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ABSTRACT

In the present study the bacteria were isolatednfimfected Cajanus cajan seed and identified by ABSA
sequencing as Pantoea agglomerans. The virulendheofplant pathogen is dependent on the producéiod
secretion of a large variety of plant cell wall-dading enzymes. Different cell wall degrading enaymactivities
such as cellulase, polygalacturonase, xylanasegrtage and glycosidase were assayed from the Homggans
growing in four nutrient media with different congtions (A) N-broth with 5% sucrose (B) N-broth (@nimal
medium consisted of sucrose - 5g, peptone - 8l&HPO, - 1g, KHPO, - 0.6g, MgSQ7H,0 - 1g per 200ml and
(D) Minimal medium with small Gossypium hirsuturavies (500mg/100m| media). Secretion of enzymebders
shown to play an important role in pathogenicitydato understand the interaction of P. agglomeramsl a
Gossypium hirsutum, a biochemical analysis of gedreroteins in the presence of G. hirsutum leawes
performed. Amongst the studied enzymes celluladggalacturonase and xylanase activity observechéigin
media C and glycosidase activity in media D. Thebpble role of these enzymes in the mechanismtiobganicity
is discussed.
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INTRODUCTION

The plant cell wall is a natural physical barrigainst pathogens and is at the forefront of therawtion between
plants and pathogens. To gain access to the cendémglant cells many phytopathogenic bacteriaetedr T2SS
virulence factors: cell-wall degrading enzymes (CBJ3uch as cellulase, pectinase, xylanase and gjtjase [1,
2]. CWDE function to break down the components afthcell walls and may play a crucial role in vinute and
bacterial nutrition [3, 4].

Another enzymatic activity which is not relatedcll wall degradation but can be an important thggen is the
invertase, a sucrose hydrolyzing enzyme. Sucro$igeisnajor transportable product of photosynthesisnecting
source to sink organs via the phloem. Sucroseesent in the intercellular spaces of source orgaspathogens
may use sucrose as source of carbon as well agyelagr

Bacteria from the genu®antoeahave become increasingly important plant pathogeosnd the world. Many plant
pathogenidPantoeaspecies are seed borne and seed transmitted s&ctagglomerandn cotton [6]. It also cause
leaf blight and bulb rot in onion [7, 8]. Despite increasing frequency of plant disease causd® hgglomerans

it is necessary to study the mechanisms of pathogenHowerever, till date the secretion of celavdegrading
enzymes by. agglomeranss not reported. Considering these point, in thesent work bacteria were isolated from
infected plant material and identified by 16S rDNA&quencing. The present study is aimed to evaltiee
extracellular cell wall degrading enzymes (CWDiE)itro produced fronPantoea agglomeransith time course
using different media with or without sucrose, @is ia well known fact that sucrose is the commarbon source
translocated in the plant system.
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MATERIALSAND METHODS

Test organisms
Pantoea agglomeranSUO1)was isolated fronCajanus cajanit was cultured on N-agar media aidéntified on
basis of biochemical tests and 16S rDNA sequencing.

I dentification of Bacteria

DNA extraction

Bacterial cells were pelleted by centrifugatiorsugpended in 500 pl of 10 mM Tris-EDTA buffer, drehted with

30 ul SDS (10% W/V), 2 ul Proteinase K (10mg/mti)was mixed well and incubated for 1 h at 37°CTtfen after

20 plof Cetyltrimethylammonium bromide (10%, W/V) andolol of NaCl (5 M) were added, and incubated for 10
min at 65°C. DNA was purified by two 1:1 extractsoim which we used (i) Chloroform: Isoamyl alcoli@4:1) (ii)
Phenol: Chloroform: Isoamyl alcohol (25:24:1) ahért was precipitated with isopropanol, washed witianol
(70%), and dissolved in Tris-EDTA buffer. The qtyaknd concentration of the DNA was confirmed byaswing
optical density 260/280 nm ratio.

16S rDNA gene amplification

The 16S rDNA gene was amplified using universaimgr pair 8F (5-AGA GTTTGATCCTGGCTCAG-3’) and
1525R (5'-ACGGCTACCTTGTTACGA CTT-3), 946F (5-CCQCGACAAGCGGTGGA-3") and 1389R (5'-
ACGGGCGGT-GTGTACAAG 3'). DNA was amplified in a tdtvolume of 25 pl. The reaction mixture contained
2.5 ul 10X buffer (10mM Tris-HCI pH 9.0, 50mM KC0.1% Trion X100), 1.5mM MgG] 200 uM each
deoxynucleoside triphosphate, 10 uM primer and 1Uam DNA polymerase, 200 ng bacterial DNA. Profile of
PCR was: initial denaturation 95°C — 5min: followsd 35 cycles: denaturation 95°C - 30 s, annedRff- 45 s,
extension 72°C - 2 min and final extension 72°Criid. Amplified DNA fragments were separated by
electrophoresis through 1.5% low melting agarode @NA fragments were eluted from low melting termgtere
agarose gels. The band of interest is excised avitterile razor blade, placed in a microcentrifugee, frozen at -
20°C, and then melted. TE-saturated phenol wasdamidihe melted gel slice and the mixture was affairen and
then thawed. After this second thawing, the tubatrfeged and the aqueous layer removed to a néw.tlihe
DNA was concentrated by ethanol precipitation.

Sequencing of 16SrDNA gene

The eluted PCR products were sequenced using ®igrerminator V 3.1 Cycle Sequencing Kit using ARI30
genetic analyzer. The sequencing reaction requingddbf Premix, 10 pmol of sequencing primer and 2@Mhthe
PCR product template in a total volume of l016S rDNA partial sequence was determined usib@®d 1525R
sequencing primers. All sequencing reactions weréopmed using the Verif" Thermal Cycler with 45 cycles of
denaturation (95°C, 30 s), annealing (52°C, 2hd)extension (60°C, 4 min).

Nucleotide sequence accession numbers
The nucleotide sequences determined in this stagtg been submitted to the NCBI GenBank databasee@sion
number SUO1 strain- JF501472).

Estimation of cell wall degrading enzymes

M edia preparation and cultur e conditions

Four different media were used for assay (A) N4breith 5% sucrose (B) N-broth (C) Minimal mediunnststed
of sucrose - 5g, peptone - 0.8g,,NRq, - 1g, KHLPQ, - 0.6g, MgS@.7H,O - 1g per 200ml and (D) Minimal
medium with smallGossypium hirsuturfeaves (500mg/100ml media). All media were autgadafor 15 min and
allowed to cool to room temperature. The inoculydml) was added to each flask and maintainedrat 3At
regular intervals of 24 h, 30ml aliquot from eackdium was obtained and the supernatant was segdrate
bacterial cells by centrifugation at 10,000 g fartlier assay. The supernatant of each medium westlgiused as a
source of enzymes

Céllulase assay

Cellulase activity was determined according tortteghod of Lowe et al. [9]. In this assay, Whatmiétarfpaper no.
1 strips (6 x 1 cm; ca 50mg) were used as a subgtravhich 1ml 0.2M Sodium-phosphate buffer (p&)and 1ml
culture supernatant were added. This mixture washiated at 45°C for 4 h. The reaction was stopyeatitition of
1ml of Miller's reagent (Dinitrosalicylic acid 5@M NaOH, Na-K tarterate 40g). The reducing sugadpced in
the reaction was quantified with Miller's reagentiaabsorbance of the reaction mixture was measair880 nm.
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Polygalacturonase and Xylanase assay

Polygalacturonase and Xylanaaetivity was determined according to the methodPafel and Thaker [10]The
assay medium consisted of equal volume of bufferdgstrate [2mg/ml polygalacturonic acid or xylanl®OmM
sodium acetate buffer (pH 5)] and enzyme solutiditer 60 min incubation at RT (30 * 2°C), the réactwas
terminated by the addition of Miller's reagent aeducing sugars were estimated by measuring therladosce of
reaction mixture at 520 nm.

I nvertase assay

The reaction mixture contained 0.15M sucrose antielrmyme solution. After 60min incubation at RT 8@°C),
the reducing sugars were estimated by Miller's eeagControl was prepared by addition of Miller&agent prior
to the substrate. Absorbance was measured at 520nm.

The quantity of sugar released was calculated fiteenstandard curve prepared using glucose (100+g00I).
The cellulase, polygalacturonase, xylanase andtimse activities were expressed as mg sugar releagegorotein.
The assay was performed in triplicates for eaclymezextract and mean values with + standard deviatiere
calculated.

Glycosidase assay

This activity was determined as described by Thaheal. [11]. The assay medium consisted of eqoaimie of
enzyme extract and buffered substrate (mg/ml mpiltenyl o/f-D galactopyranoside or p-nitrophenftD-
glucopyronoside in 100mM sodium acetate buffer pHASter 60 min incubation at RT (30 2 °C), the reaction
was terminated by the addition of 1M J&; solution in one and a half times the volume ofrénection mixture.

In control reaction, N&O; was added prior to the addition of enzyme. Thedi@mnce of the yellow pNP released
was measured at 405nm. The quantity of pNP releasedcalculated from the calibration curve (10Q@®0ug
pNP/ml) prepared in same buffer. The activity wapressed as pg pNP/mg protein for all the four medhe
assay was performed in triplicates for each enzgxieact and mean values with + standard deviati@mew
calculated.

RESULTSAND DISCUSSION

In the present study, bacteria were identified mclremical tests and 16S rDNA sequencing. SequehdéS
rDNA from strain SUO1 was shown to have a 93 % Isirity with Pantoea agglomeransy BLAST analysis. The
Accession number derived for this sequence wasl¥#-50

Plant-pathogenic bacteria grow in the intercellgipaces of plant tissues and rely on nutrientdablaithere. Most
phytopathogenic microorganisms produce differentyeres that can degrade plant cell wall polymers].[12
Considering this, the presented work was aimeduabysn vitro release of cell wall degrading enzymes (CWDE) by
P. agglomeranausing four media with different composition. Veflgw reports are available about studies on the
CWDEs in plant pathogenic bacterial system. Sucisghe major transport form for photoassimilateshigher
plants and hence known concentration of sucrose agagd to study their influence on enzyme productid
different time intervals. Moreover it is the priptg carbohydrate substrate for the synthesis aptgsmic and cell
wall constituents [13] and hence was used in thidysas a sole source of carbon. In the presedysaxtracellular
bacterial cellulase, polygalacturonase, xylanask iavertase activities were expressed as mg swgeased/mg
protein. Glycosidases enzyme activities were exgaesig pNP released/mg protein.

Evaluation of extracellular protein &. agglomeransvas more in D at 168 h followed by B, A and C pexgively
(Figure 1a). The protein content Bf agglomeransvas gradually increased in all media with the dayacterial
growth.

Cellulase is very important enzyme in phytopathegénand it has been produced by many microorganis4j. In

this study, the highest cellulase activity Bf agglomeransvas observed in media A and C with 5% sucrose, at
initial and end phase of experiment, (Figure.Ife cellulase activity was high at initial and tlager hours of
growth suggesting that it may have the role initiigal degradation of host cell wall and their pémtion in host
tissue but later it may be utilized to obtain rerits for their active growth. Many plant-pathogemécteria secrete
extracellular depolymerising enzymes, such as leesis or pectinases [15], which play an importaf in the
pathogenesis [16].

The highest polygalacturonases (PG) activitfPofagglomeransvas found in media C with sucrose at initial and
end time growth hours analyzed at 24 h, 96 h, 12044 h and 168 h compared to media A,B,D (Figwke It
might be possible that sucrose and leaves ledabia to produce more PG so that it could striv&uch nutrient
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conditions. Phytopathogenic microorganisms utiPZe as a component of their offensive arsenal tetpate and
colonize the plant tissues [17]. Previous studlesned that the PG of phytopathogens belonged taCHwDE,
which were secreted to the milieu via the T2SS f[8However PGs are also important virulence fecto other
plant-pathogenic bacteria, such Ralstonia solanacearunfgrobacteriumtumefaciensand Erwinia carotovora

[19, 20, 21].
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Figurel: Extracellular enzyme activity of Pantoea agglomerans (a) Protein content (b) Cellulase (c) Polygalacturonase
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Figure 2 : Extracelular enzyme activity of Pantoea agglomerans (a) Xylanase (b) I nvertase

The maximum xylanase activitgf P. agglomeransvas observed in media C at 24h compared to D, A, Bn
respectively. No clear trend was observed in alteig media (Figure 2a). In medium D maximum agtivias
observed at 72 hese results suggested that presence of sucr@séeaf in a media induced the xylanase activity
which played a role in bacterial growth. Xylanasese been isolated from a wide range of microosgasi[22]
and [23] shown inBacillus and StreptomycesThe rice pathogeM. griseahas been reported to produce five
different xylanases [24]This indicates that xylan degrading enzymes areoitapt for the colonization of the host
tissue.

The changes ofi, B - galactosidase anfl - glucosidase were investigated throughout thewtiroof the P
agglomeransThe maximunu - galactosidase activity &f. agglomeransvas recorded in D with two peaks at 72 h
and 144 h respectively. In media C activity wastetd from 96 h and remained up to 168 h. The iaciivB and D
showed similar trend and remained low throughotitegrowth phase (Figure 3@ .- D - galactosidase activity of
the P. agglomeransvas observed very high in D at 72 h, while remailoav in media A, B and C (Figure 3b). The
B - glucosidase activity was not detected in anyimmadat 24 h. The maximum activity was observed jridllowed
by C, A and B (Figure3d). Gradual declined in atfiwas observed in media C and D (Figure Bc)galactosidase
and p-glucosidase activity was moderate in the initialifts but gradually increased in the middle houggssting
that it may have an important role initially in dadation of cell wall but more active in the midglease of growth.
kian et al. [25] reported that pathogen secreteagidase to degrade the plant cell wall and relpasential cell
wall elicitors.

Considering our results it was possible that thetdsaal glycosidase such as galactosidase - galactosidase and
B - glucosidase might release sugar moieties thaltddee used as nutritional source for bacteriardgpuiis growth
through plant tissud - glucosidase dBotrytis cinereds the key enzyme in the enzymatic hydrolysis difwall of
fruits and vegetables [26}.- galactosidase arfil- glucosidase are considered as the main enzyssesiated with
the mobilization of xyloglucans [27,28] white - galactosidase possess sucrose-hydrolyzing BcfR®]. Earlier
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Bateman et al. [30] reported that galactosidase - galactosidase anftl - glucosidase played an important role
during pathogenesis &hizoctonia solanin Phaseolus vulgarik.
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Figure 3: Extracellular enzyme activity of Pantoea agglomerans (a) a - D- galactosidase (b) p - D- galactosidase (c) p - D - glucosidase

Invertase activity responsible for sucrose hydislywas investigated despite not being related tib wall
degradation. In the present study, the maximumrtage activity ofP. agglomeranshowed in media D at middle
growth phase (Figure 2b). The upregulation of itegs has been found in several plant—pathogeraatiens [31],
such as high invertase activity in clubroots wasase of increased starch synthesis after the eipiaglucose and
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fructose in infected cells. Thus the results oladim this study showed that presence of sucrosecasbohydrate
has induced invertase activity fh agglomerans

CONCLUSION

From the results obtained in this study it is cadeld that presence of sucrose or leaf tissue mtrgent medium
was responsible for induction of more amount ofedé@nt cell wall degrading enzymes in the studiathpgen. The
results showed that though genome sequend® afjglomeranss available in databank, only biochemical study
i.e., enzymatic study provides view about expressibspecific enzyme(s) during pathogen infectiorhost plant.

It is possible that these enzymes play a rolermlence during plant microbe interaction.
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