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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 35Rhizobium 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. 

Keywords: Rhizobium, Exopolysaccharides, Cytotoxicity, Stress response, Bioproducts 

INTRODUCTION 

Rhizobium is a genus of Gram-negative 1 

diazotrophic bacteria living in the soil and 2 

infecting legumes (plant host) forming root 3 

nodules that are responsible for nitrogen 4 

fixation from atmosphere into NH3 which is 5 

considered the most useful form of nitrogen 6 

for the plant [1]. 7 

In agricultural loci, about 80% of 8 

biologically fixed nitrogenarises from a 9 

symbiosis relationship between leguminous 10 

plants and Rhizobium sp. [2]. The annual 11 

reported nitrogen-value of legume 12 

symbioses is around 70 million tons [3]. 13 

Isolation and selection of stress-tolerant 14 

Rhizobium strains may develop the plant 15 

growth by nodulation and nitrogen fixation 16 

in poor soil conditions [4, 5]. The use of 17 

chemical fertilizers is carried out excessive, 18 

and this becomes very expensive for 19 

farmers. Now, the use of microorganisms 20 

which can fixes atmospheric nitrogen is of 21 

great practical significance since it makes it 22 

possible to bridge the restrictions of 23 

chemical fertilization, which has resulted in 24 

undesirable stages of water pollution [6]. 25 

Phosphorus (P) is the greatest limiting 26 

element for plant growth afterward 27 

nitrogen. A great number of strains of 28 

Rhizobium were capable to solubilize 29 

phosphorous in liquid culture [7]. The 30 

significance of this ability to solubilize 31 

phosphorus in plant growth by certain 32 

Rhizobia strains has been confirmed in 33 

chickpeas and barley [8]. 34 

Rhizobia have the ability to produce 35 

siderophores that have a high affinity 36 

forFe3+, making iron obtainable to plants 37 

[9] and can also make a stable complex 38 

with heavy metals like Cd, Cu, Al,  and so 39 

on and with radionuclides containing U and 40 

NP [10]. Therefore, plant inoculation by 41 

siderophore-producing bacteria safeguards 42 

them from stress produced by heavy metals 43 

and aids them absorb iron [11]. 44 

Rhizobiacan produce Phytohormones that 45 

promote plant growth at small 46 

concentrations, and providing good defense 47 

against pathogens [12, 13]. Antagonism of 48 

pathogen populations and pest by 49 

Rhizobium sp. takes numerous methods 50 

where species are pathogens of bacteria, 51 

fungi, nematodes and/or parasitic plants 52 

[14]. Many studies have been reported the 53 

lignification and accumulation of toxic 54 

compounds against pathogen in pea roots 55 

after inoculation by Rhizobium strains [15, 56 

16]. The presence of Rhizobium sp. could 57 

indirectly encourage the plant to activate its 58 

defense devices when challenged with a 59 

pathogen by the secretion of plant defense 60 
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compounds as phenolics, flavonoids or 61 

other phytoalexins [14]. 62 

In Rhizobia, surface polysaccharides have 63 

an essential role in symbiosis with legumes 64 

[17]. These sugars have a significant role in 65 

the recognition of microsymbionts 66 

(Rhizobia) to the macrosymbionts 67 

(legumes) in the early stages of infection 68 

and symbiosis [18-20]. In addition, it 69 

protects the cell against desiccation, acts as 70 

antimicrobial agents and facilitates the 71 

adhesion of bacteria to different solid 72 

surfaces [21, 22]. Environmental factors 73 

(e.g., salt, temperature, etc.) impose 74 

negative effects on the biosynthesis of these 75 

surface polysaccharides [23-25]. These 76 

effects could be an obstacle inhibiting the 77 

symbiotic process between Rhizobia and 78 

the legumes [24, 26, 27]. Many chemical 79 

analysis of numerous bacterial and 80 

rhizobial exopolysaccharides (EXP) have 81 

been done [28-30]. As well as the 82 

biological key role of rhizobial 83 

polysaccharides in the symbiotic process, 84 

they might have a biotechnological and 85 

medical role [29, 31]. Antitumor activity of 86 

rhizobial exopolysaccharides has been 87 

previously reported [29]. In this study, 88 

different Rhizobium sp. have been isolated 89 

and characterized for their potential 90 

antitumor activities in addition to their 91 

abilities to produce various significant 92 

metabolites endorsed in improving plant 93 

growth and productivity, especially those 94 

grown in salty and pH disturbed soil 95 

environment in Egypt. 96 

MATERIALS AND METHODS 97 

Sampling area 98 

Root nodules were collected from three 99 

species of crop legumes (Vicia faba, Cicer 100 

arietinum, Trifolium resupinatum) obtained 101 

from Beni-Suef Governorate, Egypt 102 

(29o06'14"N, 31o07'39"E). Also, one 103 

species of wild herb legumes (Vicia faba) 104 

was obtained from Minia governorate, 105 

Egypt (28o03'30.1"N, 30o45'09.4"E).  106 

Samples preparation and isolation of 107 

Rhizobium sp. 108 

Legumes were carefully uprooted and the 109 

root system was washed under running 110 

water to remove adhesive soil particles and 111 

healthy intact pink nodules were selected. 112 

Surface sterilization of root nodules was 113 

performed with 3-5% hydrogen peroxide 114 

(h202) and washed recurrently by sterile 115 

distilled water. Finally, they were washed 116 

in 70% ethyl alcohol followed by washing 117 

with sterile distilled water [32]. These 118 

prepared nodules were transferred to a 119 

culture tube half filled with sterile water 120 

and crashed with sterile glass rods to obtain 121 

a milky suspension. Serial dilution was 122 

performed followed by streaking on yeast 123 

extract mannitol (YEM) agar (0.4 g/L yeast 124 

extract, 10 g/L mannitol, 0.2 g/L 125 

MgSO4,0.5 g/L K2HPO4,  and 9 g/L 126 

agar,0.1 g/L NaCl,  pH 7.0) added with 127 

Congo red (25 µg /mL) and incubated for 2 128 
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to 3 days at 28°C [32]. A Gram stain 129 

technique was applied to identify collected 130 

Rhizobium isolates. All suspected isolates 131 

were stored in 40% glycerol at – 80ºC.  132 

Three reference Rhizobium strains were 133 

graciously provided by the Agricultural 134 

Research Centre, Giza, Egypt (Table 1). 135 

These reference strains were used as 136 

controls to detect validity of culture media 137 

and suitability of the used conditions for 138 

isolation of Rhizobium sp.  139 

Tolerance of Rhizobium isolates to different 140 

stress environments 141 

All isolated Rhizobium sp. were allowed to 142 

grow in YEM media under different stress 143 

conditions including 1%, 2%, 3% and 4% 144 

NaCl, and different adjusted pH (4, 6 and 145 

8). The availability of each isolate to grow 146 

under these conditions was recorded. 147 

Genomic DNA extraction and purification 148 

Genomic DNA extraction was prepared 149 

according to [33, 34] with certain 150 

modifications. Briefly, a 1.5 mL of isolate 151 

growing on yeast extract mannitol broth 152 

was centrifuged for 10 min at 5,000 g, the 153 

supernatant was discarded, and the pellets 154 

were resuspended in 200 μL spheroblast 155 

buffer (10% sucrose, 25 mM Tris pH 8.4, 156 

25 mM EDTA pH 8.0, 2 mg/ml lysozyme 157 

and 0.4 mg/ mlRNase A), vortexed and 158 

incubated at 37ºC for 10 min until cell lysis 159 

happened. Then, 50 μL of 5% SDS (lysis 160 

buffer 1) and 5 M NaCl (lysis buffer2) were 161 

added, mixed and incubated at 65ºC for 5 162 

min. A 100 μL neutralizing buffer (60 mL 163 

5M potassium acetate, 11.5 mL glacial 164 

acetic acid, and 28.5 mL dH2O) was 165 

formerly added and placed on ice for 5 min 166 

before centrifugation at 13,000 g at 4ºC for 167 

15 min. The supernatant (approximately 168 

400 μL) was transferred to a new tube, 169 

mixed with equal volume of isopropanol, 170 

left for 5 min at room temperature and 171 

centrifuged at 13,000 g at room 172 

temperature for 15 min to precipitate the 173 

DNA. The resultant pellet was washed with 174 

70% ethanol by centrifugation at 13,000 g 175 

at room temperature for 5 min. The last 176 

pellet was air-dried and re-suspended in 50 177 

μL 1 × TE buffer pH 8 and kept in the 178 

refrigerator at 4ºC. 179 

PCR amplification and sequencing of 180 

bacterial 16S rRNA  181 

PCR amplification of the 16S rRNA of two 182 

Rhizobiumsp. was performed using 183 

universal forward primer (27F 5'-184 

AGAGTTTGATCCTGGCTCAG-3') and 185 

universal reverse primer (1492R 5'-186 

GGTTACCTTGTTACGACTT-3'). PCR 187 

mixture was done in a 50 μL of PCR 188 

reaction volume using 10 μL of 5x buffer, 189 

500 ng genomic DNA, 10 mM dNTPs 190 

mixture, 2.5 units of Taq DNA polymerase 191 

enzyme and 1 μL of both forward and 192 

reverse primers. The PCR program 193 

included template denaturation at 94°C (3 194 

min), followed by 34 cycles of denaturing 195 

at 94°C (30 s), annealing at 56°C (30 s), 196 
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and extension at 72°C (60 s), and followed 197 

by completion of DNA synthesis at 72°C (5 198 

min). Primers were removed from the final 199 

PCR product before sequencing using 200 

QIAquick PCR purification kit (QIAGEN, 201 

Germany). The PCR product of interest 202 

was detected and purified by agarose gel 203 

electrophoresis using 1% (w/v) agarose 204 

gels with reference to 1 kbp DNA ladder. 205 

DNA was sequenced using the ABI Prism 206 

BigDye terminator sequencing ready 207 

reaction kit version 3.1 and analyzed with 208 

the ABI Prism 3100 generic analyzer. 209 

Sequence manipulation and phylogenetic 210 

analysis 211 

The Blast tool in National Center for 212 

Biotechnology Information (NCBI) was 213 

used to compare the good quality sequences 214 

to the GenBank database to identify the 215 

closest related species which have highly 216 

similar sequences to the amplified ones. 217 

Finally, the multiple sequence alignment of 218 

the amplified sequences and the closely 219 

related sequences from NCBI was carried 220 

out followed by phylogenetic analysis 221 

using MEGA7 software [35]. 222 

Fermentation and extraction of 223 

exopolysaccharide (EPS)  224 

Bacterial fermentation of both BM9 and 225 

CS4 isolates were done by inoculating 1% 226 

overnight cultured bacteria 250 mL YEM 227 

broth in 500 mL Erlenmeyer flask and 228 

incubated on rotary shaker incubator at 160 229 

g for 2 days at 30°C. Bacterial broth was 230 

centrifuged at 8000 g for 10 minutes at 4°C 231 

and pellets were discarded. Cold 96% 232 

ethanol was added to the supernatant at 3:1 233 

(v/v) ethanol: supernatant ratio to 234 

precipitate the EPS [36]. The mixture was 235 

refrigerated at 4ºC for 24 h. Afterward the 236 

refrigeration period, the samples were 237 

centrifuged again (10,000 g, 4ºC, 30 min) 238 

to separate the precipitated EPS from the 239 

solvent. The precipitated EPS was washed 240 

few times by ethanol, and ethanol was 241 

evaporated using vacuum evaporator.  242 

In vitro anti-tumor cytotoxicity 243 

The extracted exopolysaccharides of two 244 

selected Rhizobium isolates were assessed 245 

for their cytotoxicity by tissue culture 246 

technique. Hepatocellular carcinoma cell 247 

line (HepG-2), human breast carcinoma cell 248 

line (MCF-7) and colorectal 249 

adenocarcinoma cell line (Caco-2) were 250 

gotten from the Pharmacology Unit, Cancer 251 

Biology Department, National Cancer 252 

Institute, Cairo University, Egypt. Cells 253 

were maintained in DMEM medium with 254 

10% fetal calf serum, sodium pyruvate, 100 255 

U/ ml penicillin and 100 mg/ ml 256 

streptomycin at 37°C and 5% CO2 till the 257 

cytotoxicity bioassay was carried out. The 258 

potential cytotoxicity was tested using the 259 

method of  [37]. Briefly, 100 cells/well 260 

were plated onto 96-well dishes overnight 261 

earlier the treatment with the tested EPS 262 

extracts to allow the attachment of cells to 263 

the wall of the plate. Diverse 264 
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concentrations of each tested EPS extract 265 

(0, 0.02, 0.04, 0.08, 0.16, 0.32, 0.65, 1.3, 266 

2.6, 5.25, 10.5, 21 and 42 mg/ml) were 267 

added to the cell monolayer and triple wells 268 

were used for each individual dose. 269 

Monolayer cells were incubated with the 270 

tested agent(s) for 48 h at 37°C and 5% 271 

CO2. At the end of the incubation period, 272 

the cells were fixed and stained with 273 

sulforhodamine B dissolved in acetic acid. 274 

Unbound stain was removed by washing 275 

four times with 1% acetic acid and the 276 

protein-bound dye was extracted with Tris-277 

EDTA buffer. The absorbance was 278 

measured in an ELISA reader at 570 nm. 279 

The relation between surviving fraction and 280 

compound concentration was plotted to get 281 

the survival curve of each tumor cell line. 282 

The concentration of an agent which causes 283 

a 50% growth inhibition (IC50), for each 284 

tested agent using each cell line was 285 

achieved from the survival curve [37]. 286 

LC-HRESIMS profiling of the metabolites 287 

formed by selected Rhizobium isolates 288 

Major metabolites of two selected 289 

Rhizobium isolates were characterized 290 

using LC-HRESIMS spectrometric 291 

technique. It is composed of Thermo 292 

Instruments MS system (LTQ XL/LTQ 293 

Orbitrap Discovery) coupled to a Thermo 294 

Instruments HPLC system (Accela PDA 295 

detector, Accela PDA autosampler and 296 

Accela Pump). The following conditions 297 

were used: capillary voltage 45 V, capillary 298 

temperature 260°C, and auxiliary gas flow 299 

rate 10–20 arbitrary units, sheath gas flow 300 

rate 40–50 arbitrary units, spray voltage 4.5 301 

kV, mass range 100– 2000 amu (maximum 302 

resolution 30000). For LC/MS; Waters 303 

SunFire C18 RP analytical HPLC column 304 

(5μm, 4.6 x 150 mm) using a gradient of 305 

MeOH in H2O containing 0.01% formic 306 

acid as eluent (0–100% over 30 min) at a 307 

flow rate 1 ml/min (Marine Biodiscovery 308 

Centre, Chemistry Department, Aberdeen 309 

University). Metabolites molecular 310 

formulas were deducted by exact mass of 311 

eluted peaks, and theses formulas were 312 

searched in Dictionary of Natural Products, 313 

CRC press, online version, for matching 314 

chemical structures. 315 

RESULTS 316 

Isolation and characterization of the isolated 317 

bacterial colonies 318 

A total of 35 pure isolates of Gram-319 

negative bacteria of Rhizobiumsp. were 320 

recovered from root nodules of leguminous 321 

from different locations in Beni-Suef and 322 

Menia Governorate, Egypt and were 323 

isolated by means of serial dilution method 324 

followed by inoculation on YEM agar 325 

media. The colonies colors were varied 326 

with milky white, creamy white and 327 

creamy yellow on YEM media, and were 328 

either opaque or translucent. Most of the 329 

isolates had an complete colony margin and 330 

had a mucoid texture because of the 331 

secretion of excess EPSs. All Rhizobium 332 
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isolates showed a Gram negative pink rod 333 

appearance after applying Gram stain 334 

technique. 335 

Tolerance of Rhizobium isolates to different 336 

stress conditions 337 

All Rhizobium isolates along with the 338 

reference strains were evaluated for their 339 

ability to grow in different stress 340 

conditions. In order to investigate the 341 

ability of Rhizobium isolates to tolerate 342 

wide concentration range of NaCl, different 343 

YEM agar plates supplemented with 1, 2, 3 344 

or 4% NaCl were streaked with a loopful of 345 

freshly cultured Rhizobium isolates. After 346 

incubating the plates for 3-5 days at 28C, 347 

growth was recorded as positive (visible 348 

growth) or negative (no growth) [38] as 349 

shown in (Table 2). A YEM agar plate 350 

with 0.01% NaCl was used as a control for 351 

positive growing of these isolates.  352 

The ability of these isolates to grow under 353 

different pH values (4, 6, 7 and 8) were 354 

investigated by inoculation in YEM broth 355 

medium with different pH adjusted using 356 

1M HCl and 1M NaOH. After 3-5 days of 357 

incubation, growth was recorded by visual 358 

observation compared to control treatments 359 

incubated at pH 7 as shown in (Table 2). 360 

DNA sequencing for the selected isolates and 361 

phylogenetic analysis: 362 

The partial 16S rRNA gene sequencing of 363 

both isolates ES-BM9 and ES-CS4 364 

revealed similarity 98.7% with Rhizobium 365 

leguminosarum and99.2% with Rhizobium 366 

pusense respectively, according to BLAST 367 

tool at NCBI GenBank as shown in (Table 368 

3).  369 

The resulted sequence was aligned to 21 of 370 

the closely related Rhizobiumsp. by 371 

retrieving their sequences from the NCBI 372 

GenBank database and assembled in 373 

MEGA7 software for phylogenetic analysis 374 

using the Neighbor-Joining method and the 375 

evolutionary distances were computed 376 

using the Kimura 2-parameter method. The 377 

achieved phylogenetic tree (Figure 1) 378 

confirmed the similarity of both ES-BM9 379 

and ES-CS4 isolates to Rhizobium 380 

leguminosarum and Rhizobium pusense 381 

with a similarity matrix bootstrap value of 382 

96 and 78 respectively. 383 

The resulted nucleotide sequences were 384 

deposited in Genbank under accession 385 

numbers MN460363 and MN460364. 386 

In vitro anti-tumor cytotoxicity 387 

The extracted exopolysaccharides of two 388 

selected Rhizobium isolates; Rhizobium 389 

leguminosarum ES-BM9 and Rhizobium 390 

pusense ES-CS4 were evaluated for their 391 

anti-proliferative cytotoxicity using tissue 392 

culture technique against three selected cell 393 

lines; hepatocellular carcinoma cell line 394 

(HepG-2), human breast carcinoma cell line 395 

(MCF-7) and colorectal adenocarcinoma 396 

cell line (Caco-2). 397 

Only ES-BM9 isolate showed strong anti-398 

tumor cytotoxicity against all tested cell 399 

lines when compared with that of ES-CS4 400 
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isolate at which the survival fractions were 401 

pointedly reduced as the concentration 402 

increased (Figure 2). The concentrations 403 

that cause a 50% growth inhibition (IC50) 404 

were calculated and revealed that the 405 

lowest recorded IC50 was against HepG-2 406 

with 4.255 mg/mlas shown in (Table 4) 407 

and (Figure 3). 408 

LC-HRESIMS profiling of the metabolites  409 

LC -HRESIMS screening revealed the 410 

presence of diverse compounds belonging 411 

to antimicrobials, antitumors, siderophores, 412 

exopolysaccharides and other biologically 413 

significant metabolites as referred in 414 

(Table 5 and 6) (Figure 4 and 5). These 415 

isolated compounds were determined and 416 

compared to earlier isolated compounds 417 

using different libraries databases. 418 

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

Viciae faba 
(Faba bean) 

R. leguminosarum bv. Viceae ICARDA 441 

Trifolium alexandrinum 
(Berseem clover) 

R. leguminosarum bv. Trifolii ARC 103 

Cicer arietinum 
(Chickpea) 

Mesorhizobium ciceri ICARDA 36 

 420 
Table 2: Growth response of different Rhizobium isolates under different stress conditions of NaCl and pH 421 

 Growth at different salt concentration Growth at different pH 
Rhizobium 

isolate 
NaCl 1% NaCl 2% NaCl 3% NaCl 4% pH 4 pH 6 pH 8 

ES-BM2 - - - - + + + 
ES-BM3 - - - - + + + 
ES-BM5 - - - - + + + 
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-CS5 + + - - + + + 
ES-CS6 + + + - + + + 
ES-CS7 - - - - - - + 
ES-CS8 + + + - + + + 
ES-CS9 + + - - - - + 

ES-CS10 + + + - + + + 
ES-TM1 + - - - + + + 
ES-TM2 + + + - + + + 
ES-TM3 + + + - + + + 
ES-TM4 - - - - + + + 
ES-TM5 + + + - - + + 
ES-TM6 + - - - + + + 
ES-TM8 - - - - + + + 
ES-TM9 - - - - + + + 

ES-TM1O + - - - + + + 
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 422 
 423 
 424 

Table 3: Genotypic characterization of selected Rhizobium isolates. 425 
Accession 
number 

Obtained 
sequence 

size 
NCBI BLAST result 

Max 
score 

Total 
score 

Query 
cover 

E 
value 

Max 
identification 

        
MN460363 1375 Rhizobium 

leguminosarum bv. 
viciae USDA 2370 16S 

ribosomal RNA, partial 
sequence 

2447 2447 100% 0.0 98.70% 

MN460364 1304 Rhizobium pusense 
strain NRCPB10 16S 

ribosomal RNA, partial 
sequence 

2355 2355 100% 0.0 99.23% 

 426 
 427 
 428 

Table 4: Estimated IC50 (mg/ml) of ES-BM9 against different cell lines 429 
Cell Line HepG2 MCF7 Caco2 

IC50 mg/ml 4.255 7.655 8.699 
 430 
 431 
 432 

Table 5: LC-HRESIMS analysis for extracts from Rhizobium leguminosarum ES-BM9 with deduced molecular 433 
formulas and suggested identified compounds 434 

Accurate mass Molecular formula Tentative identification 
206.0812 C11H11NO3 Indole-3-lactic acid 
228.1593 C12H21NO3 N-Octanoyl-L-homoserine lactone 
312.2532 C18H33NO3 N-Tetradecanoyl-L-homoserine lactone 
411.3983 C30H50 Hopene-B 
429.4092 C30H52O Gammaceran-3b-ol 

813.28784 C37H50FeN5O12 Exochelin siderophore 
1010.7085 C48H91N13O10 Octapeptin-A2 
1185.5586 C60H84N2O22 No hits 

 435 
 436 
 437 

Table 6: LC-HRESIMS analysis for extracts from Rhizobium pusense ES-CS4 with deduced molecular formulas and 438 
suggested identified compounds 439 

Accurate mass Molecular formula Tentative identification 
297.2424 C18H32O3 Rhizobialide 
338.2687 C20H35NO3 Palmitoleyl homoserine lactone 
347.2288 C15H30N4O5 Fortimicin KG aminoglycoside 
378.1872 C15H27N3O8 Rhizobactin 
407.2023 C17H30N2O9 5-Acetamido-3,5,7,9-tetradeoxy-7-(3-

hydroxybutyramido)-L-glycero-L-manno-
nonulosonic acid homopolysaccharide 

531.3025 C24H42N4O9 Rhizobactin-1021 
649.3402 C27H48N6O12 Vicibactin-7101 
701.3743 C35H56O14 Chalcomycin 
711.1917 C35H34O16 No hits 
775.3720 C33H54N6O15 Vicibactin 
887.5663 C48H79N5O10 Mycobactin (18) siderophore 
921.5723 C54H80O12 No hits 
994.6435 C50H87N7O13 Lipopeptide NO 

1049.7221 C54H96N8O12 Lichenysin-G9a 
1131.4746 C47H78N4O25S Ac-NodRm-1 (nodulation factor) 
1217.7910 C52H85N11O22 AF-011A1  lipopeptide 
1254.0678 C75H144O13 No Hits 
1341.9687 C82H132O14 No hits 
1501.7395 C66H112N6O32 Lipo-chitin oligosaccharide 

 440 
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 441 

 442 
Figure 1: Phylogenetic tree of both Rhizobium leguminosarum ES-BM9 and Rhizobium pusense ES-CS4 isolates based 443 

on partial 16S rRNA gene sequences. The phylogenetic tree was inferred using the Neighbour-Joining method. The 444 
distances were computed using the Kimura 2-parameter method and are in the units of the number of base 445 

substitutions per site. Numbers at nodes indicate percentages of 1000 bootstrap resamplings, only values above 50% 446 
are shown. The analysis involved 23 nucleotide sequences. Codon positions included were 447 

1st+2nd+3rd+Noncoding.All positions containing gaps and missing data were eliminated. Evolutionary analyses were 448 
conducted in MEGA7 [71] 449 

 450 
 451 

 452 
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 453 

 454 

 455 
Figure 2: Antitumor survival curves of extracted exopolysaccharides of a) Rhizobium leguminosarumES-BM9 and b) 456 

Rhizobium pusense ES-CS4 against HepG2, MCF7 and Caco2 cell lines, showing strong anti-tumor cytotoxicity in 457 
case of ES-BM9 compared to almost no activity in case of ES-CS4 458 

 459 
 460 

 461 
Figure 3: Different IC50 of exopolysaccharide extract of ES-BM9 isolate against HepG2, MCF7 and Caco2 cell lines 462 

 463 
 464 
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 465 
 466 
 467 
 468 

 469 
Figure 4: HPLC chromatogram of extract from Rhizobium leguminosarum ES-BM9 indicating peaks that are 470 

characteristic for metabolites explained previously in table 5 471 
 472 
 473 
 474 
 475 
 476 

 477 
Figure 5: HPLC chromatogram of extract from Rhizobium pusense ES-CS4 indicating peaks that are characteristic 478 

for presence of exopolysaccharides and other compounds which were explained previously in table 6 479 
 480 
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DISCUSSION 482 

Rhizobiumis the bacteria responsible for 483 

nitrogen fixation through symbiosis with 484 

legumes [1]. It also secret compounds  485 

(EPS) which play important role in many 486 

biological mechanisms [39]. Microbial 487 

polysaccharides are used widely in 488 

numerous industrial and pharmacological 489 

applications because of their unique 490 

physical and rheological properties [40]. 491 

Interestingly several exopolysaccharides 492 

(EPS) products have revealed functional 493 

biological activities once used as anti-494 

tumor, antiviral, anti-coagulant and/or 495 

immunomodulating agent [41, 42]. 496 

In saline soils inoculation of crops and trees 497 

with tolerant symbiotic strains of 498 

Rhizobium help the plants in tolerating 499 

stress through improved nutrition [43]. 500 

Previous studies were done to find salt 501 

tolerant isolates of Rhizobium which have 502 

great symbiotic performance with NaCl 503 

concentration ranging from 0% to 9.5%. 504 

Also, many studies has been done for 505 

selecting effective strains of Rhizobium 506 

which have the ability to survive in some 507 

extreme conditions (salt stress)  found in 508 

Egypt [44]. Susceptibility was recorded as 509 

positive and negative result [45]. Acid pH 510 

restricts the persistence of Rhizobia strains 511 

in many soil, nodulation and nitrogen 512 

fixation. Several studies were searching for 513 

strains that can resist pH 4.00 up to pH 7.00 514 

[46]. In the recent study, different 515 

Rhizobium sp. were found to resist and 516 

tolerate wide range of salinity and different 517 

pH conditions especially the two strains 518 

ES-BM9 and ES-CS4. 519 

Many antitumor drugs as 520 

cyclophosphamide has powerful effect 521 

against tumor cells but it has bad side 522 

effects causing suppression of immunologic 523 

function and leading to atrophy of the 524 

spleen and thymus [47]. So, many efforts 525 

are currently established to search for more 526 

effective anti-tumor substances with 527 

minimal side effects especially from natural 528 

sources [48]. 529 

In the current study, the extracted 530 

metabolites containing exopolysaccharides 531 

of Rhizobium leguminosarum ES-BM9 532 

showed strong anti-tumor cytotoxicity 533 

against all tested cell lines. The 534 

concentrations that cause a 50% growth 535 

inhibition (IC50) were calculated and 536 

revealed that the lowest recorded IC50 was 537 

against HepG-2 with 4.255 mg/ml and it 538 

was 7.655 and 8.699 mg/mlin case of 539 

MCF-7 and Caco-2 respectively.  540 

Previous studies have been done and 541 

indicated that the polysaccharide from 542 

Rhizobium (REPS) an attractive 543 

chemoprevention agent for the inhibition or 544 

treatment of tumors due to of its 545 

enormously low clinical toxicity and 546 

immunomodulation compared with that of 547 

chemical drugs, which propose a potential 548 
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therapeutic role for REPS as a drug or as an 549 

adjuvant for the treatment of tumors [49]. 550 

Some previous studies showed antitumor 551 

activities of REPS against  sarcoma 180 (S-552 

180), hepatoma 22 (H-22), and Ehrlich 553 

ascites carcinoma (EAC) [49]. Others 554 

showed similar effects against sarcoma 180 555 

(S-180) and hepatocarcinoma (HepG-2) 556 

[47]. 557 

LC-HRESIMS is a highly sensitive and 558 

effective technique in the dereplication of 559 

natural products through providing accurate 560 

masses and molecular formulae which are 561 

valued information for dereplication, being 562 

obtainable in the most databases of natural 563 

products and independent on the source, the 564 

sample preparation and the measurement 565 

conditions [50]. LC-HRESIMS overcomes 566 

the danger of false positive identification 567 

that was considered as the most common 568 

risk of LC-MS approach as it has the 569 

advantage of supplying certain information 570 

about structures of natural products [50]. 571 

In the current study, this technique was 572 

applied to collect accurate information 573 

about all metabolites containing 574 

exopolysaccharides of two selected 575 

Rhizobium bacteria; ES-BM9 and ES-CS4. 576 

LC-HRESIMS analysis revealed the 577 

presence of some compounds that were 578 

determined by comparison with the aid of 579 

different libraries databases as displayed in 580 

(Table 5 and 6) (Figure 4 and 5). Some 581 

identified metabolites were known with 582 

their potential effects on the symbiosis and 583 

had many important applications in 584 

biotechnology. Other identified metabolites 585 

were not yet explored and should be 586 

investigated intensively in the future for 587 

putative biological activities. 588 

In the current study, the LC-HRESIMS 589 

analysis for extracts from Rhizobium 590 

leguminosarum ES-BM9 revealed presence 591 

of many significant metabolites such as 592 

indole-3-lactic acid, N-Octanoyl-L-593 

homoserine lactone, N-Tetradecanoyl-L-594 

homoserine lactone, Hopene-B, 595 

Gammaceran-3b-ol, Exochelin siderophore 596 

and Octapeptin-A2. Surprisingly and to the 597 

best of our knowledge, this is the first 598 

report to identify Octapeptin-A2 recovered 599 

from extracts of Rhizbium sp. Octapeptin-600 

A2 was firstly known as lipopeptides 601 

produced from Bacillus sp. and 602 

Paenibacillus sp. with potent antimicrobial 603 

activities [51]. It was reported that the 604 

phytohormone indole-3-aectic acid (IAA) 605 

not only could promote plant growth and 606 

remediate fluoranthene-contaminated soil 607 

[52] but also had shown anticancer activity 608 

[53].  Also, N-octanoyl-l-homoserine 609 

lactone was identified and was used as 610 

autoinducer in the transcription of some 611 

microorganisms [54]. Exochelin 612 

siderophore is essential in limiting iron 613 

condition for biofilm formation in many 614 

pathogenic bacteria which form structured 615 

biofilm communities at liquid - air 616 
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interfaces and on solid surfaces [55]. Also 617 

plant inoculation by siderophore producing 618 

bacteria protects them from stress caused 619 

by heavy metals and helps them in 620 

absorbing iron [14]. It was reported that 621 

siderophores could have potential anti-622 

cancer effects [56]. N-tetradecanyol-l-623 

homoserine lactone and acylated- 624 

homoserine lactones (acyl-HSLs)  are 625 

common quorum-sensing signals that 626 

regulate a diverse range of target functions, 627 

which are often involved in host 628 

interactions and  has a role in the 629 

development of sessile microbial 630 

populations, called microbial biofilms [57]. 631 

So, this could help in colonization of Gram-632 

negative bacteria as Rhizobium sp. with the 633 

plant host in the process of symbiosis. 634 

The LC-HRESIMS analysis for extracts 635 

from Rhizobium pusense ES-CS4revealed 636 

presence of many significant metabolites 637 

and exopolysaccharides as shown in (Table 638 

5). Rhizobialide was previously known as 639 

an antibacterial sterolactone produced by 640 

Mesorhzobium sp. inside roots of 641 

glycyrrhiza uralensis [58]. Fortimicin kg 642 

aminoglycoside was discovered in 1977 as 643 

an aminoglycoside antibiotics produced 644 

from fermentation broth of Miccromonspor 645 

Olivoasterospora cs-26 [59]. Rhizobactin-646 

1021 is an important metabolite that was 647 

identified as siderophore isolated from 648 

Rhizobium meliloti 1021 and had high 649 

affinity for Fe+3, making iron available for 650 

plants and it could affect the ability of the 651 

bacteria to fix nitrogen [60]. The Vicibactin 652 

is a cyclic trihydroxymate siderophore 653 

produced previously by Rhizobium 654 

leguminosarum bv. Viciae, which promote 655 

iron uptake by iron starved cell [61], also 656 

this metabolite is responsible of alleviation 657 

of aluminum toxicity to some species as 658 

Rhizobium  leguminosarum bv. Viciae [62]. 659 

Chalcomycin was known as a macrolide 660 

antibiotic from the marine isolate 661 

Streptomyces sp. B7062. [63], with 662 

antimicrobial activities against 663 

Staphylococcus sp. and Streptococcus 664 

pyogenes [64]. Mycobactin (18) 665 

siderophore was identified in 2013 as novel 666 

siderophore export system for iron 667 

utilization which was necessary for 668 

virulence of Mycobacterium tuberculosis 669 

[65]. Lipopeptide NO had many uses as 670 

inducer for cell-mediated HIV immune 671 

response  in sero-negative volunteers [66] 672 

and was acting as antifungal agent affecting 673 

 Aspergillus fumigatus and  Candida 674 

albicans [67]. Ac-nodrm-1 is a nodulating 675 

factor which elicits root hair deformation 676 

specifically on Rhizobium meliloti – 677 

alfalfaplant symbiosis [68]. Lipochitin 678 

oligosacchride (LCO) is an example of 679 

exopolysaccharide identified in this study. 680 

It was known as causative agent of the 681 

formation of root nodules in leguminous 682 

plants [69], it also  decrease auxin transport 683 

ability in Vicia sativa subsp. nigra roots 684 
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[70]. To the best of our knowledge, this is 685 

the first study to report the production of 686 

Fortimicin, Chalcomycin and Lipopeptide 687 

NO from Rhizobium sp. 688 

Overall, the following study shed the light 689 

on Rhizobium that are still considered a 690 

significant source for expressing many 691 

natural compounds and exopolysaccharides 692 

with great importance as natural antitumor, 693 

in addition to other beneficial symbiotic 694 

effects for plants. Rhizobium strains 695 

resistant to high salt and different pH 696 

conditions are with importance to be used 697 

as supplement in poor soil areas. To the 698 

best of our knowledge, this is the first time 699 

to identify Octapeptin-A2, Fortimicin, 700 

Chalcomycin and Lipopeptide NO being 701 

recovered from Rhizobium sp. 702 

CONCLUSION 703 

Isolation and identification of stress 704 

tolerant straines of rhzobium sp. from the 705 

natural samples collected from Beni-Suef  706 

and Minia  govern ate ,Egypt. 707 

The stress tolerant bacterial isolate 708 

rhzobium sp.ES-BM9 and ES-CS4 is a 709 

promising bacterial strain which can 710 

survive in stress conditions found 711 

commonly in Egypt. 712 

These two strains can be used as inoculants 713 

for improving the productivity in similar 714 

areas. 715 

Detection of  substances with great benefits 716 

,did not  recovered from rhzobium sp. 717 

before. 718 

Reporting of antitumor activity of extracted 719 

metabolites containing EXP isolated from 720 

rhizobium. 721 

Rhizobiums are still considered a 722 

significant source for expressing many 723 

nature, safe and cheap byproducts and 724 

exopolysaccharides with great importance 725 

for plants, surrounding environment and 726 

humans. 727 
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