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Abstract. Pseudomonas fluorescens are gram-negative, motile, rod-shaped bacteria known for their metabolic versatility.
Many strains of this species possess excellent capability to colonize plant roots, promoting plant growth in soils contami-
nated with toxic metals. P. fluorescens biotype F is a strain tolerant to arsenic which had been isolated previously from
soil contaminated with arsenic and other toxic metals and characterized as a promoter of plant growth and accumulation of
arsenic. In the present work we studied the protein profile of this strain together with the profile of a sensitive P. fluores-
cens CECT 378 in the presence and absence of sodium arsenate using two-dimensional polyacrylamide gel electrophoresis
(2D-PAGE). The gels were analyzed by PDQuest, while the statistical significance was proved by ANOVA. We found 9
differentially expressed proteins in the tolerant strain — 4 new proteins, 4 upregulated proteins and 1 downregulated pro-
teins in the presence of 1000 ppm As. In the non-tolerant strain there were 7 differentially expressed proteins — 1 new pro-
tein, 3 upregulated proteins and 3 downregulated proteins. The identification of the proteins with MALDI-TOF is in

progress.
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1. Introduction

The fluorescent pseudomonads are known as a wide
group of gram-negative, non-spore forming, motile, rod-
shaped bacteria with an important metabolic versatility
and pathogenicity [1]. Many strains of genus Pseudomo-
nas possess the capability to promote plant growth when
develop in the rhizosphere [2, 3], due to their 1-
aminocyclopropane-1-carboxylate (ACC) deaminase
activity, indoleacetic acid (IAA) and siderophore produc-
tion [4]. Plant growth-promoting bacteria (PGPR) that
contain ACC deaminase may act to insure that the ethyl-
ene level does not impair root growth [5]. By facilitating
the formation of longer roots, these bacteria may enhance
seedling survival and plant root growth. The adaptation
capabilities of both partners of the associative symbiosis:
plant and associate bacteria, as well as the bioremediation
potential of the microsymbiont are of importance in
minimizing the detrimental effect of heavy-metal pollu-
tion. On the other hand, PGPR could improve host plant
growth and development in heavy metal-contaminated
soils by mitigating toxic effects [6, 7] and/or enhance
plant accumulation of these metals into the plant tissues
[8, 9]. All these positive effects improve the plant growth
and accumulation of metals when develop in heavy
metal-contaminated soils.

Among the PGPR, Pseudomonas fluorescens dis-
poses of an efficient system for survival in high abiotic

stress conditions produced by metals and metalloids [10].
The monitoring of sensitivity/tolerance of these microor-
ganisms has a primary importance in preparation of in-
ocula for bioremediation of heavy metal-contaminated
soils. Although some metals (Cu, Zn) are considered as
essential and play an important role in maintaining the
biochemical activity, a huge number of them are toxic
even in very small concentrations. Microorganisms, and
the bacteria in particular, have developed different tools
to protect themselves by the oxidative stress produced by
the metals. Usually this is expressed in detoxification
mechanisms, including compartmentalization, binding,
efflux, etc. [10] in tolerant strains. In the opposite, the
hydroxide radicals formed in redox reactions of heavy
metals are highly reactive molecules and play a role in a
number of deleterious reactions, such as peroxidation of
lipids which conducts to membrane disruption and oxida-
tion of proteins, causing their inactivation. This can lead
to alteration in structure or function of these molecules.
To understand the function of genes in an organism, it is
not only required to know which genes are expressed,
when and where, but also, what protein end products are
and under which conditions they accumulate in certain
tissues. There are large numbers of specific proteins re-
ported in various genera of bacteria that showed increase
in their level of expression, upon adverse conditions, such
as heat, toxic elements and nutrient limitations. In post-
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genomic investigations, proteomics is one of the best
strategies used to reveal the dynamic expressions of
whole proteins in cells and their interactions. The term
proteome is used here to describe the complex state of an
organism under defined conditions. Due to its high reso-
Iution, two-dimensional PAGE, combined with a high
throughput mass spectrometry and bioinformatics, is
widely used for protein separation and identification,
which is considered sufficiently discriminating to allow a
unique identification of unknown proteins [11]. Also, the
identification of differentially expressed proteins could
clarify the gene response to some physiological actions
and environmental conditions.

As a response to the exposure to four amino acids
(Asn, Asp, Gln and Glu) as different carbon and nitrogen
sources, P. fluorescens ATCC 13525 and P. putida
KT2440 coordinately expressed a well-defined set of
genes, leading to induction of the same proteins in both
strains [12].

Sharma et al., 2006, demonstrated [13], that the ex-
posure of P. fluorescencs ATCC 948 to three different
heavy metals separately resulted, in differential expres-
sion of cellular proteins, but also in disappearance of the
fluorescence, the basic characteristic shown by the fluo-
rescent Pseudomonas, indicating the action of the metals
on global regulatory components, controlling the
siderophore molecules imparting this bacterial quality.

The aim of the work was to study protein profile
changes and differentially expressed proteins in Pseudo-
monas fluorescens biotype F and Pseudomonas fluores-
cens CECT 378, exposed to sodium arsenate as one of the
most frequent soil contaminants.

2. Materials and methods

Acrylamide (N,N-methylene bis acrylamide), carrier
ampholytes, immobilized pH gradient (IPG) strips and
mineral oil were purchased from Bio-Rad Laboratories;
Coomassie brilliant blue G250, 1,4-dithiothreitol (DTT),
2-iodoacetamide and ammonium persulfate — Merck
Darmstadt, Germany; Bradford reagent, thiourea, Ttris,
3-[(3-cholamidopropyl)  dimetyl-ammonio]-1-propane-
sulfonate (CHAPS) and glycine — Sigma Chemie.

2.1. Strains and growth conditions

Two strains were used in this study, Pseudomonas
fluorescens biotype F, isolated from metal-contaminated
soils of Aznalcéllar (Southern Spain), and Pseudomonas
fluorescens CECT 378 obtained from The Spanish Type
Culture Collection. It should be mentioned that the sec-
ond strain corresponds to the strain P. fluorescens ATCC
13525 (Collection of Rockville, Maryland, USA). The
first one had been characterized as a strain tolerant to
arsenic (arsenate and arsenite) [7], while the second one
was found to be sensitive to this metalloid. Both cultures
were maintained as slants in Pseudomonas PHAGE agar
medium at 4 °C, while the experimental growth was car-
ried out in a liquid medium at 28 °C with the presence or
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absence of 1000 ppm of arsenic as sodium arsenate
(Na,HAsQ,) till reaching O.D. = 0.5 (550 nm). The cells
were then harvested by centrifugation at 5000 rpm for
15 min.

2.2. Preparation of cell extracts

The pellets were re-suspended and washed, first in
0.02 M MgCl,, and after that — in deionized water. Each
time the cells were obtained by centrifugation at
6000 rpm, 4°C for 15 min. The pellets were re-
suspended in 500 pl lysis buffer (thiourea 2 M, urea 7 M,
CHAPS 4 %, DTT 1 % and carrier ampholytes 2 %),
followed by repeated ultra-sonication with intervals in
ice. Finally, the extracts were centrifuged at 12000 rpm,
4 °C, 15 min., and the supernatants were stored at —20 °C.

2.3. Isoelectric focussing (IEF)

The protein quantification in each extract was made
by the Bradford method (Bio-Rad) using bovine serum
albumin as a standard. Protein sample (adjusted protein
concentration of 1 pgpl™) of 400 ul was loaded on a
17 cm IPG strip pH 4-7. Mineral oil covered the strip to
avoid evaporation of the protein sample. IEF was per-
formed in focusing tray using the following conditions:
i) rehydration active for 12 h; ii) 500 V linear current for
1 h; iii) 1000 V linear current for 1 h; iv) complete focus-
ing was made applying 8000 V linear current for 8 h.

2.4. SDS-PAGE

The strips were equilibrated using DTT and io-
doacetamide equilibration buffers for 15 min. and kept on
the stacking gel at 13 % and sealed with 0.5 % agarose
with bromophenolblue. SDS-PAGE was performed using
Protean IX system of BIO-RAD. The current was first
adjusted at 30 mA/gel (60 min.), then at 60 mA/gel till
the end. All the experiments were repeated three times.
Gels were stained with recently made 1 % Coomassie
Brilliant Blue G250 to visualize the proteins [14] in 20 %
methanol. Posteriori, they were treated with Tris-H3;POy,,
methanol and ammonium sulfate and water clarified.

2.5. Analysis

The gels were scanned and analyzed using PD-Quest
software Version 7.1.0 (Bio-Rad). Spot quantity was
defined as the sum of the pixel values comprising pro-
teins spots subtracting the sum of background pixel val-
ues. Finest, small and large spot clusters were marked and
the horizontal and vertical streaking was removed. The
image of protein profile of the cells of both strains grown
without arsenate was taken for control and compared with
the profile of those grown in 1000 ppm of arsenic. Differ-
entially expressed and new proteins were marked and
analyzed on the basis of a set of three independent pairs
of gels. The differences between selected spots in control
and arsenic treatments were considered to be significant
by ANOVA (p < 0.05) using the softwear Statistix 8.0.
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3. Results

Both strains, P. fluorescens biotype F and P. fluo-
rescens CECT 378, were grown in Pseudomonas PHAGE
medium with or without arsenic till reaching the medium
stationary phase. The pattern of protein separation ex-
pressed using two-dimensional PAGE was consistent in
all the gels (Fig 1). Comparing the treatment for each
strain with its corresponding control, the appearance of
the total of 9 differentially expressed and statistically
significant protein spots in P. fluorescens biotype F and 7
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From them, in the tolerant strain in the presence of

metalloid 4 new, 4 upregulated and 1 downregulated

spots,

comparing with the corresponding control

(Fig 1A), were found.

On the other hand, from the 7 differentially ex-

pressed spots in the non-tolerant strain, 1 spot was new, 3
spots — upregulated and 3 spots — downregulated
(Fig 1B). Tables 1 and 2 summarize the weight, the
isoelectric point and the trend of each of these proteins
under experimental conditions (in the presence of arse-
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Fig 1. 2D profile of Pseudomonas fluorescens biotype F (A) and Pseudomonas fluorescens CECT 378 (B) presenting the dif-
ferentially expressed proteins in the presence or absence (control) of 1000 ppm of arsenic. The values of the weight standards
are situated between the gels. Major protein spots upregulated in each case are marked by squares, while the downregulated
ones are marked by a circle of dots. The absence of proteins is indicated by a circle of a solid line, while the new proteins — by
an arrow. The numbers show the relative position of the differentially expressed spots described in Tables 1 and 2
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Table 1. Description of differentially expressed proteins in the
cells of P. fluorescens biotype F

Spot MW pred. plpred. Trend under experimental
No. conditions
1 27.58 5.0 Upregulated
2 14.4 5.18 Upregulated
3 14.93 5.23 Only in arsenate
4 63.94 5.03 Downregulated
5 14.41 5.35 Only in arsenate
6 23.16 5.33 Upregulated
7 32.15 5.38 Upregulated
8 14.73 6.55 Only in arsenate
9 16.9 5.7 Only in arsenate

Table 2. Description of the differentially expressed proteins in
the cells of P. fluorescens CECT 378

Spot MW pred. pl pred. Trend under experimental
No. conditions

1 62.46 5 Downregulated

2 51.20 5.13 Downregulated

3 66.20 5.09 Downregulated

4 23.69 5.18 Upregulated

5 17.26 5.21 Only in arsenate

6 23.21 5.83 Upregulated

7 30.26 6.36 Upregulated

4. Discussion

In this study we show that the exposure to 1000 ppm
of arsenic as sodium arsenate resulted in changes in pro-
tein profile in tolerant P. fluorescens biotype F and non-
tolerant P. fluorescens CECT 378. Arsenic modified
quantitatively and qualitatively the protein profile of both
strains. This was manifested through appearance and
mass quantity changes of protein spots in both strains.

Arsenic is not an essential element for cells and
could cause toxic (oxidative) effects. The microbial cells
under oxidative stress conditions present different dys-
functions due to the lesions caused by reactive oxygen
species to DNA, proteins or lipids [15]. It is suggested
that metal induced oxidative stress in cells is partially
responsible for the toxic effects [16]. Nevertheless, these
effects lead to induction of outer membrane protein in P.
aeruginosa [17] or, generally, to alteration of membrane
permeability [18].

In previous studies we reported [9] that
P. fluorescens biotype F is a PGPR with potential use in
phytoremediation practices, improving plant growth in
contaminated soils and increasing arsenic accumulation
in plant tissues. This bacteria possesses high tolerance to
arsenic (arsenate and arsenite) growing in media supple-
mented with the metalloid. Moreover, we found that the
capacity to grow under these abiotic stress conditions is
due to the ability of the bacteria to regulate its internal
concentration through sophisticated efflux pumps [19]. It
is possible that this protein only appeared or was upregu-
lated under stress conditions provoked by arsenate. Pres-
ently we are analyzing in detail the differentially
expressed proteins in both P. fluorescens strains.
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5. Conclusions

None of the Pseudomonas fluorescens strains
showed statistically important changes when grown under
arsenic stress conditions. The tolerant strain P. fluores-
cens biotype F synthesized 4 new proteins, 4 proteins
were upregulated and only 1 protein was downregulated,
to survive the oxidative stress. In the sensitive strain (P.
fluorescens CECT 378), 1 new spot appeared, 3 proteins
were upregulated and 4 proteins showed downregulation.

Probably, the identification of protein sequence will
reveal the intimate role that each protein realizes in the
cell.
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PROTEINO PROFILIO PAKEITIMAI, SUKELTI ARSENA TOLERUOJANCIOJE IR JAUTRIOSE
PSEUDOMONAS FLUORESCENS ATMAINOSE

S. Shilev, A. F. Lopez, M. S. Prieto, E. D. S. Puebla
Santrauka

Pseudomonas fluorescens yra gramneigiama, judanti lazdelés formos bakterija, Zinomas jos metabolinis universalumas.
Daugelis $ios riiSies atmainy gerai sugeba kolonizuotis augaly Saknyse ir padeda augti augalams toksiniais metalais uzters-
tame dirvoZemyje. P. fluorescens biotipas F yra toleranti§kas arsenui, jis buvo atskirtas nuo dirvoZemio, uZterSto arsenu ir
kitais toksiniais metalais ir charakterizuotas kaip augaly augimo aktyviklis bei arseno akumuliatorius. Tirtas Sios atmainos
proteino profilis kartu su jautriojo P. fluorescens CECT 378 profiliu, kai natrio arsenatas yra ir kai jo néra, naudojant dvie-
ju dimensijy poliakrilamido geliy elektroforez¢ (2D-PAGE). Geliai buvo analizuoti PDQuest, statistiné reikSmé patikrinta
su ANOVA. Atrasti 9 skirtingai iSreikSti proteinai toleruojancioje atmainoje. Netoleruojancioje atmainoje buvo skirtingai
iSreiksti 7 baltymai. Daug nuveikta identifikuojant proteinus su MALDI-TOF.

ReiksSminiai ZodZiai: arsenas, Pseudomonus fluorescens, toleravimas, proteinai, 2D-elektroforezé, rizobakterijos.

MN3MEHEHUS TPO®PNJISA MPOTENHA, BBI3BBAHHBIE TOJTEPAHTHBIMMU K MBILIBAKY U
YYBCTBUTEJIBbHBIMHU PASHOBUJHOCTSIMU PSEUDOMONAS FLUORESCENS

C. lluaes, A. @. Jlone3, M. C. [Ipuero, I. 1. C. Ily361a
Pesmowme

Pseudomonas fluorescens — 3T0 rpaMM-OTpUIaTeNbHAs, JBIKYIIAsACs OakTepus B BUIE Majdouku. M3BecTHa ee MeTaboH-
4ecKast yHHBEPCATbHOCTh. BOIBIIMHCTBO pa3HOBUIHOCTEH 3TOTO BUIa CIOCOOHBI CO371aBaTh KOJIOHUH B KOPHSIX PacTeHHH,
CHOCOOCTBYS POCTY pPacTeHHH B 3arpsA3HEHHOH TsDKENbIMH MeTaiamMu mouse. buotun P. fluorescens Tomepanten k
MBIIIBSKY, paHee BBIAEIEHHOMY M3 TTOYBBI, 3apaKEHHOH MBIIIBIKOM W JPYTMMH TOKCHYHBIMH METAJUIaMHM, U XapaKTepH-
3yercs Kak akTHBaTOp pOCTa PACTEeHUIl M aKKyMYJISIMU MbIlbsika. Hamu uccrnenoBaicst npoduib NpoTenHa 3TOH pa3Ho-
BUJIHOCTH coBMecTHO ¢ npoduiem uyBctButensHoro CECT 378 P. fluorescens B ciiydae ¢ MBIIIBSIKOM U C IPUMEHEHHEM
s anektpodopesa (2D-PAGE) nByXIMMEHCHOHHOTO [MOJHAKPUIAMHUAHOrO reis. ['enb ObUl MpOaHATU3HPOBAH B
PDQuest, ctaructudeckoe 3HayeHue ObuT0 moaTBepxIeHO ¢ moMoubio ANOVA. Beiin oO6HapyskeHsl 9 nudepeHuupo-
BaHHO BBIPAXCHHBIX MPOTEHHOB B TOJepaHTHON pazHoBuAHOCTH mpH 1000 ppm As. B HeTonepaHTHOH pa3HOBUIHOCTH
ObpuH U HepeHIIMPOBAHHO BBIIENIEHBI 7 TPOTenHOB. Mnentudukanus nporernHo ¢ nomomnipio MALDI-TOF mpomomxka-
eTcsl.

Karouessbie cioBa: Mbiiibsik, Pseudomonas fluorescens, Tonepaniiysi, MpoTerH, 2-TUMEHCHOHHBIN 3IIeKTPodopes, pu30-
Oaktepusi, 00pabOTKa MPOTEHHOB.
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