, ++ 50.00 0.72£0.443 2.75+0.723
whitish green
MS+0.1 0.5+0.5 100 Compact, + 50 0.73+0.450 2.51+0.803
whitish green
MS+0.1 0.5+0.5 150 Compact, + 46.15 0.70+0.437 2.27+1.169

whitish green

++4+ = good response
+ = poor response
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However, the callus did not exhibit any
morphological changes in the presence of
lead, though the degree of callusing reduced
beyond 100mgl™? Pb supplementation. Callus
attained maximum dry weight (43.11% above
control) at 150mg/l supplementation of Pb to
the medium (Fig.2). However, looking at the
Pb uptake status, a decline in accumulation of
Pb in callus started at 150mgl? external
concentration, though it yet remained quite
high (Fig.1). Interestingly, Pb did not
accumulate (was not taken up) till 75mgl ~
lconcentration of it was added to the
medium. This concentration is much above
the permissible limit of WHO (23), i.e. only
3.0mgl™.

The callus responded to higher
concentrations of Pb by a sudden increase in
uptake (up to 100mgl™?) accompanied with a
steep decline in cellular Ca®* content. This
may be explained on the basis of competition
between non- redox ions at Ca’* permeable
channels on the membrane. Such altered
transport function for lead (Pb) has been
demonstrated in roots by (24) and (25).

=4=(alcium (%)
=f=Ph accumulation(%)

wn

and Lead

(=1

25mg/l S0mg/l 75mg/l 100mg/ {50 mg/!

<n

2% Rise and fall in Calci
=

e
<

Concentration of PhAc

Fig.1: % loss or gain in calcium and lead
accumulation in  D. sissoo calli on
supplemented with MS+0.5mg/l BAP+0.5mg/I
IAA+0.1% PVP + Lead (25-150mg/l) as
compared to control (Lead Free)

D. sissoo is reported to be a lead bio
indicator plant (26), yet its tolerance index
declines with increase in Pb concentration
beyond 50 mg/l and stabilizes between 100-
150 mgl™ (Fig. 2). However, with increasing
concentration of Pb, increase in Chl a, b,
carotenoid, phenolics and nitrogen content;
and decline in protein and proline content
(Fig. 3, 4) indicate that in D. sissoo the
probable mechanism of lead tolerance could
be through accumulation of carotenoids and
phenolics as ROS scavengers (27, 28)
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besides, nitrogenous compounds other than
proteins. Proline contributes under lower
concentration of Pb only, in ROS quenching
(29), but does not participate in Pb stress
alleviation beyond 50mgl™, rather declines
sharply with increasing lead concentration.
Continuous increase in N- content might be
indicative of the accumulation of metabolites
eg. -Glutathione, reducing the Pb- generated
oxidative stress from the cells. Such
accumulation of glutathione with Ni stress has
been demonstrated in shoots of Thalspi hyper
accumulator species by (30).

Thus, the present investigation brings
out that D. sissoo can tolerate very high
concentration of Pb through its stress
alleviation mechanism which involves
detoxification of heavy metal generated ROS
species by nitrogenous metabolites, possibly
glutathione, as demonstrated by other
workers in Ni hyper accumulating system, and
by accumulation of antioxidant carotenoids
and phenolics. The accumulation of stress
alleviating proteins could not be found in the
present investigation. However, protein and
proline appear to combat Pb stress upto 50
mgl™. Increase in dry weight by more than 40
% above control along with chlorophylls,
indicates accumulation of biomass under
active synthetic metabolic state and because
of hyper accumulation of Pb (only 11.09 %
accumulation). Besides, 150mgl™ appears to
be slightly toxic as it challenges the Ca** ion
concentration in the callus severely, though
still within the limits of tolerance.
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Fig.2: % loss or gain in Tolerance index and
dry weight in D. sissoo calli on media
supplemented with MS+0.5mg/l BAP+0.5mg/I
IAA+0.1% PVP + Lead (25-150mg/l) as
compared to control (Lead Free)
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Fig.3: % loss or gain in Chlorophyll a, b and
carotenoid content in D. sissoo calli on media
supplemented with MS+0.5mg/l BAP+0.5mg/I
IAA+0.1% PVP + Lead (25-150mg/l) as
compared to control (Lead Free)
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Fig.4: % loss or gain in protein, proline,
phenolcs, nitrogen in D. sissoo calli on media
supplemented with MS+0.5mg/l BAP+0.5mg/I

IAA+0.1% PVP + Lead (25-150mg/l) as
compared to control (Lead Free)
Acknowledgment

Authors thank the Head of the

Department of Botany, C.C.S University,
Meerut for infrastructural help and UGC (Rajiv
Gandhi National Fellowship) for providing
financial support.

References
1. Arnon DJ], Copper enzymes in isolated chloroplast:
polyphenolxidase in Beta vulgaris. Plant physiol.,
1949, 24, 1-15.

2. Azevedo RA, Lea PJ, Toxic metals in plants. Braz. J.
Plant Physiol, 2005, 17, 1.

3. Mazher AAM, Effect of some heavy metals in the
irrigation water on Dalbergia sissoo seedlings grown
in sandy soil. Minia of Agriculture Research and
Development, 2005, 5, 947-964.

4. Mazher AAM, Response of Leuceana leucocephala
Seedlings Grown under lead pollution to phosphorin
application in sandy soil. World Journal of
Agricultural Sciences, 2006, 2(2), 217-222.

10.

11.

12.

13.

14.

15.

16.

17.

18.

19.

20.

Annals of Plant Sciences, 2013, 02 (05), 169-173

Bates CA, Waldern RP, Taleve ID, Rapid
determination of free proline or water stress studies.
Plant Soil 1973, 39, 205-207.

Bradford MM, A rapid and sensitive method for the
quantification of microgram quantities of protein
utilizing the principle of protein-dye binding. Anal.
Biochem., 1976,72, 248-254.

Bray HG, Thorpe WVT, Analysis of Phenolics
compounds of interesting metabolism. Methods
Biochemi. Anal., 1954, 1, 27-52.

Bu-Olayan AH, Thomas BU, Biomonitoring studies on
the Lead level in mesquite (Prosopis juliflora L.) in
the arid ecosystem of Kuwait. Kuwait J. Sc. Eng.,
2002, 29 (1), 65-73.

Eliseu Rodrigues, Lilian RB, Mariutti, Adriana Z,
Mercadante, Scavenging capacity of marine
carotenoids against Reactive Oxygen and Nitrogen
Species in a membrane-mimicking System. Mar
Drugs, 2012, 10(8), 1784-1798.

Fergusson JE, The heavy Elements. Chemistry,
Environmental impact and Health Effects Pergamon
Press, New Zealand, 1990.

Foy, CD, Cnaney RL, White MC, The physiology of
metals toxicity in plants. Annu. Rev. Plant Physiol.,
1978, 29, 511-566.

Freeman JL, Persans MW, Nieman K, Albercht C,
Peer W, Pickering 1J, Salt DE, Increased glutathione
biosynthesis plays a role in nickle tolerance in
Thlaspi nickle hyperaccumulators The Plant cell,
2004,16, 276-291.

Ikan R, Natural products, A laboratory Guide.
Academic press, New York, 2007, PP.101.

Jaffer TMR, Eltayeb EA, Farook SA, Albahry SN, Lead
pollution levels in Sultanate of Oman and its effect
on plant growth and development. Pak. J. Biol. Sci.,
1999, 2, 25-30.

Jarup L, Hazard of heavy metal contamination. Braz.
Me. Bull., 2003, 68,182.

Kruk I, Aboul-Enein HY, Michalska T, Lichszteld K ,
Ktadna A, Scavenging of reactive oxygen species by
the plant phenols genistein and oleuropein.
Luminescence, 2005, 20(2), 81-90.

Morzeck JRE, Funicelli NA, Effect of zinc and lead on
germination of Spartina alterniflora Loisel seeds at
various salinities. Environ. Exp. Bot., 1982, 22, 23-
32.

Patel KS, Shrivas K, Hoffmann P, Jakubowski N A
survey of lead pollution in Chhattisgarh state,
Central India. Environmental Geochemistry and
Health, 2006, 28 (1-2), 11-17.

Pirzada Huma, Sheikh Saeed, Ahmad Adul, Rashid,
Tahir Shah, Multivariate analysis of selected roadside
plants (Dalbergia sissoo and Cannabis sativa) for
lead pollution monitoring. Pak. J. Bot., 2009, 41(4),
1729-1736.

Pourrut B, Perchet G, Silvestre ], Cecchim Guiresse
M, pinelli E, Potential role of NADPH - oxidase in

Page | 172



Roma Rani and Vimala:

21.

22.

23.

24.

early steps of lead- induced oxidative burst in Vicia
faba roots. J Plant Physiol, 2008, 165, 571-579.

Pratt D, Fathi-Etti RA, Variation in organic and
inorganic mineral components in young Eucalyptus
seedling under salinity stress. Physical plant, 1990,
79, 479-486.

Prodgers RA, Inskeep WP, "Heavy metal tolerance of
inland salt grass Distichis Spicata." Great Barin Nat,
1981, 51, 271-278.

Rout GR, Samantry S, Das P, Differential cadmium
tolerance of mung bean and rice Genotypes in
hydroponic culture. Acta. Scand. B-SP, 1999, 49,
234-241.

Singh M, Muller G, Singh IB, Heavy metals in freshly
deposited river  sediments associated with
urbanization of the Ganga plain, India. Water Air Soil
Pollut., 2002, 141(1-4), 35-54.

25.

26.

27.

28.

29.

Annals of Plant Sciences, 2013, 02 (05), 169-173

Siripornadulsil S, Traina S, Verma DPS, Sayre RT,
Molecular mechanism of proline-mediated tolerance
to toxic heavy metals in transgenic microalgae. The
Plant Cell, 2002, 14, 2837-2847.

Snell DF, Snell CT, Colorimetric methods of analysis
including photometric methods IVA, 1949, 331-332.

Wang H, Shan X, WEN B, Owens G, Fang J, Zhang
S, Effect of indole-3-acetic acid on lead accumulation
in maize (Zea mays L.) seedlings and the relevant
antioxidant response. Environ Exp. Bot., 2007, 61,
246-253.

Weast RC, Hand book of chemistry and physics 64"
Edn, Boca Raton, CRC Press, 1984.

Wierzbicka M, Obidzinska ], The effect of lead on
seed imbibition and germination in different plant
species. Plant Science, 1998, 137, 155-171.

Source of support: Nil
Conflict of interest: None Declared

Page | 173



