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Outline

Phytoremediation

Sesbania drummondii

- Metal (Pb) uptake

- Microscopic evidence of metal transport
- Biotransformation of toxic compounds

- Gene identification/expression

- Conclusion



Phytoremediation

Use of vegetation for the Iin situ treatment of
contaminated sites

A fast emerging environmental clean up strategy

Immense promise for remediation of contaminated
sites (soil, ground water, waste water)

Effective against
- iInorganic (toxic metals and nutrients)
- organic pollutants (BTEX)
- chlorinated solvents, ammunition wastes
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Background

o 1980 Statute recognized over 40,000
Superfund sites endangering human health

o Mining and smelting, municipal wastes,
sewage sludge, landfill leachates, fertilizers,
pesticides, nuclear accidents

o >10,000 sites remain active today (Superfund
Accomplishment Figures-FY 2003)

0 40% of these sites have problems of heavy
metal (Pb, Cd, Cr, As, Zn etc.) contamination




Conventional remediation
strategies against metal
contaminations

Excavation and reburial of contaminated solls
to another site

Soll flushing/washing
Solidification/stabilization
Vitrification
Electro-kinetics



Cost Analysis

- Conventional engineering technology v/s Phytoremediation
(TIBTECH, 13, 1995)

Contaminants Conventional Phytoremediation
Technology

Water soluble/ volatile $10-100 per m3soil | $0.02-1.00 per m?3

compounds soil ($200-10,000 per

Compounds requiring land- | $ 60-300 per m3 hectare) of cropping

filling or low temp. thermal soil

treatments

Materials requiring special $ 200-700 per m3
land-filling or high temp. soil
thermal treatment

Incineration $ 100 per m3 soil

Radionucleides $ 1000-3000 per
m3 soil




Benefits

Economically feasible
Socially desirable
Environment friendly
Improves soil health
Effective



Terrestrial Hyperaccumulators @rooks, 199)

Plant Metal % metal in shoot (DW)
Thlaspi caerulescens Zn, Cd >2% Zn, >0.1% Cd,
Thlaspi spp. Zn >2%
Cardaminopsis hallerii Zn >1%

Brassica spp. Se

Astragalus spp. Se 0.1-1%

Atriplex spp. Se

Thlaspi rotundifolium Pb <1% (~0.8%)
Aelloanthus subacaulis Cu 1.3%
Haemaniastrum spp. Co Uptol %

Brake fern As >1.5%




‘ Sesbania drummondii

* A high biomass plant
e Common name: Rattlebox
e Native to Southeastern U.S.




Seshania drummondii & Lead

Demonstrated as lead
hyperaccumulator

Tolerates up to 1,000 ppm in
hydroponic solution

Accumulated >4% (DW) Pb
In shoots in hydroponic
conditions

Roots showed 6% (DW)
accumulation

EDTA and low pH increased
accumulation further

(EST 36, 4676-4680, 2002).
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Sesbania in soil supplemented with Pb
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Estimated total Pb removed from soil by several plants

(Ruley 2004)
Species | Soil Amendments | Soil Pb | Shoot Pb | Biomass | Est. total Source
(mg/kg) (%) (t/halyr) | Pb extr.
(kg/halyr)
Zea mays 5.8 mmol/kg HEDTA | 2500 1.06 5-6 53-64 Huang et al.
1997
Pisum 1.34 g/kg EDTA 2450 0.897 3-4 27-36 Huang et al.
sativum 1997
Sesbania 10 mmol/kg EDTA 7500 0.42 10-15 43-63 Ruley et al.
drummondii | 100 mg/kg EDTA +
10 mg/kg IAA 500 0.6 10-15 60-90 Unpublished
Brassica 10 mmol/kg EDTA 600 1.6 1-15 16-24 Blaylock et
juncea al. 1997
Triticum 5 mmol/kg EDTA+5 | 2000 0.92 2.5 23 Begonia et
aestivum mmol/kg acetic acid al. 2002




EM of Sesbania root cells

(Sahi et al., ES & T 306, 4676-4680, 2002)
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Biotransformation of Metals
(Using XAS Technology)

Types of XAS

o XANES (X-ray absorption near edge structure)
— determines the oxidation state and atomic
geometry of a bound metal.

o EXAFES (Extended X-ray absorption fine
structure) — traces the ligand involved in metal
binding by measuring the distance from X-ray-
absorbing atom to next nearest atom.
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Lead Leaves Treatment

Lead(ll) Sulfate
Lead Roots Treatment

Lead(IV) Oxid
Lead(11) Nitrate ead(IV) Oxide

Lead(11) Acetate Lead(11) Sulfide




XANES and EXAFS data of

Pb-treated Sesbania

(Environ. Toxicol. Chem. 23, 2068-2073, 2004)

Samples Pb(NO,), | PbSO, | Pb metal PbS Pb
% % % % acetate

%
Leaves 7.6 25.8 0 142 | 52.4
Roots 10.1 0 8.8 20.2 | 60.9




Identification of
lead responsive genes




Experimental Design

| st St gormination (it 20|

Plant Growth (for 12 days)
- 500mglt Pb(NO,), (Sahi et al. 2002)

- Control (half strength Hoagland’s media)

Growth Parameters Metal accumulation

-Size
-Biomass




Suppression subtraction
hybridization (SSH)

Based on the technique called suppression
PCR

Compare two populations of mMRNA

Obtain clones of genes that are expressed In
one population but not in the other



Sequencing results for Pb samples

63 clones corresponds to unigenes

49 (78 %) identified as segments of cDNAS
contained in GenBank database

14 (22 %) were unknown (no similarity)
Clone # 7 exhibited homology to
type 2 metallothionein sequences



D465 Fe0

| DOABETE1

clone PWVEPSE3030N146 3', mBINA sequence (CES436832)
- rochrome P450 ke TBP [Crtrullis Ianaifus]

| Cytochrome P450 like TBP [MWicotiana tabacumm] (BARIOS29])

Clowne Aeccession Length Homology™ E-vaiie
rimlar ==t
D457 54 Acanthopanax sessiliflorus cDINA library Eleurherococcus sessiliflorus cDINA 0.0
S55H-1 183 mENA sequence (CEFI232138)
DAB5TES Apple EST Mdas MMalus x domestica cDINA simdlar to dbj[BAB33421.1) putative 1e 7
senescence-associated protein [Piswm safvan], mEINA seguence (CR923772)
S5H-2 203
CabSaw Floawer Stage 12 (FLOuwOO12) Fifs windfera cDINA clons WVWVIIOIEFDS 5, (e
SSH-3 DOAGSTHE mBENA segquence (DTO15551 )
DQAG5TES Phaseolus vulgaris seedling EST Library incculated with anthracnose- 0.0
SSH-3 S69 PVEPSE3DZ9E14 5'. mPRNMNA seqguence{CBS43 320
DOABSTES Phaseolus vulgaris seedling EST Library incculated with anthracnose-cDINA 0.0

DQAE5TE2 Giveine max cDMNA clone Gm-c1086-27 5 similar to CY TOCHROME P450 1e17™
S55H-9 313 LIKE TEBP mEMNA sequence (BMOS17Z24)
SSH-10 DABS5TE3 366 Glycineg max cDMNA mBPMNA sequence (BEEE01457) 0.0
S5H-11 DOABSTEA 478 Glyeing max cDINA mPMNA sequence (BUSZ7378) 0.0
DOABSTES Glyveine sgia cDINA clone SOYEBEAN CLONE ID: Gm-cl10536-3170 5", mBEINA 0.0
SSH-12 592 segquence (CRT799399)

S5H-15 DAB5TED 471 Gmax SC Glycine max cDINA, mBINA sequence (BESE60427) 0.Q

DOABSTED Gossypium hivsutumyn ¢cDINA clone GH_CHXI12C18 3'. mEMNA seguence 0.0
55H-16 275 (ODT4&24591)
SSH-17 DASS5TT0 240 hemolyvsin [deanthamoeba pohphaga] (RALLSESSS) 0.0

DAE5T T Heterobasidion annosum - Scots pine infection stage (FLAGE) subtraction cDINA 2e
SSH-18 666 clone hage001aD09. mRINA (BEQTES710)

DOABST T2 Leafy spurge subtractive cDINA libraries Euphorbia esula cDINA clone RTP30O15 1e %
S5H-19 295 5. mBNA sequence (DTE3S<LT2)

D457 73 Lofus japonicus nodule library 5 and 7 weelc-old Lofmes cormiculaius var. japonicus 0.0
S55H-20 633 cDINA 5, mBINA seguence (AWT7Z20&20])

DAE5TTA Medicase fruncanda cDINA clone MtTAQLIF19S6, mBINA sequence 1e7*
S55H-21 209 (B TE27433)

DABST 7S AMedicage runcaiida cDINA clone MTACOL 2458, mRIA sequence 1eT™
S5H-22 341 (RIB27EZ23)

DA T IB Mlethvl Jasmonate-Elicited mPINA sequence from Foot Cell Suspension Culhure 0.0
S5SH-23 522 Medicago fruncafula (CTHS231326)
SSH-24 DASSTTT 137 Adimmlis guttaius cDINA clone 0048P000E8Z, mPINA sequence (CWVS1S338) Qe

DOABST 78 Phaseohis vulgaris leaf EST library cDINA clone PV _GEaOD13C_C03 bl 5'. 1e715°
SS5H-25 314 mEMNA seguence [ CWVE202TL)

DOABST TS Phaseolus vulgaris leaf EST library cDINA clone PV_GEalQ015C G100 b1 5, 0.0
S55H-26 G628 mENA seguence (CVE210ZL1)

DABS5 T30 Paopulus trichocarpa ¢DINA clone WS025353 108 3", mBINA sequence 17

(DT42313E)




SS5H-30 DQ465783 365 Probable cytochrome P450 monooxygenase - maize (fragment) (TOZS55) 0.0
SSH-31 DQ465784 666 Putative ACC synthase/oxidase gene (BAE33421) 0.0
SSH-32 DQ465785 255 rRINA promoter binding protein [Roffus novvegicus] (IIM14713 &) 1le™™
D465 786 Seshania rostrata toof primordia cDNA clone S5H-10, mBNA sequence 0.0
S5H-33 G657 (RT301742)
DQABST3T Subtracted eDINA library of maize inbred line HOS-Epl-ErllN Zea mays cDINA le™®
S55H-34 152 clons Krl™N-4 D09 mBNA sequence (CR452627)
55H-35 D465 738 331 Unlmnown protein (Schisfosoma japomicum) (ARH3I0301) 0.0

S5H-39 DQ465792 289 Unnamed protein product [Eluyveromryees lactis NRRL Y-1140] (CRHOO0ES32) Je’
DQ465733 CYTOCHREOME P430 monooxygenaze (EC 1.14.14.1) - commen tobacco | 0.0
S55H-40 6548
S5H-41 D465734 281 Hypothetical protein [Oryza saiiva (japonica cultivar-group)] (BADEE202 ] 0.0
SSH-42 DQAB5795 337 265 ribosomal protein 0.0
D465 736 Hypothetical protein GLP 748 1200 211 [Giardia lamblia ATCC 30803] e’
S5H-43 288 (XBE7E7408)
SSH-44 DO46RTST 371 Hypothetical protein UM03244 1 [Ustilago maydis521] (XE7£1391) 1le™™
S55H-45 DQ4R5Ta8 203 Unlonenam protein et
S5H-46 D465739 286 Unlmown protein 1eT%
SSH-47 DQ465800 330 Unlenown protein 17
SSH-48 DQ465801 285 Unlmown protein 1
SSH-40 DQ465802 202 Unknown protein 1e”
SSH-30 D465803 178 No homology” ——
S5H-51 DC465804 499 No homology —
SSH-52 DQ465805 404 No homology —-
S5H-53 D465306 472 No homology —
SSH-54 DQ465807 478 No homology —-
S5H-55 D465808 361 No homology —
SSH-56 DQ465809 578 No homology -
SSH-57 DQ465810 646 No homology —-
S5H-38 DQ465811 377 No homology —
S5H-59 DQ465812 347 Mo homology —
S5H-&0 D465813 203 No homology —
SSH-61 DQ465814 352 No homology —-
S5H-62 DQ465815 368 Mo homology o
SSH-63 DQ465816 630 No homology —-

bMNo significant seqguence homology found in gencme, EST, and protein database.




Northern blot analysis (Pb)

(Srivastava et al. Planta 2007)

Control Pb treated
5 - S -
(@] (@) (@] (@]
c (@] c (@)
(0p)] (0 (0p)] (nd

Water-stress induced gene
(Clone # 29, 36, 37, 38)

Cold stress-induced gene (Clone # 4, 13,
14)

ACC synthase/oxidase gene (Clone # 31)

Abiotic stress-induced gene
(Clone # 28)

Metallothionein gene (Clone # 7)

EtBr stained RNA



Conclusion

Phytoremediation is a slow process

Sesbania is effective for sites with shallow
contaminated soills.

Lead accumulated in form of nanoparticles.
Sesbania transforms toxic compounds

A type Il metallothionein gene identified - may
be involved In heavy metal detoxification

Interdisciplinary approach
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Prerequisites for Phytoremediation

Hyperaccumulators

o Accumulate 100 times more metals than the non-
accumulators

Conc. Criterion (% Shoot DW)
Cd (>0.01), Co, Cu, Cr and Pb (>0.1),
Ni and Zn (>1), Hg (0.001)

o Should have good biomass
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Phytoremediation approaches

1. Phytoextraction: to remove contaminants directly from
soil/water

2. Phytostabilization: use of vegetation and soil
amendments to reduce contaminant availability and
movement.

3. Rhizofiltration: plant root system is directed to extract
pollutants from water bodies

4. Phytomining: for extraction and concentration of valuable
metals




Antioxidant Reactions & metal Stress
in Sesbania

Generally metal exposure triggers an increase in

activity of antioxidant enzymes.
o Superoxide dismutase (SOD) — catalyze dismutation of superoxide
radicals to hydrogen peroxide & oxygen

o Catalase (CAT) — catalyzes decomposition of hydrogen peroxide to
water and oxygen

o Ascorbate deroxidase (APX) — detoxifies hydrogen peroxide to
water using ascorbate as substrate

o Glutathione reductase (GR) — reduces oxidized glutathione
(GSSQG) to reduced glutathione (GHS)

- maintains high GHS/GSSH to sustain role of GHS as anti-
oxidant

- also incorporating into phytochelatins
- GSH also function as free radical scavenger
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Ascorbate
Peroxidase

(APX)

Ascorhate Perozidase

Activity (U/mg plant FW)
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Glutathione content
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Antioxidant Reactions and Pb Stress in

Sesbania drummondii
(Plant Physiol. Biochem. 42, §899-906, 2004)

Generally Pb exposure triggers an increase in
activity of antioxidant enzymes.

Significant Increased activity of these enzymes
not observed in S. drummondii up to 1,000 mg/L
Pb(NO,),.

Either Sesbania drummondii does not experience
stress at these levels of Pb treatment, or
antioxidant enzyme activities are not an indicator
of stress in this plant.
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