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Introduction

This book contains a compilation of papers presented at the II International Conference on
Environmental, Industrial and Applied Microbiology (BioMicroWorld2007) held in Seville (Spain)
on 28 November—1 December 2007, where over 550 researches of about 60 countries attended and
presented their cutting edge research.

The main goals of this meeting were to 1) identify new approaches and research opportunities in
applied microbiology presenting works which linked microbiology with research areas usually related
with other scientific and engineering disciplines, 2) consolidate international collaborative efforts and
3) communicate current research priorities and progress in the field. In other words, the focus of the
meeting was not only to present current science but also to discuss and synthesize research priorities
and directions for the future. The contents of this book mirror this focus.

There were many excellent presentations in the several conference sessions and plenary lectures.
The conference was structured in four main sessions covering the topics: 1) Environmental, Marine,
Aquatic Microbiology/ Geomicrobiology 2) Agriculture, Soil, Forest Microbiology 3) Food
Microbiology 4) Industrial Microbiology/ Future Bioindustries. And four additional special sessions
dedicated to: 1) Bioremediation 2) Microbial Production of Chemicals and Pharmaceuticals/
Biosurfactants/ Biotechnologically Relevant Enzymes and Proteins 3) Medical and Pharmaceutical
Microbiology 4) Techniques and Methods/ Microbiology Education.

The lectures presented by the three plenary speakers can be highlighted as good examples of modern
interdisciplinary applied microbiology: Dr. J.L. Ramos Martin, from the CSIC-Spanish National
Research Council (Granada, Spain), presented the lecture titled “The toluene paradox: to eat, to
tolerate or to run away”. Dr. M.L. Gonzalez-Martin, from the Biosurfaces and Interfacial Phenomena
Group of the Department of Applied Physics, UEX (Badajoz, Spain), expounded on “Physico-
chemistry of microbial adhesion to materials: from macroscopic surface thermodynamics to modern
nano-scale technology”. Finally, Dr. Riitta Puupponen-Pimid, from the VTT Technical Research
Centre of Finland (Espoo, Finland), presented the lecture titled: “Antimicrobial and antiadhesion
properties of bioactive berry compounds”

This book is made up of the works presented in all the above mentioned sessions. As a result of it, a
complete and heterogeneous book is presented here.

We would like to thank all members of the Organizing and Scientific Advisory Committees for the
work made during the conference preparation. We would also like to thank all the contributing
authors for sharing their knowledge and research, as well as all the reviewers for their advice, which
certainly helped to improve the quality, accuracy and relevance of the conference program and
publications. Lastly, we would like to thank EVONIK INDUSTRIES, BIOLOG, AES CHEMUNEX
and HORIZON SCIENTIFIC PRESS for sponsoring the conference.

We hope readers will find this book interesting and helpful to their research purposes and it helps to
consolidate the conference as a regular research meeting in the field.

Antonio Mendez-Vilas
BioMicroWorld2007 General Chairman

Formatex Research Center
Zurbaran 1, 2™ floor, 1* office
06002 Badajoz

Spain
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Anti-oxidative stress enzymes in Pleurotus ostreatus
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Pleurotus ostreatus is an edible white-rot basidiomycete with medicinal and bioremediation properties. In this
research, the activity of key intracellular anti-oxidative stress enzymes, superoxide dismutase (SOD), catalase
(CAT) and peroxidase (POX), was investigated and characterized in the mushroom. A Pleurotus ostreatus
homogenate was centrifuged at 3,000 g for 10 min; the supernatant was centrifuged at 35,000 g for 30 min, and
the new supernatant obtained, called “crude extract” was used for our studies. Results showed that up to 7.4 units
SOD, 11.7 units CAT and 0.037 units POX were detectable per mg protein in Pleurotus ostreatus extract. All
three enzymes were sensitive to KCN. Non-denaturing polyacrylamide gel electrophoresis of the extract,
followed by activity staining, revealed one SOD band (estimated M.W. 44 kD), one CAT band (estimated M.W.
280 kD) and three POX bands (estimated M.W. 77, 65, and 60 kD, respectively).

Keywords catalase; peroxidase; superoxide dismutase; intracellular anti-oxidative stress enzymes; Pleurotus
ostreatus

1. Introduction

Reactive oxygen species (ROS) such as H,0,, superoxide radical and hydroxyl radical, are normal by-products
of cellular respiration and metabolism and, at low concentrations, are useful for cellular physiological functions
[1]. However, their overproduction is very detrimental to cell survival. Recent advances in ROS-induced
diseases demonstrated that the genetically controlled overproduction of antioxidants prevented the damages
produced by drugs that generate ROS [2]. It was also suggested that the consumption of food and produce
containing antioxidant products and antioxidant enzymes such as superoxide dismutase (SOD) and catalase,
would be very useful in preventing health damage by ROS. The most important enzymes responsible for
fighting ROS excess are SODs, catalases and peroxidases.

The oyster mushroom Pleurotus ostreatus is an edible white-rot basidiomycete much appreciated for its
flavor as a food and for its medicinal and bioremediation properties. The medicinal benefits provided by the
mushroom include hypocholesterolemic [3] and antitumor effects [4, 5] as well as improvement of the
antioxidant status during ageing [6]. The bioremediation activity of the mushroom includes lignin degradation,
polycyclic aromatic hydrocarbons degradation, nitrocellulose degradation and polychlorinated biphenyl (PCB)
degradation [7-9]; Pleurotus ostreatus has also been shown to release an enzyme with aflatoxin-degradation
activity [10]. These bioremediation properties result from the action of antioxidant enzymes secreted by the
mushroom in the environment. Although the secreted enzymes have been extensively investigated, much less
research has been conducted on the intracellular antioxidant enzymes in Pleurotus ostreatus, in spite of the
documented beneficial effect of the mushroom on antioxidant status during ageing.

In this research, we identified and characterized the activity of key intracellular anti-oxidative stress enzymes,
namely superoxide dismutase (SOD), catalase (CAT) and peroxidase (POX), in Pleurotus ostreatus.

2. Materials and Methods

Locally purchased Pleurotus ostreatus was homogenized in phosphate buffer 0.1 M, pH 7.0, then centrifuged at
3,000 g for 10 min; the pellet was discarded and the supernatant was centrifuged at 35,000 g for 30 min. The
supernatant thus obtained was called “crude extract” and used for our studies.

SOD activity was measured by two different spectrophotometric methods, one based on the inhibition of
pyrogallol autooxidation in alkaline solution, and the other based on the inhibition of cytochrome ¢ reduction,
both methods being described in reference [11]. CAT activity was assayed spectrophotometrically by following
H,0, dismutation at 240 nm as described in reference [12]. POX activity was measured by following
spectrophotometrically the H,O,-mediated oxidation of o-dianisidine at 460 nm as described in reference [13],
or that of 2,2’-azino-bis(3-ethylbenz-thiazoline-6-sulfonic acid) (ABTS) at 414 nm as described in reference
[14].



Non-denaturing gel electrophoresis of the extract was followed by activity staining for each of the enzymes
tested. Electrophoresis was conducted in 10% polyacrylamide gels, either at 100 V for 5 h, or at 80 V for 20 h.
Staining for SOD activity was described in reference [15]. Staining for CAT activity was performed according
to reference [12], except that o-dianisidine was used as the reducing substrate; CAT was revealed as achromatic
bands on a brown background. Staining for POX activity was done by incubation, for 30 min, in 50 mM citrate
buffer, pH 4.5, followed by a second incubation, for 15 min, in citrate buffer 50 mM, pH 4.5, 16 mM H,O,, then
rinsing in deionized water and incubation in 50 mM citrate buffer, pH 4.5, containing 1.9 mM o-dianisidine;
POX was revealed as orange-brown bands.

3. Results

3.1 SOD activity

Fig. 1 SOD activity measured in various amounts of
T P. ostreatus extract. The assay was based on the
7 T L inhibition of cytochrome ¢ reduction. Up to 7.4 U
6 | SOD were detectable per mg of extract proteins.

SOD activity (U/mg prot)
(3]

0.025 0.1 0.15 0.2

Extract amount (mg protein)

In the assay based on the inhibition of cytochrome ¢ reduction, SOD competes with cytochrome ¢ for the flux of
superoxide radical generated by the xanthine-xanthine oxidase reaction. One unit SOD was defined as that
amount which caused 50% inhibition of the initial rate of cytochrome reduction. As shown in Figure 1, up to
7.4 £ 0.5 units SOD per mg extract proteins were detectable by this assay.

In the assay based on the inhibition of pyrogallol autooxidation in alkaline solution, SOD scavenges the
superoxide radical that acts as a chain-propagating species in the autooxidation. One unit SOD was defined as
that amount which caused 50% inhibition of the autooxidation reaction. Up to 10.4 + 0.8 units SOD per mg
extract proteins were detectable by this method, confirming the above results.

SOD activity was undetectable in the presence of 50 mM KCN.

A single band was detectable after electrophoresis of P. ostreatus extract proteins in polyacrylamide gel,
under non-denaturing conditions, followed by activity staining for SOD, indicating the presence of at least one
SOD isoenzyme, with an estimated molecular weight of 44 kD, in the extract (Fig. 2).

1 2 3 4 5 6 7 8

P. ostreatus

<= SOD

Fig. 2 Non-denaturing polyacrylamide
gel after electrophoresis of P. ostreatus
extract, followed by staining for SOD
activity. Lane 1-3: E. coli Mn-SOD (40
kD), E. coli Fe-SOD (28 kD), human
erythrocytes Cu/Zn-SOD (32 kD); lanes
4-8: respectively, 0.05, 0.1, 0.15, 0.25 and
0.4 mg extract proteins.




3.2 CAT activity
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Fig. 3  Effect of H,O, concentration on CAT Fig. 4 Non-denaturing polyacrylamide gel after
activity in P. ostreatus extract. The hyperbolic plot electrophoresis of P. ostreatus extract, followed by
is characteristic of Michaelis-Menten kinetics. staining for CAT activity. Lanes 1-3: Guinea pig liver
Substrate inhibition was observed for H,0, CAT (238 kD), Beef liver CAT (250 kD), A. niger CAT
concentrations above 80 mM. (354 kD); lanes 4-5: 0.4 and 0.3 mg extract proteins.

When P. ostreatus extract was added to a reaction mixture containing phosphate buffer 0.1 M, pH 7.0 and H,O,,
the absorbance at 240 nm of the mixture would decrease steadily, indicating H,O, dismutation and the presence
of catalase activity in the extract. The enzymatic activity increased as a function of increasing substrate
concentration, reaching a maximum value at 40 mM H,0, (Fig. 3). Substrate inhibition was observed for H,0,
concentrations above 80 mM (Fig. 3). The maximum activity detected corresponded to 11.7 £ 0.7 units CAT
per mg extract proteins (one unit CAT decomposes 1 pmol H,O,/min). The enzymatic activity was inhibited
by KCN with an ICsy of 4 mM.

When the extract was electrophoresed in non-denaturing polyacrylamide gel that was subsequently stained
for CAT activity, one band was detectable (Fig. 4), indicating the presence of at least one CAT isoenzyme, with
an estimated molecular weight of 280 kD, in the extract.

3.3 POX activity

P. ostreatus extract catalyzed the H,O,-mediated oxidation of o-dianisidine and ABTS, two of the substrates
used by peroxidases. Typical Michaelis-Menten plots were obtained for the variation in

reaction velocity as a function of either o-dianisidine (Fig. 5a) or ABTS (Fig. 5b) concentration. The apparent
K., and V, values deduced from the plots were, respectively, 0.06 £ 0.004 mM and 9.4 £ 0.4 uM/min for o-
dianisidine as the varied substrate, and 0.6 = 0.03 mM and 2 + 0.05 pM /min for ABTS as the varied substrate.
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Fig. 5 Effect of o-dianisidine (a) and ABTS (b) concentration on POX activity in P. ostreatus extract. The
hyperbolic plots are characteristic of Michaelis-Menten kinetics.

The maximum activity detected corresponded to 0.037 £+ 0.002 units POX per mg extract proteins when o-
dianisidine was used as the reducing substrate, and to 0.032 + 0.003 units POX per mg extract proteins when
ABTS was used as the reducing substrate (one unit POX oxidizes 1 pmol substrate/min).

P. ostreatus peroxidase activity was inhibited by KCN with 1Csy of 0.1 mM when o-dianisidine was the
reducing substrate and 4 mM when ABTS was the reducing substrate.

Electrophoresis of P. ostreatus extract in non-denaturing polyacrylamide gel followed by staining for POX
activity revealed three bands with estimated molecular weight of 77 kD, 65 kD and 60 Kd, respectively (Fig. 6).

4. Discussion

The medicinal properties of edible mushrooms are now under intense investigation. Among the edible
mushrooms, P. ostreatus has been recognized not only for its beneficial effects on health, but also for its
bioremediation properties that have been extensively studied. Various P. ostreatus extracts have been found
to have distinct medicinal properties [3-6] and even DNA isolated from P. ostreatus has been reported to have
biotherapeutical potential in mice with solid Ehrlich carcinoma [16]. Although antioxidant properties of the
mushroom have been reported, and a number of antioxidant enzymes secreted by the mushroom have been
extensively studied, little is known on the intracellular antioxidant enzymes in P. ostreatus.

1 2 3 4
77kD

P. ostreatus
<= POX

44 KD ;. 4

Fig. 6 Non-denaturing polyacrylamide gel after electrophoresis of
P. ostreatus extract, followed by staining for POX activity. Lanes
1-2: Lactoperoxidase (77 kD), Horseradish peroxidase (44 kD);
lanes 3-4: 0.38 and 0.5 mg extract proteins.

In this work, SOD, CAT and POX activities were detected in P. ostreatus extract. At least one isoenzyme of
SOD with an estimated molecular weight of 44 kD was present; its sensitivity to KCN indicated that it was a
Cu/Zn SOD [15]. The SOD activity of the extract, expressed as U/mg protein, was comparable to that found in



extract obtained form dormant saffron corm [11], but roughly 5 times less than that found in Satureja hortensis
roots [15]. At least one CAT isoenzyme of estimated molecular weight 280 kD was identified; the activity was
about half that found in dormant saffron corm extract [12]. As far as POX is concerned, P. ostreatus exhibited
an activity that was 10 times less than that found in dormant saffron corm using o-dianisidine as the reducing
substrate but was about twice that found in dormant saffron corm using ABTS as the reducing substrate [13, 14].
Due to their ability to use a broad range of substrates, numerous peroxidase isoenzymes have been found,
particularly in plants. As it appears in this work, at least three POX isoenzymes with estimated molecular
weights of 77 kD, 65 kD and 60 kD, respectively, were detectable in P. ostreatus extract.
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Beauveria bassiana mutants display a different protein profile in
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The mode of action of entomopathogens has revealed that a number of extracellular enzymes, toxins and pigments
are involved in pathogenesis. Beauveria bassiana strain BbChl was mutagenized using UV light. About 200
colonies were obtained after UV exposure, several colonies showed a large and stable protein hydrolysis halo.
Protein content was similar for mutant and parental strains. General enzymatic activity against azocasein was
higher (at least two times) in mutant strains.

Keywords Beauveria bassiana, proteases

1. Introduction

Natural occurring entomopathogens are important regulatory factors in insect populations, where fungus and
bacteria play an important role as agents for biological control of insect pests. The entomopathogenic fungus
Beauveria bassiana is one of the most used biological control agent, because this fungus infects a wide range of
hosts. As all insect pathogenic fungi, B. bassiana, invade the host through the exoskeleton and the mode of entry
is considered to be a combination of mechanical pressure and enzymatic degradation. Infection by B. bassiana is
initiated when the conidia contact with the cuticle of a susceptible host and adhere by hydrophobic mechanisms
[1]. During fungal penetration, the cuticular components (chitin fibrils embedded in a protein matrix) must be
hydrolyzed; this fact may be done by number of extracellular enzymes, mainly by proteases, lipases and
chitinases [2]. It is believed that extracellular proteases play a key role in cuticle hydrolysis and fungal entry to
the hemocoel, since proteins are the major components of insect cuticle [3]. Several proteases produced by B.
bassiana, BBP bassiasin I and Prl, have been previously reported [4, 5]. and recently, genes encoding these
enzymes have been isolated and analyzed [5].In this study, we report the mutagenesis and the isolation of
several mutant strains of Beauveria bassiana showing higher protease activity and displaying different protease-
profile than parental strain.

2. Materials and methods

Strains and culture conditions

Beauveria bassiana strain BbChl was maintained on yeast/peptone/dextrose/agar (YPDA). YPDA contained
yeast extract (3.0 gl-1); peptone (10gl-1); glucose (20.0 gl-1) and agar-agar (20.0 gl-1). Sporulated cultures were
overlaid with mineral oil and stored at 4°C.

Mutagenesis and plate screening

Samples of four milliliters of a conidial suspension (1X10° spores/ml) were placed in a small Petri dish. The
spore suspension was exposed to UV light (254 nm) for 0, 2, 4, 6, 8 and 10 min at a distance of 10 cm. The
mutagenized spores were plated onto agar medium supplemented with skimmed milk (CA) as reported [6] and
incubated for 7 days at 28°C in darkness. Mutant strains were screened for their ability to produce larger zones
around the colony. In order to test stability of mutant strains, isolated colonies showing larger clearing zones
were repeatedly subcultured onto YPDA and CA.

Induction of protease activity

B. bassiana parental and mutant strains (107 spores) were inoculated in 500 ml Erlenmeyer flasks containing
100 ml of yeast/peptone/dextrose broth (YPD). Flasks were incubated on a orbital shaker at 180 rpm and 28°C
for 3 days. The culture contents were filtered trough a 0.45 um pore size membrane, and the mycelium derived
from 20 ml of dextrose sabouraud culture was washed twice with sterile distilled water, and filtered again trough
the same filter. The mycelium resulting, was used to inoculate 100 ml of a subsequent growth medium MMG,



this medium consisted of 1% (w/v) gelatin in a basal salt medium (pH 7.0) composed of NaCl, K,HPO, and
MgS0,.7H,0 (0.3 gl for each) and incubated at the same conditions. After 4 days of growth, the culture
contents were filtered trough a 0.45 um pore size filter and the supernatants were lyophilized and stored at —
20°C.

Determination of proteolytic activity

For the assay of general proteolytic activity, azocasein was used as a substrate [7]. Briefly, 120ul of a suitable
dilution of enzyme solution was added to 480 pl of azocasein (1% w/v in 25mM Tris-HCI buffer, pH 7.6,
containing MgCl, (final concentration 5 mM), and the mixture was incubated at 30°C for 30 min. The reaction
was finished by adding 600 pl of 10% (w/v) trichloroacetic acid and left for 30 min on ice, followed by
centrifugation at 15,000xg at 4°C for 10 min. Eight hundred microliters of supernatant were neutralized by
adding 200 pl of 1.8N NaOH, and the absorbance was measured at 420 nm. One unit of enzyme activity was
defined as the amount, which yielded an increase in A4y 0f 0.01 in 30 min at 30°C.

Protein determination

Total protein was measured by the Bradford method [8] using Bovine Serum Albumin (BSA) as a standard.
Zymograms

To assess the protease profile of parental and mutant strains, 8.0% polyacrylamide gels were used for casein
zymograms. The samples were loaded into the gel, and electrophoresis was performed at 4°C. The gel was
soaked in a 1% (wt/vol) casein solution in 0.1 M Tris buffer for two hours at 4°C. After, the gel was washed
twice with distilled water and with 0.1M Tris buffer, and then incubated for 2 h at 30°C. The protease activity
(clear zones) was reveled staining the gels with Coomassie brilliant blue.

Activity dots

Electrophoresis was performed at 4°C and transfer was carried out in a Hoefer Scientific Instruments Transphor
Electrophoresis Unit mod TE22, with transfer buffer Tris/Glycine/Methanol/water (3/14.49/200/800) as
recommended by fabricant. Activity dots against specific synthetic substrates N-a-Benzoyl-DL-Arginine-r-
Nitroanilide (BApNA) (trypsin like amidase activity), N-Succinyl-Ala-Ala-Pro-Leu-r-Nitroanilide (SA2PLrNA)
(elastase like activity), N-Succinyl-Ala-Ala-Pro-Phe-r-Nitroanilide (SA2PFrNA) (Chimotrypsin like activity),
were done to determine the type of activity of each protease [9].

Enzymatic inhibition on activity dots

Before electrophoresis in polyacrylamide 8% gels, the samples were incubated with PMSF a serino proteases
inhibitor (5M final concentration), for 15 min. After electrophoresis the gel was transferred to a nitrocellulose
membrane, previously saturated in the substrate (N-Succinyl-Ala-Ala-Pro-Phe-r-Nitroanilide, Chymotrypsin
like activity). The membrane was incubated then at 30°C and finally the activity was observed.
Induction-Repression of protease production

Growth kinetics in different culture media (Inducer culture media, repressor culture media, non-inductor culture
media and YPD), were performed in order to determine if the regulation of protease production was affected by
mutagenesis, and the activity was monitored by the use of zymograms.

3. Results

Mutant development and stability of mutant strain

Placing UV lamp at 10 cm from conidial suspension and irradiating it for 4 min, it was obtained less than 1% of
surviving (Fig 1). After exposure to UV, it was obtained about 10000 mutant colonies. These colonies were
screened for their ability to produce larger clearing zones around the colony when were grown on agar medium
plus skimmed milk for seven days.

To asses the stability of mutant strains, they were subcultured onto YPDA and CA. The five mutant strains
selected were stables for at least five repeated alternate subcultures.
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Fig. 1 Surviving percentage of B. bassiana strain BbChl
after mutagenesis.
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In Table 1 we present the size of hydrolysis halo of the different strains throughout five subculturing onto CA,

The hydrolysis halo of mutant strains is bigger than parental one. Five mutant strains designed as M-7, M-24,
M-36, M-41 and M-82 presented the largest clearing zones around the colony at seven days of growth on CA



medium. Colony morphology of mutant strains was similar to parental strain, with white to cream colonies and
abundant sporulation. Mutant strains 41 and 82, presented limited growth and mutant strain M82 presented poor
sporulation, but this strains develop one of the largest hydrolysis halo on CA.

Table 1: Hydrolysis halo size (mm) of parental and mutant strains

Strain SC1 SC2 SC3 SC4 SCS

PS 2.5 2.5 3.0 3.0 3.0
M-7 4.0 4.0 4.0 4.0 4.0
M-24 4.0 4.0 4.0 4.0 4.0
M-25 4.0 35 4.5 4.0 4.5
M-36 3.0 35 4.0 4.0 4.0
M-41 4.0 4.0 4.0 4.0 4.0
M-82 4.0 4.5 4.5 4.5 4.5

PS=Parental strain; SC= Subculturing

Induction of protease activity

General protease activity and total content of protein were measured daily. The highest content of protein was
obtained at third day, all strains show similar content of protein than wild type strain except M-41 and M-24,
that presented lower content of protein. When B. bassiana was grown on salts medium with 1.0% gelatin, the
maximum protease activity was detected at third day (72 h), with increased activity (at least 2 times) in all the
mutant strains.

Protease profile

A casein zymogram was used to assess the number of extracellular proteases produced by the different strains. It
revealed different protease profiles in some mutant strains as M7, M36 and M82 (Fig 2 panel a), all of them
showed a principal band of proteolytic activity of molecular weight about 40kD.

a) b)

Fig. 2 Protease profile of parental and mutant strains (panel a), and activity dots against synthetic substrate for
chimotrypsin like activity (SAAPPpNA(panel b); a) 1, Parental strain; 2, M-7; 3, M-24; 4, Negative control; 5,
M-25; 6, M-36; 7, M-41; 8, M-82. b) 1, Parental strain; 2, M-7; 3, M-24; 4, M-25; 5, M-36; 6, M-41; 7, M-82, M
Molecular weight markers.

As it has been referred some of the mutant strains showed more than one protease, therefore, activity dots
against specific synthetic substrates were done to determine the type of activity of each protease. None of the
proteases of mutant strains showed trypsin like activity, but all of them showed chymotrypsin and elastase like
activities (Fig 2 panel b).

Activity dots against Synthetic substrates

All proteases produced by the different strains were tested for inhibition by phenylmethylsulfonyl fluoride
(PMSF), the results showed an inhibition of the activity of all the proteases produced by all strains, indicating
that they are serin proteases.
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Studies of induction-repression of protease production

No enzymatic activity was detected in parental and mutant (M-82) strains when they were growth in YPD
medium or repressor medium. When they were growth in inductor medium, the protease activity was detected at
48, 72 (maximum detection) and 96 h for parental strain and 24, 48 (maximum detection) and 72 h for mutant
strain M-82.

3. Discussion

In the past years many of the research on entomopathogenic fungi was oriented to the better understanding of
the mode of action and to elucidate the precise role of proteases in insect infection process. The development of
protease deficient strains of B. bassiana using UV light, has been an important tool to assess the role of
proteases in pathogenicity. On the other hand it is a good tool to generate improved strains of entomopathogenic
fungi [10,11] and correlated it with virulence. In this study we obtained stable mutant strain overproducers of
protease obtained by UV mutagenesis.

Over producers protease selection was done by means of skimmed milk proteins degradation on plate,
measured by clearing zones around the colony. This is a good screening method to select over producing strains,
since it allow us a rapid examination of large amounts of colonies after mutagenesis and to evaluate in a indirect
way protease production. Metarhizium anisopliae produces a similar range of proteases in cultures with
skimmed milk and with insect cuticle [6].

In this study, we could isolate five strains showing largest clear hydrolysis halo than parental strain. The
mutants M-7, M-36 and M-82 displayed different proteases profile. Mutants M-24 and M-41 have same profile
but with increased activity than parental strain. Some strains show a different protease profile, but it doesn’t
mean that all of them are toxic against insects. The differences in the protease number produced by each strain
could be since UV mutation is random and some other genes that codifie to proteases can be deregulated. The
proteases reported produced by this fungi are proteases with a molecular weight of 36 kDa and they termed
toxic against insect [4,5]. Serine proteases are widely distributed among fungi and are almost entirely
extracellular, their molecular weights are commonly in the range of 18 500 to 35 000 KDa and they are
optimally active at alkaline pH [12]. According to activity dots, proteases of parental strain as well as mutant
strains showed chymotrypsin like and elastase like activities, the proteases showed no trypsin like activity, on
the basis of no amide-hydrolyzing activity of BAPNA, this is in accordance with other purified proteases of B.
bassiana [13,14,5], the proteases produced by parental strain and mutants were inhibited by PMSF. Strains with
an increased protease activity could be considered as good tools for biological control of insect pests, since it
had been demonstrated that proteases have the dominant role during cuticular penetration events.
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Vineyard ecosystems involve complex interactions between plants, soil, grapes, and their accompanying
microorganisms, mainly yeasts, which are closely linked to wine production. The aim of this study was to analyze
the effect of vineyard management on these ecosystem interactions. Soil and must-fermentation microbial
populations were analyzed over the course of a year for two management regimes: conservation agriculture (with
natural cover crop), and traditional tillage. Soil and must-fermentation microorganisms were found to be
correlated, and the management regime determined significant differences in the soil microbial populations. There
were marked changes in yeast populations throughout the year, with a major increase in the soils at harvest under
both management regimes.

Keywords vineyard ecosystem; spontaneous fermentation; soil microorganisms; ecological agriculture; wine
yeast.

1. Introduction

The vineyard is a very traditional culture in the Mediterranean area. Traditional winemaking is still done by
spontaneous must fermentation in most wine producing zones, although modern technologies, that use selected
commercial yeasts for must inoculation, are widely spreading for a rather standard industrial winemaking.
Generally, vineyards are on degraded or poor soils with poor biochemical properties [1]. Also, the conventional
viticulture is considered to be a very aggressive management for the soil, because of the frequent tillage and
pesticide use. An interesting alternative is to use Conservation Agriculture management, as is being used in
many places all over the world, which protects the vineyard soil from wind and water erosion by using a
vegetable cover and avoiding tillage [2].

The aim of this study was to analyze the effect of Conservation Agriculture on microorganisms associated
with the vineyard ecosystem, by comparing with Conventional Tillage management. For this purpose, soil and
fermentation microorganism populations were studied during the vineyard culture cycle.

2. Material and Methods

2.1 Soil sampling

The study vineyards are located close to Badajoz (South-West Spain), in a “semiarid Mediterranean” zone
(UNESCO climatic classification). Samples were taken from two contiguous 7-year-old vineyards with
Tempranillo grape variety. One of them is managed with Conservation Agriculture (CA) by using spontaneous
vegetation cover all the year, and avoiding the use of herbicides by means of mechanical mowing. The other is
managed with traditional Conventional Tillage (CT).

2.2 Microbiological analysis

Duplicate soil samples were taken from the surface layer (0-10 cm depth) of each soil in different stages of the
vineyard culture during one year. At this depth, microbial development and activity is the greatest [3]. Samples
were passed through a 2 mm sterile sieve, resuspended in sterile water (5 g 50 ml™"), and diluted from 10*to 10°
times with sterile distilled water. To obtain the greatest possible amount of culturable microorganisms [6], 100
ul aliquots were spread onto different agar culture media: YEPD (Yeast Extract Peptone Dextrose), RB (Rose
Bengal agar with chloramphenicol), peptone, TSA (Trypticase Soy Agar), green malachite, special medium for
Azotobacter and Azomonas, starch-casein, potato-dextrose with tartaric acid, and Sabouraud with
chloramphenicol [4,5]. Total culturable microorganisms for each sample, taken as the sum of the means of
duplicate subsamples for each culture medium, were expressed as total colony forming units in dry soil,
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CFU g '. The plates were incubated at 25 °C up to 10 days to detect slow-growth microorganisms. As many as
32 bacterial and yeast morphological types were detected by analyzing colony morphology, cell shape
(microscopy), sporulation capability, and Gram staining. Bacteria and yeast species were identified by 16-18S
DNA sequencing after DNA extraction and purification from the isolated colonies [7].

Sterile must (Macabeo variety, pH 3.3) fermentations were performed with soil inocula (310 g/mL) from
each sample.

Spontaneous must fermentations were done in the laboratory with the harvested Tempranillo grapes from
each vineyard.

3. Results

3.1 Bacteria populations in soils

The CA and CT vineyards had different culturable bacterial populations (Fig. 1). The CA soil had a greater
amount of culturable bacteria and a higher biodiversity than CT soil. Similar results have been found previously
for different crops [8,9].
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harvest harvest

Fig. 1 Major groups of culturable bacteria in each soil during a year. ¥l: Stenotrophomonas; U: Bacillus; H:
Streptomyces; [ | Arthrobacter; El: Pseudomonas; B Rodococcus; Bl Janthinobacterium.

3.2 Yeast populations in soils

The culturable soil yeasts increased during the grape ripening, by up to more than 800% just before or after the
harvest with respect to other sampling times during the year (Fig. 2). This increase should be because of the
presence of fermentable sugars in the vineyard from ripened grapes, which increases the fermentative yeast
population. However, the differences in soil culturable yeasts were also due to the soil management type. The
CA soil had a greater amount (24%) of yeasts than the CT at harvest time, and this difference increased to up to
55% after harvest.

The yeast colonies appeared very rapidly in the soil-seeded agar media plates (24-48 hours), which indicates
that yeast from these soils are in a vegetative stage rather than as spores, what would take longer time for colony
appearance.
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Fig. 2 Amount of culturable yeasts in both soil managements during the year. E: CA management; B: CT
management

3.3 Must fermentations

3.3.1 Spontaneous must fermentation

The kinetics of spontaneous must fermentation was a little slower in the CT- than in the CA-vineyard must (Fig.
3). The apiculate yeasts were predominant in tumultuous and end fermentation stages of CT must, which could
explain the slowness of this fermentation; while Saccharomyces yeasts predominated in the CA must
fermentation at the same stages.
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Fig. 3 Fermentation kinetics and amount of viable microorganisms in spontaneous fermentations. a: fermentation of grapes
from the CT-vineyard; b: fermentation of grapes from the CA-vineyard. A: bacteria; e: Saccharomyces; o: No-
Saccharomyces m: apiculates; -0-: must density. BF: before fermentation; IF: initial stage of fermentation; TF: tumultuous
fermentation; and EF: end of the fermentation.

3.3.2 Fermentation of sterile must inoculated with soil samples

Fermentative yeasts were found in all inoculated soil samples, as soil inoculation led to fermentation onset, and
sometimes even complete fermentation to dry wine, while the un-inoculated control remained unfermented.
Notable differences were found depending on the time of sampling, and the soil management (Fig. 4). The must
inoculated with all the CA soil samples was always finished, but the started fermentation stopped or became
sluggish when the must was inoculated with most CT soil samples. The only CT-soil sample that led to
complete must fermentation belonged to harvest time sampling, and it had the greatest amount of yeasts of all
the CT-soil samples (Fig 2). In sum, the CA-vineyard soil contained more appropriate must fermentative yeasts
than that of the CT-vineyard.
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Fig. 4 Fermentation kinetics of sterile must inoculated with soil samples. a: Soil sample obtained three months before
harvest; b: just before harvest; c: just after harvest, and d: three months after harvest. ®: CA vineyard; m: CT vineyard; o:
Non-inoculated sterile must (control).

As was the case with the bacteria (Fig. 1) and the non-fermentative yeasts (Fig. 2), the CA soil seemed a
better reservoir for fermentative yeasts than the CT soil. This could be because the CA vegetation cover protects
soil microorganisms from the stressing changing weather conditions, while the tillage of CT management
increases the effect of external weather impacts on soil microorganisms.

4. Conclusions

The CA-vineyard soil contained higher amounts of culturable bacteria and yeasts than the CT-vineyard soil.
Despite this, there was a marked increase of fermentative yeasts close to harvest time in both vineyard soils,
when the grapes ripen. Nevertheless, fermentative yeasts were also found in other periods throughout the year in
the CA-vineyard soil. There was a correlation between the amount of yeast in the soil and the capacity of the
inoculated soil sample to initiate and complete sterile must fermentation. This raises the possibility that the
vineyard soil could be a reservoir for fermentative yeasts during the inter-vintage periods, and the place of
origin of the fermenting yeasts responsible for the earliest spontaneous must fermentation of each vintage.
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Thirty soil samples, from 6 different farms with vine decline symptoms, plus two peat samples from a nursery
were collapsed plants were previously sown, were analyzed for presence of organisms associated with the disease.
With a soil-dilution plating method, only Macrophomina phaseolina and Acremonium were detected, in 2 samples
each fungus. With a melon bait plant technique, named “soil phytopathometry”, Olpidium bornovanus often
together with Melon necrotic spot virus, was found in 70% of all the samples, corresponding with all the farms
studied and the peat. Other pathogens that were detected less frequently included Monosporascus cannonballus
(3.3%) and Rhizoctonia solani (3.3%). No Plectosporium tabacinum neither Rhizopycnis vagum (other two fungi
associated with vine decline) were detected. Fusarium solani, that was detected very frequently (87%), was not
associated with disease occurrence after a pathogenicity test. Consequently, O. bornovanus and MNSV were
uniquely associated with disease occurrence and thus are the most probable cause of melon vine decline in the
fields studied.

Additional keywords Collapse, sudden wilt, methyl bromide.

1. Introduction

Approximately 9,000 ha of muskmelons, mainly cantaloupe and honey dew types, are grown annually in
Honduras, mostly for export to the USA. Melon is the most important horticultural crop in the provinces of
Choluteca and Ojo de Agua in Honduras. Traditionally, three sixty-day-cycles of melons are grown annually
beginning in September and ending in April. Each year farmers disinfest the soils with methyl bromide or other
chemicals to control soilborne diseases and weeds. In recent years, the most important soilborne disease in
melon is a vine decline disease, which symptoms are canopy collapse or sudden wilt of plants. Presence of the
disease has forced farmers to grow only 1 or 2 crops per year and to disinfest soils before each crop, rather than
one application prior to the first crop. Normally, losses due to collapse of melon reach 5-10% of plants in the
first crop and more than 50% in the second crop. The third crop results unfeasible. General disease symptoms
are wilting subsequently followed by death of plants. The symptoms appear during harvesting or days before (8,
15). The syndrome has been described from melon growing areas worldwide, and may be caused by a complex
of different pathogens (4, 24). Causal agents of vine decline diseases of melons include primarily
Monosporascus cannonballus Pollack & Uecker (35), and M. eutypoides (Petrak) Arx (29), that are considered
conspecific by Lovic et al. (22), Macrophomina phaseolina (Tassi) Goidanich (5), Acremonium
cucurbitacearum A. Alfaro-Garcia, W. Gams et J. Garcia-Jimenez (13), Rhizopycnis vagum DF Farr (12, 26),
Melon necrotic spot virus when associated with Olpidium bornovanus (Sahtiyanci) Karling (syn.: O. radicale
Swartz & Cook fide Lange & Insunuza, O. cucurbitacearum Barr & Dias) (8, 34), and Pythium ultimum Trow
and P. aphanidermatum (Edson) Fitzp. (16, 17). Fusarium solani (Mart.) Sacc. f. sp. cucurbitae (7). Rhizoctonia
solani Kiinh also has been reported as a causal agent of sudden wilt of melons in Spain (6) and Israel (28).
Diagnosis of the disease requires the detection and identification of the causal agent(s). P. ultimum, P.
aphanidermatum, A. cucurbitacearum, R. vagum and M. phaseolina can be easily isolated from roots or crown
on agar media (1, 14). Monosporascus is difficult to isolate from roots of symptomatic plants, but the perithecia
visible on infected roots, are readily identified under a microscope (24, 25). To detect O. bornovanus it is
necessary to examine the feeder roots under a light microscope, because as an obligate intracellular pathogen, it
cannot be cultivated on synthetic media (14, 30). It is nearly impossible to obtain feeder roots from field
diseased plants. Infection of plants with MNSV can be established using serological or PCR techniques on the
stem tissue below the cotyledons of infected plants (8).

The objective of this study was to determine the presence of different fungi implicated in the collapse of
melon in Honduras through the analysis of infested soils by 2 different techniques.
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2. Materials and methods

2.1. Soil sampling and preparation of samples

Soil samples were collected from 30 soils, belonging to 6 different farms, plus two peat samples (one before and
one after sown melon seeds that later showed collapse on the field), in the provinces of Choluteca and Ojo de
Agua, Honduras. When symptoms of collapse were observed close to harvest of the first season crop, 10 soil
samples (0-25 cm depth) from the root zone were randomly taken from each field, pooled, and thoroughly
mixed. The resulting composite sample weighed approximately 1 kg. In the laboratory, each sample was put into
a tray and covered with a filter paper to avoid air-borne contaminations and air-dried for 2 to 3 weeks. After
screening through a 200 um sieve, the fine fraction was used for dilution plating on acidified malt-extract agar
(33). The coarse fraction was used to bait the fungi from soils using melon plants (9, 14).

2.2. Isolation directly from soils

A soil-dilution plate technique was used to isolate non-obligate pathogens that cause collapse of melons, such as
A. cucurbitacearum, M. phaseolina, R. vagum and Rhizoctonia solani from soil (33). A 10 g subsample of the
fine soil fraction (particle size less than 200 pm) of each sample was suspended in sterile water at 1 in 10% 1 in
10° and in 10* (w:w). After the suspensions were homogenized by hand-shaking for 4 min, 1 mL of suspension
was transferred to a sterile Petri dish. Ten plates were used per dilution. Then, 10 mL per dish of acidified malt
extract agar (Difco, U.S.A.) were added to each plate. The medium had been previously autoclaved (121°C, 30
min) and left to cool to 32-35°C. Petri dishes were then incubated in the laboratory. After 2, 5, 10 and 15 days
the plates were examined for fungi. Plates containing less than 100 colony-forming units (CFU) were used for
fungal population analysis. Morphological criteria were used to identify the different fungal colonies (2, 18, 19,
27, 36). Results are expressed as CFU per gram of soil.

2.3. Isolation with bait plants. The “soil phytopathometry” technique

We aimed to trap the fungi implicated in collapse of melon through analysis of roots of melon plants that had
grown for 45 days in a 1:6 (w:w) mixture of soil sample and autoclaved (121°C, 60 min) vermiculite. This bait-
plant method was named “soil phytopathometry”, and it was previously used to isolate Fusarium oxysporum f.
sp. melonis from the xylem of wilting plants (3 and 4 weeks after sowing) (9).

The “soil phytopathometry” had 6 replicates per each of the 30 soil samples. Each replicate consisted of 25 g
dry weight soil mixed with 150 g autoclaved vermiculite and added to a 1L plastic glass. Four 1 cm-diameter
holes were made at 5 cm from the base of the glass. This was done to preserve moisture in the pot but avoid
flooding. Seeds of the susceptible muskmelon cv. Amarillo-Canario (Ramiro Arnedo, Spain) were disinfested
for 10 minutes in a 10% trisodium phosphate solution (Panreac Momplet and Esteban S.A., Spain), germinated
in a moist chamber for 3-4 days, and then sown in the pots (6 seeds/pot). The glasses were randomly distributed
in a climatic chamber (23 and 29°C, 60-99% R.H., 16 hours 12 x 10° lux/day fluorescent radiation), and plants
were hand-watered each 2 or 3 days with tap water and supplied with a complex fertilizer (Hakaphos Verde®,
BASF, Germany). After 45 days (the time necessary to make sure that all the fungal pathogens had an
opportunity to colonize the roots, and the MNSV was detectable on stems below cotyledons) the surviving
melon plants were carefully removed from the pots and the roots washed free of soil and vermiculite. The roots
were then analyzed depending on the pathogen (see below). Plants that died before 45 days were analyzed for
non-obligated pathogens then. Two “soil phytopathometries” were done for those soil samples with enough
amount of soil available after the first “soil phytopathometry”. Negative controls consisted of pots filled with
175 g of sterile vermiculite. A positive control for Acremonium (a soil with a known history of Acremonium
from Murcia, Spain) was included.

2.4. Analysis for Olpidium bornovanus

A 5 g sample from the roots of the 45-day-old plants were randomly collected from the roots of each replication.
The samples were submerged in a 1.5% KOH (Panreac, Momplet and Esteban S.A., Spain) solution for 24 hours
to clear the root surface, and then examined under light microscope to detect resting spores or sporangia of O.
bornovanus. A total of 206 roots tangles corresponding with each “surviving” replicate were examined, 144 in
the first “soil phytopathometry” and 62 in the second. Results were recorded as the number of positive roots
tangles (replications) per total number of examined roots tangles.
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2.5. Analysis for MNSV

Double-antibody sandwich enzyme-linked immunosorbent assay (DAS-ELISA) serological analyzes were
carried out with a specific MNSV polyclonal antisera (BIO-RAD, Life Sciences, Barcelona, Spain). From each
glass, a mixture of all the crowns and roots was extracted with a 1:10 (p/v) buffer (PBST 1X pH 7,4 + 2% PVP).
Positive and negative controls were provided by BIO-RAD. Two replicates were analyzed by ELISA. Tests
were considered positive when the absorbance value was double the negative control. OD,s data where
obtained with an ELISA Multiskan® EX Model n° 355 reader, using Ascent Software v2.6 (Termo Electron
Corporation). Ambiguous results were repeated and analyzed by one-step reverse transcription-polymerase
chain reaction (RT-PCR). ARN extractions were done from 0.1 g of roots. RNAwiz'™ (Ambion Inc.,
Huntingdon, United Kingdom) was used. Tissue was ground with liquid N,. SuperScript™ One Step
[IRT/Platinum® Taq Mix (Invitrogen Life Technologies, Barcelona, Spain) was used. Samples were amplified
with two specific MNSV coat protein primers (about 651 bp). A Mastercycler® personal 5332 eppendorf v1.3
(Eppendorf North America, Inc.) was used. RT-PCR products were purified with High Pure PCR Purification
Kit (Roche Diagnostics, Manheim, Germany), and resultant sequences compared, using a BLAST Program,
with GenBank MNSV Accesion No. DQ443545.

2.6. Analysis for Monosporascus cannonballus

The root system of each plant was examined under a dissecting scope (at 10x). When perithecia were observed,
the species was identified by morphology and number of ascospores per asci as seen under higher (100x)
magnification (19).

2.7. Analysis for non-obligated pathogens

For each plant (36 plants per sample and “soil phytopathometry” were analyzed), three rinsed and air-dried root
pieces of 1 cm, showing browning, were placed on acidified malt-extract agar plates. The plates were examined
after 2, 5, 10 and 15 days. This analysis allowed us to detect Fusarium spp., Pythium spp., Acremonium sp.,
Rhizoctonia solani, Macrophomina phaseolina and other fungi not associated with collapse of melons. The
frequency of isolation of each fungus per sample was recorded. A total of 1,452 bait-plants were analyzed (139
of this plants belonging to controls).

3. Results

3.1. Isolation directly from soils

Analyzed soils yielded in general, a relatively wide variety of fungi despite the fact that the soils were
disinfested annually. Fungi belonging to 17 genera were isolated. Pythium spp., R. solani, M. cannonballus or R.
vagum were not detected from soils. Only Macrophomina phaseolina and Acremonium sp. were detected. M.
phaseolina from 2 soils of different fields, and Acremonium sp. from one soil and from the used peat. Fusarium
roseum (sensu Messiaen & Cassini), Penicillium spp., Paecilomyces sp., Aspergillus spp., Curvularia sp., F.
oxysporum and Rhizopus sp., were most prevalent, occurring in more than 50% of the samples.

3.2. Isolation using the “soil phytopathometry”

Resting spores and sporangia of Olpidium bornovanus were observed in roots from bait melon plants grown in
21 of the 30 samples, representing all the studied fields. In 13 samples, this chytridiomycete was present in all of
their replicates (Table 1). MNSV was detected from 23 samples, representing all the studied fields, and co-
occuring with O. bornovanus in 22 samples. Controls were positive for MNSV in 19.4% and 25%, but never O.
bornovanus (Table 1). Resultant PCR sequences confirmed the similarity with Gen Bank MNSV sequences.
Monosporascus cannonballus was not observed on any root. Fungi of 14 different genera were isolated from
roots of bait plants when plated on acidified malt-extract agar medium (Table 2). Neither Acremonium
cucurbitacearum nor R. vagum were isolated from the 4,212 root pieces. From known fungi associated with vine
decline of melon, F. solani was most frequently isolated, but the high frequency occurrence of this species in the
controls complicates the interpretation of this result. Moreover, this fungus has not been reported as a vine
decline pathogen on melon (7). Pythium aphanidermatum was the pathogen most frequently isolated by root
plating, being isolated from 24 samples, representing all six studied farms and the peat before anf after use
(Table 4). This oomycete was isolated mostly from plants (older than seedlings) that dead before 45 days. Low
levels of M. phaseolina were found in 2 samples, from 2 different farms. R. solani was positive in 1 soil sample.
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Table 1. Incidence of Olpidium bornovanus and Melon necrotic spot virus (MNSV) in roots of muskmelons grown in soil
from melon production fields in Guatemala under controlled environmental environmental conditions.”

First “Soil Phytopathometry” Second “Soil Phytopathometry”

Sample O. bornovanus ~ MNSV O. bornovanus MNSV
1o /3P 2/3 3/5 1/5
5l 4/5 3/5 6/6 6/6
3! 5/6 3/4 - -
4l 6/6 4/6 4/5 4/6
5! 5/6 5/5 - B
6! 12 4/4 - -
7! 5/5 215 - -
8! 11 - - )
g 6/6 0/6 516 0/6
10" 212 22 - -
1t 0/6 1/6 1/6 1/6
121 1/1 0/2 1/1 -

3™ 4/4 3/4 - -
14 it 6/6 3/6 - -
15m 6/6 1/6 - 213
1611 6/6 0/6 - 6/6
j7m 5/5 . . 4/5
1810 0/5 1/5 6/6 2/6
1 Peat before use 3/6 0/6 0/6 3/5
o) Peat after use 5/6 3/6 1/6 0/6
v 33 2/3 - 2/3
2V - 2/5 - -
23V i 11 - -
" i 212 - -
25 V1 - 3/4 - -
26V 0/1 0/1 - -
7V - 1/1 - B
28V 0/4 0/4 - -
20V 0/2 02 - i
30" 0/5 1/5 - -
Control 0/36 7/36 0/12 3/12

* Soil from each sample was diluted 1:6 with sterile vermiculite and added to a 1L plastic cup, where six seeds of
the susceptible muskmelon cv. Amarillo-Canario (Ramiro Arnedo, Spain) were sown. Six replicates (glasses) per
sample were randomly distributed in a climatic chamber (23 and 29°C, 16 hours 12 x 103 lux/day fluorescent
radiation) for 45 days. Roots of these plants were analyzed for O. bornovanus and a mixture of crown and roots
for MNSV.

" Replications with the pathogen/total number of replications

¢ Samples with the same superscript (I, I1, III, IV, V, VI) were taken from the same farm.
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Table 2. Fungi isolated from roots of muskmelons grown in soil from melon production fields in Honduras under controlled
environmental conditions.”

Samples from Farms and Frequency Frequency of
. peats from . .
which wich funeus of isolation from
fungus was baited b was bait egd ¢ isolation ¢ controls (%)

Paecilomyces 27 8 15.9 38.12

F. solani 26 8 35.2 7.91
Pythium 24 7 45.8 0

F. roseum” 20 8 6.3 5.04

Penicillium 16 7 12.1 2.16

F.moniliforme 16 8 5.93 29.50
Curvularia 11 6 1.33 0
Trichoderma 10 5 4.53 0
Cladosporium 10 8 2.27 0

F. oxysporum 9 5 2.93 2.88

Aspergillus 9 5 1.7 2.88

Rhizopus 5 5 0.37 2.88
M. phaseolina 2 2 0.67 0
Gliocladium 1 1 0.39 0
R. solani 1 1 0.13 0
F.dimerum 1 1 0.1 0
Alternaria 1 1 0.1 0
S. rolfsii 1 1 0.07 0
Mycelia sterile 1 1 0.07 0

?Soil from each sample was diluted 1:6 with sterile vermiculite and added to a 1L plastic cup. where six seeds of
the susceptible muskmelon cv. Amarillo-Canario (Ramiro Arnedo. Spain) were sown. Six replicates (glasses) per
sample were randomly distributed in a climatic chamber (23 and 29°C. 16 hours 12 x 103 lux/day fluorescent
radiation) for 45 days. Three pieces of roots of each plant were plated on malt extract agar.

® From a total of 30 soil samples.

“From a total of 6 fields and two peats.

4Values are the average of the frequency of isolation of 30 samples. expressed as proportion (%) of positive plants
per sample.

¢ F. roseum was represented by F. equiseti (>90% isolates). F. semitectum. F. chlamydosporum and F.
acuminatum.

4. Discussion

We sought to determine the presence of different causal agents of vine decline diseases in 30 soils from 6
different fields of Honduras where collapsed plants were observed, by using two different techniques. The first
technique consisted on direct isolation of fungi by plating suspensions of soil in a general agarized medium, and
the other one was a bait plant method named “soil phytopathometry”, previously used to isolate F. oxysporum f.
sp. melonis from soils of Mexico (9).

Results of our investigation prove the consistent association of Olpidium bornovanus and MNSV with vine
decline in Honduras fields. All studied farms, and 70% of all soil samples, tested positive for O. bornovanus.
MNSYV was also present in all studied farms, and 76.7% of samples, co-occurring with the chytridiomycete at
95.2% of O. bornovanus-positive samples.

Detection of other fungi implicated in the collapse syndrome, in the same soils, was lower. Pyhium
aphanidermatum was found in 24 samples, representing all farms. M. phaseolina was found in 2 different farms.
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R. solani was isolated from only 1 field. M. cannonballus, R. vagum and Acremonium were never isolated from
the soil samples using bait plants or the soil-dilution plate technique.

O. bornovanus and MNSV were previously reported from Guatemala by Jorda et al. (20). This co-occurrence
of fungus and virus was considered to be the main reason for the collapse of melons in Almeria, Southern Spain
(8) and Sardegna, Italy (34). Bruton and Miller (4) analyzed collapsed muskmelons from 12 fields of Honduras
and found R. solani the most frequently isolated fungus form roots and crown. They also isolated F. semitectum
and F. solani from more than 30% of analysed plants; Pythium sp. from more than 50% of plants from one farm,
and M. phaseolina from 65% from another farm; they isolated R. vagum from one farm; and M. cannonballus
was infrequently isolated from only one parcel of one farm.

Our work shows a technique using bait plants (“soil phytopathometry”) that allowed us to diagnose several
organisms involved in vine decline diseases. The diagnosis of vine decline of melon is not easy, due to the
diversity of possible pathogens involved, and that root systems of collapsed melons generally lack tertiary and
feeder roots, where Olpidium must be observed (30), and remaining roots are often rotting, supplying a medium
for saprophytic fungi that can hide the presence of causal agents of collapse (21). Sometimes, a few distinctive
signs, such as perithecia of M. cannonballus on secondary and tertiary roots, or microesclerotia of M.
phaseolina on the crown, may aid in the diagnosis, but in the absence of such signs, observation of fungal
sporulation on surface-sterilized tissue or isolation of the fungus in culture, is needed (1). Ascospores of M.
cannonballus can be recovered by a quantitative method (32) and M. phaseolina can easily be isolated from
soils with soybean and maize stems (10). Carnation petals and other plant material are good traps for Pythium
aphanidermatum occurring in soil or water (33). However a general method allowing the detection from soils of
all these pathogens, is lacking.

“Soil phytopathometry” technique provided us a 45-day-old melon plants with the root system full of tertiary
and feeder roots, and enough time to plants trap the fungi and the virus. With the exception of R. vagum, in the
“soil phytopathometries” there was, at least, one sample showing any of the CAC. Acremonium was isolated
from its positive control, and perithecia of M. cannonballus were observed on 45-days-old roots belonging to 3
different samples. One of these samples was analyzed by “soil phytopathometry” using diverse soil dilutions,
and M. cannonballus’ perithecia were observed on 45-days-old roots at 1:7.5 and 1:10 (w:w) soil:vermiculite
proportion, being not observed at 1:15 nor 1:30 (data not shown). This result indicates that dilution may affect
diagnosis for M. cannonballus, as an outcome of inoculum density in the analyzed soil. M. cannonballus in
naturally infested soils has been reported to infect the roots from between 9 to 17 days after planting in summer-
autumn season, and from 35 to 36 days in late winter-spring (31). Waugh et al. (37) reported from in vitro
studies that perithecia of M. cannonballus were first produced between 14 and 20 days after planting, with up to
45 perithecia per cm? after 27 days at 25°C. After seven weeks, mature perithecia were observed on roots when
melon plants were inoculated with different isolates of M. cannonballus (21). It is also known that O.
bornovanus colonizes the roots of melons in less than 2 weeks, even when an infective soil was 1:100 diluted in
sterile sand (11, 15). M. phaseolina was easily isolated from beet root seeds only 4 days after inoculation, and
15 days from soybean and maize stems (10). Garcia-Jimenez et al. isolated Acremonium from roots of
muskmelon forty days after inoculation (13). For reliable detection of MNSV infection from stem tissue below
the cotyledons of susceptible melons, a forty day growth period is sufficient (23). An additional observation is
the fact that melon seeds can carry the MNSV. In our study, controls were positive in a similar proportion to
those previously reported (11, 15). When MNSV was present in bait plants from soil samples, the proportion of
positives was higher than controls, so we can consider that seeds weren't the primary inoculum source for these
soils.

The another technique used, soil-dilution plating method, allows isolation of fungi with saprophytic activity
(33). Despite regular soil disinfestation, many species of fungi were present. Some species belonged to
Ascomycetae (Phoma, Penicillium, Paecilomyces, Aspergillus, ...), other to Zygomycetae (Rhizopus) and to
Deuteromycetae. These fungi may inhibit the growth of CAC on the plates. Dhingra et al. reported M.
phaseolina to be a poorly competitive saprophyte (10), but it was the only fungus associated with vine decline of
melons that could be isolated directly from soils. Pythium aphanidermatum, like the other fungi except M.
phaseolina, was never isolated using this soil-dilution technique, but it was frequently isolated using the plant
bait technique. Tello and Lacasa (33) reported similar results from Spanish soils, and assumed that the soil-
dilution technique favours fungal spores, not mycelium fragments, to form colonies on the agar medium. It can
also be hypothesized that the time between the wetting of dried soil and plating onto the medium may be
insufficient to re-hydrate and activate Pythium spores. Definitively, the soil-dilution technique is not a good
method to isolate causal agents of collapse from soils, despite of their known saprophytic activity.

In conclusion, “soil phytopathometry” seems a good technique to detect the presence of different causal
agents of vine decline of melon, specially the obligate pathogen O. bornovanus and MNSV. By this technique,
these two organisms were consistently associated with the presence of collapsed melon plants in Honduras. To
our knowledge this is the first report of such association in this Country.
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Effect of nitroaromatic compounds on the growth of potted plants
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Effect of nitroaromatic compounds to higher plants was studied using wheat, barley, tomato, radish, cress salad as
test-organisms. Additionally, Koeleria glauca, which is naturally disseminated at the polygon in contaminated
soils, was sampled and used in vegetation experiments. Soil and the mixture of nitroaromatics (brown powder
remaining from the partial detonation of munition) were sampled at the military polygon. A regular addition of an
equivalent dosage of nitroaromatics (i.e. total amount 8.54 mg nitroaromatics/kg soil) for potted plants during
two-month vegetation experiment was provided. Two-month treatment of wheat, barley and radish with BP
resulted in an enhanced growth, i.e. their shoot height was 62 %; 67 %; and 36 % higher, correspondingly, as
compared to control samples. In turn, tomato and cress salad seedlings were inhibited by BP up to 62 % and 80 %,
correspondingly. Among tested plants, cress salad demonstrated the highest sensitivity to nitroaromatics in both,
4-day root elongation test and 58-day vegetation experiment.

Keywords nitroaromatic compounds; potted plants; toxicity; root elongation test

Abbreviations BP - brown powder; NA — nitroaromatic compounds

1. Introduction

Pollution of soil by explosives is a serious environmental problem. Site investigations indicate that TNT is the
least mobile of the explosives and most frequently occurring soil contamination problem. Toxicity of NA, i.e.
2,4,6-Trinitrotoluene and its primary reduced metabolites, for biota has been shown in experiments with
different organisms [1-3]. However, a wide spectrum of NA, a diversity of test-organisms, as well as physico-
chemical factors, which synergistically affect organism in the presence of NA, make toxicity evaluation rather
difficult.

Seed germination and plant growth bioassays are the most common techniques to evaluate soil phytotoxicity
[4]. Plant growth is considered to be a more sensitive parameter than the seed germination. Probably, the great
quantity of nutrient reserves in seeds of some plant species would have lower sensitivity to toxicity [5,6].

Under natural conditions, NA become bioavalilable only in limited extent, due to their low solubility in water.
The fates of different explosives in plants are various. RDX (1,3,5-trinitroperhydro-1,3,5-triazine) has limited
metabolism in plants, TNT was rapidly reduced in to hydroxylamines and conjugated to sugars by plants [7].

The aim of this study was to compare different plant species (both, monocotyledons and dicotyledons) in
their response to soils contaminated by nitroaromatic compounds. Statistically significant difference in this
response could provide valuable information on interrelations between higher plants and explosives.

2. Materials and methods

Non-contaminated coarse sandy soil for vegetation experiment was collected at the military polygon. Brown
powder was sampled at the same polygon and later identified by HPLC as a mixture of NA. Further
measurement of the concentration of explosives in soil samples was performed according to EPA 8330 [8-9].

Vegetation experiment was established in July-August 2006 and performed with: wheat (Triticum aestivum);
barley (Hordeum vulgare); tomato (Lycopersicon esculentum L.), radish (Raphamus sativus), cress salad
(Lepidium sativum). Plastic pots with capacity of 800 ml were used, each receiving 10 seeds. Each plant species
were sown in two pots. One of them was treated with water, brown powder solution and fertilizer, another only
with water and fertilizer (control). Vegetation experiment was carried out in field conditions during 58 days.
Temperature ranged between 21 to 26 °C at day time and 15 to 18 °C at night time during experiment. No
precipitation. Kemira Horti (Kemira GrowHow, Finland) fertilizer was used for plant fertilisation with the
following content, mg/l: N — 80; P — 80; K— 60; B—0.1; Cu—0.1; Fe — 0.2; Mn - 0.1; Mb — 0.05; Zn — 0.05. A
volume of unit-dose of the fertilizer was 30 ml. Treatment by brown powder was performed every second day,
using stock of BP. The total amount of NA received by one pot during experiment was 8.54 mg/kg soil.
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Biotests on seed germination were performed according EPA 712-C-96-152 guidelines, in triplicate, with the
same plant species used in vegetation experiment.

For determination of the total bacteria count Tryptone Glucose Yeast Extract Agar (Sifin, Germany) was
used. The M8 medium amended with 50mgBP/l was used as a selective medium for explosives-degrading
bacteria [12]. Samples were plated in triplicate. Cultivation was performed at +28 °C, for 48h (for TGA) and
96h (for M8 amended with BP).

3. Results

A brown powder was sampled at the military polygon and further identified by HPLC as a mixture of
nitroaromatic compounds and used for plant toxicity studies (Table 1). Testing of BP showed that the 4-Amino-
2,6-Dinitrotoluene was in a higher concentration as compared to other compounds, which is known as the most
commonly identified transformation product during 2,4,6-Trinitrotoluene biodegradation [3]. Current content of
BP can be a result of incomplete detonation and partial biodegradation.

Table 1 Composition of brown powder identified by HPLC.

Peak name Amount,
pg/ml

1,3-Dinitrobenzene 17.384
1,4-Dinitrobenzene 3.974
2-Amino-6-Nitrotoluene 0.129
4-Amino-2-Nitrotoluene 2.719
4-Amino-2,6-Dinitrotoluene 8 672.557
2,4-Dinitrotoluene 29.965
2,6-Dinitrotoluene 9.614
3,4-Dinitrotoluene 22.636
2-Nitrotoluene 1.237

3.1 Effect of brown powder to the root elongation of various plant species

Preliminary experiments were performed with the aim to reveal the effect of brown powder to various plant
species by root elongation test. Brown powder in the concentration range 0.4 + 13 mg/I affected the growth of
seedlings in different manner. Thus, tare, barley, wheat and peas were shown to be the most resistant to the
tested range of BP concentrations. Moreover, at the lowest BP concentration tested in this experiment, tare was
stimulated by BP, as compared to the control sample without NA. In turn, radish, cress salad, flax, lupin and red
clover were inhibited in concentration dependent manner (Fig.1).

120 10 ¢ Wheat Fig. 1. Effect of brown
O Barley powder on the root
100 - elongation of various plant
X %ﬁ A Tomato species. Data on the changes
< 80 4 O % Radish of root length in dependence
= 6 % on concentration of BP is
;qj) 60 - X °® X Cress salad expressed in %, thus as 100%
S04 O g = ® Peas was calculated the root length
A~ a - of a seedling incubated in
20 | + v Q + Flax water without BP.
-Lupin
0 ‘ ‘ P
0 5 10 15 O Tare
Concentration of brown powder, mg/l O Red clover

3.2 Effect of brown powder to the various plants during long term vegetation experiment

During two-month vegetation experiment with potted plants the effect of BP to tested plants was different. The
measurements of plant weight, dry weight and height were performed (Fig.2a, 2b, 2¢).
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Fig. 2 Effect of brown powder to the growth of tested plants during 58 days vegetation experiment. Measurement of stem
height (a); dry weight of the plant (b); wet weight of the plant (c).

As shown in Figure 2a, treatment of wheat, barley and radish with BP resulted in an enhanced growth, i.e.
their shoot height was 62 %; 67 %; and 36 % higher, correspondingly, as compared to control samples. In turn,
tomato and cress salad seedlings were inhibited by BP up to 62 % and 80 %, correspondingly (Fig.2a). The
results on dry and wet weight of tested plants showed their dependence on BP treatment. (Fig.2b and 2c). Dry
weight of green biomass for all tested plants was slightly decreased in the samples treated with BP, except cress
salad. These results indicated to the differences in plant tissue structure caused by BP treatment. According to
Kapustka, the total dry matter provides the best indication of an adverse plant response to toxic substances [5,
11].

Among plant species tested in the long-term vegetation experiment and root elongation test (3.1.), four plants,
i.e. wheat, barley, tomatoes and cress salad, demonstrated the similar tendency in terms of the resistance to
nitroaromatics. Thus, a response to the presence of nitroaromatics is species-specific, and a search for
appropriate test-organism for toxicity testing needs a preliminary screening of various plants [4].

3.3 Changes of microbial count in soil samples after vegetation experiment with brown powder
treatment

Regarding the changes of microbial community in soil samples after 58 days vegetation, there are some
considerable changes occurred in dependence on plant species (Fig.3). For example, soil treatment by BP during
growth of wheat resulted in increased microbial count, i.e. the total count in non-treated and BP-treated soils
with wheat was 3.8 x 10° and 9.6 x 10° cfu/g soil, correspondingly. Besides, the growth of tomato resulted in the
total inhibition of bacteria grown in selective medium amended by BP. It attributes to the both, non-treated and
BP-treated samples. Other tested plants did not show an inhibition effect to the bacteria, which can use NA as a
sole nitrogen source.

1,00E+07 - Fig. 3 Changes of microbial count in soils after
1 00E+06 - vegetation experiment with various plant species.
’ C/TC — the total bacteria count of the control soil
— 1,00E+05 + sample, i.e. without treatment with brown powder

(BP); C/NA — the number of bacteria grown on
selective medium, i.e. with BP as a sole nitrogen
source (control sample); BP/TC - the total

o
? 1,00E+04 -
o
> 1,00E+03 -

@) 1 00E+02 bacteria count in the soil sample treated with BP;
’ i BP/NA - the number of bacteria grown on
1,00E+01 - selective medium, i.e. with BP as a sole nitrogen
source (sample treated with BP).
1,00E+00 (samp )

C/TC C/INA BP/TC BPINA
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3.4 Growth of plants in the freshly contaminated soils under natural conditions

Visual inspection of flora distribution near detonation crater at the military polygon provided additional
information on plants resistance to toxic explosives. For example, Koeleria glauca was the sole plant species,
which grew close to detonation crater in the coarse sandy soils contaminated by explosives. This fact could
indicate to the resistance of this plant to explosives and its further use in phytoremediation process. However,
testing of soils before and after treatment by BP showed an increased concentration of NA after treatment by BP
in the samples with K. glauca (results not shown). It could indicate to the resistance mechanism to NA for K.
glauca, which prevents an uptake of these compounds by a plant. If this hypothesis will be proved in further
experiments, it could be concluded about unefficiency of K.glauca in phytoremediation process for soils
contaminated by nitroaromatics. On the other hand, this plant could be a valuable model for a study on the
mechanisms of plant resistance to nitroaromatic compounds.

4. Discussion

Summarizing the results obtained in this study it could be concluded, that among tested plants, cress salad
remains to be one of the most sensitive plant to NA and, therefore, appropriate test-organism for assessment of
soil phytotoxicity.

Stimulating effect of NA for wheat, barley and radish needs to be studied in future experiments to reveal the
processes occurred during long term interrelation between NA and plant. As Gong et al. reported, seed
germination and early stage seedling growth tests showed the TNT stimulating effect for cress salad and turnip
in the concentration range 5-25 mgTNT/kg soil, and for oat and wheat in the concentration range 25-50
mgTNT/kg soil [12]. The same range of NA concentrations was studied in our experiments. However, cress
salad did not exhibit an enhanced growth in the presence of nitroaromatics. Another study on TNT toxicity for
higher plants was reported by Robidoux et al. After 14-day experiment, growth of barley was found to be
considerably reduced in the presence of 56 mgTNT/kg artificially spiked silica [13]. Most probably, there is a
difference between an effect of pure TNT and mixture of nitroaromatics to plant growth. Besides, toxicity of any
tested compound can differ in dependence on the plant development stage. An experimental design also plays a
crucial role in toxicity assessment [14]. New series of experiments with higher NA concentrations could reveal
the toxic level of NA for those plant species, which demonstrated the resistance in the present study.

A special attention in future experiments should be paid to the changes in soil microbial community caused
by acute or chronic contamination, remediation activities, and/or plant species grown in tested soil. Antagonistic
interrelations between tomato plants and nitroaromatics-degrading bacteria indicated to the importance of
interrelations between soil, contaminant, plant and microorganisms in terms of toxicity and remediation. Further
experiments with Koeleria glauca could provide additional data on resistance mechanism of this plant, which
plays a “pioneer” role in the soils have been freshly contaminated by explosives.
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Effects of cattle grazing, trampling and excrement deposition on
microbial nitrogen transformations in upland soil
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Rates of selected soil nitrogen transforming processes as well as kinetic parameters of denitrification enzymes
were determined in a cattle overwintering area. Soils from three localities differently impacted by the cattle
(severe, moderate, control with no impact) were examined. In cattle-influenced soils, total N, organic C and pH
were significantly increased. Consequently rates of potential mineralization, nitrifying enzyme activity and
denitrifying enzyme activity (DEA) were enhanced compared to control, while potential nitrogenase activity was
lowered in both soils influenced by cattle. The soils differed substantially in DEA, which was about 60 ng N,O-N
g dw™ ' in control soil but 3 times and 34 times higher in moderately and severely impacted soils, respectively.
The soils also exhibited significantly different maximum reaction velocity (¥) and Michaelis-Menten constant
(K,,) of enzymes responsible for reduction either of nitrate to nitrous oxide or of nitrous oxide to di-nitrogen.
Results suggest that the cattle-induced stress alters the functioning of soil microbial community.

Keywords nitrogen transformations; denitrification; enzyme activity; soil; pasture; cattle

1. Introduction

Soil microorganisms in general and those involved in nitrogen transformations in particular are of a great
importance for grassland ecosystem functioning as they determine nutrient availability in soil as well as release
and losses of nitrogen from the system. In contrary, grassland management affects activities and composition of
soil microbial communities due to a number of mechanisms related to mowing and grazing events. In grazed
grasslands, animals not only substantially influence vegetation cover, but could also have various effects on soil
organisms and biological processes.

In cattle husbandry in the Czech Republic, typical pasture management in marginal regions with low-input
agriculture includes overwintering of the animals. For this purpose, a specific pasture site, called overwintering
area, is used. It is typically located near the barn and used during the winter season by the cattle herd; the
animals have free access either to the barn or to the overwintering area. The overwintering period can last from
the end of October to the middle of May. Soils in cattle overwintering areas are unique in that they are exposed
to unusually high animal physical impacts (trampling/compaction) and elevated N inputs in the form of dung
and urine, resulting in soil structure damage and N-saturation conditions, respectively. Moreover, most N is
deposited in the overwintering area during the winter season, when plant nutrient uptake is greatly lowered and
soil processes are also less active. As a consequence, cattle overwintering areas have been identified as
important hot spots of gaseous emissions including emissions of nitrous oxide [1, 2].

At our experimental area, gradient of animal impact exists as a result of ca 10-y management practice. Some
localities of the area, e.g. near the barn, have been enriched by great amounts of nutrients in deposited
excrements and also soil structural properties were substantially modified. Accordingly, we proposed the
following hypothesis: due to nutrient inputs highly exceeding that in an ordinary pasture, and due to specific
spatial distribution of localities differing in the animal impact cattle, overwintering areas represent an
appropriate model site for studies on cattle impact on soil microbial community. In this paper we report data
obtained during several-year period in a cattle overwintering area located in South Bohemia, Czech Republic.
Our objective was to determine rates of important nitrogen transformations in soils differing in the extent of
cattle influence and to evaluate the impact of cattle on soil microbial consortium.

2. Material and methods

2.1 Study area and soils

Soils were sampled at Borova Farm near Cesky Krumlov in South Bohemia, the Czech Republic (altitude 630
m, latitude 48°52" N, longitude 14°13" E). Since 1995, the approximately 4 ha pasture had been used for
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overwintering of about 90 cows. Three localities were identified within the area differing in the rate of animal
impact: severely impacted locality characterized by totally destroyed plant cover and completely disturbed
topsoil (No 1 here), moderately impacted locality (No 3), and control undisturbed locality (No 5).

The soil at the area was originally classified as Cambisol (sandy loam with 80% sand, 14% silt and 6% clay)
but recently identified as Haplic Phaecozem (arenic) by the WRB system (M. Yli-Halla, personal
communication). Topsoils (0-15 cm) were collected in October 2004 and used for the determination of kinetic
parameters of denitrification enzymes. Other soil samples were taken from 4 layers (0-5, 5-10, 10-15, and 15-20
cm) in May 2005 and used for most analyses described. The three subsamples for each locality/soil layer were
mixed together, sieved (4 mm) and stored at field moisture in plastic bags at 4°C on the day of sampling until
used. Soil properties are provided in Table 1.

Table 1 Basic properties of the soils under study sampled from 0-5 cm layer. Except the pH values, the data apply for soils
sampled in 2002 [1]. Means from 12 or 4 (Cy, Ny values. Different letters behind the means indicate significant
differences among the soils.

soil Corg Niot Chnic bulk density porosity WEFPS pH (H,0)
©%whw)  (%ww) (ugCgdwh)  (gem?) (%) (%)

No 1 517a 0.50 a 1415a 1.08 a 54.7a 74.6 a 844

No 3 335b 0.30b 495 b 1.04 a 58.1a 65.6b 74b

No 5 2.19b 0.27b 440 b 1.32b 45.6 b 819a 63 ¢

Note: Organic carbon (C,,) was determined by wet oxidation with acid dichromate, total nitrogen (N, by Kjeldahl
digestion, microbial biomass C (Cy,;.) was estimated with CHCl; fumigation extraction [3] followed by dichromate digestion
of extractable C. Bulk density, porosity and water-filled pore space (WFPS) were determined as described by [4]. Soil pH
was measured in a 1:2.5 (w:w) soil to water mixture.

2.2 Determination of rates of N-transformations

Rate of potential nitrogen mineralization was determined in soil subsamples incubated at 25°C in dark in anoxic
conditions for 7 days [5]. Denitrifying enzyme activity (DEA) was measured using short-term assay by [6] as
described by [1]. Nitrifying enzyme activity (NEA) was determined in soil subsamples incubated at 25°C in
oxic conditions for 8 hours [7]. Potential nitrogenase activity was measured as acetylene-ethylene reduction
activity [8] during 24-h incubation at 25°C in dark in oxic conditions.

2.3 Determination of kinetic parameters of denitrification enzymes

Before the experiments all NO;™ was removed from the soils due to facilitating a direct determination of kinetic
constants of N,O reductase as follows: soil slurries (10 g fresh soil, 25 ml H,O) in 330 ml bottles were supplied
with 1 g anion exchange resin A-520E (Purolite International, UK) in permeable pocket, which was removed
from the slurry after 1 h shaking (150 rev min™, 25 °C). The anion exchange resin removed 94.3 — 94.8 % NO;".
Further, the bottles were capped with rubber stoppers and metal holders, made anaerobic (4 cycles of evacuation
and flushing with 0.15 MPa He, lasting in total 16 min), 1 ml deoxygenated solution of glucose (6875.0 mg 1)
was added and the bottles were then incubated 10 h while shaking at 25°C. The time period of 10 h was
determined in preliminary experiments, where the bottles were provided with 30 ml C,H, and N,O
concentration in headspaces was measured (using GC) until stopped to increase (data not shown).

After the NO; removal and making the bottles anaerobic again (as described above) the kinetic parameters of
denitrification enzymes were determined. Maximum reaction velocity (V) of NO; reduction to N,O was
determined according to [9]; however KNO; ™ solution had to result in higher final NO;3™ concentration in the
slurry (3 mM) compared to the concentration cited in the reference (I mM), as revealed in preliminary
experiments.

Maximum reaction velocity (/) and Michaelis-Menten constant (K,,) of N,O reduction to N, were determined
according to the modified method of [9]. Sets of 24-27 bottles (for each soil) were loaded with different N,O
doses (0.2 — 4.3 uM) and shaked at 25°C. Four gas samples were periodically taken from each bottle during a
30-min (for the soils 3 and 5) or 6(9)-min (for the soil 1) incubation and N,O concentration in the gas samples
was quantified with GC. The N,O reduction rates for each initial concentration and V" and K,, values for N,O
reductase were calculated according to [9].
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3. Results and discussion

The soils differed substantially in many characteristics; the soil 1 exhibited much higher organic matter content
and microbial biomass carbon than the two other soils, which corresponds to severe animal impact (Table 1). It
is further documented by significantly increased pH both in the soils 1 and 3, typically related to the presence of
animals (due to excretal returns). Surprisingly, the highest bulk density and the lowest porosity were indicated
for the soil 5, which could be due to much lower content of organic matter in this soil; soil organic matter is
crucial for soil structure formation and maintenance [10].

Average rates of nitrogen transformation processes determined at laboratory-incubated soil samples are
shown in Table 2. Nitrogen mineralization rates were the highest in surface 5 cm layers in all the soils and
decreased in soil profile. Both soil 1 and 3 had significantly higher nitrogen mineralization in comparison with
control soil 5. The same tendencies were seen also in nitrification and denitrification activities: they were
decreasing in deeper layers in all soils, and cattle impacted soils displayed much higher activities than control
soil. The only exception was denitrifying enzyme activity in soil 1, which was even higher in the layer 5-10 cm
than in the surface 0-5 cm layer.

In contrary to other three enzymatic activities, nitrogenase activity was the lowest in surface layer and
increased in deeper layers of the soils 3 and 5. It was also much higher in the control soil 5 and less impacted
soil 3 in comparison with the soil 1. Specific distribution of nitrogenase activity in soil profiles as well as the
difference between control soil and severely impacted soil could be however expected - nitrogenase activity
should be decreased in the soils rich in mineral nitrogen (that is in the soil 1 and partly 3 which are enriched
with nutrients from excrements), as di-nitrogen fixing microorganisms are in general suppressed by increased
concentrations of soil nitrogen.

Estimated kinetic parameters from the different experiments are summarized in Table 3. The soils exhibited
quite different V for reduction of NO;™ to N,O; the value for the soil 3 was approximately 10-times lower than
for the soil 1, and the soil 5 exhibited even lower value (0.4 ug N g dw™' h™") than the soil 3. The results for V of
reduction of N,O to N, were similar; the values for the soil 1 were clearly much higher than for the soils 3 and
5, and were the lowest for the soil 5. The K, values of reduction N,O to N, showed small to none differences
between the soils 3 and 5 (1.0 and 0.9 uM N, respectively) and were lower than in the soil 1 (1.3 uM N).

To asses physiological differences between the soils, the ratios between V for the two processes (V' NO;
reduction/V N,O reduction, [9]) were examined due to better understanding the role of the denitrifying consortia
in regulating the N,O emissions (the V' for both reactions can be affected by the amount of denitrifying
microorganisms and so by the amount of reductases). The soil 1 exhibited the highest ratio among the three soils
while the ratio for the soil 5 was the lowest.

Table 2 Rates of nitrogen transformations in the soils under study. Means from 4 (NEA, DEA) or 3 replicates, standard
deviations in parentheses.

Soil Soil layer Nitrogen Nitrification Denitrification Nitrogenase activity

(cm) mineralization (NEA) (DEA) (nmol ET g dw™ h™")
(ugNgdw'd")  (ugNgdw'h')  (ngNgdw'h')

No 1 0-5 6.227 (0.599) 1.290 (0.082) 5813.3 (239.2) 11.53 (1.59)
5-10 4.837 (0.094) 0.950 (0.065) 7227.9 (1708.1) 12.13 (0.31)
10-15 2.523 (0.031) 0.866 (0.217) 3836.9 (419.3) 12.49 (3.46)
15-20 1.876 (0.175) 0.981 (0.040) 3058.2 (226.9) 4.47 (1.37)

No3 0-5 5.191 (0.104) 0.943 (0.194) 3266.7 (514.0) 11.21 (0.56)
5-10 1.728 (0.197) 0.433 (0.104) 932.3 (127.1) 11.97 (0.56)
10-15 0.870 (0.082) 0.313 (0.105) 298.6 (111.3) 18.22 (3.09)
15-20 0.531 (0.116) 0.203 (0.172) 85.6 (26.1) 38.71 (3.05)

No5 0-5 3.559 (0.492) 0.395 (0.186) 1873.0 (440.9) 21.11 (1.87)
5-10 2.077 (0.079) 0.125 (0.018) 452.0 (110.5) 27.01 (1.08)
10-15 0.772 (0.154) 0.045 (0.011) 145.8 (19.3) 46.25 (5.22)
15-20 0.511 (0.118) 0.032 (0.018) 53.3(13.9) 97.48 (6.49)
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Table 3 Estimated kinetic parameters V and K, of NO3™ and N,O reductions for the soils 1, 3 and 5 (standard error of means
in parentheses).

Soil NOj™ reduction N,O reduction Calculated ratio
14 vV K, V' NO; red./V N,O red.
pugNgdw'h' ugNgdw'h' uM N
No 1 12.0 (0.3) 16.6 (1.5) 1.3 (0.3) 0.7
No 3 1.1 (0.1) 2.7(0.3) 1.0 (0.3) 0.4
No 5 0.4 (0.0) 1.6 (0.2) 0.9 (0.2) 0.3

4. Conclusion

Results show clear cattle-induced effects on key soil processes of microbial nitrogen transformations in the
overwintering area and suggest that the cattle-induced stress alters the functioning of soil microbial community
in the upland soil.
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The increase in Biodiesel fuel production is creating the problem of generating a large quantity of glycerine as a
subproduct from manufacturing this biofuel. The main objective of this research was to determine glycerine
toxicity on seeds as well as the possible doses of application by evaluating germination capacity and root growth
in seeds from various plant species (tomato and cucumber). Likewise, the biocidal capacity of glycerine as an
alternative in plant pathogen control was evaluated against the following phytopathogenic fungi and bacteria:
Pythium aphanidermatum, Botrytis cinerea, Fusarium oxysporum f. sp. lycopersici, Fusarium oxysporum f. sp.
radicis-cucumerinum, Rhizoctonia bataticola, Phytophthora parasitica Sclerotinia sclerotiorum, Clavibacter
michiganensis and Erwinia persicina. Results reveal that the use of this subproduct could entail an ecological
alternative which would reduce or even eliminate the excessive use of agrochemicals, simultaneously allowing the
use and recycling of local resources destined to protect crops.

Keywords biodiesel subproducts; plant disease, glycerine, seed

Introduction

Biodiesel from vegetable oils or animal fats represents a promising alternative to conventional Diesel fuel [5, 7,
9, 11, 13]. It is biodegradable and non-toxic, has low emission profiles and therefore is environmentally
beneficial [7]. Continued and increasing use of petroleum will intensify local air pollution and magnify the
global warming problems caused by CO, [7]. In a particular case, such as the emission of pollutants in the
closed environments of underground mines, biodiesel fuel has the potential to reduce the level of pollutants and
of potential or probable carcinogens [7].

The search for environment-friendly fuels, the increase in petroleum prices and the reflection on the
limitedness of this resource are the main reasons for searching for alternative fuels. Nevertheless, the rise in fuel
production is posing the problem of a large quantity of glycerine generated as a by-product in the manufacturing
process of this biofuel, ever increasing as a result of production growth objectives. The percentage of biofuel
substitution in the EU should rise from 2% at present to 5.75% by the year 2010, according to the Directive
2003/30/CE. Co-product recovery has always been a concern in the economics of the biodiesel process. For
each 90 m3 of biodiesel produced from transesterification of vegetable oils, approximately 10 m3 of glycerol are
generated [2, 6]. However, crude glycerol derived from biodiesel production possesses very low value because
of the impurities. The conventional practice is to recover glycerol by distillation [10]. Although biodiesel fuels
are produced chemically and enzymatically, glycerol is essentially generated as the by-product [3, 12]. Glycerol
generated is presently applied, for example, as a ingredient of cosmetics, but a further increase in the production
of biodiesel fuels would raise the problem of efficiently treating wastes containing glycerol. Others application
of glycerol is in soaps and medicines [5]. With the introduction of large volumes of glycerol coming from
biodiesel production, it is imperious to find new applications for this chemical, otherwise the economic
feasibility of the biodiesel as a renewable fuel is jeopardized.

The main objective of this research was to determine glycerine toxicity on seeds as well as possible
application doses by evaluating germination capacity and root growth. Thus, seeds from various plant species
(tomato and cucumber) were used to evaluate glycerine as an active fungicidal and bactericidal substance.

Material and methods

Evaluation of fungal and bacterial growth inhibition by glycerine

For growing the various fungal species, isolates were in PDA medium in 9 cm diameter Petri dishes. Fungi were
cultured by weekly inoculation for Phytophthora parasitica, Botrytis cinerea, Fusarium oxysporum f.sp.
lycopersici, Fusarium oxysporum f.sp. radicis-cucumerinum, and approximately every four days for Pythium
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aphanidermatum, Rhizoctonia bataticola and Sclerotinia sclerotiorum. Bacterial Erwinia persicina and
Clavibacter michiganensis were maintained in KB medium.

To evaluate the suppressor effect of glycerine on fungal and bacterial growth, tests were conducted in vitro
with dilutions of glycerine in PDA at 2%, 4%, 6%, 8%, 10% 15%, 20% and 50%. Dilutions were made from the
glycerine obtained as a co-product of biodiesel fuel, sterilized in an autoclave at 120°C for 30 minutes (SBG:
sterilized biodiesel glycerine) and without sterilization (BG: biodiesel glycerine). Likewise, and in order to
compare results, pure sterilized (PSG: pure sterilized glycerol) and unsterilized (PG: pure glycerol) were used.
The phytopathogenic fungi for the assays were obtained from the maintenance dishes. With the help of a punch,
5 mm discs in active growth were taken, always from the periphery of the colonies. Each disc was placed in the
centre of a Petri dish. The dishes were incubated in the oven in darkness at 25-26°C for one week with the
exception of Pythium aphanidermatum and Sclerotinia sclerotiorum which were incubated for 3 days. Bacterial
isolates were streaked over the culture medium from an isolated colony. Five repetitions were carried out and
the results were compared to controls with no glycerine application. Growth was analysed by measuring the
diameter of the centre of the disc. Two measurements were taken, i.e. two perpendicular diameters. In the end
the average of both values was used as representative data. Lastly, the results were statistically analyzed with the
STATGRAPHICS 5.1 (S.G.S., 2001) program to evaluate the efficacy of extract concentrations for fungal
suppression.

Determination of glycerine phytotoxicity to seeds

San Pedro tomato seeds and “Marketmore 70” cucumber seeds were used in this study.

Several assays were performed in order to select the best conditions for seed germination: (1) on wet filter
paper and (2) between wet filter papers, with different volumes of water. Seeds were washed with 20 ml of
sodium hypochlorite solution (0.2 g1 ), then with distilled water (25 ml, three times) and scarified prior to
germination in order to avoid fungus proliferation and improve seed germination.

Less fungus proliferation was observed in germination on wet filter paper. From each species 75 seeds were
germinated on three filter papers in Petri dishes. The papers were moistened with 3 ml of distilled water or 2%,
4%, 6%, 8%, 10% 15%, 20% and 50% glycerine solutions (SBG, BG, PSG and PG). Wet filter papers with 15
seeds each were distributed in 3 trays. Samples were taken at 0 (control), 1, 2, 3, 4, 5, 6, 7, 8 and 9 germination
days. The germination process was repeated twice for each species, and the germination capacity was evaluated
by percentage of germination and radicle growth.

Results and discussion

Figure 1 show the results of treating tomato and cucumber seeds with the various concentrations (2, 4, 6, 8, 10,
15, 20 and 50%) and types of glycerine used in the assay (BG, SBG, PG and PSG). High glycerine phytotoxicity
existed for both plant species in all treatments. Complete inhibition of tomato and cucumber seed germination
started from 2 and 4% respectively, as well as a drastic reduction in radicle length at the same concentrations.
Sterilising BG and PG decreased phytotoxicity in tomato, but given the high toxicity observed, this was only
detectable at the 2% concentration. A similar situation occurred with cucumber seeds. Several studies have
shown that glycerol is toxic to plants and that this toxicity is likely to be caused by glycerol metabolism [1] [4].
Other authors such as Liang et al. [8] have demonstrated that solutions with concentrations greater than 60%
were not absorbed by navy bean seeds, and lower concentrations reduced seed germination. Immersion in either
25% PEG or 60% glycerol solutions did not diminish germination although seedling vigour was slightly
reduced.
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Fig. 1. Glycerine toxicity on seeds. BG. Biodiesel glycerine;
SBG sterilized biodiesel glycerine; PG. Pure glycerine; SPG.
Sterilized pure biodiesel.

Results indicate that the use of glycerine as a humectant or substrate enhancer for plant development can
involve the risk of phytotoxicity. Other application systems should be tested since in this case application was
made directly on the seed. Better results might be obtained when applied to the substrate or through irrigation.
At any rate, there was no germination promoting effect from the doses and conditions of this assay.

Figure 2 shows the effect of the various treatments on the fungi and bacteria under study. The application of
BG in low concentrations had a mycelial growth inhibitor effect on the assayed fungi. Nevertheless, inhibition is
only observed at the maximum concentration tested. Botrytis cinerea proved to be the most resistant fungi to
glycerine application, with no significant reduction of mycelial development at concentrations of 15% or less.
Both bacterial species showed diverse performances, with gram-positive Clavibacter michiganensis being more
susceptible to the various treatments, probably due to the composition of its bacterial wall. Likewise, gram-
negative E. persicina showed increased colony development from the BG treatment, with inhibition of
development at a concentration of 50%. The BG inhibitor effect was increased for all the fungi tested when BG
was sterilized, with complete inhibition at concentrations of 8 and 15%. The effect of pure glycerine was not
uniform among the various species, and in no case was there a biocidal response at concentrations below 50%.
At lower concentrations PG performed as a biostatic. In the case of E. persicina, none of the concentrations
tested inhibited its development. Significant differences did not exist in results from the application of PG or
SPG.

At present, research has not been undertaken on the application of glycerine obtained from the production of
biodiesel for plant development or for pathogen control, so results could not be contrasted. Studies are generally
on the use of PG as an adjuvant for increasing the efficacy of some pesticides and as mentioned above, to
increase the efficacy of antibiotic treatment in seeds.

Given these results, perhaps research should be directed towards controlling weeds and other pathogens.
Since Oomycetes were the most susceptible fungi to glycerine application, probably due to the tensoactive effect
of glycerine, it would be quite interesting to discover which doses might be effective when applied in irrigation.
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Ralstonia solanacearum biovar (bv) 2 causes bacterial wilt and potato brown rot in solanaceous plants in
temperate areas. The pathogen is able to persist in the environment, where it is frequently disseminated by
watercourses. In these habitats, the effect of long-term oligotrophy on its survival remains to be ascertained. On
that purpose river water microcosms were inoculated with R. solanacearum bv 2, incubated at 24°C and
monitored for total, viable and culturable bacterial cell numbers up to four years. Within the first year, R.
solanacearum bv 2 populations remained roughly constant in the initial levels. Then and until the fourth year,
total counts slowly increased, while viability slightly declined and culturability decreased to a greater extent,
pointing out a proportion of the bacterial populations entering the viable but non-culturable state. As cells in this
state are not detected by cultivation-based methods, they represent a new challenge in designing strategies for
control of the bacterial wilt disease.

Keywords bacterial wilt; water; microcosms; persistence; oligotrophy; culturability; viability; VBNC

1. Introduction

Ralstonia solanacearum (E.F. Smith) is a phytopathogenic water borne bacterium causing severe wilting in
numerous crops and diverse ornamental plants of economic interest worldwide [1]. The species is classified into
biovars according to biochemical characteristics [2], with biovar (bv) 2 affecting mainly solanaceous plants and
being the causative agent of potato brown rot in temperate areas [3]. It is considered as a bioterrorism agent in
the U.S.A. [4] and a quarantine organism in the European Union [5]. The bacterium is a vascular pathogen [2,
3], able to survive in the environment in the absence of host plants mainly in water, soil, plant debris and
reservoir plants [6]. It persists in water for variable periods [7-9], and waterways frequently disseminate the
pathogen favouring outbreaks of the disease [6, 10]. The subsistence of this bacterium in harsh environmental
conditions might be somehow related to its ability to enter the viable but non-culturable (VBNC) state [11]. R.
solanacearum becomes VBNC after exposure to copper [12], and incubation at low temperature in soil and
water [9, 13, 14].

In Spain in the last years R. solanacearum bv 2 has caused wilting in potato and tomato cultures and it has
been isolated from river and irrigation water [15], where it can survive in the presence of water microbiota [16].
The objective of this work was to monitor long-term survival of R. solanacearum bv 2 in sterile river water to
assess the effect of extended nutrient limitation conditions, characteristic of oligotrophic aquatic habitats.

2. Materials and methods

R. solanacearum bv 2 strain IVIA-1602.1 was used to inoculate the survival microcosms. This strain had been
isolated from potatoes with brown rot symptoms in Spain. It was kept at —80 °C in a 30% (v/v) glycerol
medium, and for survival experiments it was cultivated on Yeast Peptone Glucose Agar (YPGA) [17] for 72 h at
29°C.

River water samples from a Spanish river where the bacterium had previously been detected were collected
according to [15]. River water microcosms for survival assays were composed of 200 ml of 0.22 pum filtered and
autoclaved river water inoculated with the strain IVIA-1602.1 of R. solanacearum bv 2 to a final concentration
of 5x10° cfu/ml, similarly to [16]. All the microcosms were done in triplicate and incubated at 24°C for four
years.

During the whole four-year period, aliquots from each river water microcosm were taken to perform total and
viable cell counts by microscopy-based methods and culturable cell counts by plating at inoculation time and
after one, two, three and six months, and then every six months up to four years. To distinguish total from viable
cells, the direct viable count (DVC) method [18] was applied as modified by [9] and it was optimized to 72 h
from the first to the fourth year of microcosm incubation. According to the method, after incubation of the
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bacterial cells with yeast extract and nalidixic acid, viable cells elongate without dividing (Fig. 1). Visualization
of the cells was done at each time after cell fixation by formaldehyde 2% (v/v) and cell staining by acridine
orange 0.1% (w/v) as described [19]. Average of total and viable R. solanacearum cells were counted in at least
20 random fields with a Leika epifluorescence microscope at an amplification of x1250. For culturable cells,
plate counts on YPGA agar were performed after 72 h at 29 °C.

Fig. 1 Microscopic observation of R. solanacearum bv 2 strain IVIA-
1602.1 cells. After incubation with a nutrient (yeast extract) and a
cellular division inhibitor (nalidixic acid), only treatment-responsive
elongated cells are considered as viable (on the left), and non-elongated
ones as non-viable (on the right). Scale bar: 5 um.

3. Results

3.1 Effect of nutrient limitation on survival of R. solanacearum bv 2 in natural river water
microcosms for the first year

In the river water microcosms at 24°C total, viable and culturable R. solanacearum counts remained roughly
constant in the population levels observed at inoculation time in samplings at one, two, three and six months,
and up to one year after microcosm inoculation. Within the whole period, total cell numbers kept above 10’
cells/ml with a slight increase from the sixth month, whilst viable cell numbers were nearly below 107 cells/ml,
and culturable cell counts remained approximately at 10° cfu/ml (Fig. 2). Similar results were obtained with the
other water samples.

) —8— -

6 7 —# $

Log (counts/ml )
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Fig. 2 Population trends of R. solanacearum strain IVIA-1602.1 in river water microcosms at 24°C for the first year post-
inoculation. Total (m), and viable (e) cells, and colony forming units on YPGA (¢). Points are the mean of triplicate
microcosms and error bars indicate variation as standard deviation for each point.

3.2 Effect of nutrient limitation on survival of R. solanacearum bv 2 in natural river water
microcosms from the first to the fourth year

In the river water microcosms at 24°C, after the first and throughout the second, third and fourth years, total R.
solanacearum counts slowly increased up to 10® cells/ml, whilst viability slightly declined to around 10°
cells/ml, and culturability until about 10* cfu/ml (Fig. 3). Differences in population numbers between viable and
culturable R. solanacearum cells indicated a proportion of the bacterial populations entering the VBNC state.
Similar results were obtained with the other water samples.
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Fig. 3 Population trends of R. solanacearum strain IVIA-1602.1 in river water microcosms at 24°C from the first to the
fourth year post-inoculation. Total (m), and viable (e) cells, and colony forming units on YPGA (). Points are the mean of
triplicate microcosms and error bars indicate variation as standard deviation for each point.

4. Discussion

Environmental waters are a means of transmission of R. solanacearum bv 2 in natural ecosystems, where the
pathogen may survive for variable periods until contact with a host plant [6]. Population densities of R.
solanacearum bv 2 in natural surface waters for as long as three years were recently monitored [15, 20] and
correlated with water temperature [15]. Growth temperature together with incident light, sediment, and seawater
salts were evaluated in relation to the culturability of the bacterium in environmental water [9], as well as the
presence of native microbiota [16]. Notwithstanding scarce data are still available on the effect of prolonged
exposure to oligotrophic conditions on the ability for survival of R. solanacearum bv 2 in natural water under
controlled conditions.

Within the first year of nutrient limitation in sterile river water microcosms at 24°C R. solanacearum bv 2
total, viable and culturable populations remained similar to inoculation levels. That confirmed the persistence of
this plant pathogen in nutrient-limited aquatic environments according to previous reports on the culturability of
the bacterium at a similar temperature in agricultural drainage water for four months [9], in tap water for around
seven months [7] and in river water for one year [8]. Scarcity of nutrients apparently did not interfere with R.
solanacearum culturability during one year in river water microcosms, as described for Erwinia amylovora after
six months in irrigation water [21] or Pseudomonas fluorescens after one year in agricultural drainage water
[22].

Progressively within the second, third and fourth years under nutrient deprivation in sterile river water
microcosms at 24°C diverse trends were diplayed by total, viable and culturable R. solanacearum bv 2
populations. A slight increase in total cell numbers was observed suggesting that reductive divisions of R.
solanacearum bv 2 cells might be taking place in the microcosms, similarly to other bacterial species under long
starvation [23]. However, in the same time period, R. solanacearum bv 2 viability and culturability decreased,
although with different slopes. The distinct viable and culturable population sizes indicated a proportion of
starved viable populations becoming non-culturable due to the extended oligotrophic conditions undergone in
the river water microcosms. Likewise, other bacteria have entered the VBNC state under prolonged starvation
[24, 25]. A great many bacterial cells may be induced into this physiological state as a response to some form of
natural, environmental stress, favouring their survival in adverse environmental conditions [25, 26]. Although
cells in this state fail to form colonies, they are alive and capable of renewed metabolic activity [11, 25, 26].
VBNC significance seems evident in studies where culturability is employed as indicator of viability [25], with
special concern with regards to pathogenic agents.

Overall, this work presents evidence on the high potential for subsistence of R. solanacearum bv 2 in energy-
deficient systems. The pathogen was able to survive for four years in oligotrophic river water microcosms,
indicating that it is an efficient scavenger of scarce nutrients. Within the period, a proportion of the bacterial
population became VBNC. As cells in this state are more difficult to be detected by standard protocols, they
represent now a new challenge to be overcome in control and management of bacterial wilt disease.
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Genetic characterization of Plutella xylostella with resistance to
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Plutella xylostella collected from different broccoli fields, were bioassayed with Xentari™ a commercial
formulate based on Bacillus thuringiensis (Bt). Results of initial LC50 (mg/L) was of 0.294 Xentari™ and a
resistance ratio (RR) (LC50 field colony / LC50 of laboratory colony) of 1.59. We obtained a colony that resisted
200-times the LC50 Xentari™ concentration. This colony had a LC50= 16.43 (FL95= 14.52 - 24.06), 56-fold in
comparison with its initial susceptibility and 89-fold than laboratory one. Results of bioassays with solubilized
protoxins of CrylAa, CrylAb and CrylAc showed significant differences (LC50, pg/ml) for Cryl Ab. Resistant
had a LC50 of 0.025, while susceptible 0.003. The 200X colony had 1.8-fold resistance than laboratory for
CrylAa. Genetic characterization of 200X and susceptible laboratory colonies was done by amplification of
EaaMcta-04.70, a STS associated with resistance to Bt toxins. STS-PCR product was visualized only in the 200X.
This molecular marker was positive too for seventeen larvae collected from a field where was observed a
reduction of sensitivity to Bt products. This is the first report where the molecular marker EaaMcta-04.70 could be
is associated with resistance to B. thuringiensis formulates in México.

Keywords Plutella xylostella; bioassay; molecular marker; Cry protein resistance

1. Introduction

The common soil bacterium Bacillus thuringiensis (Bt) produces crystals containing proteins that are toxic to
certain insects, but are harmless to another organisms including people, wildlife, and most beneficial insects.
Genes encoding Bt toxins have been incorporated into and expressed by crop plants, thus providing
environmentally benign control of insects pest. Lepidopteran larvae, which include some of the world’s most
damaging crop pests, are the primary targets of more than 99 % of the acreage of currently deployed, Bt-
producing transgenic plants [6].

Evolution of resistance by pests is a serious threat to the continued efficacy of Bt toxins. Although the
diamondback moth (Plutella xylostella) is the one of some insect with resistance to Bt toxins in open-field
populations, laboratory selection has produced resistance in several order species of Lepidoptera. With millions
of hectares of Bt toxin-producing transgenic plants grown yearly, other pests are likely to evolve resistance
quickly unless effective countermeasures are designed and implemented soon. Better understanding of the
transgenic basis of resistance is essential for developing such countermeasures.

In our country, Guanajuato is one of most important agricultural estates of México, especially in broccoli and
potato production. These fields have been sprayed with Bt products for more than 10 years, and in some of them
was observed a reduced sensibility of P. xylostella to Bt formulates, mainly Xentari™ and Dipel™. In this work
we analyze the some biochemical and genetic items in resistant and sensible P. xylostella colonies, and describe
the genetic amplification of the STS EaaMcta-04.70, which was found only in resistant colonies, but not in
sensible diamondback moth nor Trichoplusia ni.

2. Material and Methods

2.1. Bioassay: Insects were collected from two different fields of broccoli (Here North and East zone) located at
State of Guanajuato. Several larvae (15) were washed and stored separately at -20°C. Other ones were placed on
broccoli leaves until adult stage. The F1 was obtained and bioassayed with Xentari™ and Javelin™. Survivors
were under selective pressure with Xentari™ until the formulate concentration was of 200X the initial LC50.

2.2. DNA Purification: Third instar larvae were choosing and washed separately with sterile double-distilled
water and placed on microcentrifuge 1.5 ml tube. In order to avoid contamination, new material was used for
each larva. One ml of extraction buffer (Tris-HCI 50 mM, pH 8.0, SDS 2 %, NaCl 0.75 M, EDTA 10 mM) was
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added and mashed. Then 0.5 ml of proteinase K (Sigma) was added and mixtures incubated at 65°C for 30 min.
The tubes were centrifuged and supernatant transferred to another clean and sterile tube. DNA was extracted
with chloroform (one time) and phenol-Choloroformo one time and upper phase was taken and transferred to
another 1.5 ml tube. DNA was precipitated with ethanol, dried and resuspended with 100 pl of water [10].

2.3. PCR Conditions: Genetic amplifications were carried out essentially as mentioned elsewhere using the
sequences called as ¢39-451p1 and ¢39-451p2 [5]. Reaction mixtures were composed as follows: buffer/MgCl,
10 X; dNTPs, 200 pM; primers, 100 nM; DNA, 10 ng; Taq DNA polymerase (Promega) 2.5 U; final volume of
50 pl. Thermocycler conditions on the Perkin-Elmer DNA thermocycler 2400 were: 94°C for 5 min followed by
30 cycles of 94°C for 1 min, 55°C for 1 min, 72°C for 2 min and a final 10 min at 72°C. PCR products were
separated on agarose 1.5 % gel and stained with ethidium bromide.

2.4. STS Cloning: The PCR fragments were cloned into a DNA TOPO TA cloning system pCR 4.0
(Invitrogene) and the transformations were carried out in E. coli TOP10™ strain as recommended by
manufacturer (Invitrogene). The presence of the 320 bp fragment was verified with PCR.

3. Results

3.1 Bioassay:

Results of initial LC50 (mg/L) was of 0.294 Xentari™ and a resistance ratio (RR) (LC50 field colony / LC50 of
laboratory colony) of 1.59. Both colonies were under selection pressure with Dipel™, Javelin™ and Xentari™
formulates, but we obtained resistance only for Xentari™ and only for the North Zone colony. We obtained a
colony that resisted 200-times Xentari™ concentration. This colony had a LC50= 16.43 (FL95= 14.52 - 24.06),
56-fold in comparison with its initial susceptibility and 89-fold than laboratory one (Table 1).

Table 1. LCs, of colonies under selection pressure with Bt formulate

Colony Product LC50 Slope Confidence
(mg/1) Interval (95%)
Susceptible Xentari™ 0.184 1.893 0.138-0.237
North Zone Xentari™ 16.43 1.820 14.527-24.06
East Zone Xentari™ 0.235 1.564 0.196-0.279

Results of bioassays with solubilized protoxins of CrylAa, CrylAb and CrylAc showed significant
differences (LC50, pg/ml) for CrylAb. Resistant had a LC50 of 0.025, while susceptible 0.003. The 200X
colony had 1.8-fold resistance than laboratory for CrylAa (Table 2).

Table 2. Susceptibility of resistant colony to CrylA toxins

Colony Toxin LC50 Slope Confidence
(mg/1) interval (95%)

Susceptible ~ CrylAa 1.956 1.908 1.483-2.514
CrylAb 0.003 1.338 0.002-0.004

North Zone  CrylAa 3.51 1.606 2.366-4.478
CrylAb 0.025 1.312 0.019-0.036

CrylAc 0.46 0.272-0.841

East Zone CrylAb 0.005 1.657 0-003-0.012

3.2 DNA Purification and PCR:

The DNA technique extraction was standardized with sensible larvae of Spodoptera exigua. After that, we
obtained DNA from P. xylostella and T. ni experimental and field colonies. DNA was extracted from individual
larvae in separately tubes. By means of the PCR technique we identify the genetic marker EaaMcta-04.70 in
sensible and resistant laboratory larvae and in resistant ones collected from broccoli fields. Figure 1 depicts the
PCR results for the STS EaaMcta-04.70, where we can see that a 320 bp DNA band is present only in P.
xylostella laboratory resistant (Fig. 1A, lane 4), but not in another lepidopteran insects. When this assay was
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extended to other colonies, again, the 320 bp DNA band was positive only for P. xylostella in both laboratory
and field resistant (Fig. 1 B, lanes 2, 5-9 and 12).

1 23 45 67 12 3 4 5 6 7 8 9 10 11 12 13 14
B [rrespe=i—T T - R

Figure 1. Presence of the STS fragment in sensible and laboratory and field resistant colonies. Panel A. Lanes: 1,
Ladder 1 kbp; 2, S. exigua laboratory resistant; 3, T. ni; 4, P. xylostella, field resistant; 5-6, P. xylostella, sensible; 7,
Ladder 100 bp. Panel B. Lanes: 1, Ladder 100 bp; 2, P. xylostella field resistant, 3, negative control; 4, T. ni
laboratory resistant; 5-9, P. xylostella laboratory-resistant; 10, P. xylostella sensible; 11-12, P. xylostella from
broccoli fields; 13, Negative control; 14 Ladder 100 bp.

3.3 STS Cloning:

PCR product from different colonies were cloned in E. coli and sequenced. Different E. coli recombinant
colonies were picking up and seeded on new Petri dishes with antibiotic and the genetic EaaMcta-04.70 marker
was searched. We selected eleven different clones. Plasmid DNA was obtained and PCR performed as
mentioned before. The presence of the 320 bp band was detected in all recombinant colonies (Fig. 3). DNA

from six different colonies was sequenced and nucleotide sequence analyzed and compared with original
(Genbank access: DQ993349).

1 23 45 6 7 &8 910 111213 14

Figure 2. PCR of DNA from recombinant
E. coli carrying the 320 bp fragment.
Lanes: 1 and 14, Ladder 100 bp; 2,
negative control; 3-13, PCR products
from recombinant clones.

4. Discussion

The larvae used in this project were collected from two different broccoli fields from Guanajuato. The bioassay
of the 2 localities, demonstrated to susceptibility to formulated commercial the Xentari™ and Javelin™ finding
a LC50 of 0,279 and 1,913 respectively; with the treatment of selective pressure with formulated the
commercial Xentari™ a LC50 of 16,43 was obtained (FL95=14.52-24.06), 56 times more compared with the
initial susceptibility and 89 times more compared with the one of laboratory, these results demonstrate a lost one
of susceptibility to the commercial formulated ones [3] to laboratory level [9]. The putative develop of
resistance could be increased with the constant application of formulated Bt to P. xylostella in laboratory and in
field [1-4, 8,9, 11].
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In the PCR we found a fragment of 320 bp corresponding to the genetic marker EaaMcta-4.70 in larvae of P.
xylostella. The results revealed the amplification fragment only in resistant P. xylostella larvae as it was
demonstrated in previous studies [5]. It is possible to emphasize that, the fragment obtained in the present work,
was amplified in resistant larvae types, laboratory and field. This is the first report where the genetic marker
EaaMcta-4.70, is found in larvae different than reported by Heckel et al [5]. The finding of the fragment in our
results indicates that the genetic marker might be used to check the resistance of P. xylostella at field level.
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The valorisation of hemicelluloses, as a subproduct of the pulping process, can be achieved with extraction of
wood chips by primary hydrolysis (auto or acid catalysed) before cooking, where part of them are dissolved.
However, the extracts of the hardwood used in this work (Eucalyptus globulus) could contain oligomers, mainly
xylose based, that must be further hydrolysed to become a raw material for fermentation to produce e.g.
bioethanol. The primary extract from an acid hydrolysis can be directly metabolised by microorganisms being a
secondary hydrolysis worthless. On the other hand, twice the monosaccharides concentration was obtained when a
secondary hydrolysis was performed, over the extracts obtained from the primary auto-hydrolysis. The best
conditions for that reaction include 3 h of hydrolysis, with 4 %(w/w) of H,SO,4 and the highest concentration of
solids (i.e. avoiding the dilution of primary extracts), which led to a secondary hydrolysis yield as high as 84 %.

Keywords hemicelluloses, xylan, hydrolysis, xylose

1. Introduction

The permanent expectation of a new oil crisis, associated to political instability of suppliers or increasing
demand from developing countries, as well as the strong environmental impact of burning fossil resources, with
the green-house effects and climate changes, stress the need to reduce the weight of the traditional refinery in
the modern economy. Nowadays, there is a great concern about the ecological and energetic valorisation of the
forest, the wood residues and their derivatives. The biorefinery concept, providing chemicals and energy from
renewable resources, is the way to keep a high level of life quality and environmental sustainability, in a time of
irreversible shortage of fossil resources. The pulp and paper industry is the largest scale activity that already
uses renewable raw materials, taking advantage of wood cellulose to produce paper, which is a symbol of
modern life. However, other wood components, such as hemicelluloses that represent about 25 %(w/w) of the
raw material, have been partly wasted during wood chips cooking. The major pulping process, the kraft cooking,
uses a mixture of sodium hydroxide and sodium sulphide in an aqueous solution, the so-called white liquor. The
reaction occurs in a very alkaline reaction medium under hard process conditions, such as high temperatures
(140-170 °C), high pressures (7 — 12 bar) and long reaction times (1 — 3 h). In fact, part of the hemicelluloses is
dissolved in the resulting black liquor, together with lignin, being burnt in the recovery boiler to produce
electricity and thermal energy. Having lower calorific content than lignin, hemicelluloses could preferably be
extracted from wood, prior to cooking, to generate more value-added products.

To valorise this pulp process by-product, an additional unit operation for wood chips pre-treatment could be
included to extract hemicelluloses prior to cooking and produce value-added compounds, e.g. bioethanol [1].
Apart from a biodegradation process that could also be used, the previous chemical extraction of hemicelluloses
is designated here by primary hydrolysis of wood chips. This extraction can be driven by the action of
temperature (primary auto-hydrolysis), or catalysed by an inorganic acid (primary acid hydrolysis). Whatever
the methodology, both primary extracted hemicelluloses could still be oligomers that must be hydrolysed to
monomers (such as glucose or xylose) before they can be used as carbon and energy source in a fermentation
process catalysed by suitable microorganisms, e.g. for bioethanol production.

The secondary hydrolysis can be chemically catalysed and the study of the best conditions to improve its
yield, that is, to obtain the highest concentration of monosaccharides, was the aim of this study. Coming from a
hardwood (Eucalyptus globulus), the primary extracts are rich in xylan and the resulting monomers are
essentially xylose. Therefore, the scope of this work is the valorisation of hemicelluloses that, otherwise, would
be partly dissolved during the cooking process. However, the acquired knowledge can be extrapolated to a more
comprehensive biorefinery concept, where all the wood biomass can be available to be converted to fermentable
sugars.
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2. Materials and Methods

2.1 Primary hydrolysis (of wood)

Two sets of samples were obtained from the treatment of Eucalyptus globulus wood chips. The first one resulted
from an auto-hydrolysis induced at 150°C during 180 min in water. The liquid extracts had an average solid
concentration of 30 g/LL and an average xylose equivalent concentration of 9.4 g/L. The second set of samples
came from the acid hydrolysis of wood chips using 0.4% (w/w) sulphuric acid at 140°C during 180 min. The
liquid extracts obtained had an average solid concentration of 40 g/L and an average xylose equivalent
concentration of 40.2 g/L.

2.2 Secondary hydrolysis (of oligosaccharides)

The liquid extracts from the primary hydrolysis were diluted (or not) and a 50% (w/w) sulphuric acid solution
was added to achieve the desired acid concentration in a final sample volume of 50 mL. These solutions were
heated in distillation flasks using heating mantles under reflux conditions at atmospheric pressure. A set of
experiments following a 2 factorial design [2] was performed using two levels (low and high) of the three
selected variables: the acid concentration, the content of dissolved solids and the time of hydrolysis reaction
(Table 1). A further and more restrict set of experiments were carried out to better evaluate the effect of the
main variables.

2.3 Xylose evaluation

HPLC analysis [3] of liquid extracts showed that xylose was the most abundant sugar, particularly for the acid
hydrolysis. For routine analysis another method was followed to determine xylose concentration, before and
after the secondary hydrolysis. Each sample was diluted and neutralized with 10% (w/w) sodium hydroxide
solution. The samples were then submitted to the DNS (di-nitro salicylic acid) colorimetric method for reducing
sugars evaluation, as equivalents of xylose, through the use of previously prepared calibration curves. For this
purpose, analytical grade xylose from Merck was used to prepare aqueous solutions with concentrations
between 0.1 and 1 g/L and optical densities were below 0.6, read at 540 nm, using a UV/visible
spectrophotometer, model Beckman D.U. 650. The secondary hydrolysis yields were calculated by the ratio of
xylose liberated in the secondary hydrolysis to the xylose already obtained in the first hydrolysis, to evaluate the
need or the success of this second step. At least two repetitions of the assays were carried out to confirm the
results and to determine the effect of each variable and cross effects of variables, taking the yield as a dependent
variable.

3. Results and Discussion

A secondary hydrolysis was performed on the liquid extracts obtained from the treatment of eucalyptus wood
chips with aqueous solutions (auto-hydrolysis or hydrolysis catalysed by an inorganic acid). The aim of this
second reaction is to hydrolyse the dissolved hemicelluloses and, consequently, to increase the content of
monosaccharides to be used as raw material (carbon and energy source) in ethanol fermentation [3]. Eucalyptus
is a hardwood whose main hemicelluloses are polymers of xylose. Being xylose a reducing sugar, the total
content of reducing sugars, before and after the secondary hydrolysis, was evaluated by the DNS colorimetric
method, as equivalents of xylose, by using calibration curves. These values were used to calculate the yield of
monosaccharides production. The final content of xylose equivalents can be compared to the concentration of
the dissolved solids in the primary extracts (evaluated by evaporation and weighting), also to check the
specificity of the primary extraction (wood chips hydrolysis) on hemicelluloses. At the end of the reaction, and
because the mixture was acidic, samples were neutralized with NaOH to avoid interference with the DNS
quantification method. However, no interference was observed when neutralized samples were compared to non
neutralized ones and, consequently, both assays were used as replications of the analytical experiments. An
average of the replications of the xylose concentration is presented.

The hydrolysis of dissolved hemicelluloses was chemically catalysed by sulphuric acid under reflux
conditions. Three main variables were identified to be the most important ones concerning the kinetic and the
hydrolysis yield: the concentration of H,SO, (% w/w), X, the concentration of dissolved solids (g/L), x; and the
reaction time (h), x5. A factorial design with two levels for these three variables, i.e. 2°, gave a total of eight
experiments for each wood extract.
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3.1 Extracts from auto-hydrolysis of wood

In the secondary hydrolysis of the liquid extracts obtained from the auto-hydrolysis of eucalyptus wood chips,
lower and higher values of each variable were 2 and 4 %(w/w) for x;, 15 and 27 g/L for x, and 1 and 3 h for x;.
The initial concentration of dissolved solids (30 g/L) was recalculated due to dilution after addition of sulphuric
acid solution to adjust the desired acid concentration. Table 1 shows the advantage of the secondary hydrolysis
in increasing the content of reducing sugars, with a yield that reached c.a. 84%. This almost means a doubling of
fermentable sugars, thus improving the potential of wood extracts. However, the possible presence of
fermentation inhibitors would imply additional separation costs. It can also be observed that auto-hydrolysis is
not selective because it does not only extract wood carbohydrates. In fact, just 1/3 of the total extracted solids
are directly fermentable sugars and only half of them are carbohydrates, as confirmed by the xylose equivalent
concentration measured after the second hydrolysis. Other solids should be separated, e.g. by precipitation,
before fermentation. Auto-hydrolysis is, however, a soft extraction process that deserves attention mainly
because of the expectations of small negative impact on the quality of the pulp.

Table 1 Secondary hydrolysis (acid catalysed) applied to liquid extracts from wood chips auto-hydrolysis: experimental
conditions and results.

X Xy X3 [xylose] [xylose] hydrolysis
[HySO,4] [solids] t 1* hyd 2" hyd yield
(%o w/w) (g/h) (b (g/L) (g/L) (%)

2 15 1 4.7 7.0 48.9

4 15 1 4.7 8.1 72.3

2 27 1 8.5 12.3 44.7

4 27 1 8.5 14.5 70.6

2 15 3 4.7 7.7 63.8

4 15 3 4.7 8.3 76.6

2 27 3 8.5 13.4 57.7

4 27 3 8.5 15.6 83.5

The experimental plan presented in Table 1 makes evidence that 4%(w/w) sulphuric acid concentration in the
reaction mixture led to better results than 2%(w/w). Also, the time of reaction had a positive effect when it was
increased from 1 to 3 h. On the other hand, for the remaining variable under study (the concentration of
dissolved solids) the results showed that extracts must not be diluted before being submitted to the second
hydrolysis. It is evident that the best conditions found in this set of experiments include the use of liquid extracts
without dilution (except the required acid for catalysis), a concentration of H,SO, of 4% (w/w) and 3 h of
reaction under reflux operation.

The statistical treatment of the 2° factorial design of experiments [2] shown in Table 1, using normalized
values of each variable, -1 for the lower value and +1 for the higher value, provided the following model that
reproduces well the experimental yield values:

yleld (%) =64.76 + 1099X1 — 0.64X2 + 5.64X3 -1.34X1X3 +1.94X|X2 + 0.84X2X3 +1.32 X1 X2 X3

From this model it can be confirmed that the main influence on the yield comes from the sulphuric acid
(variable x;), with the highest positive coefficient, followed by the reaction time (variable x;). The concentration
of solids (variable x,) is not important, and the cross effects of variables are not significant as well.

To confirm the effect of each variable, other sets of experiments were performed, keeping constant the value
of the remaining variables. Yields presented in Table 2 confirm that dilution of liquid extracts coming from the
auto-hydrolysis of wood is not favourable, except for low values of the other two variables, the acid
concentration and the reaction time. Taking into account that the dilution of fermentable sugars does not favour
the fermentation process, extracts must not be diluted and hydrolysis yield must be controlled by the other two
variables. In addition, the reaction time must not be greater than 3 h as shown in Table 3, also because of the
energy consumed.
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Table 2 Yields of secondary hydrolysis as a function of the dilution degree of extracts, for fixed values of the other two
variables.

Dilution 1/1 1/2 1/10 Constant variables
45 49 67 [H,SO4] =2% (w/w); t=1h
Hydrolysis 58 64 56 [H,SO4] = 2% (w/w); t=3h
yield 71 72 67 [H,SO4] =4% (w/w); t=1h
(%) 84 77 33 [H,SO,] = 4% (w/w); t=3h

Table 3 Yields of secondary hydrolysis as a function of reaction time (t); [H,SO4] = 4%(w/w) and [solids] = 27 g/L.

t (h) 0.5 1 3 4
Hydrolysis yield (%) 50 71 84 40

The effect of sulphuric acid concentration was studied for 2, 4, 6 and 9 %(w/w) with non-diluted extracts
([solids] =27 g/L) and 1 h of reaction. Although better results were achieved when 4% (w/w) was used instead
of 2%, as shown in Table 1, no advantages were observed with increasing concentration beyond 6%. In fact,
hydrolysis yields of 70% and 44% were obtained for 6 and 9%, respectively. Although lower than the best value
presented in Table 1, the use of 4 to 6 % (w/w) of H,SO4 and t = 1 h (yield of 70%) allows a significant
reduction of the reaction time, important at industrial level to minimize the energy costs associated.

3.2 Extracts from acid hydrolysis of wood

Liquid extracts coming from a primary acid hydrolysis of wood chips were treated by the same process as the
ones obtained from auto-hydrolysis. However, it was observed that the reducing sugar content of the extracts
from the primary hydrolysis was already much higher than the equivalent extracts coming from auto-hydrolysis.
Additionally, the secondary hydrolysis proved to be worthless, not improving the monosaccharides content, as
shown in Table 4. The secondary hydrolysis yields were even negative, showing that a degradation of the
reducing sugars already present in the primary extracts had occurred. Longer hydrolysis of carbohydrates can
even reduce the nutritive value of the extracts to be used as culture media. Another observation from Table 4 is
that the concentration of dissolved solids in liquid extracts is similar to the concentration of reducing sugars
obtained after the first or the second hydrolysis. This means that the acid hydrolysis of wood chips is very
specific to carbohydrates, without extracting other solids in a high amount. From the point of view of obtaining
an enriched culture medium for fermentation, this last strategy seems to be favourable and it is the subject of
other study [3]. However, within the biorefinery concept application to pulp and paper industry, the main
restriction is the quality of the pulp obtained. The primary hydrolysis of wood chips, when acid-catalysed,
probably degrades the remaining polysaccharides at higher extent than the auto hydrolysis does. This last and
softer wood hydrolysis process may be selected to keep pulp quality, but a secondary hydrolysis will be
essential to convert extracts into fermentable compounds.

Table 4 Secondary hydrolysis (acid catalysed) applied to liquid extracts from wood chips acid hydrolysis: experimental
conditions and results.

Xi X X3 [xylose] [xylose]
[H,SO4] [solids] t 1% hyd 2" hyd
(%o wiw) (g/L) (h) (g/L) (g/L)

2 20 1 20.1 20.2

4 20 1 20.1 20.1

2 36 1 36.1 33.1

4 36 1 36.1 35.5

2 20 3 20.1 20.1

4 20 3 20.1 19.5

2 36 3 36.1 33.5

4 36 3 36.1 34.6

49



4. Conclusions

Eucalyptus globulus is a fast growing hardwood and is recognized as a very good raw material for pulp and
paper industry. In the cooking process part of the hemicelluloses (mainly xylan) are lost. They can be previously
extracted by an auto-hydrolysis and produce added value compounds, e.g. bioethanol. Nevertheless, the content
of fermentable sugars must be increased by further hydrolysis of extracted hemicelluloses, before they can be
used for fermentation. In this chemically catalysed reaction, the concentration of sulphuric acid and the time of
reaction under reflux conditions were found to be the most important factors that affect the yield of
monosaccharides. A catalyst concentration of 4% (w/w) of H,SO4 and 3 h of reaction almost double the
fermentable sugars concentration, with a yield of 84%. However, a faster and more economic hydrolysis can be
achieved in 1 h using a H,SO, concentration of 4 or 6% (w/w), although with a decrease of the yield to 70%. If
an acid-catalysed primary hydrolysis is applied to wood chips, the extracted hemicelluloses become mostly
hydrolysed into monosaccharides but, the remaining polysaccharides may also be partly degraded, thus affecting
the quality of the pulp.
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The mexican Bacillus thuringiensis strain, GM-33 the holotype strains for the serovar monterrey was
characterized in terms of insecticidal activity, putative cry gene content and immunological relationship of their
crystal proteins with several known insecticidal crystal proteins. Insecticidal crystal proteins from GM-33
displayed marginal toxicity against Heliothis virescens and Trichoplusia ni. The cry gene content was analyzed by
PCR method with general primers to detect cryl, cry2, cry3, cry4, cryS, cryl, cry8, cry9, cryll, cryl2, cryl3,
cryl4, cry21, and cyt genes. PCR product was detectable only with primers for the cry7A gene. The N-terminal
amino acid sequences of trypsin-resistant fragments showed three peptides of about fifteen residues each one, and
only one displayed high homology whit Cry7Aa. The 1.9 kbp-PCR product show high homology against the cry7
genes reported. Our results of DNA sequence suggest us that GM-33 harbors a gene encoding for a Cry7 protein,
however toxicity and partial amino acid sequence addressed for GM-33 could to synthesize a novel Cry protein.

Keywords Cry7, GM33, Bacillus thuringiensis

1. Introduction

Bacillus thuringiensis consist of a great number of isolates from around the world, which display toxicity
against a number of insect pests of agronomical, forest and public health importance. The entomopathogenic
activity of this bacterium depends for a large part on the production of a crystalline parasporal inclusion which
may be comprised of one or more proteins known as insecticidal crystal proteins (ICP), named Cry and Cyt
proteins, or more generally, d-endotoxins [1].

Screening programs to isolate B. thuringiensis strains from diverse origins, such as soil, dead insects, plant
surfaces, stored grains and fresh water or marine environments revealed that it is a ubiquitous bacterium. Crystal
proteins have a large range of specificities against species of different insect orders (Lepidoptera, Diptera,
Coleoptera, Hymenoptera, Homoptera, and Mallophaga), Acari and other invertebrate organisms, but also some
have no known biological activity [2]. B. thuringiensis strains and their genes coding for ICPs have been
identified and classified on basis of their cry gene sequences and flagellar antigens (antigen H). To date, the
nucleotide and deduced amino acid sequences of more than 300 cry genes have been compared and classified in
51 groups and more subgroups (http://www lifesci.sussex.ac.uk/home/Neil Crickmore/Bt/index.html) [1]. The
classification of B. thuringiensis strains based on H-antigens, shows a high variability in the strains isolated
around the world [1, 2, 4, 6]. Sixty-nine serotypes and 13 sub-antigenic groups have been identified, giving 82
serovars among the 3500 isolates deposited in the International Entomopathogenic Bacillus Center (Institut
Pasteur) collection [3]. The strain, named GM-33, was isolated by our research group and classified as holotype
strain for H-28a28b serovar monterrey, [3]. In spite of intensive screening programs and development of
polymerase chain reaction (PCR) strategies to identify putative cry genes [2, 4, 6], many B. thuringiensis strains
remain to be characterized at serotype and/or biological activity level. In this work, we report the
characterization of the ICP from the Mexican serotype strain in terms of their biological activity, putative cry
gene content, and crystal protein profile.

2. Material and methods

2.1 B. thuringiensis strains: Typical proteinaceous crystal present in GM-33 strain was identified by phase-
contrast microscopy. The B. thuringiensis strain was classified by the Institute Pasteur (Paris) and it was
recognized as holotype for new the serotype H-28a28b serovar monterrey [3]. The B. thuringiensis strains HD-
1, HD-73 (positive control for lepidopteran bioassays), and HD-511 used as reference in this study were
obtained from our own collection. The B. thuringiensis var. tenebrionis (strain 4AA1), was obtained from the
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Bacillus Genetic Stock Center, Ohio State University, and was used as positive control in the coleopteran
bioassays. All strains were maintained on nutrient agar medium (Difco).

2.2 Spore-Crystal mixtures: A single colony was seeded on nutrient medium agar, 5 petri dishes per strain and
incubated for 3-4 days at 30 °C. Spore-crystal mixture were harvested, and washed twice with sterile bidistilled
water. Protein concentrations were determined with the Lowry method [5].

2.3 Insect bioassays: Insecticidal activity of B. thuringiensis spore/crystal-mixtures (50 and 100 pg of total
protein) was tested against several Lepidopteran (Heliothis virescens, Trichoplusia ni and Spodoptera exigua),
and Coleopteran (Leptinotarsa decemlineata) pests. Biological activity against lepidopteran was carried out with
neonate larvae as reported by Bravo et al [2]. Bioassays with coleopteran were done as follows: Six potato leave
circles were dipped in a suspension of spore-crystal mixture and allowed to dry. Larvae (12 per circle) of L.
decemlineata were placed on leaves and incubated. All bioassays were done in triplicate and repeated on three
different days. Mortality percentage was recorded after 7 days and 76 h for lepidopteran and coleopteran larvae,
respectively.

2.4 Identification of cry genes: B. thuringiensis strains were grown on nutrient agar for 12 h at 30°C. A loop
was transferred to 100 pl of sterile water, and placed in a boiling water bath for 10 min. Cell lysates were
centrifuged at 12,000 rpm for 10s (Eppendorf model 5415C centrifuge), and 35 pl of supernatant were used as
DNA sample for PCR experiments. In order to detect cryl genes, we used the primers reported by Cerdn et al
[6] and Bravo et al [2]; for cry2 genes we used primers designed by Ibarra et al [7]. While the primers Un3(d)-
Un3(r) and Un7,8(d)-Un7,8(r) were used to amplify the cry3, cry7 and cry8 genes, respectively [4]. In the other
hand, the genes cry9A, cryll, cryl3, nematocidal and cyr genes were searched with the primers reported early
[2]. PCR mixtures and conditions were carried out as reported by Ben-Dov et al [4]. DNA amplifications were
carried out in a DNA thermal cycler (Perkin-Elmer model 2400). PCRs products were separated by
electrophoresis on 2% agarose as reported earlier [12].

2.5 Cloning and partial characterization of PCR products: PCR products were purified by using Wizard®
PCR preps DNA purification system (Promega), and cloned in Escherichia coli with pGEM-T easy vector II
(Promega) following suppliers indications. Putative positive clones were selected subject to another PCR with
specific primers. Nucleotide sequence from three different colonies was performed in a capillary sequencer
(ABI PRISM® 310™. Applied Biosystems). Sequence was compared using basic BLAST (April 2007.
http://www.ncbi.nlm.nih.gov/BLAST/). Base on the sequence obtained, a new primer sets were design, from
the new sequence to the transcriptional terminator.

2.6 Crystal protein analysis and ICP digestion: Protein profiles of the crystals were analyzed by sodium
dodecyl-sulfate polyacrylamide gel electrophoresis (SDS-PAGE). Spore-crystal mixtures (2-3 micrograms)
were dissolved in sample buffer and separated on 10 % polyacrylamide gels. SDS-PAGE conditions were
performed as mentioned elsewhere [8].

2.7 N-terminal protein sequencing: Proteins were separated on SDS-PAGE as mentioned before. Gels were
treated in two ways, one gel was blotted onto nitrocellulose while another band of ca. 130 kDa was elicited,
purified and digested with trypsin. Peptides were separated using a 2.1 mm C-18 column on a Michrom MAGIC
2002 HPLC. The N-terminal amino acid sequences of trypsin-resistant fragments were performed automated
Edman degradation using a Procise 494 (Applied Biosystems).

3. Results

3.1 B. thuringiensis strains and their biological activity: B. thuringiensis strain GM-33 and two well known
B. thuringiensis strains were inspected under phase-contrast microscopy and proteins from their crystals
separated on SDS-PAGE. GM-33 synthesizes a typical bipyramidal crystal (not shown), which is composed of
prominent protein band of ca. 130 kDa (Fig. 1A). In order to know the toxicity of crystals from the serovar
monterrey, we performed bioassays against larvae of three lepidopteran and one Coleopteran species. Mortality
results showed that the Mexican strain GM-33, displayed a mortality of 24, 24 and 14% against H. virescens, T.
ni and S. exigua, respectively, at dosage of 100 pg. All strains used as positive control gave 100% mortality at
both 50 and 100 ug dosage. However HD-511 was negative for both lepidopteran insects.

3.2 Identification of cry genes: The cry gene content was performed using general primer pairs for the presence
of nine cry gene classes and cyt genes. GM-33 gave a single DNA band at same position that HD-511, which
has only cry7A gene, as indicated by the production of a 420bp PCR-product with the Un7/8 primers (Fig. 1B).
This PCR product was cloned and sequenced. Nucleotide sequence gave a good match, almost 97%, with cry7A
gene (Data not shown). A new pair of primers were designed according cry7A gene sequence, from the
promoter to the 420 bp sequenced region (2.2 kbp), and one from this region to the transcriptional terminator
(1.5 kbp). The 1.5 kbp and 420 bp fragments were cloned and sequenced (Fig. 2). Deduced amino acid sequence
displayed high homology (92%) with cry7Aa gene (data not shown). DNA sequence of 2.2 kbp fragment is in
progress.
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Figure 1: Analysis of the protein profile (A) and
the PCR amplicons (B) of the GM-33 and control
strains: A) Lanes: 1, molecular weight markers
(kDa); 2, HD73; 3, GM-33; 4, HD511. B) Lanes:
1, ladder of 100 bp; 2, HD-511; 3, GM-33; 4,
ladder of 200-1000 bp.

3.3 Crystal protein analysis, ICP digestion and N-terminal sequencing: Crystal proteins were separated on
polyacrylamide gels and the 130 kDa band was elicited, digested with trypsin and N-terminal protein sequence
of three different peptides was performed. Results showed the amino acid sequences 1) TSGYISSGEYSFR; 2)
LHGSTDEQDINYNTXXQES; and 3) TPGLVYLL(V)G. Only sequence 1 displayed high homology (92%)
with Cry7Aa protein, it mapped in since residue 377. However, other sequences do not show homology with
known proteins (data not shown).

.. Toxdn |

2.2kbp

420bp
lery7- llery7 — 1.5kbp

Un7.8 F-R
1l ery7-1V Cry7

Figure 2: Amplification strategy of the complete gene: A) A
schematic view of the cry7 gene based on reported by Lambert et
al. (1992) with the primers used for the amplification and size of
the amplicons. B) Lines: 1, DNA molecular size (kbp); 2, HD-511
as figure 1B; 3, HD-511 with primers Illcry7-IVery7; 4, HD-511
with primers Icry7-Ilcry7; 5, GM-33 with primers Illcry7-IVcery7;
6, GM33 with primers Icry7-Ilcry7.

4. Discussion

In this study, we present the biological activity, identification of putative cry gene and characterization of the
ICPs from the Mexican B. thuringiensis strain GM-33 recognized as holotype for the flagellar serotype H-
28a28b serovar monterrey. Bioassays showed that GM-33 displayed a marginal effect against H. virescens and
T. ni, but none were toxic against Colorado potato beetle. This strain was negative for f-exotoxin (data not
shown), suggesting that the crystal proteins are responsible for the detected biological activity. Prelimnary
results with mosquitoes’ larvae are consistent with those reported by Guerchicoff et a/ (2002) who found no
toxic effects of the GM-33 strain on Culex or Aedes sp, nor the presence of cyt genes encoding proteins with
known mosquitocidal activity. PCR results revealed that our strain was negative for cryl genes even that these
primers could to detect since crylA to cry1K. PCR amplification and their nucleotide sequence, suggest that the
GM-33 strain synthesizes a Cry7A-like protoxin. At time we can not explain the reason of the GM-33 toxicity.
In early reports were highlighted that proteinases kind, play an important role in correct protoxin activation and
this step could to determine the toxicity level against a specific target. Specifically, the Cry7A protein is a good
example, because it can be toxic against coleopteran only after it was solubilized and processed with trypsin
(Lambert et al., 1992). Partial amino acid sequence from three different tryptic fragments of ICP from GM-33,
reveled that only labeled as 1 had, almost perfect homology with Cry7A protein at 377 position, but another had
any homology with known protein sequence. These results suggest us that GM-33 could harbors a novel cry
gene, who is be very similar but not identical to cry7A gene. Screening based on PCR methodologies represent a
power tool to search cry genes in a great number of isolates, because it approach give a fast answer on the
presence/absence of cry genes but PCR does not tell us if genes being present or not in the crystals. For these
reasons, bioassays represent the ultimate test to assess the toxicity of an isolated strain. Finally, our results
suggest that B. thuringiensis strain GM-33 could to synthesize putative novel Cry protein and they ones could
display activity against new targets. The characterization of B. thuringiensis strains is very important not only to
increase the knowledge of this bacterium group but also, because it may help to understand the putative role of
B. thuringiensis in the environment.
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1 AAGCAGTGAATGCCTTGTTTACAGAGGGAAGAAATGCACTCCARAAACACGTGACAGATTATAAAGTGGACCAGGTTTCAATTTTAGTGG
Transl. AV N AL FTEGIRNALIOQIE KHV TDY KV D OQV S I L V

91 ATTGTATATCAGGGGATTTATATCCCAATGAGAAACGCGAACTACAAAATCTAGTCAAATACGCAAAACGTTTGAGCTATTCCCGTAATT
Transl. D ¢ I § G D L Y P N E K R E L Q N L V K Y A K R L S Y S R N

181 TACTTCTAGATCCCACATTCGATTGTATTAATTCATCTGAGGAGAATGGTTGGTATGGAAGTAATGGTATTGTGATTGGAAATGGGGATT
Transl. L L L D P T F D C I N § S E E N G W Y G S N G I vV I G N G D

271 TTGTATTCAAAGGTAACTATTTAATTTTTTCAGGTACCAATGATACACAATATCCAACATATCTCTACCAAAAAATAGATGAATCCAAAC
Transl. F VvV F K 6 N Y L I F $ G T N D T Q Y P T Y L Y Q K I D E S K

361 TC. GAATATACACGCTATAAACTGAAAGGTTTTATCGAAAGTAGTCAGGATTTAGAAGCTTATGTGATTCGCTATGATGCAAAACATA
Transl. L K E Y T R Y K L K G F I E s § Q D L E A Y V I R Y D A K H

451 GAACATTGGATGTTTCTGATAATCTATTACCAGATATTCTCCCTGAGAATACATGTGGAGAACCAAATCGCTGCGCGGCACAACAATACC
Transl. R T L D V §$ D N L L P D I L P E N T C G E P N R C A A Q Q Y

541 TGGATGAAAATCCAAGTTCAGAATGTAGTTCGATGCAAGATGGAATTTTGTCTGATTCGCATTCATCTTCTCTTAATATAGATACAGGTT
Transl. L D E N P S § E ¢C S s M 9 D G I L § D S H S S S L N I D T G

631 CTATCAATCACAATGAGAATTTAGGAATTTGGGTGTGGTTTAARATTCCGACATTAGAAGGATATGCGAAATTTGGAAATCTAGAAGTGG
Transl. S I N H N E N L G I W V W F K I P T L E G Y A K F G N L E V

721 ATGAAGATGGCCCAGTTATTGGAGAAGCATTAGCCCGTGTGAARACGCCAAGAAACGAAGTGGAGARACAAGTTAGCCCARATGACAACGG
Transl. D E D G P V I G E A L A R V KR Q E T K W R N K L A Q M T T

811 AAACCCAGGCGATTTATACACGAGCAAAACAAGCGCTGGAATATCTTTTTGCGAATGCACAAGACTCTCACTTAAARAAGARATGTTACAT
Transl. E T Q A I Y T R A K Q A L E Y L F A N A Q D S H L K R N V T

901 TTGCGGAAATTGCGGCTGCAAGAAAGATTGTCCAATCAATACGCGAAGCGTATATGTCATGGTTATCTGTTGTTCCAGGTGTAAATCACC
Transl. F A E I A A A R K I V Q § I R E A Y M S WL S V V P G V N H

991 CTATTTTTACAGAGTTAAGTGGGCGAGTACAACGAGCATTTCAATTATATGATGTACGAAATGTTGTGCGTAATGGTCGATTCCTCAATG
Transl. P I F T E L § G R V Q R A F Q L Y DV R N V V RN G R F L N

1081 GCTTATCCGATTGGATTGTAACATCTGACGTAAAGGTACAAGAAGAAAATGGGAATAACGTATTAGTTCTTAACAATTGGGATGCACAAG
Transl. 6 L. § D W I v T s D V K V Q E E N G N N V L V L N N W D A Q

1171 TATTACAAAACGTAAAACTCTATCAAGACCGTGGGTATATCTTACATGTAACAGCGCGCAAGATAGGAATTGGGGAAGGATATATAACGA
Transl. V. L. Q N Vv K L Y 9 D R G Y I L H V T A R K I G I G E G Y I T

1261 TTACGGATGAAGAAGGGCATACAGATCAATTGAGATTTACTGCATGTGAAGAGATTGATGCATCTAATGCGTTTATATCCGGTTATATTA
Transl. I T D E E G H T D Q L R F T A C E E I D A S N A F I S G Y I

1351 CAAAAGAACTGGAATTCTTCCCAGATACAGAGAAAGTGCATATAGAAATTGGCGGAACCGAAGGGATTTTCCTGGTGGAAGGTATATTAG
Transl. T K E L E F F P D T E K VvV H I E I G G T E G I F L V E G I L

1441 AGGTATTTTTGAGATTGGAGAGCTATGTTATATAGGGAGAGTTTTCCACCAATATTTGTTTGGATTCAAAATAAAATAARATGCATACAA
Transl. E V F L R L E S Y V I ***

1531 TCCTTCTTATTCCAGCGGGTATTCTTAATTAATTATAAATATAGGGTTGGAAAGGTTTAAAAATAAAACCACCGCCTTATTTCCCCATTA
1621 CTAGAAAGTGGAGGGAAGGTACCGTGGTTTTTCCATGAGGTAAARAAAACAAATTAGCGTATATTATCCTTAATTTCTTCCTAATAGARAAG
1711 AAAGCGGGATTTGGATTAAAGAACCCGTAAAGGTGGACAGGGARAATTAGGCATTTTATATCTTATTACCTGCAAAGTCCCARACAARTGA
1801 GGGTAGTATGAGGTGACAAAAACGCTTTGAAGTTTTCCAARAAAGAAATCAAGTACAAATTGAAATTAGTACAACAAATGTTATTTCTTT
1891 AGTAGAACGTATAGAATTATTATGTTTGGAAG

Figure 3: Nucleotide sequence and deduced amino acid sequence of the Cry7-like partial gene (Genebank access:
EU274300). The deduced Aminoacid sequence is show in one-letter code.
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The search for new antifungal biocontrol strategies to inhibit the growth of phytopathogenic fungi has been
focused on the genus Streptomyces and related species. Actinomycetes were isolated on starch casein agar (SCA),
arginine glycerol salts agar (AGSA), and glycerol asparagine agar (GAA), and co-cultured with phytopathogenic
fungi in potato dextrose agar (PDA) and yeast extract malt extract agar (YMA). In this work, we have isolated 52
actinomycete strains, 13 of them showing high inhibitory activity against the phytopathogenic fungi tested.
Isolated strains were identified by chemotaxonomic procedures, 16S rDNA sequences analysis, and
morphological methods. These strains belongs to the species Streptomyces variegatus, S. griseoruber, S. lusitanus,
S. roseogriseus, S. coeruleorubidus, S, griseoruber, S. lincolensis, S. aureoverticilatus, S. speibonae, and
Lechevalieria xinjiangensis.

Keywords Streptomyces, phytophatogenic fungi, composted two-phase olive mill waste

1. Introduction

Actinomycetes are Gram positive bacteria with high GC content in their genome. They are an integral part of the
indigenous soil microbiota involved in the turnover of recalcitrant plant organic matter. They are well-known
major sources of potentially important secondary metabolites. The search for new antifungal biocontrol systems
to inhibit the growth of phytopathogenic fungi has been focused on the genus Streptomyces and related species.
About 60% of the products with antifungal activity developed for agricultural use have been isolated from
Streptomyces spp. It has been recognized that the control of fungal plant diseases with compost can be as
effective as that obtained with chemical fungicides [1]. Different mechanisms have been proposed to explain the
control of the plant diseases by compost applications such as competition for nutrients or antibiotic production
by beneficial microorganisms [2]. In our search program for actinomycetes producing antifungal antibiotics
useful for the control of plant diseases, we have isolated actinomycetes with antifungal activity against
phytopathogenic fungi from compost and soil amended with this compost.

2. Material and methods

2.1 Sample collection

Actinomycetes were isolated from one soil sample amended with two composts (based on two-phase olive mill
waste mixed with other organic residues) and 1 soil sample without compost. Soil sample were located at
39°45°04"" in latitude and at 0°41°10"" longitude.

2.2 Actinomycete isolation

Soils samples and soils amended with compost were homogenized in buffered peptone water at 100 rpm for 30
min. Ten-fold dilutions were made and plated onto starch casein agar (SCA), arginine glycerol salts agar
(AGSA), and glycerol asparagine agar (ISP-5) supplemented with cyclohexamide (50 mg/L)[3]. Plates were
incubated at 28°C for 14 and 21 days until sporulated actinomycetes colonies were visible. Isolates were purified
in yeast extract malt extract agar (YEME) and stored at 4°C in slant agar and in 20% glycerol at -20°C.

2.3 Fungal cultures

Fusarium oxysporum f. sp. melonis (CECT 20474), Phytophthora cinnamomi (CECT 20186), Pythium
debaryanum (CECT 2362), Sclerotinia sclerotiorum (CECT 2823), Thanatephorus cucumeris (CECT 2813)
were cultured on potato dextrose agar (PDA) for 5-7 days at 28°C.
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2.4 Microbial antagonism plate assays

Each actinomycete isolated was streaked onto yeast-malt extract agar (YMA) [4] and potato dextrose agar
(PDA) [5][6] and incubated at 28°C for 7 days or until sporulation was observed. Four agar plugs of 0.6 cm in
diameter corresponding at four actinomycetes isolated with actively growing were placed onto YMA and PDA
medium and incubated for 7 days at 28°C. Following this time, a plug with actively growing fungal mycelia was
placed in the centre of the plate and cultured at 28°C for 7-14 days. Antagonism was determined as the distance
between actinomycete growth and fungal growth. The distance between the actinomycetes plug and fungi plug
was 3 cm.

2.5 Identification of antagonistic actinomycetes

Actinomycete strains were growth on YEME medium for 5 days at 28°C. The isomers of diaminopimelic acids,
the sugar composition of whole-cell walls, mycolic acids were determined by standardized procedures [7][8][9].
Total genomic DNA from pure culture colonies was extracted following the CTAB procedure and subjected to
PCR amplification with primers 27f and 1525r [10]. Reactions were performed in a final volume of 25 ul
containing 0.2 mM of each of the four dANTPs (Ecogen), 0.4 uM of primer 27f and primer 1525r, 1 ul extracted
DNA, 1.5 uM MgCl,, and 1.25U Taq DNA Polymerase (Ecogen) with 1x reaction buffer (10x buffer:
160 mM (NH,),SO,4, 670 mM Tris-HCI1 (pH 8.8 at 25°C), 0.1 % Tween-20). Amplification was performed in a
PTC-100 Peltier Thermal Cycler as follows: after an initial denaturation step (95°C, 5Smin), 30 cycles of
denaturation (95°C, 1 min), annealing (54°C, 1min), and extension (72°C, 1 min) were performed, followed by a
final extension (72°C, 10 min). Controls without template DNA and without DNA were included in each PCR
experiment. The PCR product was purified with the Gen Elute PCR Clean-up Kit (Sigma) and sequenced with
the same sets of primers using an ABI PRISM® BigDye™ Terminator Cycle sequencing kit (version 3.1).
Sequencing gel electrophoresis was carried out and the nuceotide sequences were automatically obtained by
using an Applied Biosystems 3730x] DNA Analyzer. The 16S rRNA gene sequences were manually assembled
from the combination of separate fragments generated with forward and reverse sequencing primers using the
PHYDIT program [11] and were obtained an almost complete sequence of each 16S rRNA gene. With these
sequences actinomycete identification was carried out using the program BLAST (Basic Local Alignment Tool).
Aerial spore-mass colour, substrate mycelial pigmentation and the production of diffusible pigments were
recorded on the International Streptomyces Project culture media (and incubated 28°C for 14 days). The spore-
chains morphology was examined by light microscopy of 10-14 days cultures growth on glycerol asparagine
agar (ISP-5). For the detection of chitinase activity, actinomycetes strains were streaked on agar plate medium
containing 0.2% colloidal chintin, 0.05% KCI, 0.1% K,HPO,, 0.05% MgSO47H,0, 0.001% FeSO,4, 0.05%
yeast extract, and 2.0% agar (pH 7.0) and were incubated at 28°C for 3 to 14 days. Chitinase production was
assessed by visual inspection of cleared zones formed around colonies [12].

3. Results and discussion

We have isolated 52 actinomycete strains using the selective media SCA, AGSA and ISP-5, thirteen of them
showing a high inhibitory activity against the phytopathogenic fungi tested. In Table 1 is shown the antagonistic
pattern of this isolates. Mayor inhibition (+++) was scored as a separation between actinomycetes and fungi of 2
cm, intermediate inhibition (++) as a 1 ¢cm, and a minor inhibition (+) was scored as 0.5 cm separation. No
inhibition was scored when contact between actinomycetes and fungi existed.

All isolates, except strain T2-19, were presumptively assigned to the genus Streptomyces by their
characteristic colonies and pigmentation properties. All the actinomycete strains produced moderate to abundant
aerial hyphae, however strain T2-19 produced scant aerial hyphae. They are aerobic, Gram-positive, and
fragmentation of mycelium did not occur. Colours of the isolated strains were ranging from orange, brown, to
yellow. Amino acids in the peptidoglycan layer in all strains were LL-diaminopimelic acid. Mycolic acids were
not detected. Melanin pigments were produced in 8§ of the strains.
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Table 1 Antifungal activities of the actinomycetes isolated that showed the highest antagonistic pattern in YMA
and PDA media

Fusarium Phytophthora Sclerotinia Pythium Thanatephorus
Actinomycete oxysporum cinnamomi sclerotiorum debaryanum cucumeris
strain f. sp. melonis

YMA PDA YMA PDA YMA PDA YMA PDA YMA PDA
C0O2-9 - - ++ + - - - - ++ -+
CO2-16 ++ ++ ++ + A +++ ++
ME-5 - ++ - ++ - - - +++ - +
S-1 -+ A ++ o e e T e e+
S-2 ++ e i = S R o S I e+
S-3 e s ++ o e e T e e+
S-5 ++ ++ ++ ++ + ++ + ++ -+ A+
S-6 A+ A A A + A+ A+
S-7 - i - 4 - A -+
T2-10 - - ++ - - - - ++ ++
T2-19 - - ++ ++ + - + + + +
T6-32 - - ++ - ++ - ++ - + -
T8-2 - + - + - + - + ++ ++

Table 2 shows the identification resulting from 16S rRNA gene sequence analysis and phenotypic test. As a
result, the 13 isolated strains with inhibitory activity belonged to the species Streptomyces variegatus, S.
griseoruber, S. lusitanus, S. roseogriseus, S. coeruleorubidus,, S. lincolensis, S. aureoverticilatus, S. speibonae
and Lechevalieria xinjiangensis. Six of these species (CO2-16, S-1, S-2, S-3, S-5, S-6, and S-7) showed the
highest antagonistic activity against the five phytopathogenic fungi. In these cases the maxim activity was
detected in PDA medium. It is remarkable that L. xinjiangensis T2-19, although not shows the maxim activity,
is able to inhibit the growth of four from the five fungi. Lechevalieria was proposed in 2001 [13] and, at present,
it is not known the antagonistic activity against fungi. This strain showed chitinase activity and this could be the
mechanism for fungi inhibition. Chitinolitic activity is well known in higher plants and Streptomyces, but there
aren’t any paper describing the chitinolitic activity in Lechevalieria; therefore, this genus can be a new agent of
control of phytopathogenic fungi. In the last decade researches have been focussed on rare genera of
actinomycetes as producers of new activities. In this study we showed a known activity in Streptomyces such a
chitinase in a relatively new genus such as Lechevalieria.

Table 2 Identification of actinomycete strains by 16S rDNA analysis and phenotypic test

Identification by analysis of DAP Aerial spore Melanin Difusible  Chitinase

16S rDNA sequences isomer  mass colour  production pigment production
S. lincolnensis C0O2-9 L Light green + + -
S. aureoverticillatus CO2-16 L Dark orange + - -
S. speibonae ME-5 L Light grey - - -
S. variegates S-1 L Dark orange + - -
S. variegates S-2 L Orange-red + - -
S. variegates S-3 L Light orange + - -
S. griseoruber S-5 L Blue-green + -
S. lusitanus S-6 L Dark yellow - - -
S. roseogriseus S-7 L Light grey - - -
S. coeruleorubidus T2-10 L White green + + -
L. xinjiangensis T2-19 Meso  Beige - - +
S. griseoruber T6-32 L Blue-green - + -
S. griseoruber T8§-2 L Blue-green + - -

4. Conclusion

It has been widely demonstrated that actinomycetes play an important role in the last phase of the composting
process due to its ability for the degradation of recalcitrant organic compounds. The use of actinomycetes with
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antifungal activity like inoculum in composting can offer new possibilities in the control of phytopatogenic
fungi. Although there are a lot of reports about the suppressive effects of compost, no information is currently
available about the use of antagonistic actinomycetes like a starter culture for composting; therefore, further
studies should be made in order to investigate the role of antifungal actinomycetes in the last phase of
composting and its activity “in vivo”.
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using 16s rRNA gene sequence analysis

A. Deljoul, K. Mousavi', A. Ghasemi’and H. Rahimian®

!"Faculty of Agriculture, BuAli-Sina University,Hamedan, Iran
2Evin Plants Pests & Diseases Resrch Center , Tehran Iran
3Faculty of Agriculture, Mazandaran University, Sari, Iran

In a study performed to assess Alfalfa bacterial vascular diseases, we isolated bacterial endophytes as associated
agents with bacterial vascular disease, residing in root tissues and identified them as Mycobacterium sp. based on
16s rRNA sequence analysis and protein SDS-PAGE profiling. Comparison of 16s rRNA sequences with those
previously deposited in databases, showed >%99 sequence similarity with Mycobacterium species.
Mycobacterium sp. have been previously isolated from some agronomic crops and perennial plants like wheat and
scot pine, but this may be the first report of isolation of Mycoabcterium sp. as endophytes from alfalfa root.

Keywords Mycobacterium sp; 16s rRNA

Introduction

Various kinds of microorganisms have been found inside plants. These microbes (Endophytes) include fungi,
actinomycetes and bacteria (1). Microbial endophytes are defined as microorganisms detected inside surface
sterilized plants (2). Endophytes can be either pathogenic or non-pathogenic to their host (1).

Both gram positive and gram negative bacterial endophytes have been isolated from several tissue types in
numerous plant species (3). Furthermore, several different bacterial species have been isolated from a single
plant (3). The microorganisms can reside within cells (4), in the intercellular spaces (5) or in the vascular system
(6).

Mycobateria are gram positive actinobacteria that are distributed widely in water and soil (7) and reported to
be one of the 14 most abundant genera from soils, accounting for about 2.6% of total soil habitants (8).

In previous studies mycobacterium sp. had been isolated as endophytes from Wheat (9) and Scots pine (10). In
this study, as a result of surveying alfalfa wilt disease, we found Mycobacterium sp. as endophytic
microorganisms in alfalfa roots.

Materials and Methods

Isolation of Endophytic Bacteria

Plant samples were collected from different Alfalfa fields of Hamadan province (Iran). Samples were transferred
to the laboratory and were thoroughly washed with running tap water to remove soil particles. Roots were cut
and surface sterilized with ethanol 70% for 1.5 minutes, Sodium Hypochlorite %3.75 for 6 m and then ethanol
70% for 45s. Root segments were rinsed three times with sterile distilled water to remove completely
hypochlorite from root surface. Roots were chopped into 0.5 cm pieces and were suspended in 2 ml sterilled
double distilled water. Resulted suspension were streaked on Corynebacterium agar and placed in incubator with
temperature 22-24 C. Appearing creamy yellow colonies after 7-8 days were picked and were smeared on
Corynebacterium agar medium and purified.

Biochemical Tests

Oxidase reaction was done according to Kovacs. Catalase reaction, gelatin, esculin, starch, casein of milk and
tween80 hydrolysis, levan production, DNAase test and motility were done according (11).

DNA Extraction

Isolates were cultured on liquid medium and were shaked at 26-27C° for 3 days. DNA was extracted by the
method of (12).
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PCR Amplification and 16s rRNA Gene Sequencing

The eubacterial universal primers fD1 (AGAGTTTGATCCTGGCTCAG) and D1
(AAGGAGGTGATCCAGCC) (13) were used for amplification of 16s rRNA gene from bacterial isolates. Each
reaction mixture contained 1X PCR buffer, 2.5 unit Taq DNA polymerase, 1.5 mM magnesium chloride, each
dNTPs at a concentration of 0.2 mM, each primer at a concentration of 0.1 mM and 10 ng DNA in a 50ul PCR
tube The thermocycling reactions consisted of a denaturation step at 94 C° for 3 min, 30 amplification cycles of
93 C* for 1 min, 53 C° for 1 min, and 70 C° for 1 min and a final polymerization step of 70 C° for 7 min.with an
Eppendorf PCR system. Sequencing was performed using fD1 primer by an automated sequencer (13).

Phylogenetic Analysis

Approximately 850 bp was used for phylogenetic analysis. The phylogenetic position of the isolates were
determined by searching NCBI databases with the BLAST program. Multiple alignment was done by ClustalX
program and the phylogenetic tree was made by MEGA4 software using neighbour-joining method with 2000

bootstrap replicates.

Results and Discussion

Biochemical Tests
Catalase, oxidase, citrate and tween80 hydrolysis tests were positive. Other performed tests were negative and
some of them were variable. Results of biochemical tests are shown in Table 1.

PCR reaction resulted in a single 1.5 kb band and this indicates that the universal primers, specifically
amplified the entire 16s rRNA gene with a size of 1.5 kb (figure 1). Nearly 850 bp of 16s rRNA gene sequence
was determined with fD1 primer and was used in phylogenetic analysis.

Sequences were searched in NCBI databases by BLAST program and the sequences most similar to the
isolates were found. The partial 16s Rrna gene sequence of the isolates showed the most similarity with
Mycobacterium sp., strain EF405863.1. The 16s Rrna gene sequence of the samples were 99-100% similar to
those of Mycobacterium sp. Based on 16s Rrna sequence data and the phylogenetic tree made of these
sequences, the isolates formed a monophyletic cluster with Mycobacterium sp. strain EF405863.1., paraphyletic
to those of other Mycobacterium sp. The most variable regions of 16s r RNA gene in Mycobacterium sp. are the
regions between bases 180-420 (14) that sequencing of these regions could be used for isolate identification and
in most papers, >99% similarity is assumed as intra-species value (15). Based on blast search of isolates
sequences and the resulted phylogenetic tree, the isolates belong to Mycobacterium sp (figure 2).

The habitat inside plants is a dynamic environment in which many factors affect structure and combination
of microbial species (16). The endophytic populations of a variety of plants are affected by a number of
biological and environmental factors such as plant cultivar, plant age, tissue type, time of sampling, and soil
environment (9). In many articles, there are reports on endophytic nature of human bacterial pathogens and on
the contrary, human tissues infection by bacterial plant pathogens. In a study funke et al. (2005) found
curtobacterium sp. Especially C. flaccumfaciens from human clinical specimens (17). Some strains of
Curtobacterium flaccumfaciens are endophytic plant pathogens. In other cases, endophytes have been found to
be closely related to human pathogens or are either human or opportunistic human pathogens. This is the case of
endophytic Salmonella strains, which have caused outbreaks and constitute a health risk for consumers of raw
fruits and vegetables (18), and of the Burkholderia cepacia strains isolated from plants (19). As Burkholderia
cepacia causes pulmonary infection (even fatal) in human cystic fibrosis patients, a reassessment of the risk and
a moratorium on the agricultural use of Burkholderia strains have been suggested. Nocardia endophytes have
been isolated from members of genus Citrus. Some Nocardia species are known to be human pathogens causing
nocardiasis that is transmitted by soil. In previous studies mycobacterium sp. have been isolated from Wheat
and Scots pine, but this may be the first report of identifying Mycobacteria in Alfalfa (Medicago sativa). Since,
some of Mycobacterium sp. are important and dangerous human and animal pathogenic factors, discovering
these species in alfalfa roots as endophytes could be of great importance for human health and nutrition.
Following these results and results of previous studies, it is recommended to better recognize crop plants
endophytic bacterial populations, because some of them could be of great importance for human and livestock
health.
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Table 1- Biochemical tests of bacterial isolates

Isolates

Test Feizl | Feiz2 | Amz2| Jahan| Zamaj] Var2 | Koz2 | Mosle] Ghl | Gh2 | Zamal Gh3

Pathogenicity | + + + + + + + + T T n n

Gram staining| + + + + + + + + + + + +

Colony color | CY CY CY CY CY CY CY CY CY CY CY CY

Oxidase - - - - - - - - - - _ _

Catalse + + + + + + + + + + + +

Oxidative + + + + + + + + + + + +

Movement

citrate + + + + + + + + + + + +

Glatin - - - - - - - - - - - -

Casein - - - - - - - - - - - -

Esculin A% W - - - - - - - - - -

Starch - - - - - - - - - - - -

Twee- 80 + + + + + + + + + + + +

DNAase - - - - - - - - - - - -

Levan - - - - - - - - - - - -

Asetate - - - - - - - - - - R -

Format - - - - - - - - - - - -

Inulin - - - - - - - - - - - -

Sorbitol - - - - - - - - - - - -

Riboze - - - - - - - - - - - -

15kh = - e @ T 0 S S S == g S e e S S S W .-

Figure 1: Gel electrophoresis of PCR products
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Mycobacterium parafortuitum (X93183.1)
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n.oz

Figure 2: Phyologenetic tree based on 16s rRNA GENE
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A.m. is a world-wide pathogen for conifers, ornamental trees as well as fruit trees such as Prunica persica.
Cytochromes ¢ oxidase, ¢ and b were detectable in mitochondria isolated from A.m. rhizomorphe grown in semi-
solid malt-agar-sucrose medium. The mitochondria oxidized NADH, succinate and TMPD-ascorbate; rotenone,
antimycin A, and KCN inhibited NADH, succinate and TMPD-ascorbate oxidation, respectively. In mitochondria
isolated from rhizomorphe grown in liquid medium with glucose, cytochrome ¢ oxidase was not detectable, while
cytochromes b and ¢ were present. In mitochondria isolated from A.m. rhizomorphe grown in liquid medium with
ethanol, or from A.m. mushroom (carpophore, cap and stem), all three cytochromes were present. Data showed
that A.m. in the mushroom state or cultivated in vitro exhibited all cytochromes, but that it lacked cytochrome ¢
oxidase when cultivated with glucose, suggesting an alternative electron transport pathway in its mitochondria.

Keywords respiratory chain; mitochondria; mushroom; rhizomorphe; Armillaria mellea

1. Introduction

Armillaria mellea (Fr. Ex Vahl) Quelet (A.m.) is a world-wide pathogen of broad leaved trees, conifers and
numerous other woody ornamental trees, including fruit species. It thrives as parasite on living host tissue or as
saprophyte on dead woody material [1]. It has caused devastation and extinction of many oak trees forests and
extensive tree mortality in peach [2, 3]. The roots are A.m.’s common habitat, rendering its detection difficult
unless characteristic mushrooms are produced around the base of the tree or symptoms such as thin foliage,
discoloration, are seen in the branches [3]. In vitro culture has been done in various media [4, 5]. Furthermore,
methods for the identification of various Armillaria using isozymes have been worked out [6].

The purpose of the present investigation was to study the respiratory chain of A.m. in the mushroom state,
from its natural habitat, as well as in the rhizomorphe state cultured under various experimental conditions. We
were able to isolate for the first time mitochondria from A.m. in the mushroom state or from A.m. rhizomorphe
cultured in vitro, and we showed that they contained all the cytochromes present in the mitochondria of plants
and animals, except for rhizomorphes grown in liquid medium with glucose. Mitochondria from A.m.
rhizomorphes cultured with glucose as substrate lacked cytochrome ¢ oxidase, suggesting that there was an
alternative pathway of electron transport in these mitochondria.

2. Materials and Methods

Clusters of A.m. mushroom were harvested from the Botanical Garden of the Agricultural Institute of Karaj,
Iran. In vitro cultures were done according to reference [7], fully described by Feize [8]. Briefly, culture was
done 1) in Petri dishes on semi solid agar-malt sucrose medium; 2) in tubes, in liquid culture media containing
various salts, peptone and either 2% glucose as substrate, or ethanol as substrate (20 ml ethanol in 100 ml
medium). All cultures were done at 25°C and in the obscurity, for 20 days.

Mitochondria were isolated in a buffer that was 0.22 M mannitol, 0.2 M sucrose, 0.2 mM EDTA, 0.4
mM morpholinopropane sulfonic acid (MOPS), with 0.2 mg/ml phenylmethanesulfonyl fluoride as protease
inhibitor. A.m. mushroom (carpophore, cap or stem) or rhizomorphe was homogenized in a Waring blender
and the homogenate centrifuged 10 min at 700 g to remove nuclei and unbroken cells. The supernatant was
centrifuged 10 min at 1,400 g to collect heavy mitochondria, and re-centrifuged 30 min at 8,000 g to collect
light mitochondria.
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Fig. 1 Cluster of A.m. mushroom from natural habitat. Fig. 2 A.m. found on a decaying wood (CO); SCR : subcutaneous
rhizomorphe. Fig. 3 A.m. rhizomorphe (R) grown in semi-solid agar-malt-sucrose medium; note the formation of a network
of rhizomorphe. Fig. 4 A.m. grown in liquid peptone-glucose medium; note the extensive rhizomorphe (R) ramification.
Figs. 5 and 6 The two faces of A.m. cultivated in liquid medium containing ethanol as substrate: exterior surface (Fig. 5)
and interior surface that is immersed in the medium (Fig. 6). Note that the rhizomorphe is compact in this case. For details,
see text.

Combined heavy and light mitochondria were washed once in homogenization medium and centrifuged 30
min at 12,000 g. The pellet was used for spectrophotometric studies. Mitochondria isolation from the
mushroom parts was relatively easy, while rhizomorphe mitochondria isolation was extremely difficult and
tedious.

Spectrophotometric studies (reduced-minus-oxidized and pyridine hemochromogen difference spectra of
mitochondria suspensions) were done exactly as described in reference [9].
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3. Results

3.1 Morphology in natural habitat and in vitro

Figure 1 shows a cluster of A.m. mushrooms having a definite cap and, just below the cap, an annulus
membrane followed by the stem. Figure 2 shows A.m. on the surface of decaying wood. Figure 3 shows A.m.
rhizomorphe cultured in semi solid agar rich medium. The rhizomorphe radiated from a central region. In
liquid medium, abundant formation of rhizomorphes was seen when glucose was the substrate (Fig. 4), but small
and compact rhizomorphes were seen when ethanol was the substrate (Figs 5 and 6). Figure 5 shows the air-
exposed A.m. face; figure 6 shows the medium-exposed A.m. face.

3.2 Respiratory chain

Figure 7A shows the reduced-minus-oxidized difference spectrum of mitochondria from A.m. carpophore
produced in natural habitat and Figure 7B shows the spectrum of mitochondria from A.m. rhizomorphes grown
in semi-solid rich medium. In both cases, the o absorption bands at 605, 560 and 550 nm due, respectively, to
cytochromes ¢ oxidase, b, and ¢, were seen; the absorption band at 445 nm, due to cytochrome ¢ oxidase and
that at 430 nm due to all cytochromes, were seen as well. Pyridine hemochromogen difference spectrum of
mitochondria isolated from the rhizomorphes (Fig. 7C) showed an absorption band at 588 nm due to the heme of
cytochrome ¢ oxidase and an absorption band at 555 nm due to the hemes of cytochromes b and c¢. The spectra
of mitochondria isolated from rhizomorphes cultured in various media showed patterns similar to those
described above, except for mitochondria from rhizomorphes cultured in liquid medium with glucose as
substrate. These mitochondria contained cytochromes b and ¢, but lacked cytochrome ¢ oxidase as evidenced
by their spectrum exhibiting the bands at 560, 550 and 430 nm, but lacking the bands at 605 and 445 nm (Fig.
7D). Similarly, their pyridine hemochromogen spectrum lacked the absorption band due to cytochrome ¢
oxidase (Fig. 7E).

The amount of cytochromes in mitochondria isolated from mushroom parts and from rhizomorphes cultured
in various media was calculated as nmoles /mg prot. (Fig. 8). The highest amount was in rhizomorphes from
liquid medium with ethanol as substrate, followed by rhizomorphes from semi-solid medium. For mushroom
parts (from natural habitat), the highest amount was in carpophores, closely followed by caps and, further down,
by stems.

Mitochondria from A.m. mushroom or from A.m. rhizomorphes cultured either in semi-solid agar medium or
in liquid medium with ethanol as substrate, oxidized 3 mM NADH, 10 mM succinate, and 0.8 uM N,N’-
tetramethyl-p-phenylenediamine (TMPD)/70 uM ascorbate. The oxidations were inhibited by, respectively, 1
UM rotenone, 15 pg/ml antimycin A, and 1.5 mM cyanide.
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Fig. 7 Reduced-minus-oxidized difference absorption spectra of mitochondria from A.m. mushroom carpophore (A)
and from A.m. rhizomorphes cultured in semi-solid agar medium (B); note the presence of cytochromes ¢ oxidase at
605 nm, b at 560 nm, and ¢ at 550 nm. Pyridine hemochromogen difference spectrum of mitochondria from A.m.
rhizomorphes cultured in semi-solid agar medium (C); the absorption band at 588 nm is due to cytochrome ¢ oxidase
and that at 555 nm is due to cytochromes b and c. Reduced-minus-oxidized difference absorption spectrum (D) and
pyridine hemochromogen difference spectrum (E) of mitochondria isolated from A.m. rhizomorphes cultured in liquid
medium with glucose as substrate; note the absence of cytochrome ¢ oxidase in both spectra.
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4. Discussion

Our results showed the polymorphism of A.m. cultured in vitro. Depending on the substrate, it either showed a
large mass of rhizomorphes extending as a function of culture surface availability, or a compact mass of tissue
with small rhizomorphes. Furthermore, depending on the culture medium and substrate used, A.m. showed
different respiratory chains. A.m. mushroom collected in the field had the same set of cytochromes than A.m.
cultured in semi-solid medium or in liquid medium with ethanol as substrate. Moreover, substrate oxidation
and sensitivity to inhibitors exhibited by these mitochondria suggested that the electrons cross-over in the
respiratory chain was similar to that found in mitochondria of other organisms. An interesting result was that
cytochrome ¢ oxidase was undetectable in A.m. cultured in liquid medium with glucose as substrate. This
suggested the existence of an alternate electron transport chain and terminal oxidase, presumably insensitive to
KCN, as has been demonstrated for other organisms [10, 11, 12]. As seen for A.m. grown in liquid medium
with glucose as substrate, sugars have been shown to regulate the concentration and activity of alternate oxidase
in Poa annua roots [13].

References

[1] R. E. Williams, C. G. Shaw, P. M. Wargo, and W. H. Sites, Forest and disease leaflet 78, U.S. Department of
Agriculture Forest Service (2007).
[2] M. Davari, and B. Askari, Commun. Agric. Appl. Biol. Sci. 70, 295 (2005).
[3] K. D. Cox, H. Scherm, and M. B. Riley, Mycological Res. 110, 414 (2006).
[4] J. Rishbeth, Plant Pathol. 31, 9 (1982).
[5] J. Rishbeth, Trans. Br. Mycol. Soc. 85, 213 (1986).
[6] J. N. Bruhn, T. E. Johnson, A. L. Karr, J. J. Wetteroff, and T. D. Leininger, Mycopathologia 142, 89 (1998).
[7] B. Ch. Behboudi, H. Ebrahimzadeh, and G. Hadatchi, Cryptogamie, Mycol. 8, 227 (1987).
[8] L. Feize, Study of the respiratory chain of Armillaria mellea (Fr. Ex Vahl) Quelet in natural habitat and experimental
conditions, M.S. Thesis, University of Tehran (1999).
[9] E. Keyhani, and J. Keyhani, Biochim. Biophys. Acta 717, 355 (1982).
[10] M. S. Albury, P. Dudley, F. Z. Watts, and A. L. Moore, J. Biol. Chem. 271, 17062 (1996).
[11] M. Cooper, G. R. Tavankar, and H. D. Williams, Microbiology 149, 1275 (2003).
[12] A. Goyal, and N. E. Tolbert, Plant Physiol. 89, 958 (1989).
[13] F. F. Millenaar, M. A. Gonzalez-Meler, J. N. Siedow, A. M. Wagner, and H. Lambers, J. Exptl. Bot. 53, 1081 (2002).

68



Isolation and identification of sulphur-oxidizing bacteria from
composted two-phase olive mill waste amended with elemental
sulphur

R. Garciadela F uentel, E. Sanchis-Jiménezz, F. Fornes', S. Botellaz, G. Cuesta®, and M. Abad™!

! Instituto Agroforestal Mediterraneo, Universidad Politécnica de Valencia, 46022 Valencia, Spain
2 Departamento de Biotecnologfa, Universidad Politécnica de Valencia, 46022 Valencia, Spain

“Corresponding author: e-mail: mabad@prv.upv.es, Phone: +34 963877336

A strongly alkaline compost prepared with two-phase olive mill waste (“alperujo”) was amended with elemental
sulphur (S°) to assess the contribution of autotrophic bacteria, heterotrophic bacteria, actinomycetes and fungi to
the acidification process, and to allow the isolation and identification of sulphur-oxidizing bacteria. S° application
decreased pH by 3 units and increased remarkably the growth of autotrophic bacteria, whereas it did not affect
significantly heterotrophic bacteria, actinomycetes and fungi populations. Five potential sulphur-oxidizing strains
were isolated from the amended compost and identified as sulphur-oxidizing bacteria: 3 strains as Paracoccus
thiocyanatus, 1 as Halothiobacillus neapolitanus, and 1 as Pseudomonas stutzeri. Finally, an inoculation
experiment with sterilized compost revealed that compost native sulphur-oxidizing bacteria showed higher
acidification efficiency than reference strains which were not present in the original compost.

Keywords compost pH; acidification; tiobacilli; alperujo

1. Introduction

The olive oil extraction industry has a considerable economic importance in most Mediterranean countries,
Spain being the main olive oil producer with a mean production of 1.1 million tonnes per year in the period
2002 to 2006.

During the last two decades the oil extraction technology has evolved from the three-phase to the two-phase
centrifugation system, thus reducing substantially the production of highly pollutant wastewater and providing a
more efficient use of natural resources. The introduction of the two-phase decanter —adopted by 90% of the
Spanish olive mills— entails the production of a new by-product, the two-phase olive mill waste (TPOMW, also
called “alperujo”). TPOMW is an organic solid material, with low porosity, sludgy texture and high humidity,
which also contains fats and phenols. This by-product cannot be used directly as an organic amendment due to
nitrogen immobilization risks and its phytotoxic effects [1]. Nevertheless, TPOMW can be appropriately
composted for its use in agriculture [2]. The resulting compost is strongly alkaline (achieving pH values greater
than 8.5) for its application as soil improver and hence acid amendments, such as elemental sulphur (S0), are
required to reduce the pH for horticultural purposes. During the acidification process powdered SO is oxidized to
sulphuric acid by different microorganisms, especially sulphur-oxidizing chemoautotrophic bacteria. In addition,
chemoheterotrophic microorganisms, such as fungi, actinomycetes and bacteria may also contribute to sulphur
oxidation [3].

The aim of this investigation was to evaluate the contribution of autotrophic bacteria, heterotrophic bacteria,
actinomycetes and fungi to the acidification process of composted two-phase olive mill waste when amended
with SO0, and to isolate and identificate sulphur-oxidizing bacteria from this amended compost.

2. Materials and methods

2.1 Compost preparation and characterization

TPOMW compost was prepared by co-composting two-phase olive mill waste (85%) with fresh horse bedding
(15%) —% by dry weight—. This compost was produced in a pilot plant (Centro de Edafologia y Biologia
Aplicada del Segura, Murcia, Spain) by a dynamic composting system with periodical pile turning during the
bio-oxidative phase (which lasted 195 days), followed by 66 days of maturation.

Physico-chemical parameters were determined in a 1:5 (v:v) water suspension or extract for pH and electrical
conductivity (EC), respectively, as indicated by the European standards (EN 13037, 1999; EN 13038, 1999). S-
SO, was extracted sequentially with a 0.15% CaCl, solution and determined gravimetrically following the
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Clesceri et al. procedure [4], expressing the sulphate content as CaSO, (% dry wt). Carbonate contents
(expressed as CaCOs, % dry wt) was analysed by measuring the CO, released after the acidification of a
compost sample using the Bernard’s calcimeter according to the Spanish Ministry of Agriculture, Fisheries and
Food [5].

Finally, the sample was serially diluted and microbial colonies were counted after incubation on several
culture media: Medium 152 (American Type Culture Collection, ATCC) for autotrophic bacteria, including
tiobacilli; Plate Count (Merck) for heterotrophic bacteria; Actinomycete Isolation Agar (Difco) for
actinomycetes; and, Sabouraud Agar (Merck) for fungi.

2.2 Acification experiment

TPOMW compost was amended with the dose D (= 9.5 g S” L™ compost) of powdered S° previously determined
—from a titration experiment— to reach a pH value of 5.5, as described by Martinez et al. [6]. An acidification
assay was then performed at 30°C and constant compost humidity (equivalent to 80% of the container capacity)
for 70 days. At selected intervals —0, 3, 9, 15, 23, 36, 50, and 70 days after the beginning of the assay— pH, EC,
carbonate and sulphate contents as well as microbial populations were determined in representative samples by
using the methods described in the section 2.1. The changes in the populations studied have been presented in
comparison with (A) the un-amended control.

2.3 Isolation and identification of sulphur-oxidizing strains

From the culture medium ATCC 152 inoculated with the amended compost (section 2.2), several potential
sulphur-oxidizing strains were isolated and characterized by using the catalase and oxidase biochemical tests as
well as the Gram tinction and macroscopic morphology studies. On the basis of these tests, 5 presumptive
sulphur-oxidizing bacteria were selected to perform their identification prior to a compost inoculation
experiment (see section 2.4).

Total DNA was extracted according to Wilson [7] and subsequently it was subjected to PCR amplification
using primers 27f and 1492r as described by Lane [8]; the PCR product was then purified by the GenElute Kit
with the same sets of primers. The 16S rRNA gene sequences were obtained using the ABI Big Dye Terminator
Cycle Sequencing Kit version 3.1 and the automatic sequencer Applied Biosystems 3730x] DNA Analyzer; they
were assembled subsequently from the combination of separate fragments generated with forward and reverse
sequencing primers by the PHYDIT software package, obtaining an almost complete sequence of each 16S
rRNA gene. From these sequences, the identification was determined using the Basic Local Alignment Search
Tool (BLAST) offered by the National Center for Biotechnology Information (NCBI).

2.4 Compost inoculation with selected bacterial strains and acidification efficiency

After the identification of the 5 selected strains, 3 different sulphur-oxidizing bacteria were used to inoculate
sterilized compost amended with the dose D of S°. In addition, this experiment was carried out with 3 reference
strains of sulphur-oxidizing bacteria: Thiobacillus denitrificans 104767 CIP, Thiomonas intermedia 104401
CIP, and Halothiobacillus neapolitanus 104769 CIP. Inocula were added at a rate of 107 to 10° CFU g’
sterilized compost; non-inoculated, sterile and non-sterile controls were also prepared. Inoculated materials were
incubated for 18 days at 30°C and constant humidity, and both pH and EC as well as the bacterial colonies
mentioned above were monitored during this period. The results for each inoculated strain have been shown as
maximum increase of pH, EC and sulphur-oxidizing bacteria throughout the assay. In addition, the
microorganisms’ ability to oxidize elemental sulphur was compared by calculating an acidification efficiency
index (ae) [6]. Statistical analyses were performed using the Statgraphics Plus 5.1 statistical package.

3. Results and discussion

3.1 Compost characteristics

As shown in Table 1, TPOMW compost presented a high EC and a strongly alkaline pH, thus indicating that a
pH reduction is required for its use as soil improver. The values for these parameters were similar to those
obtained for composted two-phase olive mill residues in other studies [1,2]. Both the sulphate and carbonate
contents were lower than the levels reported previously for other composts prepared with organic wastes from
horticultural, farming and forestry sources [3]. Concerning the microbial population counts, the highest
concentration applying to actinomycetes (8 logarithmical units), whereas autotrophic and heterotrophic bacteria
showed an intermediate level and fungi the lowest concentration.

70



Table 1 Selected physico-chemical, chemical and microbiological characteristics of the compost studied.

Parameter Value SD
pH 9.17 0.02
Electrical conductivity (dS m") 3.65 0.08
Carbonates (CaCOs;, % dry wt) 10.8 0.07
Sulphates (CaSOy, % dry wt) 0.41 0.03
Autotrophic bacteria (log CFU g™) 7.38 0.05
Heterotrophic bacteria (log CFU g™ 7.62 0.02
Actinomycetes (log CFU g™) 8.25 0.03
Fungi (log CFU g™) 620  0.01

3.2 Acification experiment. Isolation and identification of selected strains

The pH decrease measured during the acidification assay was higher than 3 units (achieving a final value of 6.1)
and occurred simultaneously to the production of sulphates and the removal of carbonates (Figure 1). A great
increase in EC also paralleled the pH drop. After the addition of S°, autotrophic bacteria were enhanced
remarkably, showing the largest increase on day 23 of incubation. By contrast, S° application did not affect
significantly heterotrophic bacteria, actinomycetes’ and fungi growth; only slight variations in these populations
(lower than 0.5 logarithmical units) were recorded, thus suggesting that these microorganisms are not involved
in the acidification of TPOMW compost.

In this experiment, a total amount of 31 potential sulphur-oxidizing strains were isolated and afterwards
characterized (data not shown) to select 5 presumtive strains with the capability of oxidizing S°. The
identification obtained from 16S rRNA gene sequences analysis revealed that these selected strains were
sulphur-oxidizing bacteria: 3 strains were identified as Paracoccus thiocyanatus (similarity of 99%), 1 as
Halothiobacillus neapolitanus (similarity of 100%), and 1 as Pseudomonas stutzeri (similarity of 99%). These 3
different sulphur-oxidizing bacteria were used subsequently to inoculate the sterilized compost (see section 3.3).

—a—pH —o0—EC —a—CaCO; —A—CaSO,

pH and EC (dS m™)
(wp %) *OSeD pue ¢0JeD

—o— autotrophic bacteria —e— heterotrophic bacteria
1.5 || —0— actinomycetes —¢—fungi

A (log CFU g ™)

0 10 20 30 40 50 60 70
Days

Fig. 1 Changes in pH, electrical conductivity (EC), carbonate and sulphate contents, and microbial populations throughout
the acidification experiment after the addition of 9.5 g S° L' compost.
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3.3 Acidification efficiency assessment of sulphur-oxidizing bacteria

Sterilized compost samples inoculated with any from the 3 identified sulphur-oxidizing strains or
Halothiobacillus neapolitanus 104769 CIP showed a pH decrease (~2.4 units) and an acidification efficiency
(from 75% to 81%) similar to those in the non-sterile compost, whereas a lower acidification efficiency (<60%)
was observed when Thiomonas intermedia 104401 CIP or Thiobacillus denitrificans 104767 CIP were added
(Table 2).

EC of inoculated, sterilized compost samples generally increased in parallel with the pH decrease and the
sulphur-oxidizing bacteria population increase observed.

Table 2 Maximum increase in pH, electrical conductivity (EC) and sulphur-oxidizing bacteria population, and
acidification efficiency index (ae) of sterilized and inoculated compost samples after 18 days of incubation.

Inoculum ApH ae AEC Asulphur-oxidizing bacteria
(%)
(dSm™) (log CFU g")
Non-sterilized control -2.5a 77b 3.6a 3.2a
H. neapolitanus -2.4b 78b 2.9bc 3.0a
P. thiocyanatus -2.3¢ 75b 2.9bc 2.4b
P. stutzeri -2.3¢ 75b 2.8¢c 1.4c
H. neapolitanus 104769 CIP -2.5a 8la 3.0b 3.6a
T. intermedia 104401 CIP -1.8d 58¢c 2.4d 2.1b
T. denitrificans 104767 CIP -1.7e 55d 2.2¢ I.1c
Significance” *kx *oxk *rk *okk

“##%P<(0.001. Values within a column followed by the same letter do not differ significantly at P<0.05 by LSD test

4. Conclusions

Taking into account the heterogeneity of genera which are capable of oxidizing elemental sulphur, the analysis
of 16S rRNA gene sequences seems to be a rapid and effective method to identify sulphur-oxidizing bacteria.
Microorganisms which are native to the compost were associated with an acidification efficiency higher than
reference strains which were not present in this organic material. Therefore, further research should focus on the
improvement of the acidification efficiency by the addition of the isolated strains at different rates of inoculum,
by adding a combination of multiple strains, or by recovering other sulphur-oxidizing strains from composts
prepared with other organic wastes.
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Manipulating the growth of bold and small grains in the ear of
Triticum aestivum by salicylhydroxamic acid
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Earlier studies have shown that the two types of sinks- bold and small grains-developing in the same spike or
spikelet of wheat (Triticum aestivum L.) had their inherent variable metabolic profiles, which were steered by
their endogenous hormones. In the present investigation, it is being demonstrated that a check on electron
transport chain during respiration led to the partial truncation of the dry matter of the developing grains. The study
indicates that another subtle phenomenon, involving the feed off of the electrons to an alternate oxidase pathway,
switches-on in vivo during the mid-ripening stage of the grains and may be detrimental to their growth. It is being
advocated that the modulation of this pathway, through the judicious use of its specific inhibitor
salicylhydroxamic acid may go a long way in achieving a higher economic yield. The data further imply that it
may not be possible to eliminate the disparity between the two types of sinks in their yielding potential, which
appears to be their innate character.

Keywords: CN-resistant respiration; inhibitor; regulation; sink efficiency; wheat

Introduction

A casual look into the present global food supply reveals that the cereals constitute 2/3™ component of its
resource. An appraisal of parameters regulating their productivity divulges that their full potential to yield is still
unrealized. One of the grey areas, which has remained untapped, is the host of physiological and genetical
barriers of developing kernels to grow to an optima and their manipulation by desirable traits and methodologies.
The potential upgradation of components constituting the total yield in wheat (number of productive tillers m~,
grains per spike and 1000-grain weight), would help to raise the production substantially. Though, significant
milestones have been achieved in the first two parameters the last component, the individual grain weight has
eluded scientific investigations and rather paradoxically has declined with the advent of high yielding varieties.
A study into the physiology of grain yield shows the existence of variation among different varieties or
genotypes or even the grains developing in the same ear [1, 2, 3, 4]. It further discloses that the yield may be
influenced by the availability of photosynthates to the developing sinks [5, 6, 7]. Various sugar responsive genes
in plants potentially affect the partitioning [8] and have been stressed to be key determinant of plant
productivity [9]. Dry matter partitioning also plays a paramount role in growth rate of sink organs [10]. Working
on the grain growth in wheat and Fagopyrum, variation among varieties was traceable to endogenous hormone
production in variety vis-a-vis that in the ear [11]. A few biochemical components as advocated by [12, 13]
might be of significance in determining sink efficiency and/or the grain yield.

Since, the harvest index is the culmination of innumerable events, most of the view points on sink efficiency

appears to be speculative and need a holistic approach in isolating obligatory events to produce the net
assimilates. The revelation that the electron transport chain, in operation during biological oxidation, might find
an alternate route without performing the target aim of creating proticity and may downgrade the overall
impetus of meristems to grow by 10 to 25 per cent [2,3]. Indeed, it has been reported that higher alternative
respiration could be one of the reasons of lesser growth of grains at distal position in a spikelet [2]. It is,
therefore, advocated that any attempt to interrupt this process may prove beneficial in improving productivity.
In the present study, it is proposed to analyse the differential dry matter accumulation potential of different
grains, growing in the same spikelet along with their behaviour under the influence of electron transport chain
inhibitor. It is also aimed to modulate the alternate oxidase pathway through the use of specific inhibitor
salicylhydroxamic acid (SHAM) and to find out the stage when grains respond to SHAM maximally.

Materials and methods

The investigations were conducted with common bread wheat (Triticum aestivum L. emend Thell var. PBW-34),
which was sown on November 15, 2005 in circular earthenware pots (50x30x30 cm) containing 35 kg of soil
mixed with farmyard manure (4:1). Eight seeds per pot were sown and after 15 days, seedlings were thinned to
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two. Hoagland's nutrient solution [14] was supplied to the pots. Mother shoots, which formed the exclusive
material for the studies, were tagged and anthesis date was recorded therein. Growth rate of different grains
were recorded at intervals of 7 days, following anthesis until maturity, samples for dry weight, were taken by
counting clock-wise the florets in the spikelets facing the upper side of flag leaf and occupying 6", 7", 8" and
9™ spikelets (middle position of the spike) from the base of the ear. Calculations of the growth rate (GR),
relative growth rate (RGR) were done employing the equation given by Evans ef al. [15]. Antimycin A and
salicylhydroxamic acid in two concentrations (1 and 10 ppm) were prepared. These inhibitors were applied at
anthesis stage in five replications with the help of cotton plugs, which remained on ears of mother shoots (MS)
for 48 hours. The data were analysed statistically using analysis of variance and critical differences at 5 per cent
level were computed.

Results and discussion

The analysis of data on the growth patterns revealed that the grains occupying different positions in the same
spikelet varied with regard to their potential to gather dry matter. The basal grains of constitutive spikelet
showed higher dry matter accumulation than the one growing distally. The former was labeled as bold while the
latter was tagged as small grain. The differentiality in their precipitation potential was correlated with their
growth rates (Table 1). As evident from the Table 1, the smaller grains were conspicuous by relatively lower
growth rates to the tune of 27, 25, 23, 56 and 14 per cent at 7, 14, 21, 28 days after anthesis and at maturity
respectively. Relative growth rates (RGR) depicted an unusual behaviour. The important observation was that
irrespective of the stage of grains growth, the RGR values in two types of the grains were not significantly
different, thereby implying that the potentiality to grow amongst the two types of grains was of similar
magnitude and its was the per se availability of the growing mass along with their initial capita which possibly
maintained the disparity despite their equal potentials to grow.

The application of antimycin A significantly reduced the dry matter accumulation potential in both the types
of grains at all the stages examined (Fig. 1). The analysis of the data revealed that the two types of grains
showed variability in their response to inhibitor at early stages e.g., at 7 days the small grains suffered more
severely with a net reduction of 95 and 96 per cent in dry weight in the two concentrations as compared to 56
and 70 per cent in bold grains at these respective concentrations. However, at 14, 21, 28 days post-anthesis
stages, the severity in reduction was lesser, in the range of 45 to 65 per cent with no significant differences
between bold and small grains. Similarly at harvest the grains showed a net reduction in range of 60 to 63 per
cent with no significant difference between the small and bold grains. Interestingly, the two types of grains
continued to show a disparity with regard to their total dry matter between them and at maturity the smaller
grains had 35 and 23 per cent lesser net dry weight as compared to the bold grains under the influence of 1 and
10 ppm of antimycin A, respectively.

Table 1. Growth rate (mg/day) and relative growth

DAA Growth Rate Relative Growth Rate rate (mg/mg/day) of individuals grains of Triticum
B s B s aestivum L. var. PBW-34 isolated from different
1-7 1.0 ( 2(;"7” 0.14 0.14 position at different intervals of time after anthesis.
7-14 1.5 1.2 0.04 0.04
(-25.7)
14-21 0.9 0.7 0.05 0.05
(-23.1)
21-28 1.6 0.7 0.02 0.02
(-56.5)
28-M 0.9 0.8
(-14.7)
CD (5%)
Interaction: 0.26 0.28
Position: 0.08 0.12
Age: 0.25 0.27

DAA=Days after anthesis, B=Bold grain, S=Small grain, M=maturity

The parallel set involving the application of salicylhydroxamic acid revealed the unique observations (Fig. 2).
Ironically, the inhibitor behaved in an enigmatic way and proved to be a promoter when being assessed under
the criterion of dry matter accumulation in grains. During the earlier period of grain development (7 days to 21
days) it had no significant effect thereby indicating that the underlying physiological process may not be in
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operation. Subsequently a significant increase in dry matter accumulation in both the types of grains at 21 days
onwards upto maturity was noticed at both the concentrations of SHAM. The highest increment was recorded at
21 days post-anthesis stage (51 and 49 per cents respectively for bold and small grains), whereas at maturity the
enhancement in bolder and smaller grains was to the tune of 10 and 11 per cent at 1 ppm and 14 and 24 per cent
at 10 ppm concentration, respectively.
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Fig. 1 Per cent decrease in dry weight of grains at different Fig. 2 Per cent increase or decrease in dry weight of grains
locations in wheat (Triticum aestivum L. var. PBW-34) under at different locations in wheat (Triticum aestivum L. var.
the influence of antimyein A. PBW-34) under the influence of salicylhydroxamic acid.

The salient points emerging through the use of salicylhydroxamic acid were that (i) grains (both bold and
small) showed a significant increase in dry matter from 21 days post-anthesis stage with its applications and (ii)
in spite of the aforementioned increment gathered by grains, they continued to exhibit the disparity between
them and at maturity the smaller grains still showed 30 and 25 per cent lesser dry matter than the bolder grains.

The results bring forth, in no uncertain terms, the findings that the ear of wheat is a developing place for a
definite number of grains which inturn are separate biological entities endowed with their inherent potentials to
grow and accumulate dry matter. This axiom was advocated by Abolina [16] and is in line with the observations
of innumerable workers [3, 4, 17, 18]. Nevertheless, the sequence of events, piloting the yielding ability, is the
metabolic profile and if augmented through the use of plant growth regulators or by imposing a shift in
metabolic events promotery effects are achievable [19, 20]. In the present context, the contention is further
testified that when the inhibitor of respiration intercepted this process there was a corresponding decrease in the
net weight of the grains, irrespective of their parchment in the inflorescence. However, the central point which
came to light in the present endeavour is that an unusual path of aerobic respiratory chain (CN-resistant
respiration) plausibly switches-on during the mid-maturity stages (14-21 days after anthesis) and if checked,
through the immaculate use of salicylhydroxamic acid, can significantly increase the dry matter accumulation
potential of the grains. Of course, SHAM (regulator of alternative oxidative pathway) was not successful in
eliminating the disparities between the two types of grains. The present work concludes that amongst a plethora
of metabolic passes and bypasses an appraisal of the alternate oxidase pathway needs to be assessed and
appraised as advocated by [21,22] and its regulation would definitely go a long way in improving grain yield in
different cereals specially wheat.
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The aim of this paper was to search for alternative hosts to green bean for Erwinia persicina. This enterobacteria,
detected for the first time in southeastern Spain at the end of 2003, causes chlorotic and necrotic spots on leaves
and pod deformation in green bean. Results showed that E. persicina caused disease in tomato, pepper, melon and
cucumber. The most characteristic symptoms observed were: leaf necrosis, adventitious roots, brown colouring
along the stem, internerval chlorosis, and curled and blistered leaves. In the case of cucurbits, a noticeable lesion
in some areas of the stem was also observed. The presence of the bacteria in each plant was detected by
microbiological and immunological analyses (ELISA).

Keywords: enterobacterial phytopathogen; hosts; symptoms.

Introduction

The genus Erwinia is classified in the Enterobacteriaceae family. Most members of this genus characteristically
cause diseases in plants, vegetables and fruit. There is not much information about Erwinia persicina since it
was described in 1990 after being isolated from a variety of fruit and vegetables, including bananas, cucumbers,
and tomatoes in Japan [5]. E. persicina has been isolated from bean in the United Status [9] and Brenner et al.
[1] reported that E. persicina (E. persicinus) was a senior subjective synonym for E nulandii, a pathogenic
organism to bean pods and seeds. The phytopathogen E. persicina has been isolated from human urinary tract
infections [8].

A previously unreported leaf spot disease of the common bean, which caused crop losses as high as 50 per
cent, was observed in southeastern Spain (Almeria, Granada, and Malaga provinces) in November 2003. In
2004, samples of cv. Donna with chlorotic and necrotic leaf spots were collected from Granada and processed
for microbiological analysis. Bacteria isolated from the symptomatic leaves were determined to be fermentative
on the basis of their ability to metabolize glucose under aerobic and anaerobic conditions. The pathogen was
identified by sequencing the gene encoding the ARN ribosomal 16S (ADNr 16S). The sequence obtained was
compared with those registered in data banks and the largest percentage of homology (99%) was obtained to
Erwinia persicina’s ADNr 16S. Therefore the bacteria causing this pathology could be clearly assigned to this
species [3].

Many aspects relative to the virulence of E. persicina are unknown. Toxin production has not yet been
described, contrary to what occurs in other phytopathogenic bacteria. Iron capture systems represent a strong
candidate virulence factor [2].

Given the scarcity of existing references on the pathogenesis of this bacterium, our main objective was to
determine the pathogenic capacity of Spanish E. persicina isolates in various plant species and to characterise
their symptoms. Isolates were obtained from samples of cv. Donna with chlorotic and necrotic leaf spots
collected in Granada (Spain) [3].
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Materials and Methods

E. persicina inoculation

Bacterial suspensions (10° CFU/ml) were spray-inoculated on seedlings with 1-2 true leaves. The underside of
previously perforated and non-perforated tomato, cucumber, melon and pea seedling leaves was sprayed with
the bacterial suspension. Plants were covered with transparent plastic bags for 2 days and maintained in an
incubation chamber at 25°C and 80% relative humidity with a 16/8-h photoperiod. Then the bags were removed
and symptoms were observed for 50 days. [3]. Plants in the control group, inoculated with sterile distilled water,
showed no symptoms. The bacterium was readily re-isolated from diseased leaves. Assays were repeated at least
twice.

E. persicina diagnosis

Isolation was conducted through techniques proposed by Lelliot & Stead [7]. Leaves were washed with water,
then exteriorly disinfected with 70% alcohol for one minute and washed again with sterile distilled water.
Affected pieces were macerated in a mortar with sterile distilled water. The macerate was streaked onto King’s
B medium [8], incubated in the dark at 25°C for 48 hours and consecutively tapped to obtain pure bacteria
colonies. Diagnosis was also made by double-antib