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Uranium (U) tolerance potential of locally cultivated six legume crop species namely groundnut,
greengram, bengalgram, redgram, cowpea and horsegram grown on U mill tailings was assessed to
understand the impact of uranium on plant germination. Percent germination of seeds, plant growth
parameters and protein profiles were analyzed using biometry and Electrophoresis methods. Plants
were grown on U mill tailings for 30 days under controlled environmental conditions before the
analysis. The U mill tailings showed negative impact on morphological parameters such as percent

germination of seeds, plant growth, etc. in all the six legume plants grown on U mill tailings. During
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the study, greengram, showed best tolerance, redgram showed moderate to leranceand horsegram
showed least tolerance under U stress among the six legume crop species studied. Protein profiles of
the three legume species (greengram, redgram and horsegram) grown on U mill tailings were studied
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INTRODUCTION

Heavy metal miningleads to accumulation of toxic
materialmostly extracted wastes in the neighbourhood of
mining industries. Heavy metal extraction left overs such as
such as copper, zinc, lead, Uranium tailings have higher impact
on the flora and fauna and could be be toxic to the organisms
(Antonovics et al., 1971). The reclamation of toxic heavy
metal wastes is by utilising heavy metal tolerance of plants
(Wu, 1990). Various tolerant species ofgrasses and legumes
are used as herbaceous plants for initial coverage on disturbed
land (Day and Ludeke, 1981). Exploration of legume species
that are able to colonize in metal enriched soils for use in land
reclamation has been on interest in research (Day and Ludeke,
1981). Besides legumes are well known to enhance the
nitrogen status of the soil through atmospheric nitrogen
fixation. Evolution of heavy metal tolerance is known to be a
complex mechanism than in non-legumes (Wu and Lin, 1990).
Since various plant species exhibit various levels of tolerance
to heavy metals, the current study was undertaken to identify
the U tolerance levels of six legume species on exposure to U
mill tailings and examination of germination, growth ability
and protein profiles of the selected legume species based on
their performance on U mill tailings. Uraniumis a naturally
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occurring chemotoxicradionuclideand a heavy metal presentin
mineral form. Active anthropogenicactivities such as
miningenhanced the uranium levels in domestic areas and
cultivated lands (Vandenhove, 2002).Uranium mills that
process the excavated uranium ores leave a bulk of radioactive
wastes such as U mill tailing dumplings. These result in short
and long term pollution hazards due to presence of traces of
uranium isotopes, its radioactive successors and stable toxic
elements.Published Studies of Vandenhove et al, 2006;
Vanhoudt ef al., 2008have shown that alterations of growth
development and oxidative stress is an important response
mechanism under uranium stress.

MATERIALS AND METHODS

Maintenance of Plant species and induction of heavy metal
stress

U mill tailings were collected from Uraniumextraction plant
(UCIL), Thummalapalle, sited 15 km from Pulivendla in YSR
Kadapa district, Andhra Pradesh, India. Legume crop species,
namely Groundnut (4Arachis hypogea L.), bengalgram (Cicer
arietinum L.), cowpea (Vigna unguiculata (L.) Wilczek),
horsegram (Macrotyloma wuniflorum (Lam.) Verdc.) and
redgram (Cajanus cajan L.) seeds were procured from
Regional  Agricultural Research  Station, ANGRAU,
Rekulakunta, Anantapur dist., A.P., India. Seeds were sown in
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earthen pots containing air dried red soil(garden soil), Uranium
mining area (UCIL-Tummalapalli,Y.S.R Kadapa Dist.) surface
soil and Uranium mill tailings amended in 1:1 proportion with
garden soil. The pots were maintained under natural
photoperiod (12-14 h at temperature 28 + 4°C) in the mesh
house and were irrigated once a day with tap water. After
germination, seedlings were thinned to three per pot and
maintained for 30 days. 30-day-old plants were uprooted
carefully, the leaves and roots were separated and were used
freshly for experiments or flash frozen in liquid nitrogen,
stored at -80°C until further use.

Germination studies

After a week of sowing the seeds, the germinated seed number
was counted in every pot of all the crop species. Later the
percentage germination is calculated by using the formula.
Percent germination of seeds sown = (No. of seeds
germinated/No. of seeds sown) X 100

Growth parameters

The 30-days-old plants of all the six crop species were
carefully uprooted from pots and washed thoroughly under
running tap water, later, further with R.O. water (Millipore,
USA). Plant growth parameters were determined by measuring
the length of the root and shoot system. Percent of plant
growth was determined by assuming the control plant growth
as 100%.

SDS PAGE analysis of total plant proteins under U stress
Extraction of plant proteins

Plant proteins were prepared by extraction with Trichloroacetic
acid (TCA)/acetone method (Damerval ef al., 1986). 1gm of 30
days old plant leaves were dry-crushed in a liquid nitrogen-
cooled mortar. To this, 5 ml of extraction buffer (0.1MTris pH
7.4, 0.05M EDTA, 10% Glycerol and 5% P-mercaptoethanol)
was added and centrifuged at 5000g for 10 min in a
refrigerated centrifuge at 4°C. Supernatant was collected into a
fresh tube and pellet was discarded. Centrifuge the supernatant
at 10,000g for 30 min and obtained a clear supernatant. This is
used as crude extract for isolation of proteins by SDS-PAGE.

SDS polyacrylamide gel electrophoresis

Total protein separation and analysis was done on SDS-
polyacrylamide gels (10 x 14 x 0.15 cm) containing 0.1 % SDS
(Laemmli, 1970) with a 1.5 cm long 5 % stacking gel on top of
an 8.5 cm long 11 % separating gel. Proteins were mixed in
sample buffer (50 mM Tris-HCI, pH 6.8,2 % SDS, 10 %
glycerol, 3 % B-mercaptoethanol) in 1:1 ratio, heated for 3 min
at 95C and subjected to electrophoresis. Gels were
subsequently stained for overnight using Comassie brilliant
blue R-250 and destained adequately before analysis in a
mixture of methanol, acetic acid and water.

RESULTS

U impact on Seed germination

Seed germination percentageof the six legume species was
counted, calculated and represented in Fig 1. Seed germination
percentageof greengram was more compared to all other
legume species. The percent of reduction in seed germination

ability of the plants was 10% in greengram, 12% in groundnut,
18% in redgram, 27% in bengalgram, 35% in cowpea and 48%
in Horsegram compared to that of their respective controls

(Fig. 1).
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Figure 1. Percent of plant growth of legumes grown on control,
surface soil and uranium mill tailing soils. The mean values (n=5)
in a row followed by a different letter for each plant species
significantly different (p < 0.05) according to Duncan’s multiple
range (DMR) test
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Figure 2. Percent of seed germination of legumes grown on
control, surface soil and uranium mill tailing soils. The mean
values (n=5) in a row followed by a different letter for each plant
species significantly different (p < 0.05) according to Duncan’s
multiple range (DMR) test
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Figure 3. SDS PAGE Profiles of Greengram (3a), Redgram (3b)
and Horsegram (3c). Lane M; Low Molecular Weight Protein
Marker (kDa) 18.4- Lysozyme; 20.0 Soybean trypsin inhibitor;
29.0-Carbonic anhydrase; 43.0-Ovalbumin; 66.0- Bovine serum
albumin; 97.4-Phosphorylase B C — Control (Plants grown on
garden soil), S — Surface (Plants grown on Surface soil in the
affected area), T- Uranium mill tailings (Plants grown on garden
soil blended with Uranium mill tailings in 1:1 ratio)

U impact on Plant growth

Plant growth of the six legume species was measured and
represented in Fig 2. Growth of greengram was less affected
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compared to all other legume species. Plants grown
onUranium mill tailings showed reduction in the growth
among all the plant species and the percent of reduction was
19% in greengram, 20% in groundnut, 27% in redgram, 36.4%
in bengalgram, 40.9% in cowpea and 51% in Horsegram than
that of their respective controls (Fig 2).

Proteome analysis

Based on the results obtained from SDS-PAGE protein
profiling of the three legume species grown on U mill tailings,
significant difference in banding pattern and band
intensitywere observed compared to their controls (Fig 3a, 3b
and 3c). Greengram grown on tailings, showed variance
inbanding pattern compared to its control plant as the protein
bands with molecular weight 15, 16, 20, 25 and 32 (kDa) are
down regulated and 46, 49 and 58 are absent (figure 3a).
Redgram grown on tailings showed variance in banding pattern
compared to its control plant as the protein bands with
molecular weight 17, 22, 24, 50, 70 and 97 (kDa) are down
regulated (Figure 3b). Horsegram grown on tailings variance in
banding pattern compared to its control plant as the protein
bands with molecular weight 10, 16 and 19 are absent, 23, 27,
38, 64, 78, 82 and 95 are down regulated and 43 (kDa) is up
regulated (Figure 3c¢).

DISCUSSION

Heavy metals in high concentration inhibit seed germination,
plant growth anddevelopment by disturbing many biochemical
and physiological processes. Although seed germination is one
of the most complex physiological processes in the plants,
germination and subsequent emergence of young roots are less
sensitive to metal toxicity than are established seedlings (Ma et
al., 1997; Pandey et al., 2008). During seed germination,
embryonic cells switch from the quiescent state to a
metabolically active state in which complex biochemical and
physiological changes occur including protein biosynthesis,
chlorophyll synthesis, photosynthesis (Munzuroglu and Geckil,
2002). During seed germination so many hydrolyzing enzymes
are synthesized and activated to hydrolyse polysaccharides,
proteins and lipids into their monomers. Reduction in
germination percentage by heavy metals could be attributed to
their inhibitory effect on the activity of hydrolytic enzymes
during germination (Bhardwaj et al., 2009). Growth inhibition
is a common response to heavy metal stress and is also one of
the most important indices of heavy metal tolerance of plants
(Fontes et al., 1998; Doncheva et al., 2005; Sundaramoorthy et
al., 2010; Hossain et al, 2012; Thounaojam et al, 2012).
Green gram (Vigna radiata L.) is tested for heavy metal
tolerance by Singh et al., 2005. Morphological changes such as
root and shoot growth in response to U stress has been studied
by various researchers (Schutzendubel et al, 2002;
Vandenhove ef al., 2006; Cuypers et al., 2011; Vanhoudt ef al.,
2011). Similarly, in the present study, the root and shoot
elongation of Greengram, Redgram and Horsegram were
inhibited by U stress (Fig.1). However, the percent decrease in
plant growth was less in Greengram than in other legumes,
which indicates the better adaptation of Greengram to U stress
due to the inhibition in cell elongation process or due to
reduced mitotic activity which is evident from the proteome
analysis.Total soluble protein content upregulation or down
regulation under heavy metal stress may be related to the
induced synthesis of stress proteins predominantly enzymes
involved in Krebs cycle, glutathione and phytochelatin

biosynthesis and some heat shock proteins (Mishra et al.,
2006). Based on the results of the study, tolerance oflegume
plants to stress of Uranium, it is recommended that greengram
may be used for cultivation in the affected area of study.
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