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Screening of plant growth promoting traits of Bacillus thuringiensis
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Abstract - This study aimed to evaluate the plant growth promoting (PGP) potential of Bacillus thuringiensis. In this context, sever-
al genetic determinants of factors implicated in PGP potential were investigated by polymerase chain reaction (PCR) in 16 B.
thuringiensis strains of different origin and belonging to different subspecies. PCR screening was performed on acid phosphatase, phy-
tase, siderophore biosynthesis protein, 1-aminocyclopropane-1-carboxylate (ACC) deaminase and indolpyruvate decarboxylase (ipdC).
Production of indol acetic acid (IAA)-like compounds and of ACC deaminase, and capability of solubilising mineral phosphate were
investigated by phenotypic tests. All the strains were PCR positive for the presence of the siderophore biosynthesis protein, ACC deam-
inase and acid phosphatase genes. Five and seven strains gave an amplicon with the expected length for the phytase and ipdC genes
respectively. All the strains produced IAA compounds and seven had a high capacity to solubilise inorganic phosphorous. Qualitative
phenotypic test for ACC deaminase activity showed that seven strains are able to grow on salt minimal medium containing ACC as
sole nitrogen source, indicating the expression of the accd genes. Our screening results in thirteen strains having more than one PGP
trait and showed that B. thuringiensis harbours and expresses several PGP determinants that could be very interesting in field appli-
cation to enhance the plant growth. To our knowledge, this is the first report on the multiple plant growth promoting potential of B.
thuringiensis.
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INTRODUCTION

Bacillus thuringiensis is a Gram-positive spore-forming bac-
terium commonly known as an important biocontrol agent.
It is widely used as bioinsecticide for the control of many
agricultural insect pests and vectors of human diseases
(Chattopadhyay et al., 2004). This is owing to its ability to
produce during sporulation characteristic proteinaceous
crystalline toxins (Δ-endotoxins) exhibiting specific activi-
ties against different orders of insect and nematodes
(Schnepf et al., 1998). Bacillus thuringiensis could also act
as a potential biocontrol agent against different fungal and
bacterial species owing to production of antimicrobial mol-
ecules such as zwittermicin A (Stabb et al., 1994; Cherif et
al., 2003), chitinases (Arora et al., 2003), glucanases, HCN
(Raddadi et al., 2007; Raddadi et al., unpublished), bacte-
riocins (Cherif et al., 2003), and the quorum-sensing-
quenching enzymes N-acyl homoserine lactone-lactonases
(Dong et al., 2000).

Plant growth-promoting bacteria are endophytic and
free-living soil bacteria that can either directly or indirectly
facilitate the growth of plants. Indirect stimulation of plant
growth includes a variety of mechanisms by which the bac-
teria prevent phytopathogenic microorganisms from

inhibiting plant growth and development. Direct stimulation
may include providing plants with fixed nitrogen, iron that
has been sequestered by bacterial siderophores, soluble
phosphate and other nutrients, and the ability to produce
suitable amounts of the plant hormones such as indole-3-
acetic acid (IAA), gibberellic acid and cytokinins
(Bloemberg and Lugtenberg, 2001) and to lower the levels
of the plant ethylene hormone mediating 1-aminocyclo-
propane-1-carboxylate (ACC) deaminase activity (Glick,
2005).

In this study, for the first time, an investigation of the
potential of B. thuringiensis as a biostimulator and biofer-
tiliser bacterium that could promote the plant growth was
carried out on 16 strains representing different subspecies
(ssp.) and wild isolates.

MATERIALS AND METHODS

Bacterial strains and growth conditions. The Bacillus
strains used in this study were routinely maintained at 
4 °C after growth at 30 °C on Tryptic soy broth (TSB) or
Nutrient agar. For longer-term maintenance, stock cul-
tures were stored in 25% (v/v) glycerol, 75% (v/v) TSB at
-20 and -80 °C. The Bacillus thuringiensis strains used in
this work were obtained from different collections and are
listed in Table 1.
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PCR analysis. Total DNA was extracted from 12-14 h cul-
tures in Luria-Bertani (LB) medium by sodium dodecyl sul-
phate-proteinase K treatment (Daffonchio et al., 2000).
PCR was performed as follows: two microlitres (about 60
ng) of DNA extract were amplified with 1.0 U of Taq DNA
polymerase (Amersham Pharmacia Biotech, Milan, Italy), 1
µM of each primer, 2.5 mM of MgCl2, 1x Taq polymerase
buffer (Amersham Pharmacia Biotech) and 0.12 mM of
dNTPs in a 25-ml reaction mixture in an I-cycler (Bio-Rad,
Milan, Italy). Thermal protocol consists of 30 cycles of
denaturation at 94 °C for 1 min, annealing for 45 s at the
suitable temperature (see Table 2), and extension at 72 °C
for 2 min. PCR products were analysed by 1.2% agarose
gel electrophoresis in 0.5 Tris-borate-EDTA buffer and
stained for 30 min in an 0.5-mg l-1 solution of ethidium bro-
mide. PCR products were sequenced with the DYEnamic ET
Terminator Cycle Sequencing Kit (Amersham Pharmacia
Biotech) as described by the manufacturer. The primers
used to generate the PCR products were used to sequence
the DNA on both strands in an ABI Prism 310 DNA capillary
sequencer (Applied Biosystems, Monza, Italy) equipped
with a 47 cm capillary. Each sequence was checked manu-
ally and searched for sequence similarities in databases
with the assistance of the BLAST facilities. Nucleotide
sequences of the primers used in this study are shown in
Table 2.

Phenotypic tests. Inorganic phosphorous solubilisation
was carried out as described by Mehta and Nautiyal (2001).
In brief, strains were grown for 16 h on Nutrient broth
(NB), then 100 µl of bacterial culture was inoculated in trip-
licate into 5 ml NBRI-BPB medium containing (in g l-1) glu-
cose 10, Ca3(PO4)2 5, MgCl2·6H2O 5, MgSO4·7H2O 0.25,
KCl 0.2, (NH4)2SO4 0.1, and bromophenol blue (BPB)
0.025. The medium was adjusted to pH 7.0 before auto-
claving. Qualitative estimation of phosphate solubilisation
(based on the qualitative estimation of BPB) was carried
out by measuring the absorbance at 600 nm of the culture
supernatant after 72 h of incubation. NBRI-BPB uninoculat-
ed medium was used as blanc.

For quantification of IAA production, bacterial strains
were propagated overnight in 5 ml of NB medium. Then 20
µl aliquots were transferred into 5 ml of NB medium sup-
plemented with D-L-tryptophan (BDH, Biochemicals,
England) at a final concentration of 500 μg ml-1 (from a fil-
ter-sterilised 2-mg ml-1 stock prepared in warm water).
After incubation for 72 h, the bacterial cells were removed
from the culture medium by centrifugation (3500 rpm, 10
min). A 1-ml aliquot of the supernatant was mixed vigor-
ously with 4 ml of Salkowski’s reagent made of 150 ml of
concentrated H2SO4, 250 ml of distilled H2O, 7.5 ml of 0.5
M FeCl3.6H2O (Gordon and Weber, 1951) and allowed to
stand at room temperature for 20 min before the
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TABLE 1 - Screening of plant growth promoting traits in Bacillus thuringiensis isolates

Strains* Organic P solubilisationa Inorganic P Siderophore ipdCa IAAc accda ACCDd

solubilisationb shynthesis (µg ml-1)
Phytase Acid genea

phosphatase

BMG1.7 ssp. thuringiensis + + +++ + + 1.60 ± 0.02 + +
HD9 ssp. entomocidus + + ++ + – 9.71 ± 0.22 + –
HD22 ssp. thuringiensis + + ++ + + 2.77 ± 0.05 + +
HD110 ssp. entomocidus + + + – – 8.18 ± 0.21 + –
HD125 ssp. tolworthi + + + + + 6.95 ± 0.1 + –
HD868 ssp. tochigiensis – + +++ + + 3.11 ± 0.03 + +
HD932 ssp. dakota – + +++ + – 2.49 ± 0.14 + –
HD1012 ssp. shandogiensis + + + + + 1.88 ± 0.23 + –
H45 – + ++ + + 1.61 ± 0.3 + –
H51 – + +/– + – 2.22 ± 0.07 + –
H77 – + +++ – + 1.73 ± 0.01 + +
H112 – + + + – 1.71 ± 0.07 + +
H150 – + +/– + – 2.06 ± 0.14 + –
H152 – + + + – 2.25 ± 0.1 + –
H156 – + + + – 1.53 ± 0.4 + +
H172 – + +/– + – 2.04 ± 0.36 + +

* Sources of B. thuringiensis strains. HD strains: Bacillus Genetic Stock Center, strains provided by D.R. Zeigler (HD 868) and B.M.
Hansen; H strains: Department of Biological Sciences, University of Jordan, Amman, Jordan, strains were provided by H. Khyami-
Horani; strain BMG1.7: LMBA University of Tunis, Tunis Tunisia.
a + indicates a PCR product of the expected size; –, no PCR product was formed, or the size of the product deviated significantly from
the expected size.
b inorganic P solubilisation was qualitatively estimated based on the increasing decolouration (from +/– to +++) of bromophenol blue
due to the pH drop of the medium.
c The concentration of IAA in each culture medium was determined by comparison with a standard curve. Results presented here are
means ± SD of three independent experiments.
d Qualitative ACC deaminase estimation based on the OD600 nm of the bacterial culture after 72 h of incubation in DF mineral medium
containing ACC as unique nitrogen source. +, OD was stable or increased over time; –, the cells were lysed and an OD decrease over
time occurred.



absorbance at 535 nm was measured. The uninoculated
Trp-containing medium mixed with the Salkowski reagent
was used as blank. The concentration of IAA in each culture
medium was determined by comparison with a standard
curve. Results presented are means of three independent
experiments.

Qualitative ACC deaminase activity was carried out as
described by Penrose and Glick (2003). Briefly, strains
were grown on 15 ml TSB for 4 h, then cells were harvest-
ed by centrifugation (6000 x g, 10 min, 4 °C) and the pel-
let was washed three times with 5 ml of DF (Dworkin and
Foster, 1958) salt minimal medium. Cells were then resus-
pended in 7.5 ml of DF salt minimal medium in a fresh cul-
ture tube. Just prior incubation, ACC (Sigma) was added at
a final concentration of 3 mM (from a 500 mM-stock pre-
pared in H2O and stored at -20 °C). Strains were then incu-
bated for 72 h (30 °C, agitation) and bacterial growth was
followed by measuring the OD at 600 nm.

RESULTS AND DISCUSSION

The inorganic phosphate solubilisation and the phytohor-
mone and siderophore production activities were
screened by PCR and/or phenotypic tests on 16 strains of
B. thuringiensis. Two primer pairs were used to amplify
genes encoding acid phosphatase and phytase, the two
enzymes implicated in organic phosphate and phytate
solubilisation respectively. All the strains gave an ampli-
fied fragment of the expected MW (734 bp) for the first
enzyme, and only strains HD9, HD110, HD125, HD1012
and BMG1.7 were positive for the phytase gene (Table
1). Partial sequencing of the acid phosphatase gene from
strains HD9, HD125 and BMG1.7 revealed a 99% nt iden-

tity to acid phosphatase from Bacillus cereus ATCC 14579
(data not shown). Phenotypic tests for inorganic P solu-
bilisation, on plates and in liquid NBRI-BPB medium using
tricalcium phosphate as the only phosphate source,
resulted in strains H77, BMG1.7, HD868, HD9, H45,
HD22 and HD932 as the most potent phosphate solu-
bilises.

In soil, phosphate is present in two forms: organic
phosphates represented essentially by inositol phosphates
(or phytates) and phosphoesters; and mineral phosphates
in the form of calcium phosphates, hydroxyapatites and
rock phosphates (Rodriguez and Fraga, 1999; Nautiyal et
al., 2000). To become available for plants, both mineral
and organic phosphates should be solubilised and phos-
phate solubilising bacteria play an important role in this
process (Rodriguez and Fraga, 1999; Nautiyal et al., 2000)
and hence in plant growth promotion. Although the genet-
ic basis of mineral phosphate solubilisation is not well
understood yet, the main mechanism for mineral phos-
phate solubilisation is the production of organic acids,
which results in acidification of the microbial cell and its
surroundings leading to the release of ionic phosphate by
proton substitution for Ca2+ (for review see Rodriguez and
Fraga, 1999). Our strains were shown to have mineral
phosphate solubilising activity. This indicates that B.
thuringiensis strains were able to produce organic acids
which lead to the pH drop and to tricalcium phosphate sol-
ubilisation. The different strains were able to solubilise
phosphate both in liquid and solid media, although obser-
vation of the halos on solid medium was slower (14 days of
incubation) with respect to the decolourisation in the liquid
medium (3 days).

Interestingly, P-solubilising strains BMG1.7, HD868,
HD9, H45, HD22 and HD932 were also siderophore pro-
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TABLE 2 - Results from PCR and/or phenotypic screening of plant growth promoting traits in the Bacillus thuringiensis isolates

Primer Primer Annealing Primer sequence (5´➝ 3´)b Target gene Position (GenBank
set namea temperature Accession N.)

(°C)

Sider F-Sider 55 GAGAATGGATTACAGAGGAT Siderophore biosynthesis protein 1901958-1901977
R-Sider TTATGAACGAACAGCCACTT 1903687-1903668

(AE017355)
Auxin F-ipdC 50 CAYTTGAAAACKCAMTATACTG Indole pyruvate decarboxylase 92483-92462

R-ipdC AAGAATTTGYWKGCCGAATCT 90806-90827
(AE017272)

ACCD F-accd 52 GTGAACCACCTGAATGTA ACC deaminase 3074786-3074803
R-accd AAACGAGATGATTTACTTGG 3075641-3075622

(AE017355)

Ac Pho F-AcPho 55 AAGAGGGGCATTACCACTTTATTA Acid phosphatase 4456184-4456207
R-AcPho CGCCTTCCCAATCRCCATACAT 4456916-4456895

(AE016877)

phy F-phy 48 TATGATTTTCCGTTGAAC Phytase 406-42
R-phy ATTCCGTCTGTATCGCTTGT3 1040-1021

(AF292103)

a F, forward strand; R, reverse strand.
b In the degenerate primers, the sequence is given according to the degenerate DNA genetic code: K = G or T; M = A or C; W = T
or A; Y = C or T.



ducers. Hence they could be considered as good candidates
for elaboration of biofertilising inoculants that could provide
plant with both soluble iron and phosphates. However,
whether these strains exert biofertilising potential in soil
remain to be demonstrated, since not all strains that are
effective in vitro retain the capacity in the field due to the
influence of many factors on their activity such as ionic
strenght, temperature and pH (Nautiyal et al., 2000).

The genetic determinants for siderophore production
were investigated by PCR with primers targeting a
siderophore biosynthetic protein gene. Apart from strains
H77 and HD110, all the other strains were PCR-positive for
this gene (Table 1). Siderophore production is a common
character of the B. cereus group as was shown for B.
cereus (Park et al., 2005) and Bacillus anthracis
(Cendrowski et al., 2004) and recently for B. thuringiensis
(Wilson et al., 2006). In the case of B. thuringiensis this
character could be relevant for biocontrol of phytopatho-
genic fungi due to competition effects for iron, but also for
providing the plant with iron. Indeed, a number of plants
possess heterologous iron uptake mechanism for acquisi-
tion of iron through iron-bacterial siderophore complex
(Yehuda et al., 1996; Sharma et al., 2003). The role of soil
microbial activity in iron acquisition and plant growth has
been reported by Masalha et al. (2000) who found that
under non-sterile soil system, plants show no iron-deficien-
cy symptoms and have fairly high iron level in roots, in con-
trast to plants grown in sterile system.

We also investigated the capacity of B. thuringiensis to
interfere with phytohormone metabolism, in particular by
producing IAA and ACC deaminase (Table 1). Examination
of the auxin production potential was carried out by PCR
screening of the ipdC gene that codify for indole pyruvate

decarboxylase, a key enzyme implicated in the biosynthe-
sis of IAA from tryptophane via the indole pyruvate path-
way (IPyA, Fig. 1) (Schutz et al., 2003). We amplified ipdC
gene from strains BMG1.7, HD22, HD125, HD868,
HD1012, H45 and H77. In phenotypic test, carried out
using the Salkowski’s reagent, development of IAA-char-
acteristic pink colour was observed in the culture super-
natants of all the B. thuringiensis strains. Quantitative
analysis of the IAA production in each culture medium
revealed different IAA concentrations varying from 1.53 to
9.71 μg ml-1, with HD9 (9.71 μg ml-1), HD110 (8.18 μg ml-1)
and HD125 (6.9 μg ml-1) having the highest amounts
(Table 1). The IAA production capacity and the ipdC gene
have been reported in the genomes of B. thuringiensis ssp.
konkukian str. 97-27 (Accession N. AE017355), B. cereus
E33L (Accession N. CP000001), B. cereus ATCC 10987
(Rasko et al., 2004), B. cereus ATCC 14579T (Ivanova et
al., 2003), B. cereus G9241 (Hoffmaster et al., 2004), and
B. anthracis Ames (Read et al., 2003). These observations
support the hypothesis that B. cereus/B. thuringiensis/B.
anthracis were originally soil bacteria that evolved to occu-
py different ecological niches. In fact, production of IAA, a
plant hormone that does not apparently function as a hor-
mone in bacterial cells, may have evolved in bacteria
because it is important in the bacterium-plant relationship.
The ipdC gene was chosen as target because it has been
reported that beneficial plant associated bacteria frequent-
ly synthesise IAA via the IPyA pathway (Schutz et al.,
2003). Interestingly, some of the strains that responded
positively to the Salkowski’s reagent did not give amplifi-
cation of the ipdC gene, possibly because IAA production
occurs in these strains via the indole acetamide (IAM)
pathway (Fig. 1). 
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The highest IAA quantities (6.9-9.71 μg ml-1, Table 1)
could be considered in the range of beneficial IAA concen-
trations that could not cause plant pathogenesis but allow
plant growth promotion. First, they are comparable to the
quantities produced by the non pathogenic endophytic bac-
terium Erwinia herbicola 299R (Brandl and Lindow, 1996)
but lower than those produced by phytopathogenic bacte-
ria like the olive pathogenic species Pseudomonas savas-
tanoi, used as control in our study, and which produced
73.29 μg ml-1 in the same conditions. These amounts are
also lower with respect to the quantities usually produced
by Pseudomonas syringae pathovars (70 μg ml-1) that
induce necrotic diseases (Glickmann et al., 1998) or by
Agrobacterium tumefaciens (Schwalm et al., 2003).
Second, the IAA concentrations produced by the B.
thuringiensis strains are near to those produced by the
plant growth promoting bacterium Pseudomonas putida
GR12-2 (Patten and Glick, 2002).

Such concentrations could not have an inhibitory effect
on plant root elongation by influencing the plant ethylene
levels. In fact, it is important to note that IAA secreted by
a bacterium may promote root growth directly by stimulat-
ing plant cell elongation or cell division, or indirectly by
influencing bacterial ACC deaminase activity. ACC deami-
nase, produced by many plant growth-promoting bacteria,
is involved in the stimulation of root elongation in seedlings
by hydrolyzing plant ACC, the immediate precursor of the
phytohormone ethylene, and thereby prevents the produc-
tion of plant growth-inhibiting levels of ethylene (Penrose
et al., 2001).

All the strains were PCR positive for the accd gene
encoding ACC deaminase enzyme (Table 1). Partial
sequencing of the PCR products from strains HD9, HD110,
HD125 and BMG1.7 showed identity between 97 and 99%
to the B. cereus ATCC 14579T accd gene. The high fre-
quence of the presence of this gene could be explained by
considering that this enzyme could be implicated in the
deamination of substrates other than ACC as was found for
the ACCD enzymes from Pseudomonas putida UW4
(Hontzeas et al., 2004) and Pyrococcus horikoshii (Fujino et
al., 2004). Seven strains (HD22, BMG1.7, H77, H172,
HD868, H156, H112) out of the 16 B. thuringiensis isolates
tested were able to grow on DF mineral medium containing
3 mM of ACC as the sole nitrogen source as was shown by
following the OD600nm until 72 h of incubation (data not
shown), and hence could have ACCD activity. Interestingly,
HD22, BMG1.7 and H77 showed a higher growth rate with
respect to the remaining strains, suggesting a higher active
ACC deaminase for these strains.

Besides lowering the level of ethylene mediating the
hydrolysis of its precursor, ACC deaminases have also been
shown to protect plants from the deleterious effects of some
environmental stresses including heavy metals (Belimov et
al., 2005), flooding (Grichko and Glick, 2001), salt (Mayak
et al., 2004a), drought (Mayak et al., 2004b) and phy-
topathogens (Wang et al., 2000), which induce ethylene
synthesis. Accordingly, finding of ACC deaminase B.
thuringiensis producers could be of great interest for field
application and especially under stress conditions.
Additionally, the resistance of B. thuringiensis spores make
from this bacterium a feasible plant growth promoting
agent under extreme environments (high temperatures,
high salt concentrations), and this is an advantage with

respect to the non sporulating and/Gram-negative PGP bac-
teria which are usually more sensitive to these stresses.

We demonstrated that B. thuringiensis isolates has the
genetic determinants for siderophore and acid phosphatase
production, and is capable of hydrolyzing mineral phos-
phates. This suggests that B. thuringiensis could be used as
an important bioinoculant that provides the plant with both
soluble iron and phosphorous. We also demonstrated that
B. thuringiensis isolates are capable of releasing IAA, and
suggest that IAA production may proceed via the indole-3-
pyruvic acid and/or indole-3-acetamide pathways since the
ipdC gene were found in some, but not in all of the strains.
Finally, we showed that B. thuringiensis produces the ACC
deaminase suggesting that it can interfere with plant hor-
mone balance in a complex way. Taken together, all these
results with those of previous studies (Raddadi et al., 2005,
2007, unpublished) confirm B. thuringiensis as a polyvalent
biocontrol, biofertilising and biostimulating bacterium
whose plant growth promoting properties should be further
explored in green-house and field conditions especially for
its ability to compete with the endogenous soil and rhizos-
phere microbial communities.

Acknowledgments
We thank Dr Daniel R. Zeigler, Dr B M Hansen and Dr Hala
Khyami-Horani for the generous gift of the B. thuringiensis
strains used in this study.

REFERENCES

Arora N., Ahmad T., Rajagopal R., Bhatnagar R.K. (2003). A con-
stitutively expressed 36 kDa exochitinase from Bacillus
thuringiensis HD-1. Biochem. Biophys. Res. Commun., 307:
620-625.

Belimov A.A., Hontzeas N., Safronova V.I., Demchinskaya S.V.,
Piluzza G., Bullitta S., Glick B.R. (2005). Cadmium-tolerant
plant growth-promoting bacteria associatedwith the roots of
Indian mustard (Brassica juncea L. Czern.). Soil Biol.
Biochem., 37: 241-250.

Bloemberg G.V., Lugtenberg B.J.J. (2001). Molecular basis of
plant growth promotion and biocontrol by rhizobacteria.
Curr. Opin. Plant. Biol., 4: 343-350.

Brandl M.T., Lindow S.E. (1996). Cloning and characterization of
a locus encoding an indolepyruvate decarboxylase involved
in indole-3-acetic acid synthesis in Erwinia herbicola. Appl.
Environ. Microbiol., 62: 4121-4128 

Cendrowski S., MacArthur W., Hanna P. (2004). Bacillus anthracis
requires siderophore biosynthesis for growth in macrophages
and mouse virulence. Mol. Microbiol., 51: 407-417.

Chattopadhyay A., Bhatnagar N.B., Bhatnagar R. (2004).
Bacterial insecticidal toxins. Crit. Rev. Microbiol., 30: 33-54.

Cherif A., Chehimi S., Limem F., Rokbani A., Hansen B.M.,
Hendriksen N.B., Daffonchio D., Boudabous A. (2003).
Purification and characterization of the novel bacteriocin
entomocine 9, and safety evaluation of its producer, Bacillus
thuringiensis subsp. entomocidus HD9. J. Appl. Microbiol.,
95: 990-1000.

Daffonchio D., Cherif A., Borin S. (2000). Homoduplex and het-
eroduplex polymorphisms of the amplified ribosomal 16S-
23S internal transcribed spacers describe genetic relation-
ships in the ‘Bacillus cereus group’. Appl. Environ. Microbiol.
66: 5460-5468.

Dong Y.-H., Xu J.-L., Li X.-Z., Zhang L.-H. (2000). AiiA, an
enzyme that inactivates the acylhomoserine lactone quorum
sensing signal and attenuates the virulence of Erwinia caro-
tovora. Proc. Natl. Acad. Sci. USA, 97: 3526-3531.

Ann. Microbiol., 58 (1), 47-52 (2008) 51



Dworkin M., Foster J. (1958). Experiments with some microor-
ganisms which utilize ethane and hydrogen. J. Bacteriol. 75:
592-601.

Fujino A., Ose T., Yao M., Tokiwano T., Honma M.,Watanabe N.,
Tanaka I. (2004). Structural and enzymatic properties of 1-
aminocyclopropane-1-carboxylate deaminase homologue
from Pyrococcus horikoshii. J. Mol. Biol. 341: 999-1013.

Glick B.R. (2005). Modulation of plant ethylene levels by the bac-
terial enzyme ACC deaminase. FEMS Microbiol. Lett. 251: 1-
7.

Glickmann E., Gardan L., Jacquet S., Hussain S., Elasri M., Petit
A., Dessaux Y. (1998). Auxin production is a common feature
of most pathovars of Pseudomonas syringae. Molecular
Plant-Microbe Interact., 11: 156-162.

Gordon S.A., Weber R.P. (1951). Colorimetric estimation of
indole acetic acid. Plant Physiol., 26: 192-195.

Grichko V.P., Glick B.R. (2001). Amelioration of flooding stress
by ACC deaminase-containing plant growth-promoting bac-
teria. Plant Physiol. Biochem. 39:11-17.

Hoffmaster A.R., Ravel J., Rasko D.A., Chapman G.D., Chute
M.D., Marston C.K., De B.K., Sacchi C.T., Fitzgerald C.,
Mayer L.W., Maiden M.C.J., Priest F.G., Barker M., Jiang L.,
Cer R.Z., Rilstone J., Peterson S.N., Weyant R.S., Galloway
D.R., Rea, T.D., Popovic T., Fraser C.M. (2004). Identification
of anthrax toxin genes in a Bacillus cereus associated with an
illness resembling inhalation anthrax. Proc. Natl. Acad. Sci.
U.S.A., 101: 8449-8454.

Hontzeas N., Zoidakis J., Glick B.R. Abu-Omar M.M. (2004).
Expression and characterization of 1-aminocyclopropane-1-
carboxylate deaminase from the rhizobacterium
Pseudomonas putida UW4: a key enzyme in bacterial plant
growth promotion. Biochim. Biophys. Acta, 1703: 11-19.

Ivanova N., Sorokin A., Anderson I., Galleron N., Candelon B.,
Kapatral V., Bhattacharyya A., Reznik G., Mikhailova N.,
Lapidus A., Chu L., Mazur M., Goltsman E., Larsen N.,
D’Souza M., Walunas T., Grechkin Y., Pusch G., Haselkorn R.,
Fonstein M., Ehrlich S.D., Overbeek R., Kyrpides N. (2003).
Genome sequence of Bacillus cereus and comparative analy-
sis with Bacillus anthracis. Nature, 423: 87-91.

Masalha J., Kosegarten H., Elmaci Ö., Mengel K. (2000). The
central role of microbial activity for iron acquisition in maize
and sunflower. Biol. Fertil. Soils, 30: 433-439.

Mayak S., Tirosh T. Glick B.R. (2004a). Plant growth-promoting
bacteria confer resistance in tomato plants to salt stress.
Plant Physiol. Biochem., 42: 565-572.

Mayak S., Tirosh T. Glick B.R. (2004b). Plant growth-promoting
bacteria that confer resistance to water stress in tomatoes
and peppers. Plant Sci., 166: 525-530.

Mehta S., Nautiyal C.S. (2001). An efficient method for qualita-
tive screening of phosphate-solubilizing bacteria. Curr.
Microbiol., 43: 51-56.

Nautiyal C.S., Bhadauria S., Kumar P., Lal H., Mondal R., Verma
D. (2000). Stress induced phosphate solubilization in bacte-
ria isolated from alkaline soils. FEMS Microbiol. Lett., 182:
291-296.

Park R-Y., Choi M.-H., Sun H.-Y., Shin S.-H. (2005). Production
of catechol-siderophore and utilization of transferrin-bound
iron in Bacillus cereus. Biol. Pharm. Bull., 28: 1132-1135.

Patten C.L., Glick B.R. (2002). Role of Pseudomonas putida
indoleacetic acid in development of the host plant root sys-
tem. Appl. Environ. Microbiol., 68: 3795-3801.

Penrose D.M., Glick B.R. (2003). Methods for isolating and char-
acterizing ACC deaminase-containing plant growth-promot-
ing rhizobacteria. Physiologia Plantarum, 118: 10-15.

Penrose D.M., Moffatt B.A., Glick B.R. (2001). Determination of
1-aminocycopropane-1-carboxylic acid (ACC) to assess the

effects of ACC deaminase-containing bacteria on roots of
canola seedlings. Can. J. Microbiol., 47: 77-80.

Raddadi N., Cherif A., Mora D., Brusetti L., Borin S., Boudabous
A., Daffonchio D. (2005). The autolytic phenotype of the
Bacillus cereus group. J. Appl. Microbiol., 99: 1070-1081.

Raddadi N., Cherif A., Ouzari H., Marzorati M., Brusetti L.,
Boudabous A., Daffonchio D. (2007). Bacillus thuringiensis
beyond insect biocontrol: plant growth promotion and
biosafety of polyvalent strains. Ann. Microbiol., 57: 481-494.

Rasko D.A., Ravel J., Økstad O.A., Helgason E., Cer R.Z., Jiang
L., Shores K.A., Fouts D.E., Tourasse N.J., Angiuoli S.V.,
Kolonay J., Nelson W.C., Kolstø A.B., Fraser C.M., Read, T.D.
(2004). The genome sequence of Bacillus cereus ATCC
10987 reveals metabolic adaptations and a large plasmid
related to Bacillus anthracis pXO1. Nucl. Ac. Res., 32: 977-
988.

Read T.D., Peterson S.N., Tourasse N., Les Baillie W., Paulsen
I.T., Nelson K.E., Tettelin H., Fouts D.E., Eisen J.A., Gill S.R.,
Holtzapple E.K., Økstad O.A., Helgason E., Rilstone J., Wu
M., Kolonay J.F., Beanan M.J., Dodson R.J., Brinkac L.M.,
Gwinn M., DeBoy R.T., Madpu R., Daugherty S.C., Durkin
A.S., Haft D.H., Nelson W.C., Peterson J.D., Pop M., Khouri
H.M., Radune D., Benton J.L., Mahamoud Y., Jiang L., Hance
I.R., Weidman J.F., Berry K.J., Plaut R.D., Wolf A.M., Watkins
K.L., Nierman W.C., Hazen A., Cline R., Redmond C., Thwaite
J.E., White O., Salzberg S.L., Thomason B., Friedlander A.M.,
Koehler T.M., Hanna P.C., Kolstø A.-B., Fraser C.M. (2003).
The genome sequence of Bacillus anthracis Ames and com-
parison to closely related bacteria. Nature, 423: 81-86.

Rodriguez H., Fraga R. (1999). Phosphate solubilizing bacteria
and their role in plant growth promotion. Biotechnol. Adv.,
17: 319-339.

Schnepf E., Crickmore N., Van Rie J., Lereclus D., Baum J.,
Feitelson J., Zeigler D.R., Dean, D.H. (1998). Bacillus
thuringiensis and its pesticidal crystal proteins. Microbiol.
Mol. Biol. Rev., 62: 775-806.

Schutz A., Golbik R., Tittmann K., Svergun D.I., Koch M.H.J.,
Hubner G., Konig S. (2003). Studies on structure-function
relationships of indolepyruvate decarboxylase from
Enterobacter cloacae, a key enzymeof the indole acetic acid
pathway. Eur. J. Biochem., 270: 2322-2331.

Schwalm K., Aloni R., Langhans M., Heller W., Stich S., Ullrich
C.I. (2003). Flavonoid-related regulation of auxin accumula-
tion in Agrobacterium tumefaciens-induced plant tumors.
Planta, 218: 163-178.

Stabb E.V., Jacobson L.M., Handelsman J. (1994). Zwittermicin
A-producing strains of Bacillus cereus from diverse soils.
Appl. Environ. Microbiol., 60: 4404-4412.

Sharma A., Johri B.N., Sharma A.K., Glick B.R. (2003). Plant
growth-promoting bacterium Pseudomonas sp. strain GRP3
influences iron acquisition in mung bean (Vigna radiata L.
Wilzeck) Soil Biol. Biochem., 35: 887-894.

Wang C., Knill E., Glick B.R., Defago G. (2000). Effect of trans-
ferring 1-aminocyclopropoane-1-carboxylic acid (ACC)
deaminase genes into Pseudomonas fluorescens strain CH40
and its gacA derivative CHA96 on their growth-promoting
and disease-suppressive capacities. Can. J. Microbiol., 46:
898-907.

Wilson M.K., Abergel R.J., Raymond K.N., Arceneaux J.E.L.,
Byers B.R. (2006). Siderophores of Bacillus anthracis,
Bacillus cereus and Bacillus thuringiensis. Biochem. Biophys.
Res. Comm., 348: 320-325.

Yehuda Z., Shenker M., Romheld V., Marschner H., Hador Y.,
Chen Y. (1996). The role of ligand exchange in the uptake of
iron from microbial siderophores by gramineous plant. Plant
Physiol., 112: 1273-1280.

52 N. Raddadi et al.



<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /None
  /Binding /Left
  /CalGrayProfile (Gray Gamma 2.2)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Error
  /CompatibilityLevel 1.3
  /CompressObjects /Off
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams true
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts false
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Remove
  /UsePrologue false
  /ColorSettingsFile (Color Management Off)
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 290
  /ColorImageMinResolutionPolicy /Warning
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 150
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.00000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 290
  /GrayImageMinResolutionPolicy /Warning
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 150
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.00000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 800
  /MonoImageMinResolutionPolicy /Warning
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 300
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.00000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e9ad88d2891cf76845370524d53705237300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc9ad854c18cea76845370524d5370523786557406300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <FEFF9ad854c18cea306a30d730ea30d730ec30b951fa529b7528002000410064006f0062006500200050004400460020658766f8306e4f5c6210306b4f7f75283057307e305930023053306e8a2d5b9a30674f5c62103055308c305f0020005000440046002030d530a130a430eb306f3001004100630072006f0062006100740020304a30883073002000410064006f00620065002000520065006100640065007200200035002e003000204ee5964d3067958b304f30533068304c3067304d307e305930023053306e8a2d5b9a306b306f30d530a930f330c8306e57cb30818fbc307f304c5fc59808306730593002>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020ace0d488c9c80020c2dcd5d80020c778c1c4c5d00020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken die zijn geoptimaliseerd voor prepress-afdrukken van hoge kwaliteit. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents best suited for high-quality prepress printing.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /ConvertToCMYK
      /DestinationProfileName ()
      /DestinationProfileSelector /DocumentCMYK
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure false
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles false
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /DocumentCMYK
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /UseDocumentProfile
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [7200.000 7200.000]
>> setpagedevice


