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ABSTRACT

The extracellular polymeric substances (EPS) wateaeted from Micromonospora sp. strains isolatédhe Gulf
of California. Different spectrophotometric, chrotographic and microscopic techniques were usedeterdhine
the composition of the EPS. The extraction methemployed are fast and simple and allowed an efficie
extraction with a minimum degree of cell lysis. Hoairier Transformed Infrared (FT-IR) spectra shahmupling
attributed to polysaccharides, proteins and lipidduclear Magnetic Resonance (NMR) reveals the pasef
protons of anomeric carbons and protons of primargine, aromatic-compounds, halides, aliphatic antfice.
Mass Spectrometry (MS) we corroborate the compuositif polysaccharide hydrolysates in EPS samplégh H
Performance Liquid Chromatography (HPLC) and Thayer Chromatography (TLC) revealed the presence of
majority sugars as xylose, arabinose, mannose aglibiose, and the presence of oligosaccharides sischystose.
Scanning Electron Microscopy (SEM) was performeditserve the morphology of the EPS, the Energydbésge
Spectrometer (EDS) showed the presence of elemeatsas carbon, calcium, potassium, sodium, sul@mgd
phosphorous.
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INTRODUCTION

The marine ecosystem currently represents a saafrgmicroorganism that generate substances withngiate
applications, largely due to the conditions undaicl they develop such as low temperatures, higegures, high
salt and low nutrient concentrations, these ecoldgionditions lead to the excretion of secondagyatolites such
as EPS by several microorganisms, among theseobetiteria. The importance of EPS has been noticedcent
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publications [1, 2], because of its physicochemomahposition, structural diversity and rheologipebperties [3] as
well as the role they play in microbial ecologypfgmediation [4]. The application of EPS is growingdifferent
areas: Environmental applications and bioleachiyistries, such as water treatment, wastewateculation and
settling, color removal from wastewater. In pharewdiral and biomedical industries have been shoamt
inflammatory properties and other therapeutic fioms like development of cell therapy and regemezanedicine,
as inhibitor of pulmonary metastasis in humans apdeventer of adhesion and proliferation of tumets among
other applications; by which study of EPS extractddmarine microorganisms brings new expectatioms t
environmental and biomedical fields [5, 6].

Many marine bacteria of different genus, speci@beudoalteromona#lteromonas ThermococcusGeobacillus
and Bacillus produce EPS to endure environmental stress, amdftine survive adverse conditions [7]; no reports
have been found regarding EPS production by maklii@omonosporasp. strains, thus being relevant to our
investigation.

Recent publications about EPS mention the compositif a wide range of organic substances such as
polysaccharides, proteins, nucleic acids and plagptls, excreted by eukaryotes and prokaryoteseséh
exopolysaccharides are metabolic products accuedlliat the bacterial cell wall, provide protectiandells and
serve as carbon and energy source [8]. It has Sieewn that EPS plays a wide variety of biologicaidtions for

the cell, included preventing the desiccation, grtibn against environmental stress, toxins andbiafits,
adhesion to surfaces, pathogenesis and symbiokisTf@se EPS can absorb nutrients from the suriagnd
environment, as part of a survival strategy [1Q]JriDg the colonization process on a particularaef a bacterium
produces excess of EPS that aid in biofilm fornratio

The phase of bacterial growth, the medium compmsithitrogen and carbon source), pH and temperatfieet
EPS production, being the medium composition thestmimportant [11, 12]. Biosynthesis of EPS has been
associated with the primary metabolism of carbohigl in the cells; its production takes place durnigar
consumption, which requires a lot of energy.

There have been reports about several EPS extmaethiniques, of which results have been contrialdbecause
of cell lysis, for this reason there have beenr&ffto find an efficient extraction technique. Magscribe use of
physical and chemical technics or a combinatiobhath. Among the extraction methodologies, it camantioned
the application of centrifugation [13], ion exchamgsins, EDTA extraction [14], using ultrasoun8][%thanol and
using NaOH [16]. The efficiency of the physical rdtion methods is lower than chemical methods, [a@{vever,
chemical methods are associated with problems gldha extraction and analysis, largely due to lgslis. In the
present research EPS obtained from fidicromonosporasp. strains isolated from the Gulf of CalifornMéxico
was characterized; furthermore EPS were comparedarding three different extraction methods: direct
centrifugation (DC), EDTA and NaOH, they are thesmefficient technique with a minimum degree ofl ¢gis
[18], such extraction techniques were compared gusipectrophotometric, chromatographic and microscop
techniques.

EXPERIMENTAL SECTION

Process for the production and extraction of EPS

FourMicromonosporasp. strains were selected, isolated and purifiech fsediment of the Gulf of California, coded
as M007, M009, M010 and M012. These were grownoiidsGYM medium (glucose 4 g/L, yeast extract 4,g/L
malt extract 10 g/L, CaC{2 g/L, agar 12 g/L), at 30°C for 15 days.

In an Erlenmeyer flask of 1000 mL containing 700 oflliquid GYM medium (glucose 4 g/L, yeast extrdcty/L,
malt extract 10 g/L, CaC{2 g/L), the strains were inoculated and maintaiaeti50 rpm, 30°C for 25 days. When
fermentation time was completed, the extractionhods described below were use:

1. Extraction by DC: Fermentation media of the mddstrains (M007, M009, M010 and M012), were disec
centrifuged (without pre-concentration or wash14t000 rpm (20,817 g) for 20 min at 4°C [19]. Thgernatant
was discard and the cells were filtrated througB.22 um Millipore filter. Biomass was dialyzed (temove
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metabolites and low molecular weight salts) usirggllulose dialysis membrane (33 mm, typical mola@cweight
cut-off = 14 kDa) in a volume of 80 mL distilled tea, for 24 h at 4°C [20].

2. Extraction with EDTA: 60 g of EDTA disodium saltas added to the fermentation medium [14], analsdd to
stand for 3 h at 4°C [21].

3. Extraction with NaOH: 140 mL of 1M NaOH were addo fermentation medium, and allowed to stan@fbrat
4°C [16].

Methods 2 y 3 were centrifuge, filtered and diatyaethe same conditions as in DC.

EPS characterization
Several techniques were used to determine the csitiggpand morphology of EPS extracted.

The total protein content was determined by thedf8ral method in microplate [22]. For determinatifrfunctional
groups FT-IR was performed (Perkin Elmer SpectrlB01FT-IR, cnit resolution, 4400-650), for this analysis,
samples were re-suspended and precipitated usinmglBnes of cold ethanol in ice for 2 h, followed by
centrifugation at 14,000 rpm for 20 min at 4°C, threcipitate was dried in an oven at 50°C overniftit-IR
spectra were obtained on a wavelength range fradrt&@000 crit[23]. NMR spectra were obtained in an Agilent
DD2 600MHz One-probe 343 K (25) and 35 kHz decoupling field strength were coneldicTo obtaintH NMR
and single quantum correlation heteronuclear (HS®®ctra, the dialyzed EPS sample was lyophilized a
dissolved in 0.7 mL of BD and added 5 mg of NaOH and 5 puL of DMSO to inseesolubility. A solution of TMS
and were used as reference internal (deuteratgdrdelwere purchased from Cambridge isotope Laboest Inc.
USA).

Once removed the EPS by different extraction methbgdrolysis of the samples with 1IM$0, at 90°C for 3
hours, neutralized with 1M NaOH to pH 7 and filgtren Whatman 0.45 mm. A scanning of compounds ptese
was performed by direct injection with ESI-MS inVarian 500MS; with the following conditions: ionafy in
positive mode, needle at 5000 volts 2.6 pAmpspgén was used as drying gas at 350°C, 15 psi, igpasi50°C,
nebulizer 25 psi, capillary 70 volts, spray shié@D volts, data acquisition was recorded for 10utds in each
sample.

For determination of EPS carbohydrates with HPL@ &hC, hydrolyzed samples were used; ten standaede
used for HPLC and TLC for carbohydrate assignmeoh s monomers, dimers, trimers, tetramers arehtamer
[7]. With HPLC, a method was developed employinBteenomenex Luna aminated (NHolumn (u, 150 x 3
mm), using as mobile phase acetonitrile:water @02nhd refractive index detector (RID) at 40°Cwflof 0.8
mL/min [24], and 5 pL injection for standard and |30 for EPS samples. For TLC a mixture of buthaamstic
acid:water (2:1:1) were used as mobile phase, ldite pvas dried at 60°C and revealed with a solutio@-naphtol
2.4% (w/v) and heated at 120°C for 3-5 minutes P&,

The SEM and EDS were performed using JEOL JSM The8uientific 7500 and 5600-LV, with a voltage
accelerated from 10 to 15 kV to observe the momqupohnd elemental composition of EPS. Previoubky,samples
were lyophilized and homogenized to a fine powdbis is adhered to a small aluminum sample holder b
dispersion under vacuum, carbon was used as coneleteément [27].

RESULTS AND DISCUSSION

Culture growth and EPS extraction

Since the factors affecting the formation of exgpwérs are related to changes in the cultivation inmedthe
production of EPS is higher in glucose, fructoss;rgse and starch rich medium; where carbon arrdgeih
availability can also affect actinobacteria grow®8], therefore in GYM medium, the growth of marine
Micromonosporasp. strains was favorable compared to glucosetgsémct medium (GYEA).

The growth of M007, M009, M010 and M012 strains wa@nitor in GYM solid medium observing the growth o
the strains, having sporulation stage and produafdEPS at day 25. Approximately 5 g of EPS watsiobwith the
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tested extraction techniques and presented the saga@oleptic properties: black color, mucoid cet&ice and
sulphured smell. The extraction methods requiredimal steps and were easy to follow. DC method usesas a
control method to have a reference in compositimhrmorphology of EPS obtained. The technique w7 & was

select because it chelates divalent cations refigerfer the interconnection of charged compoumdthe matrix of
the EPS. The extraction with NaOH induces ionizatad carboxyl groups, resulting in repulsion betwebe

exopolymer and the cell, causing the separatich@EPS [29].

Total protein by Bradford method

Protein analysis reveals important information dlibe extraction method showing cell lysis [30]tahbing values
between 0.13 and 0.46ig/mL of total protein. A one-way ANOVA analysis wagrformed and no significant
differences (p<0.05) in protein concentration wietend between the extraction methods and the strain

FT-IR spectrometry

IR analysis of EPS extracted by the three methddextraction of the four strains was perform toedetine
functional groups associated with macromoleculeshsas lipids, proteins, polysaccharides and nacleids as it
can be seen iRigure 1 and Table 1for EPS extracted by DC, similar results were foondthe other extractions
methods (data not shown). The FT-IR spectrum of EBSfirms the presence of primary amine, aromatic
compound, aliphatic and polysaccharides [23, 31, 32
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Figure 1. FT-IR of Micromonospora sp. strains: M0O07, M0O09, M010, M012 in DC
Table 1.Assignment of functional groups by FT-IR
Signals (cn) Stretching vibration Allocation
3291-3287 N-H and O-H Polysaccharides and proteins
120(-90C C-O-C and ¢-O polysaccharide
292£-285( -CH; and-CH, Lipids
1740-1680 C=0 lipidic esters
1695-1655 NHand -COO amide | angthelix of protein
1550-1520 C=0, -COO0 and NH amide |l bonds of proteins
1415-1400 -COOCEH -CH,-C=C- and -CHCO- | amino acids and fatty acids
124010 1236 | P=0 nucleic acid and phospholipids
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Nuclear magnetic resonance (NMR)

The 'H NMR spectra of EPS reveal characteristic chemstafts (ppm), corresponding to functional grougs o
carbohydrates and proteins,figure 2 shows the spectra obtained of EPS with DC (comtrethod). The ppm (t)
of 8 4.70 to 5.13 (dJ = 1.2 Hz) and 4.56 to 4.31 range (d,= 1.2 Hz), are attributed t@-anomerics carbons for
some hexoses$iaving from two to three anomeric carbons for estchin analyzed (M007, M009, M010 and M012),
and extraction method studied (DC, EDTA and NaO#ying a coupling constant) approximately 3.6 Hz.
Carbonso- andf- anomeric are diastereoisomers have differencesreed in the NMR spectra [33, 3%)/e also
observe a series of overlapping peaks in the regfidhe ring carbohydrates intorange 3.0 to 4.0 ppm assigned to
d proton of the carbon that forms the glycosidic hofsdelaxation of the N-H was observedat.3 ppm associated
with the coupling of primary amides and some adddi signals, not associated with carbohydrate &etw 0.8
and 3.0 ppm due mainly amino acids. With this digiva presence of carbohydrates and protein isicroafl [35]

1H_39Hz_presat_ 1H_39Hz_presat_ =
MO007DC MOo09DC DMSO
anomeric BRasH
protons :
1H_39Hz_presat_ * 1H_39Hz_presat DMSO
MO010DC ~ MO012DC

DMSO

ol

Figure 2. Proton nuclear magnetic resonancel NMR) spectra of EPSs extracted frorrMicromonospora sp. strain (M007, M009, M010
and M012 by DC)

The 2-D spectra showed signs related to anomentops, making the allocation of protons associatgith
displacementH / **C NMR (600MHz, DO), ppm:5 5.05 / 93.44 , 3.69 / 71.99, 29.03 / 69.54, 3.80.85, 3.61 /
60.33, 2.53 / 38.56, 2.55 / 38.05, 2.53 / 37.94, gpm lower in rank frond 28.4 to 13.32; confirming the presence
of monomers, dimers, trimers and tetramers, wittlbatpossibility of distinguishing between any loéin (spectra
not shown). The usefulness of these experimentbased on the fact that despite the structural aiityl
carbohydrate, present a characteristic HSQC spectra

Mass spectroscopy (MS)

It is a widely used technique for the determinatdmpolymers, since it has proved to be fast amsitige method

for structural analysis of oligosaccharides [36ha#ysis of carbohydrates by mass spectrometry (1€ $¢quired

not only for the complex nature of these molec{i8. In Figure 3, we can see the MS spectra of EPS samples
previously hydrolyzed in the analysis of the MO®&is by the three extraction methods, and thetsp@cdenotes
the presence of hexoses, obtaining a typical spectf a carbohydrate chain. The mass 202.9 m/zip®sbn
mode, corresponding to a hexose with adduct ofusndBesides, the ion mass 365.1 m/z was also aisénvthe
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positive ion mode, corresponding to the massessafcdharides of hexose-hexose with adduct of sodReaks of
mass 527.2 m/z correspond to a trisaccharide aighal of mass 689.4 m/z corresponding to a tetdsaide.

e
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Figure 3. MS spectra of EPS extracted by A) DC (dect centrifugation), B) EDTA and C) NaOH of MOO7Micromonospora sp. strain

Considering that the use of electrospray ionizatiopositive ion mode leads to the formation of actd, such as
[M + NHJ", [M + NaJ, [M + K]* or [M + M + NaJ, the molecular ion [M + H]is not in all cases the most
abundant ion present in the MS spectra. In thipaesour spectrum reveals the presence of addutidda (as
detected by spectroscopic analysis and EDS) bgiffexence of molecular weights [35, 38].

The difference between mass signals found is 1622 which corresponds to the glycosidic bond of th
monosaccharide unit less the loss of a water midek®0 -18 = 162 m/z, highlighting as the first M@ectra of EPS
extracted from actinobacterial strains of the gevlicsomonosporasp. reported.

Carbohydrates assignment in EPS using HPLC and TLC

Polysaccharides have several essential functionthis case EPS formation, usually associated adtterence to
surfaces and structural integrity maintenance. fTlobiemical nature can vary depending on the produci
microorganisms. EPS are constituted by high mosronkight polysaccharides (10 to 30 kDa), thesegareerally
heteropolymers, which contain monosaccharidesié&eases and pentoses, which unite to form the BBJS |

Carbohydrates standards were used for identificadiod carbohydrates assignment by HPLC presenPB &s it

can be seen iRigure 4: xylose (1), arabinose (2), mannose (3), galactésemaltose (5), melibiose (6), trehalose
(7), raffinose (8), nystose (9) and fructofuranogstose (10).

447



Herminia Inés Pérez Méndezt al J. Chem. Pharm. Res., 2016, 8(7):442-451

T b1 A Risamny mdes P

STANDARS MIXTURE

EE B8 &
ST 0SE
5,40 - ARABINOSE
4190 - WANKOSE

4355 - GALACTOSE

1478 - WALTOSE L1

M-MMNUMEB

=
o >mlmi “ |
| b

Moo9

w
=
S

‘“:.Mz N
i
8457 O
L 15.229 %
23.805 \0
"

Mo12

10.033 ©0
16.395 *
19.280

* corresponds to unknown carbohydrate
Figure 4. Chromatograms obtained by HPLC: Peak asgnment in EPS hydrolysate obtained by DC in all s&ins

The carbohydrates assignment of the EPS basedtemtiom time () was performed with a margin of £0.5 min.
Carbohydrate profile was affected by the EPS etitnaanethod and the degree of hydrolysis. The daybmates
found on EPS samples were xylose, arabinose, manrgmlactose (monosaccharides), melibiose, trehalos
(disaccharides), raffinose (trisaccharide) andasgtccharides such as nystose, founding differeilocesach strain
analyzed. Unknown carbohydrates were also detedigihg the HPLC analysis of EPS observed in the
chromatogram as unassigned peaksf(targin 14 to 15 minutes in all strains). Canmitate profile with EDTA
and NaOH extractions was similar. Carbohydratesdstals and EPS samples were analyzed at the sarmdoyi
TLC and identified by their retention factor (RBef-igure 5.

Figure 5. Carbohydrate TLC.1.-xylose, 2.-arabinose3.-mannose, 4.-galactose 5.-maltose, 6.-melibiogetrehalose, 8.-raffinose, 9.-
nystose, 10.-fructofuranosilnystose. A.-DC, B.-EDTAC.-NaOH
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With these techniques the profile of carbohydratessent in the samples EPS producedviigromonosporasp.
strains was confirmed. Xylose, arabinose, mannoséd galactose are sugars found in most terrestrial
Micromonosporaspecies [40, 41], while nystose and other carbattgdryet to identify, were carbohydrates found
in EPS from marine strains, being a possible difféation with EPS from terrestriklicromonosporapecies.

In addition the EPS containing polysaccharidespmateins have moieties non-sugar such as uroni; pgruvates,
hexosamines, acetates, sulfate esters, and smalirasnof lipids and nucleic acids, although these-sugar
components are present in small quantities, thesgwonents give unique characteristics to the ERF [4

SEM and EDS analysis.

The EPS morphology of the strain MO07 is seernF@ure 6, where it can be seen that the EPS extracted with
EDTA and NaOH showed a higher agglomeration compaoedirect centrifugation. The morphology can be
observed in these organic samples as a matrixlgfn@o chains, is observed that the electron bearordposed the
samples, because no covering was used to avoifieirgace with elemental analysis (EDS).

Figure 6. EPS observed by SEM, A) DC, B) EDTA, C) &0H in JEOL5600 with thermionic emission with coalkcovering and SEM, Al)
DC, B1) EDTA, C1) NaOH by JEOL F7800 with field enssion, in strain MOO7

The analysis showed that microbial cells are embéddndomly within the microstructure of the ER&ré are
also opened channels allowing the exchange of vpmesent in the environment where the organisreigldped,
allowing nutrients access to deeper areas of therortiolonies. The nutrients exchange provided by BHPS
architecture; also allow these communities develamnsiderable complexity, maintaining the optimadritional
conditions [43].

The EDS analysis is shown irable 2, a higher amount of carbon, oxygen, calcium, sul@ng phosphorous was
observed with the chemical extractions technig&TA and NaOH), compared to the physical method)(DC
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Table 2. Elemental composition of EPS samples extied by different methods (n=5)

% Strain Strain Strain Strain

MO007 M009 MO010 M012

Extraction Extraction Extraction Extraction
Methoc Methoc Methoc Methoc
A B C A B C A B C A B C
c 39.0| 64.0| 55.8 54.3 58.f 43|19 196 544 538 B§35.®.35b5 54.3
194 | 14.4 11.3 11. 139 17/0 132 94

% 23.7| 20.8| 34.0 349 28y 378 331 283 26.0 42272 33.8
Na | g7 0.3 0.6 0.2 0.7 0.7 1. - 1.p ol6
P 0.2 2.4 2.4 0.4 1.1 121 11 0.p 10 112 11
S 0.4 03 03
Cl 03
Calq73| 03 6.9 8.4 0.7 50 353 1b 11 1.2 3.4 D.9

A: DC, B: EDTA, C: NaOH

Analyzing the extraction techniques, different amtsuof calcium are observedable 2), attributed to the
composition of GYM medium. The presence of Cincreases the mechanical stability of the EPS umexaf the
crosslinking of the biopolymers formed, this faoggests that there are key bond between the comfzooéthe
EPS with physicochemical interactions such as hy@ndonds, Van der Waals force and electrostatérantions
[44]. Other elements such as sodium, sulphur arbgiorous attributed to proteins, amino acids, pholgpids
and nucleic acids these elements are mostly in ida¢raxtractions, not all strains, thus confirmitinge cell lysis
provoked by these methods.
CONCLUSION

The presence of sugars commonly found in terréskfi@romonosporastrains was demonstrate, being these
arabinose and xylose. Nystose, a different sugan frerrestrialMicromonosporastrains was detected in marine

Micromonosporasp. strains from the Gulf of California, This mighe useful in the differentiation between these
kind of strains. Sugar assignment was possible MRLC, TLC, MS and NMR without purifying the mixeir

Acknowledgments:

M. Sci. Omar Esteban Valencia Ledezma gratefulknawledges to the Consejo Nacional de Ciencia yhdlegia
(CONACYT) for the scholarship # 225096 granted. $xi. Erika Teresa Quintana acknowledges CONACYanGr
1010/498/C-763/2013 and also grant IPN SIP20140248hors would like to thank Dr. Sci. José Reyes@za
Eng. Samuel Tehuacanero and Tech. Pedro Mexia freminstituto de Fisica of the Universidad Nacional
Auténoma de México for technical support.

REFERENCES

[1] TT More; JSS Yadav; S Yan; RD Tyagi; RY SurampdlliEnviron Manage 2014 144, 1-25.

[2] TJ Stewart; J Traber; A Kroll; R Behra; L Sidgnviron Sci Pollut Res Int2013 20(5), 3214-3223.

[3]J Wingender; T Neu; H-C Flemming. What are BaclteEatracellular Polymeric Substances?' ddition,
Springer Berlin Heidelberg, Germary999 1-19.

[4] AW Decho,Cont Shelf Res200Q 20(10-11), 1257-1273.

[5] AM Fialho; LM Moreira; AT Granja; AO Popescu; K Hafann; | Sa-Correiadppl Microbiol Biotechnol2008
79(6), 889-900.

[6] B Rehm. Microbial Production of Biopolymers and yoer Precursors: Applications and Perspectivés, 1
edition, Caister Academic, UR009 229-254.

[7] S Silvi; P Barghini; A Aquilanti; B Juarez-Jimené#;Fenice Microb Cell Fact, 2013 12(10), 1-12.

450



Herminia Inés Pérez Méndezt al J. Chem. Pharm. Res,, 2016, 8(7):442-451

[8] K Kavita; A Mishra; B JhaBiofouling, 2011, 27(3), 309-317.

[9] C Whitfield; MA Valvano,Adv Microb Physial 1993 35, 135-246.

[L0]GM Wolfaardt; JR Lawrence; RD Robarts; DE Caldwilicrobial Ecol., 1998 35(3-4), 213-223.

[11] S Petry; S Furlan; MJ Crepeau; J Cerning; M Desauaz@ppl Environ Microbiol, 200Q 66(8), 3427-3431.
[12]ZN Yuksekdag; B AslimmBraz Arch Biol Techn2008 51, 581-585.

[13]S Comte; G Guibaud; M Baudidgurnal of Hazardous Material2007, 140(1), 129-137.

[14] GP Sheng; HQ Yu; ZB Yuéppl Microbiol Biotechnal 2005 69(2), 216-222.

[15]MF Dignac; V Urbain; D Rybacki; A Bruchet; D SnidaP ScribeWater Sci Techngl1998 38(8-9), 45-53.
[16]1BS McSwain; RL Irvine; M Hausner; PA Wilderegkppl Environ Microbiol, 2005 71(2), 1051-1057.

[17]1P D'Abzac; F Bordas; E Van Hullebusch; PN Lens; @b@&ud,Appl Microbiol Biotechnal 201Q 85(5), 1589-
1599.

[18]F Donot; A Fontana; JC Baccou; S Schorr-Galir@arbohyd Polym 2012 87(2), 951-962.

[19]Y Liu; HP FangCrit Rev Env Sci Tec2003 33(3), 237-273.

[20]S Comte; G Guibaud; M BaudBrocess Biochem2006 41(4), 815-823.

[21]PV Bhaskar; NB Bhoslénviron Int, 2006 32(2), 191-198.

[22]M Redmile-Gordon; E Armenise; R White; P Hirsch@oulding,Soil Biol Biochem 2013 67, 166-173.
[23]Y Jiao; GD Cody; AK Harding; P Wilmes; M SchrenkEKVheeler; JF Banfield; MP TheleAppl Environ
Microbiol., 201Q 76(9), 2916-2922.

[24]1 Dogsa; M Kriechbaum; D Stopar; P Laggrigiophys J, 2005 89(4), 2711-2720.

[25]MBI Kassim,Afr J. Biotechnal 2011, 10(74).

[26]Z Wang; C Benning]. Vis Exp, 2011(49), 2518.

[27]MJ Yacamén; JR Gasga; J Reyes. Microscopia Eléctrodna Vision Del Microcosmos?Edition, Fondo de
Cultura Econémica, Méxicd,995

[28]Y lgarashi; ME Trujillo; E Martinez-Molina; S YanasS Miyanaga; T Obata; H Sakurai; | Saiki; T FjiT
Furumai,Bioorg Med Chem Lett2007, 17(13), 3702-3705.

[29]G-P Sheng; H-Q Yu; Z Yuhppl Microbiol Biotechnol 2005 67(1), 125-130.

[30]U Metzger; U Lankes; K Fischpera; FH Frimm&hpl Microbiol Biotechnol.2009 85(1), 197-206.

[31]A Alvarez-Ordéfiez; DIJM Mouwen; M Lopez; M Prietb,Microbiol Meth, 2011, 84(3), 369-378.

[32] A Mishra; B JhaBioresour Techno)2009 100(13), 3382-3386.

[33]WA Bubb, Concept Magnetic Res Part,003 19A(1), 1-19.

[34]J9 Duus; CH Gotfredsen; K Boockhem Rey 2000 100(12), 4589-4614.

[35] A Mishra; K Kavita; B JhaCarbohyd Polym 2011, 83(2), 852-857.

[36]AS Weiskopf; P Vouros; DJ Harvesnall Chem, 1998 70(20), 4441-4447.

[37]KE Mutenda; R MatthiesetMass spectrometry data analysis in proteomicsedition, Springer, USA2007,
289-301.

[38]VV Tolstikov; O FiehnAnal Biochem 2002 301(2), 298-307.

[39]L Skillman; | Sutherland; M Joned, Appl Microbiol, 1998 85(S1), 13S-18S.

[40]C Thawai; S Tanasupawat; T Kudot J. Syst Evol Micr 2008 58(7), 1516-1521.

[41]K Kersters; M Vancanneyt. Bergey's manual of systitbacteriology, % edition, Springer, Germangp05
[42] AM Hirsch; M Valdés Soil Biol Biochem 201Q 42(4), 536-542.

[43]ME Davey; GA O'tooleMicrobiol Mol Biol R, 200Q 64(4), 847-867.

[44]V Kerstgens; H Flemming; J Wingender; W Borchaktiter Sci Techngl2001, 43(6), 49-57.

451



