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ABSTRACT

Rhizobium is a Gram positive bacterium equipped with many beneficial roles to humans and
plants such as symbiotic behaviors, combating different pathogens and many other effects.
For such importance, there is an urgent need to isolate and explore new Rhizobium sp. for
their biological activities especially having antitumor activities and in the same time to
influence broad symbiotic activities being able to grow and tolerate harsh environmental and
industrial conditions like that existing in Egypt. A number of 35RhAizobium sp. were isolated
and allowed to grow under different stress conditions including high salt and different pH.
The maximum tolerance capability was recorded in two strains; ES-BM9 and ES-CS4.PCR
amplification and sequencing of the 16S rRNA gene of ES-BM9 and ES-CS4 was performed
and they were identified as Rhizobium leguminosarum and Rhizobium pusense, respectively.
Fermentation and extraction of metabolites containing exopolysaccharide (EPS) were
managed and evaluated for their cytotoxicity against HepG-2, MCF-7 andCaco-2 cell lines.
Extracts of ES-BM9 showed the highest cytotoxicity against all cell lines.LC-HRESIMS
analysis revealed presence of several compounds with key biological applications.To the best

of our knowledge, this is the first study to identify Octapeptin-A2, Fortimicin, Chalcomycin
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and Lipopeptide being recovered from Rhizobium sp. and the first study to report antitumor

activities from Rhizobium sp. isolated from Egypt.
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INTRODUCTION

Rhizobium 1s a genus of Gram-negative
diazotrophic bacteria living in the soil and
inBecting legumes (plant host) forming root
nofules that are responsible for nitrogen
fidation from atmosphere into NH3 which is
camsidered the most useful form of nitrogen
fo? the plant [1].

In8 agricultural loci, about 80% of
biBlogically fixed nitrogenarises from a
sytabiosis relationship between leguminous
plamts and Rhizobium sp. [2]. The annual
repdrted  nitrogen-value  of  legume
syiabioses is around 70 million tons [3].
Isélation and selection of stress-tolerant
RAobium strains may develop the plant
grbévth by nodulation and nitrogen fixation
in1poor soil conditions [4, 5]. The use of
chignical fertilizers is carried out excessive,
art® this becomes very expensive for
fapers. Now, the use of microorganisms
which can fixes atmospheric nitrogen is of
gr2at practical significance since it makes it
p&3ible to bridge the restrictions of
chzvnical fertilization, which has resulted in
urttesirable stages of water pollution [6].
Plaésphorus (P) is the greatest limiting
eleithent for plant growth afterward
nig®gen. A great number of strains of

RARBobium were capable to solubilize

plassphorous in liquid culture [7]. The

sigdificance of this ability to solubilize
pl&phorus in plant growth by certain
RBZobia strains has been confirmed in
chidkpeas and barley [8].

RARBobia have the ability to produce
si@érophores that have a high affinity
fosFe’", making iron obtainable to plants
[938and can also make a stable complex
with heavy metals like Cd, Cu, Al, and so
ordand with radionuclides containing U and
NB1[10]. Therefore, plant inoculation by
sid@rophore-producing bacteria safeguards
thén from stress produced by heavy metals
anthtaids them absorb iron [11].
Rizobiacan produce Phytohormones that
préénote  plant  growth at  small
cofitentrations, and providing good defense
agignst pathogens [12, 13]. Antagonism of
patBogen populations and pest by
Rbizobium sp. takes numerous methods
whére species are pathogens of bacteria,
fubzi, nematodes and/or parasitic plants
[193. Many studies have been reported the
ligdification and accumulation of toxic
cdifipounds against pathogen in pea roots
aff& inoculation by Rhizobium strains [15,
167 The presence of Rhizobium sp. could
inB&ectly encourage the plant to activate its

defénse devices when challenged with a

pa@hogen by the secretion of plant defense
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castipounds as phenolics, flavonoids or
oth2r phytoalexins [14].

In6Rhizobia, surface polysaccharides have
arbéssential role in symbiosis with legumes
[163. These sugars have a significant role in
thé6 recognition  of
(Rdidzobia) to  the

microsymbionts
macrosymbionts
(I&gumes) in the early stages of infection
amgD symbiosis [18-20]. In addition, it
prodects the cell against desiccation, acts as
antimicrobial agents and facilitates the
adhesion of bacteria to different solid
surBaces [21, 22]. Environmental factors

(e7d, salt,
negative effects on the biosynthesis of these

temperature, etc.) impose
sutface polysaccharides [23-25]. These
effdcts could be an obstacle inhibiting the
sym8biotic process between Rhizobia and
thédlegumes [24, 26, 27]. Many chemical
arBlysis of numerous bacterial and
rh&dobial exopolysaccharides (EXP) have
b&h done [28-30]. As well as the
biBogical key role of rhizobial
p@#saccharides in the symbiotic process,
th8y might have a biotechnological and
ma8dical role [29, 31]. Antitumor activity of
rh&Zobial exopolysaccharides has been
pr8&iously reported [29]. In this study,
digferent Rhizobium sp. have been isolated
a®D characterized for their potential
arfiftumor activities in addition to their
alfifities to produce various significant

mémabolites endorsed in improving plant

grovth and productivity, especially those

grdvn in salty and pH disturbed soil
erddronment in Egypt.

NMeATERIALS AND METHODS
S#ifipling area

R&6t nodules were collected from three
spttes of crop legumes (Vicia faba, Cicer
arietinum, Trifolium resupinatum) obtained
fraf2 Beni-Suef Governorate, Egypt
(29086'14"N, 31°07'39"E). Also, one
sptdes of wild herb legumes (Vicia faba)
wags obtained from Minia governorate,
Egppt (28°03'30.1"N, 30°45'09.4"E).
Saifiples preparation and isolation of
RARBbium sp.

Lagemes were carefully uprooted and the
robtOsystem was washed under running
watet to remove adhesive soil particles and
henithy intact pink nodules were selected.
Surface sterilization of root nodules was
petfdrmed with 3-5% hydrogen peroxide
(h2@5) and washed recurrently by sterile
digtibled water. Finally, they were washed
in170% ethyl alcohol followed by washing
with8 sterile distilled water [32]. These
prepared nodules were transferred to a
culdre tube half filled with sterile water
antPerashed with sterile glass rods to obtain
a 1xdlky suspension. Serial dilution was
pet?8rmed followed by streaking on yeast
ext2dct mannitol (YEM) agar (0.4 g/L yeast
extict, 0.2 gL
Mp®0,,0.5 g/ K2HPO4, and 9 g/L
aghit{0.1 g/L NaCl, pH 7.0) added with
Caago red (25 pg /mL) and incubated for 2

10 g/L  mannitol,
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tol120 days at 28°C [32]. A Gram stain
tetBAique was applied to identify collected
RAzbbium isolates. All suspected isolates
waB2stored in 40% glycerol at — 80°C.
Tha3® reference Rhizobium strains were
graddously provided by the Agricultural
Rassarch Centre, Giza, Egypt (Table 1).
The& reference strains were used as
coli?ols to detect validity of culture media
antB&uitability of the used conditions for
isaBAion of Rhizobium sp.

TdkPance of Rhizobium isolates to different
stiekk environments

All4zolated Rhizobium sp. were allowed to
grtvdd in YEM media under different stress
cabdditions including 1%, 2%, 3% and 4%
Nadas, and different adjusted pH (4, 6 and
8)14khe availability of each isolate to grow
urldiet these conditions was recorded.
Gad8mic DNA extraction and purification
Gasémic DNA extraction was prepared
act®eding to [33, 34] with certain
mb8lifications. Briefly, a 1.5 mL of isolate
grdsing on yeast extract mannitol broth
waszentrifuged for 10 min at 5,000 g, the
supftnatant was discarded, and the pellets
wifs resuspended in 200 pL spheroblast
butffér (10% sucrose, 25 mM Tris pH 8.4,
235aM EDTA pH 8.0, 2 mg/ml lysozyme
antb8).4 mg/ mlRNase A), vortexed and
intGbated at 37°C for 10 min until cell lysis
hapfgened. Then, 50 pL of 5% SDS (lysis
butfiér 1) and 5 M NaCl (lysis buffer2) were
adts], mixed and incubated at 65°C for 5

mi63A 100 pL neutralizing buffer (60 mL
SNb4potassium acetate, 11.5 mL glacial
ackbfe acid, and 28.5 mL dH,0) was
fotaterly added and placed on ice for 5 min
befb7e centrifugation at 13,000 g at 4°C for
136gin. The supernatant (approximately
4(Boul) was transferred to a new tube,
miZéd with equal volume of isopropanol,
lefi7for 5 min at room temperature and
cetittifuged at 13,000 g at room
tey3erature for 15 min to precipitate the
DINA. The resultant pellet was washed with
705 ethanol by centrifugation at 13,000 g
atl#éom temperature for 5 min. The last
pedit was air-dried and re-suspended in 50
ull78 x TE buffer pH 8 and kept in the
refrigerator at 4°C.

PQB amplification and sequencing of
bak#érial 16S rRNA

P@Bamplification of the 16S rRNA of two
RAB®biumsp. was  performed using
urti8ersal
AGAGTTTGATCCTGGCTCAG-3") and
urtig6érsal reverse primer (1492R 5'-
G@BITACCTTGTTACGACTT-3"). PCR

mig&ire was done in a 50 pL of PCR

forward primer (27F 5'-

red8don volume using 10 puL of 5x buffer,
50®0ng genomic DNA, 10 mM dNTPs
migtiire, 2.5 units of Taq DNA polymerase
eidane and 1 pL of both forward and
ret®8se primers. The PCR program
inthaded template denaturation at 94°C (3
migp followed by 34 cycles of denaturing

at194°C (30 s), annealing at 56°C (30 s),
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antbextension at 72°C (60 s), and followed
bylgdmpletion of DNA synthesis at 72°C (5
mi®p Primers were removed from the final
P@BO product before sequencing using
QkAguick PCR purification kit (QIAGEN,
Geanany). The PCR product of interest
wa@3detected and purified by agarose gel
eleétophoresis using 1% (w/v) agarose
gel@swith reference to 1 kbp DNA ladder.
DD was sequenced using the ABI Prism
Birye

read8on kit version 3.1 and analyzed with

terminator sequencing ready
th208BI Prism 3100 generic analyzer.
Sedjifetnce manipulation and phylogenetic
anzlysis

TRa2Blast tool in National Center for
Biztt8chnology Information (NCBI) was
usethto compare the good quality sequences
to2tbe GenBank database to identify the
clagést related species which have highly
sizfifar sequences to the amplified ones.
Fiandly, the multiple sequence alignment of
th21amplified sequences and the closely
rek2@d sequences from NCBI was carried
our21followed by phylogenetic analysis
using MEGA7 software [35].

Féldentation and
exdppblysaccharide (EPS)
Baaerial fermentation of both BM9 and

extraction of

CS84as6isolates were done by inoculating 1%
owxahight cultured bacteria 250 mL YEM
br22B in 500 mL Erlenmeyer flask and
in2dbated on rotary shaker incubator at 160

g 280 2 days at 30°C. Bacterial broth was

cemtifuged at 8000 g for 10 minutes at 4°C
arzB2pellets were discarded. Cold 96%
ethd8ol was added to the supernatant at 3:1
(v28%  ethanol:
pr2dipitate the EPS [36]. The mixture was
refdgerated at 4°C for 24 h. Afterward the

supernatant ratio  to

refdgeration period, the samples were
cezgfifuged again (10,000 g, 4°C, 30 min)
to238parate the precipitated EPS from the
soitent. The precipitated EPS was washed
fes1times by ethanol, and ethanol was
evidrated using vacuum evaporator.
In2viidro anti-tumor cytotoxicity
ThRd4extracted exopolysaccharides of two
sedddted Rhizobium isolates were assessed
foz4@heir cytotoxicity by tissue culture
teahidique. Hepatocellular carcinoma cell
liz8HepG-2), human breast carcinoma cell
lixd9  (MCF-7) and colorectal
adzdcarcinoma cell line (Caco-2) were
gatkdn from the Pharmacology Unit, Cancer
Bizflagy Department, National Cancer
Ing@ute, Cairo University, Egypt. Cells
wafel maintained in DMEM medium with
1(®a5fetal calf serum, sodium pyruvate, 100
100 mg/ ml
st&gtomycin at 37°C and 5% CO; till the

U256ml penicillin  and

cy268xicity bioassay was carried out. The
pasatial cytotoxicity was tested using the
maéitod of [37]. Briefly, 100 cells/well
wesd plated onto 96-well dishes overnight
eazhi2r the treatment with the tested EPS
ex2éacts to allow the attachment of cells to

th264 wall of the plate. Diverse
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cag®ntrations of each tested EPS extract
(0268.02, 0.04, 0.08, 0.16, 0.32, 0.65, 1.3,
2.6675.25, 10.5, 21 and 42 mg/ml) were
adzhgl to the cell monolayer and triple wells
wef® used for each individual dose.
Mpilayer cells were incubated with the
tegetl agent(s) for 48 h at 37°C and 5%
Co32 At the end of the incubation period,
tha7ells were fixed and stained with
sutflgrhodamine B dissolved in acetic acid.
Uabbund stain was removed by washing
foaretimes with 1% acetic acid and the
pr21gin-bound dye was extracted with Tris-
EDARA  buffer. The
m2aSured in an ELISA reader at 570 nm.

absorbance was

TR8@elation between surviving fraction and
catpound concentration was plotted to get
th28urvival curve of each tumor cell line.
TR8%oncentration of an agent which causes
a 2896 growth inhibition (IC50), for each
te2®%l agent using each cell line was
ach8éved from the survival curve [37].

LCSARESIMS profiling of the metabolites
foRfited by selected Rhizobium isolates

Ma2gor
RhBObium isolates were characterized
using LC-HRESIMS
teeB@ique. It is composed of Thermo

In2@%iments MS system (LTQ XL/LTQ

metabolites of two selected

spectrometric

Ofsdrap Discovery) coupled to a Thermo
In2@mments HPLC system (Accela PDA
deaeétor, Accela PDA autosampler and
A@egla Pump). The following conditions
wes8used: capillary voltage 45 V, capillary

teggserature 260°C, and auxiliary gas flow
raB0d 0-20 arbitrary units, sheath gas flow
raBO40-50 arbitrary units, spray voltage 4.5
k¥8pmass range 100— 2000 amu (maximum
re36Bition 30000). For LC/MS; Waters
Swokire C18 RP analytical HPLC column
(5308, 4.6 x 150 mm) using a gradient of
M2@H in H,O containing 0.01% formic
ac3@7as eluent (0-100% over 30 min) at a
fle@8rate 1 ml/min (Marine Biodiscovery
Caoge, Chemistry Department, Aberdeen
Uaiersity). Metabolites molecular
fo3aiulas were deducted by exact mass of
elatl peaks, and theses formulas were
seatdhed in Dictionary of Natural Products,
CRW press, online version, for matching
chthical structures.

RESULTS

Is8lation and characterization of the isolated
baxt8rial colonies

A3etal of 35 pure isolates of Gram-
ng2dive bacteria of Rhizobiumsp. were
redavered from root nodules of leguminous
fra@ different locations in Beni-Suef and
Mz2da Governorate, Egypt and were
is@8tted by means of serial dilution method
fodzbved by inoculation on YEM agar
m8déa. The colonies colors were varied
wih7 milky white, creamy white and
crdamy yellow on YEM media, and were
eifi opaque or translucent. Most of the
is8Bfies had an complete colony margin and
h&Bla mucoid texture because of the

segdation of excess EPSs. All Rhizobium
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is8B&es showed a Gram negative pink rod
apgarance after applying Gram stain
tedBhique.

Tdale6ance of Rhizobium isolates to different
stB&3 conditions

AB38Rhizobium 1isolates along with the
re88®nce strains were evaluated for their
aldlioy to grow in different stress
calitions. In order to investigate the
abdlizy of Rhizobium isolates to tolerate
wils concentration range of NaCl, different
YBM agar plates supplemented with 1, 2, 3
or34% NaCl were streaked with a loopful of
freddy cultured Rhizobium isolates. After
indabating the plates for 3-5 days at 28°C,
grddsth was recorded as positive (visible
gradgth) or negative (no growth) [38] as
shgfon in (Table 2). A YEM agar plate
with10.01% NaCl was used as a control for
pa@sfive growing of these isolates.
TB&3bility of these isolates to grow under
disfetent pH values (4, 6, 7 and 8) were
in86Stigated by inoculation in YEM broth
madéum with different pH adjusted using
INBHCI and 1M NaOH. After 3-5 days of
indfBation, growth was recorded by visual
ol®E@vation compared to control treatments
in86bated at pH 7 as shown in (Table 2).
DB@&lsequencing for the selected isolates and
plBddgenetic analysis:

TBé6Partial 16S rRNA gene sequencing of
ES-BM9 and ES-CS4
res6aled similarity 98.7% with Rhizobium

b@bk4 isolates

legiinosarum and99.2% with Rhizobium

puBEnse respectively, according to BLAST
todb&t NCBI GenBank as shown in (Table
3)369

TB&@esulted sequence was aligned to 21 of
thd71closely related Rhizobiumsp. by
re&i@ving their sequences from the NCBI
GaiBank database and assembled in
MIAGAT software for phylogenetic analysis
us3i§ the Neighbor-Joining method and the
ewilGtionary distances were computed
usiiig the Kimura 2-parameter method. The
acdii8ved phylogenetic tree (Figure 1)
caif®rmed the similarity of both ES-BM9
arRB0 ES-CS4  isolates to Rhizobium
leg@Bininosarum and Rhizobium pusense
with2a similarity matrix bootstrap value of
98ad 78 respectively.

TB84resulted nucleotide sequences were
dggwsited in Genbank under accession
nid@bers MN460363 and MN460364.
In3&itro anti-tumor cytotoxicity
TB&8extracted exopolysaccharides of two
sed8&ted Rhizobium 1isolates; Rhizobium
leg@minosarum ES-BM9 and Rhizobium
pB*use ES-CS4 were evaluated for their
amddproliferative cytotoxicity using tissue
cudfre technique against three selected cell
lirs® hepatocellular carcinoma cell line
(FB8%G-2), human breast carcinoma cell line
(M@H#-7) and colorectal adenocarcinoma
cedbtine (Caco-2).

Oabg ES-BM9 isolate showed strong anti-
tuB®Sr cytotoxicity against all tested cell

lim@0 when compared with that of ES-CS4
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isdbte at which the survival fractions were
paidzedly reduced as the concentration
iné63ased (Figure 2). The concentrations
thad4ause a 50% growth inhibition (IC50)
wéns calculated and revealed that the
lo#asst recorded IC50 was against HepG-2
wath74.255 mg/mlas shown in (Table 4)
amtb@Figure 3).

L@eHRESIMS profiling of the metabolites

L@10-HRESIMS screening revealed the
présdnce of diverse compounds belonging
todd2timicrobials, antitumors, siderophores,
exti®lysaccharides and other biologically
signfficant metabolites as referred in
(Tzsle 5 and 6) (Figure 4 and 5). These
isdltied compounds were determined and
cothpared to earlier isolated compounds

usiig different libraries databases.

419 Table 1: Reference Rhizobium sp. used as controls during isolation steps.

Host Legumes

Rhizobium sp. Strain

Viciae faba
(Faba bean)
Trifolium alexandrinum
(Berseem clover)
Cicer arietinum
(Chickpea)

R. leguminosarum by. Viceae
R. leguminosarum bv. Trifolii

Mesorhizobium ciceri

ICARDA 441

ARC 103

ICARDA 36

420

4P:ble 2: Growth response of different Rhizobium isolates under different stress conditions of NaCl and pH

Growth at different salt concentration

NaCl 3%

Rhizobium NaCl1%  NaCl2%
isolate

Growth at different pH
NaCl 4% pH 4 pH6 p

(-]

ES-BM2 - - -
ES-BM3 - - -
ES-BMS5 - - -
ES-BM6 - - -
ES-BM7 - - -
ES-BM8
ES-BM9
ES-BM10
ES-BS1
ES-BS2
ES-BS4
ES-BS5
ES-BS6
ES-BS7
ES-BS8
ES-BS9
ES-BS10
ES-CS1
ES-CS2
ES-CS4
ES-CSS
ES-CSé6
ES-CS7
ES-CS8
ES-CS9
ES-CS10
ES-TM1
ES-TM2
ES-TM3
ES-TM4
ES-TMS5
ES-TMe6
ES-TM8
ES-TM9
ES-TM10

+ 4+ + A+ A+
+
+

+ 4+ A+ A+
+ 4+ + + 4+

A
1

T I I T I
+ 0+ +
+ 0+ +

+
1
1

1
+

+

1 1 1 1
I S S A R R T i It T S e
I S S S S S R i e it e A

1
+ 4+ + + 4+
I T T T T T S T I I S S e e T T T T 1 TE i T o o e o -

+H++

1
+ 4+ + +
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423
424
425 Table 3: Genotypic characterization of selected Rhizobium isolates.
LGOI Ef;féﬁig NCBIBLAST result ~ M2x  Total  Query - Max
number size score score cover value identification
MN460363 1375 Rhizobium 2447 2447 100% 0.0 98.70%
leguminosarum bv.
viciae USDA 2370 16S
ribosomal RNA, partial
sequence
MN460364 1304 Rhizobium pusense 2355 2355 100% 0.0 99.23%
strain NRCPB10 16S
ribosomal RNA, partial
sequence
426
427
428
429 Table 4: Estimated IC50 (mg/ml) of ES-BM9 against different cell lines
Cell Line HepG2 MCEF7 Caco2
IC50 mg/ml 4.255 7.655 8.699
430
431
432
TABR 5: LC-HRESIMS analysis for extracts from Rhizobium leguminosarum ES-BM9 with deduced molecular
434 formulas and suggested identified compounds
Accurate mass Molecular formula Tentative identification
206.0812 C1H;{NO;s Indole-3-lactic acid
228.1593 C,H;1NO; N-Octanoyl-L-homoserine lactone
312.2532 C3H33NO; N-Tetradecanoyl-L-homoserine lactone
411.3983 C;oHsg Hopene-B
429.4092 C;,H5,0 Gammaceran-3b-ol
813.28784 C;3,H;5)FeNsOq; Exochelin siderophore
1010.7085 C48H91N13010 Octapeptin-AZ
1185.5586 C60H84N2022 No hits
435
436
437
Tablk38 LC-HRESIMS analysis for extracts from Rhizobium pusense ES-CS4 with deduced molecular formulas and
439 suggested identified compounds
Accurate mass Molecular formula Tentative identification
297.2424 CsH3,05 Rhizobialide
338.2687 CyH35NO; Palmitoleyl homoserine lactone
347.2288 CsH3oN4O5 Fortimicin KG aminoglycoside
378.1872 C15H27N30s Rhizobactin
407.2023 C17H39N,09 5-Acetamido-3,5,7,9-tetradeoxy-7-(3-
hydroxybutyramido)-L-glycero-L-manno-
nonulosonic acid homopolysaccharide
531.3025 C,sH,N,Og Rhizobactin-1021
649.3402 C,7H NGO, Vicibactin-7101
701.3743 C35H56014 Chalcomycin
711.1917 C35H34016 No hits
775.3720 C33H54N6015 Vicibactin
887.5663 C4sH79N501 Mycobactin (18) siderophore
921.5723 C54H80012 No hits
994.6435 Cs50Hg7N,Oq3 Lipopeptide NO
1049.7221 Cs4HogNgO1 Lichenysin-G9a
1131.4746 C47H75N4O,5S Ac-NodRm-1 (nodulation factor)
1217.7910 Cs5;,HgsN;,0,, AF-011A1 lipopeptide
1254.0678 C75H144013 No Hits
1341.9687 C82H132014 No hits
1501.7395 CesH112NO03, Lipo-chitin oligosaccharide

440
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441

96 ¢ Rhizobium leguminosarum ES-BM9 (MN460363)
Rhizobium leguminosarum bv. viciae USDA 2370 (NR 044774)
Rhizobium leguminasarum LMG 14904 (NR 114989)

Agrobacterium rhizogenes ATCC 11325 (NR 104207)
52 Rhizobium phaseol/ ATCC 14482 (NR 044112)

Rhizobium aegyptiacum 1010 (NR 137389)

Rhizobium lentis BLR27 (NR 137243)

™ L Rhizobium altjplan/BR 10423 (NR 15208)

Rhizobium flavum YW 14 (NR 133843)

= Rinzobium loessense CCBAU 7190B (NR 115123)
7':|7—R"ifzmbﬁhm zeae CRZM18R (NR 157662)
64 Rhizobium kunmingense LXD30 (NR 132597)

Shinella yambaruensis NBRC 102122 (NR 114035)

73 Sinorhizobium xinjiangense LMG 17930 (NR 114987)
—‘”“‘—E Sinorhizoblum kostiense LMG 19227 (NR 104565)
Sinorhizobium arboris LMG 14919 (NR 114988)
93 Rhizobium populi K-38 (NR 134153)
B —{; Rhizobium aggregatum LMG 23059 (NR 026115)
9 r Rhizobium skierniewicense Ch11 (NR 118035)
L Agropacterium rubiLMG 17935 (NR 114990)
% + Rhizobium pusense ES-CS4 (MN460364)

Bejjerinckia fluminensis UQM 1685 (NR 116306)
Rhizobium pusense NRCPB10 (NR 116874)

58

99

78

0.0100

FigufdB Phylogenetic tree of both Rhizobium leguminosarum ES-BM9 and Rhizobium pusense ES-CS4 isolates based
on Pakfial 16S rRNA gene sequences. The phylogenetic tree was inferred using the Neighbour-Joining method. The
Misiances were computed using the Kimura 2-parameter method and are in the units of the number of base
subditttions per site. Numbers at nodes indicate percentages of 1000 bootstrap resamplings, only values above 50%

447 are shown. The analysis involved 23 nucleotide sequences. Codon positions included were
1st+ZeiB-3rd+Noncoding.All positions containing gaps and missing data were eliminated. Evolutionary analyses were

449 conducted in MEGA7 [71]

450
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Fig#bB: Antitumor survival curves of extracted exopolysaccharides of a) Rhizobium leguminosarumES-BM9 and b)
RWEDBium pusense ES-CS4 against HepG2, MCF7 and Caco2 cell lines, showing strong anti-tumor cytotoxicity in

458 case of ES-BM9 compared to almost no activity in case of ES-CS4
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Figko3: Different IC50 of exopolysaccharide extract of ES-BM9 isolate against HepG2, MCF7 and Caco2 cell lines
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DISCUSSION

RAg3dbiumis the bacteria responsible for
niti®gen fixation through symbiosis with
legfnes [1]. It also secret compounds
(B#8®) which play important role in many
biésdgical mechanisms [39]. Microbial
pol88accharides are wused widely in
nui@@rous industrial and pharmacological

apflcations
phsxical and rheological properties [40].

because of their unique
Ing@2stingly several exopolysaccharides
(E®8) products have revealed functional
bidddgical activities once used as anti-
tuA®sr, antiviral, anti-coagulant and/or
in®dnomodulating agent [41, 42].

Ind@iline soils inoculation of crops and trees
withg tolerant symbiotic  strains  of
Rigobium help the plants in tolerating
st&@8 through improved nutrition [43].
P&®ious studies were done to find salt
tok@ant isolates of Rhizobium which have
gr8@8 symbiotic performance with NaCl
cdieentration ranging from 0% to 9.5%.
AB@R many studies has been done for
seboeting effective strains of Rhizobium
whith have the ability to survive in some
exdf@ne conditions (salt stress) found in
Egopt [44]. Susceptibility was recorded as
pdsifive and negative result [45]. Acid pH
reStricts the persistence of Rhizobia strains
in5Sihany soil, nodulation and nitrogen
fiddion. Several studies were searching for
stitias that can resist pH 4.00 up to pH 7.00
different

[46]5 In the recent study,

Rbivtobium sp. were found to resist and
tobkdrate wide range of salinity and different
pH1&onditions especially the two strains
ES4BM9 and ES-CS4.

Ma2y
cyg2déphosphamide has powerful effect

antitumor drugs as

agsddst tumor cells but it has bad side
eff@ds causing suppression of immunologic
fub24ion and leading to atrophy of the
spd@én and thymus [47]. So, many efforts
arbfurrently established to search for more
eff@dtive  anti-tumor  substances with
mb28nal side effects especially from natural
soszges [48].

In53@he current study, the extracted
mb8ibolites containing exopolysaccharides
of53Rhizobium leguminosarum ES-BM9
shed8ed strong anti-tumor cytotoxicity
aggdnst all tested cell lines. The
cdiR®entrations that cause a 50% growth
inkbition (IC50) were calculated and
re§8dled that the lowest recorded IC50 was
agsdfist HepG-2 with 4.255 mg/ml and it
wa897.655 and 8.699 mg/mlin case of
M&2B-7 and Caco-2 respectively.

P®4dous studies have been done and
inB4ated that the polysaccharide from
Rbi#Edbium (REPS) an attractive
chetoprevention agent for the inhibition or
tréfthnent of tumors due to of its
erfdnously low clinical toxicity and
int#iminomodulation compared with that of

chetfiical drugs, which propose a potential
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théagpeutic role for REPS as a drug or as an
adji@ant for the treatment of tumors [49].
Sa&me previous studies showed antitumor
acsbaties of REPS against sarcoma 180 (S-
1833 hepatoma 22 (H-22), and Ehrlich
asébes carcinoma (EAC) [49]. Others
shesBed similar effects against sarcoma 180
(S5380) and hepatocarcinoma (HepG-2)
[45%7

LGSHRESIMS is a highly sensitive and
eff&&ive technique in the dereplication of
nadi6eal products through providing accurate
mésdes and molecular formulae which are
vadl6ad information for dereplication, being
otiéknable in the most databases of natural
prdéicts and independent on the source, the
sabple preparation and the measurement
castitions [S0]. LC-HRESIMS overcomes
the6danger of false positive identification
tha68wvas considered as the most common
rid69of LC-MS approach as it has the
adszmtage of supplying certain information
absitt structures of natural products [50].
In57Re current study, this technique was
applded to collect accurate information
about all
exiftolysaccharides of  two
REiz6bium bacteria; ES-BM9 and ES-CS4.
LG7ARESIMS

metabolites containing

selected
analysis revealed the
prg8nce of some compounds that were
d&@emined by comparison with the aid of
difRaent libraries databases as displayed in
(Tadile S and 6) (Figure 4 and 5). Some

1dsARified metabolites were known with

thé&3potential effects on the symbiosis and

ha&B4 many important applications in
bib&chnology. Other identified metabolites
w686 not yet explored and should be
in§83tigated intensively in the future for
puEagive biological activities.

In58Be current study, the LC-HRESIMS
arid9sis for extracts from Rhizobium
le§@minosarum ES-BM9 revealed presence
of59Rany significant metabolites such as
inB®3e-3-lactic acid, N-Octanoyl-L-
hdddserine lactone, N-Tetradecanoyl-L-
hd@f®serine lactone, Hopene-B,
Gafatimaceran-3b-ol, Exochelin siderophore
ardbDctapeptin-A2. Surprisingly and to the
be3®8of our knowledge, this is the first
rep®ot to identify Octapeptin-A2 recovered
fr600 extracts of Rhizbium sp. Octapeptin-
ABO1was firstly known as lipopeptides
prédniced from  Bacillus  sp. and
P&&3ibacillus sp. with potent antimicrobial
aobDAties [S1]. It was reported that the
pls@®hormone indole-3-aectic acid (IAA)
na@06nly could promote plant growth and
ref@Fdiate fluoranthene-contaminated soil
[520&but also had shown anticancer activity

[5809  Also,

lastkhe was identified and was used as

N-octanoyl-l-homoserine

auddinducer in the transcription of some
méddorganisms [54]. Exochelin
siéd@®phore is essential in limiting iron
catdition for biofilm formation in many
pahbgenic bacteria which form structured

biéfAm communities at liquid - air
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inédrfaces and on solid surfaces [55]. Also
pléag inoculation by siderophore producing
bagtdria protects them from stress caused
by2heavy metals and helps them in
abedtbing iron [14]. It was reported that
si@@phores could have potential anti-
cabz®r effects [56]. N-tetradecanyol-I-

hd&ndserine  lactone  and  acylated-

hd&2bserine  lactones  (acyl-HSLs) are

cofon quorum-sensing signals that
reg2fate a diverse range of target functions,
whitth are often involved in host
iné2actions and has a role in the
dessflopment  of

pdRilations, called microbial biofilms [57].

sessile  microbial
S@3this could help in colonization of Gram-
n&gBiive bacteria as Rhizobium sp. with the
pléad host in the process of symbiosis.

Tie®5LC-HRESIMS analysis for extracts
fr686 Rhizobium pusense ES-CS4revealed
pré3&nce of many significant metabolites
argB8xopolysaccharides as shown in (Table
5)63Rhizobialide was previously known as
arb4fntibacterial sterolactone produced by
Medarhzobium  sp. inside roots of
glgéprrhiza uralensis [58]. Fortimicin kg
arfifiBoglycoside was discovered in 1977 as
arb44minoglycoside antibiotics produced
frénb fermentation broth of Miccromonspor
O646asterospora cs-26 [59]. Rhizobactin-
18477 is an important metabolite that was
idéasified as siderophore isolated from
Rk#obium meliloti 1021 and had high

afédty for Fe™, making iron available for

pléfts and it could affect the ability of the
baSaria to fix nitrogen [60]. The Vicibactin
is658 cyclic trihydroxymate siderophore
présaiced by  Rhizobium

legtBinosarum bv. Viciae, which promote

previously

ir@deuptake by iron starved cell [61], also
théSetabolite is responsible of alleviation
of63%uminum toxicity to some species as
RE59bium leguminosarum bv. Viciae [62].
Chsltomycin was known as a macrolide
isolate

amfdiotic from the marine

Steéptomyces  sp. B7062. [63], with

arfidicrobial activities against

Staphiylococcus  sp.

patenes [64].
siééfophore was identified in 2013 as novel

and Streptococcus
Mycobactin (18)
siééophore

export system for iron

utbésation which was necessary for
vieéence of Mycobacterium tuberculosis
[66]0 Lipopeptide NO had many uses as
infduter for cell-mediated HIV immune
reSpa@nse in sero-negative volunteers [66]
ariV3vas acting as antifungal agent affecting
Candida

al6icans [67]. Ac-nodrm-1 is a nodulating

A6pérgillus  fumigatus and
faé@er which elicits root hair deformation
speetfically on Rhizobium meliloti —
alt#gaplant symbiosis [68]. Lipochitin
oleggdsacchride (LCO) is an example of
exgfblysaccharide identified in this study.
Iteghs known as causative agent of the
fosation of root nodules in leguminous
pléass [69], it also decrease auxin transport

abbBay in Vicia sativa subsp. nigra roots

IJBPAS, September, 2020, 9(9)

2183



Solyman E et al

Research Article

[7635 To the best of our knowledge, this is
thé8first study to report the production of
F&8imicin, Chalcomycin and Lipopeptide
NeB&om Rhizobium sp.

Oestall, the following study shed the light
or69Rhizobium that are still considered a
sigfificant source for expressing many
naéf@al compounds and exopolysaccharides
whb3great importance as natural antitumor,
in6@ddition to other beneficial symbiotic
efé8&s for plants.
reéBfant to high salt and different pH

Rhizobium  strains
caafiitions are with importance to be used
as688pplement in poor soil areas. To the
bes9Df our knowledge, this is the first time
to700dentify Octapeptin-A2, Fortimicin,
Chstcomycin and Lipopeptide NO being
regoered from Rhizobium sp.
CONCLUSION

Isgttion and identification of stress
tok@ant straines of rhzobium sp. from the
nat6al samples collected from Beni-Suef
artbMinia govern ate ,Egypt.

THe8 stress tolerant bacterial isolate
rhzodium sp.ES-BM9 and ES-CS4 is a
proifising bacterial strain  which can
sutvive in stress conditions found
cotnonly in Egypt.

THag two strains can be used as inoculants
forlamproving the productivity in similar
areas.

Detetion of substances with great benefits
,did 7not

betose.

recovered from rhzobium sp.

Ré&pérting of antitumor activity of extracted
metbolites containing EXP isolated from
rh¥zdbium.

RiEZ®biums are still considered a
sigafficant source for expressing many
natdde, safe and cheap byproducts and
extyiolysaccharides with great importance
for2plants, surrounding environment and
hutdans.
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