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Interaction Between Plants and Rhizobacteria in Phytoremediation of Heavy Metal - Contaminated
Seil. Koo, So-Yeon and Kyung-Suk Cho*. Department of Environmental Science and Engineering, Ewha
Womans University, 11-1 Daehyun-dong, Seodaemun-gu, Seoul 120-750, Korea ~ In heavily industrialized
areas, soil sites are contaminated with high concentrations of heavy metals. These pollutants are highly accumu-
lated to the human body through the food web and cause serious diseases. To remove heavy metals from the soil,
a potential strategy is the environmental friendly and cost effective phytoremediation. For the enhancement of
remediation efficiency, the symbiotic interaction between the plant and plant growth-promoting rhizobacteria
(PGPR) has been attended. In this review, the interaction of the plant and PGPR in the heavy metal-contaminated
soil has been reviewed. The physicochemical and biological characteristics of the rhizosphere can influence
directly or indirectly on the biomass, activity and population structure of the rhizobacteria. The root exudates are
offered to the soil microbes as useful carbon sources and growth factors, so the growth and metabolism of rhizo-
bacteria can be promoted. PGPR have many roles to lower the level of growth-inhibiting stress ethylene within
the plant, and also to provide iron and phosphorus from the soil to plant, and to produce phytohormone such as
indole acetic acid. The plant with PGPR can grow better in the heavy metal contaminated soil. Therefore higher
efficiency of the phytoremediation will be expected by the application of the PGPR.
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Fig. 1. Metal-hyperaccumulator Brassicaceae [12]. (a) Among
wild Brassicaceae 11 genera and 87 species are known to hyperac-
cumulate metals; (b) Brassicaceae has the largest number of nickel
(7 genera and 72 species) and zinc hyperaccumulators (3 genera
and 20 species).
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Fig. 2. Promotion of heavy metals-bioavailability by root-microbe interaction [59].
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Table 1. Metal-hyperaccumulators.

A5 5o, elo] ¥-=3 7oA AE2 citirc acid, malic
acid®} 72 carboxylic acid A5 AHEES wE3lt}. o]
E EYC pH W3 o8k, <ot ZHo|E IRMES 3
AL I FEEE 28X A AR 2 shEg|
AL o8 FFes = 93k sE30).

P82 A9 EA(extracellular enzyme), T, o}
3, phenolic acid, °}7]=AH(amino acids), B] e}, F7]4k
(organic acids), AAE -3 ZTHE2 3¥-E(purine,
nucleoside &) 52 7% (Table 2)°ll 4 ¥-¥] HNO3,
POy, OH7, H', CO,, Hp$t & 71843} 7k 3o

Heavy metal Plant species References
Thlaspi caerulescens, T. goesingense, [44]
7n T ochroleucum, T. rotundifolium, T. caliminare 1
Arabidopsis halleri [35]
Trifolium repens [53]
Alyssum murale [2]
Alyssum lesbiacum [32]
Alyssum bertolonii [37]
Ni T. goesingense [44, 46]
T ochroleucum, T. caerulescense, T. rotundifolium [44]
Brassica juncea [12]
B. campestris (7]
Bornmuellera baldacii subsp. markgrafii [11]
T. caerulescens [44]
Cd Arabidopsis halleri : [35]
B. juncea (L.) Czern. [33]
T. caerulescense, T rotundifolium ' [44]
Pb T. rotundlfollum subsp. cepaeifolim [11]
Hemidesmus indicus [49]
Cu B. juncea [12]
Elsholtzia splenq'ens [57]
Cr(VI) B juncea (6]
As Preris vittata [36]
Pityrogramma calomelanos [14]
Table 2. Organic compounds and enzymes identifiedin root exudya‘ies.'»
Component ' reference
glucose, xylose, mannitol [39]
Sugars maltose, oligosaccharides [8]
glutamate, isoleucine, methionine, tryptophan [39]
Amino acids alanine, glycine, valine, leticine, proline, serine, threonine, pheny- [17]
lalanine, aspartic acid, glutamic acid, asparagine, glutamine
Aromatics penzoate, phenols, /-carvone [25]
limonene, p-cymene ) [17]
. . acetate, citrate, mélate, propionate [8]
Organic acids lactate, succinate, fumarate, pyruvate [13] .
Vitamins biotin, thiamin, niacin, pantothenate, rhiboflavin {91
Enzymes phosphatase, invertase, amylase, protease 9]
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flavonoids, aromatic acids, amino acids, dicarboxylic

Table 3. Functional role of root exudate components in the
rhizosphere[9].

Component Rhizosphere function

Amino acids nutrient source
and Phytosidero-chelators of poorly soluble mineral nutrients

phores chemoattractant signals to microbes
nutrient source
chemoattractant signals to microbes
Phenolics microbial growth promoters

nod gene inducers in rhizobia
nod gene inhibitors in rhizobia
chelators of poorly soluble mineral nutrients

nutrient source

chemoattractnat signals to microbes
Organic acids chelators of poorly soluble mineral nutrients

acidifiers of soil

nod gene inducers

promoters of plant and microbial growth

Vitamins .
nutrient source

catalysts of P release from organic molecules

Enzymes . . N
nzy biocatalysts for organic matter transformation in soil

El
¢ Plant roots

Exudates
TN L
{{Ni} /oA Phe AA T

Fig. 3. Effects of root exudate on nutrient availability and
uptake by rhizosphere microbes. OA, organic acids; AA, amino
acids; Phe, phenolic compounds; Arrow: black, exudation; white,
uptake/stimulation; dotted, chemotaxis [9].
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Table 4. Plant growth-promoting rhizobacteria.
Potential PGPR References
ACC deaminase Psudomonas putida, Enterobactor cloacea, Kluyvera ascorbata SUDI165 [7]
Azotobacter paspali 4]
TAA Azospirillum brasilance [3]
Pseudomonas putida GR12-2 [40]
Bacillus pumillus, Bacillus licheniformis [53]
Siderophore Pseudomonas putida, Pseudomonas aeruginosa [55]
Bacillus,
: B. brevis, B. cereus, B. circulans, B. firmus, B. licheniformis,
B. megaterium, B. mesentricus, B. mycoides, B. polymyxa,
Solubilization of B. pumilis, B. pulvifaciens, B. subtilis
{52}
phosphorous Pseudomonas,

: P striata, P. cissicola, P. fluorescens, P. pinophillum, P. putida, P. syringae,
P, aeruginosa, P. putrefaciens, P. stutzeri

Rhizobium, bravyrhizibium
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Fig. 5. Interaction of a plant growth-promoting rhizobacteria
containing 1-aminocyclopropane-1-carboxylic acid deaminase
with a plant root [22, 24]. IAA, indole-3-acetic acid; SAM, S-
adenosyl-L-methionine; ACC, I-aminocyclopropane-i-carboxylic
acid.
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Fig. 6. Indole-3-acetic acid production pathway in the plant
growth-promoting rhizobacteria. IAA, indole-3-acetic acid;
PGPR, plant growth-promoting rhizobacteria.
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Fig. 7. Siderophore mediated Fe acquisition, transport, and storage by microbes(www.chem.duke.edu/~alc/labgroup/

CrumblissResearchDec2004.doc).
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