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Antiphytopathogenic activity of bacterial protein of a marine
Corynebacterium sp. isolated from Mandapam, Gulf of Mannar
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ABSTRACT

The present study was carried out to validate the sensitivity and precisioim eftamassay for evaluating the
efficiency against antiphytopathogenic fungi by bacterial spetitesactobacillussp,Corynebacteriunsp,

and Aeromonassp. isolated from Mandapam, Gulf of Mannahe bacterial protein was extracted from the
isolated bacteria and screened against ten phytopathogenic Aumgig the three bacterial isolates only
Corynebacteriunsp. exhibited antagonism against phytopathogenic fungi. The minimum inhibition was observed
with Aspergillus nigef2 mm)and the maximum inhibition againsiternaria alternata(20mm). The optimized
growth parameters @orynebacteriunsp. was carried out for mass scale production. The antiphytopathogenic
protein was partially purified by subjecting to ammonium sulphate precipitation followed by TLC and gel
electrophoresis. SDS -ABE analysis reported two protein bands corresponding to 34 kDa and 71 kDa.
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INTRODUCTION isolated from soil, ajwvater blood, and even human skin (Funke

The surfaces of aerial plant parts provide a habitat foret gl., 1997 and Janda, 1998). Coryljebacteria can ir)fect plants,
epiphytic micro-organisms, many of which also influence @nimals and rarely humans (Collins and Cummins, 1984;
the growth of pathogens. Bacteria are generally theBarthold and Brownstein, 1988). Several species of
predominant initial inhabitants of newly expanded leaves, COrynebacteria were involved in the process of oil and oil-
while yeasts and filamentous fungi dominate later in thef€lated products removal from the environment (Betal,
growing season (Kinkeét al, 1987). A large body of 1999).

information has been accumulated regarding antagonisnThe geneusCorynebacteriumconsists of gram positive,
between bacteria and fungi on the leaf surface and itstrictly aerobic, polarly flagellated rods. They are aggressive
possible role in the biological control of pathogenic fungi colonizers of plants and have a broad spectrum antagonistic
(Gowdu and Balasubramanian, 1988Jith an increasing activity against plant pathogens such as antibiosis
misuse of antibiotics, the serious problem of antibiotic siderophores production and nutrition (or) site competition
resistance is coming up very fast. Therefore, intensive searcfRosaleset al, 1995).Corynebacteriunmspecies has been
for new antibiotic is going worldwide (Katz and Demain, 1977; suggested as a good candidate for use as seed inoculants and
Leisinger and Maraff, 1979; Emmeret al, 2004).To make as root dip for biological control of soil-borne plant pathogens.
the production of antibiotic feasible, it is necessary to developCorynebacteriumsp. has the ability to grow at@ and

the optimum production conditions. Several researchers havhydrolyse gelatin. This characteristic explains its frequent
contributed considerably in this field (El-Banna, 1988hiro occurrence in spoilage of refrigerated food. The main property
etal.,1993; El-Banna and/inkelmann, 1998). that conspires against its becoming important opportunistic
Coryneform (irregular) bacteria include various groups of Pathogen is the inability to grow at body temperature. It is
aerobic non-spore forming, non-acid-fast, non-motile rarely pathogenic for humans, even though they have been

iregularly shaped, gram-positive rods which are very diversgound associated with empyema, urinary tract infections and
not only morphologically but also metabolically and septicemia. Some bactehiave been recognized as antagonist

structurally (Funket al, 1997). The majority of coryneform of plant fungal pathogens a'nd'antib.ioltic producers (O’Syllivan
bacteria are environmental residents and or normal flora, angnd O’Gara, 1992)Antagonistic activity oCorynebacteriun

they are isolated frequently in clinical laboratoriesr@et ~ SPP Was observed in the soil and it had been recognized as a
al., 2000). Species of the genGerynebacteriuntan be ~ Major factor in the suppression of many phytopathogens.
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The possibility for these bacteria, which show antifungal Biochemical Characterization of Corynebacterium sp.

activity and fungal growth modulation activities, might be 1he serial dilution agar plate method was used to isolate
incorporgted in th.e developing asgocarphy means of theitorynebacteriurrspecies on Zobel Maringgar medium.
preferential adhesion to tuber mycelium (Sbrere, 2000).  The pigmentation and biochemical reactions were determined
The present study was to examine the antifungal activity of,5 qescribed in Bgey's manual of Determinative Bacteriology
Corynebacteriunagainst different plant pathogenic fungi (Holt et al., 1994). The Corynebacteriunsp. Was a Gram
Rhizosphere bacteria belonging to the fluorescentPositive, non motile, non spore forming rod. It showed the
pseudomonads are receiving increasing attention for theositive reactions in Catalase, Starch hydrolysis, Glucose,
protection of plants against soil-borne fungal pathogensand Maltose fermentation test. Negative in lK2\fests,
(Afsharmaneslket al.,2006). Gelatin hydrolysis. Fermentation #fabinose, Xylose,

Stenocarpella maydandStenocarpella macrospoere the ~ Lactose, Sucrose, Raffinose, Galactose, and Manitol and in
causal agents of ear rot in corn, which is one of the mosfxidase test.
destructive diseases in this crop worldwide. From the culture

of Bacillus subtilis Pseudomonaspp.,Pseudomonas o o _ o
fluorescensandPantoea agglomeranextracellular filtrates ~ Antagonistic activity of marine bacterial isolates was tested
were obtained and assayed to determine antifungal activity2S described by Geels and Schipper (1983). Initial screening
The best filtrates were obtained in the stationary phaBe of fOr in vitro antagonistic activity was tested against fungal
subtilis cultures that were stable to the temperature ancrains on PDA agar plates. The strain which higher activity
extreme pH values (Ivan Petatan-Sagagtaai.,2011). showed was selected. The biochemical analysis for the

e : . . otential strain was carried out according to Buchatanh,
Specific strains of fluorescent Pseudomonas spp. inhabit th% g

. . 74).
environment surrounding plant roots and some even the roo )
interior. Introducing such bacterial strains to plant roots canCulturefiltrateactivity
lead to increased plant growth, usually due to suppression o{.

plant pathogenic microorganisms (Mercado-Blanco andtested against plant pathogenic funiiter swabbing the
Bakkey2007). pathogens on the plates, 0.1 ml of cell free culture broth (log
Antimicrobial substances are mainly produced by bacterigphase) ofCorynebacteriunwas centrifuged at 10,000 rpm
and lower fungi, and have many roles in the treatment of mosfor 20 min., and poured into the well of plates and incubated
infectious diseases, food preservation, animal nutrition ancat 30C for 3-4 days. The bacterial culture filtrate inhibiting
plant protection (Berdy.974). In addition, many antimicrobial the growth of pathogen around the well after incubation was
substances have been used in research executed at thgsessed by the inhibition zone around the well and results
molecular biology level (Lancini and Parenti, 1982). The were recorded.
objective of the present investigation was to screen new
bacterial isolates for their ability to produce antimicrobial Optimization
substances. Different combinations and sequences of process conditions
are needed to be investigated to determine the growth
MATERIALSANDMETHODS conditions which produce the maximum biomass with the
| solation of Bacteria physiological state best constituted. Method of changing

. . o oNne independent variable at a time was followed and variables
Sediment samples were collected from Mandapam (Lat 8 quke pH (6, 7, 8,9, 10 and 11), temperature (25°C, 30°C, 35°C

15" N; Long 78° 08' 25" E) situated in Gulf of Mannar region. " 40ecy 'salinity (0.5%, 1%, 1.5%, 2% and 2.5%) and
Toisolate the marine bacterla., 1g of marine sediment Sampl%ubstrates (glucose, sucrose, fructose, lactose, starch,
was suspendeq in 99ml of sterile 50% aged sea.gaerples lycerol and maltose) were tried. The nitrogen sources such
were serially diluted and 0.1ml of sample was spread plate O'gs ammonium nitrate, potassium nitrate and ammonium

(Z:o?eII'MarineAgar (ZMQ) andd inm(ijblated at 35 for 48 hr;:. sulphate were checked after 54 hrs incubatidosorbance
olonies were counted and thesults were expressed as was measured at 600nm at an interval of 6 hrs.

CFUl/g. The various fungi used in the present study were
proven pathogens obtained from CAS Botany Chennai angbyotein Extraction and Estimation
Tamil NaduAgricultural University Coimbatore.

%ntagonisiicactivity

he culture filtrate activity of marine bacterial isolates was

When optimum conditions were kept, maximum biomass as
well as more extracellular protein was produced. The protein
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was extracted by 65% of ammonium sulfafée protein  Strain SBS-6 is non-motile, non-spore forming, gram-positive,
concentration of the sample was determined by Laswry’ aerobic rod shaped bacterium and was identified as
method (Lowryet al, 1951) using bovine serum albumin as Corynebacteriunsp.

standard.

Ammonium sulphate pr ecipitation and dialysis £ .
The shake flasks kept for mass scale production were take 3 =7
after 36 hrs and centrifuged at 15,000 rpm for 10 frarthe g —d—3
supernatant, the amount of ammonium sulphate required t| & e
give 65% saturation was added slowly with stirring. Dialysis| 3 0 6 12 18 24 30 36 42 48 54

was followed in a tubular cellulose membrane against ) ) il
phosphate buffer for 24 hrs at 4°C. The partially purified krtckisaoR pecid (hix} ——11
protein was lyophilized in ¥ertis lyophilizer and kept for

further analysis (Sambrogit al.,2001). Fig. 1. Effect of pH on growth o€orynebacteriunsBS-6.

RESULTS

In the present study marine sediment samples of Mandapar@Ptimization conditionsfor growth
in Gulf of Mannar area were plated on Zobell marine agar and®arameters like pH (8) (Figure 1), temperature (35°C) (Figure
the density was found to be 1.3XTFU/g. 2), salinity (1%) (Figure 3), carbon sources (glycerol) (Figure

The present study was carried out to validate the sensitivity?) @nd nitrogen sources (yeast extract) (Figure 5) were
and precision of aim vitro assay for evaluating the efficiency OPtimized for growth as protein production found to be in
of inhibition of phytopathogenic fungi by bacterial species diréct SBS-6 strain relationship in tt@®rynebacteriunsp.

viz., Lactobacillussp.,Corynebacteriunsp.,and Aeromonas  The optimized growth parameters @brynebacteriunsp.

sp. isolated from Mandapam, Gulf of Mananong the three  was carried out by mass scale fermentation. The
bacterial isolates th€orynebacteriunsp. only exhibited antiphytopathogenic protein was partially purified by
antagonism against phytopathogenic fungi. The culturesubjecting to ammonium sulphate precipitation and it was
filtrates as well as concentrated protein showed antifungatonfirmed as protein bfLC and SDS—-RGE analysis
activity against all the ten fungai testédainstAlternaria showed that two protein bands with antifungal activity were
alternatamaximum zone (20 mm) was observed with protein present corresponding to 34 kDa and 71 kDa (Figure 6).
concentrate. It was followed b$clerotium roysiiand

Rhizoctonia solanf18 mm),Colletotrichum musa@0 mm), DISCUSSION

Colletotrichum capsici(8 mm),Colletotrichum lamellg5 Biological control may be an alternative to chemicals in the
mm), Gleosporium gleosporioidé4 mm), Phytophthora  control of some pathogenic fungi, reducing environmental
infestans-FMC 42 (3 mm)Aspergillus nige2 mm) and  pollution (Handelsmart al, 1990). Certain rhizosphere
Macrophomina phaseolinfno activity). bacteria including?seudomonasp. and Corynebacterium

The isolate (SBS-6) was identified by the use of biochemicalSP-Were used to control different plant fungal diseases like
characters and Bgey’s Manual of Systemic Bacteriology PYthiumdamping-off and some root rot fungi (Paseal,
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Figure 2. Effect of temperature on growth of Figure 3. Effect of salinity on growth of
CorynebacteriunsBS-6. CorynebacteriunsBS-6.
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Figure 4. Effect of carbon sources on growth Figure 5. Effect of nitrogen sources on growth of
CorynebacteriunsBS-6. CorynebacteriunsBS-6.

1991). Others lik@acillus subtilighat exhibits insecticidal,  In the present study bacterial strains were isolated and tested
antifungal and antibacterial activities were used to controlfor their antagonistic ability against phytopathogenic fungi.
Rhizoctonia solandamping-off (Asaka and Shoda, 1996), The selected antagonist@orynebacteriunsp. showed a
and bean leaf rust caused byomyces phaseo(Bakeret  very broad range of antagonistic activity against all the
al., 1983). Some bacteripecies were found to show phytopathogenic fungi tested. The minimum inhibition was
antimicrobial activities (Gebreel, 2008) and effectively control seen againsfspergillus niger(2 mm) and the maximum

brown rot of rice (Islam and Nandi, 1983). inhibition was found wittAlternaria alternata(20 mm).
Bacteria-fungal pathogen interactions are having an increased
1 M interest in the area of biocontrol. Many of the antifungal

interactions involvedCorynebacteriunsp. This is proved

kDa in the present study whef@orynebacteriunsp. exhibited
inhibitory activity against proven plant pathogens of crops.
- 574 The strain SBS-@ppeared to have the strongest activity

against all the fungi tested. Further work on mode of action is
in progress. The mechanisms of disease reduction may involve
siderosphore mediated competition, which result in the

- 66 exclusion of fungal pathogens by a reduction in the availability
of iron for the survival of pathogens (Schippetsl.,1987).
Fluorescent bacteria are known to have a significant role in
the suppression of fungal pathogens by the production of
siderosphores (Hamdrashal.,1991).

- 43 Effect of different temperatures (25, 30, 35, and 40°C) on the
growth was studied by inoculating the test strain in the
medium Antimicrobial activity was measured in terms of zone

AT of inhibition (data not shown). Best activity was shown at
temperature 35°C.

FAR o

34 »

When effect of pH on growth &forynebacteriunsp.SBS-6

was studied, it was evident from the results that SBS-6 showed
: 20 biomass at pH 8, and when tested agdiitstnaria alternata
it showed maximum inhibition. The pH of media between 7-8
had maximum antimicrobial production, Bwcillus subtilis
MZ-7 (Muazzet al.,2007). Best activities agairidicrococcus
luteuswere shown at pH 8, while at pH 6 and 7, a decrease in
activity was observedAt pH 9, second best activities were
observed (#vaiset al., 2008).

Figure 6. Protein profile of bioactive compound on SB&P

Gel
Lane M: Sandard Protein Moleculaneight Marker and  Effect of different carbon sources on the growth was studied

growth was observed in glycerol. The carbon source needed
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for maximal yield of the antibiotic production seems to be Bhattachryya, B., Sushil, Bnd Sukanta, S. 1998ntibiotic
different among bacterial strains. Glycerol supported better ~production byStreptomyces hygroscopidDsl..5: cultural
antibiotic production bystreptomyces hygroscopicsl.5 _ effect.Revista de Microbiologia9(3): 3714.
(Bhattachryyat al, 1998). Glucose was also reported as theBicca, F, Fleck, L. andAyub, M. 1999. Production of
most suitable carbon source for maximum phenazine Piosurfactant by hydrocarbon degradiRgodococcus

) - ruber and Rhodococcus erythrophilRevista de
production byPseudomonas fluoresce2¥9 (Slininger and Microbiologia, 30: 231-236.

Shea-wilbu1995). Buchanan, R.E. and Gibbons, N.E. 1974.g8gs manual of
Among nitrogen sources tested, yeast extract showed determinative bacteriologyEighth edition)TheWilliams

maximum growth. Preference of nitrogen source as well asits andWilking Co., Baltimore, 747-84RP.

concentration seems to vary according to the strain involvedCollins, M. and Cummins, C. 1984. Gerflsrynebacterium
In Streptomyces hygroscopic@snmonium succinate In: Bergeys Manual of Systematic Bag:tenolo@neath,
markedly increase the rate of antibiotic production. = N- Maif N., Sharpe, M. and HoltWilliams andWilkins

: : Baltimore, M. D. eds.: 1261-1283P.
Geneshevat al. (2005) who worked on this actinomycete El-Banna, N. 1989. Isolation and characterization of an

opined that depending on the biosynthetic pathway involved, antibacterial and antifungal antibiotic froBacillus
nitrogen source may vary and it influences the antibiotic g piilis M. Sc. Thesisniversity of Jordan.

production. Undoubtedly the present study along with otherg|.Banna, N.,Winkelmann, G 1998. Pyrrolnitrin from
studies reviewed through literature indicated that complicated  Burkholderiacepacia antibiotic activity against fungi
interactions occur in rhizosphere between the plant and the and novel activities against streptomycetisurnal of
microbes. The&orynebacteriunstrain isolated in the study Applied Micobiology 85: 69-76.

seemed to be highly potential in controlling fungal pathogensEmmert, E., KlimowiczA., Thomas, M. and Handelsman, J.
infecting commercial crops. Further study in this strain may ~ 2004. Genetics of zwittermiciA production byBacillus

result in the development of a potential biocide. i%eus Applied Envionmental Micobiology 70: 104-
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