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ABSTRACT

The susceptibilities of Pseudomonas tolaasii isolates (n= 160) isolated from
sporophores of the Agaricus bisporus to 20 antimicrobial agents were determined by
disk-diffusion method. P. tolaasii NCPPB 21927 and NCPPB 2325 were used as
reference strains. All P. tolaasii isolates were sensitive to tobramycine and kanamycine.
Antimicrobial susceptibility pattern of isolates showed two distinct phenotypic group.
Tetracycline sensitivity and glucose utilization were the most diagnostic characters
between the phenotypic groups. The results showed that in addition to normal
identification methods it is possible to differentiate some of the varicties of P. rolaasii
with the help of antimicrobial susceptibility tests.
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INTRODUCTION

Bacterial brown blotch (Tolaas 1915) caused by Pseudomonas tolaasii (Paine
1919) and a variant sometimes referred to as P. gingeri (Rainey et al., 1992) is consi-
dered as the most common and serious bacterial disease on cultivated mushrooms
throughout the world. Under some environmental conditions still not well-determined,
but influenced by temperature and relative humidity, the bacterium can become patho-
genic and provoke the brown blotch disease (Soler-Rivas er al., 1999). Taxonomy of the
P. tolaasii group is not fully resolved (Rainey et al., 1992, Wells et al., 1995). It is
described in the Section V of Bergey's Manual of Systematic Bacteriology (Palleroni
1984) due to the natural relationships with well characterized species of the genus Pseu-
domonas are largely unknown.
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The aim of the present study is numerical taxonomy of bacterial pathogens
responsible for the brown discoloration on the Agaricus bisporus using antimicrobial
susceptibility and biochemical tests data.

MATERIALS and METHODS
Isolation of bacteria

Sporophores of the Agaricus bisporus obtained from Manisa and Izmir province
showing brown or reddish-brown blotches were used. Isolation of bacteria [rom altered
caps or stipes was performing on King's medium B (KB) following the usual procedures
(Lelliot and Stead, 1987). Pure cultures were screened for pathogenicity and for the
"white line" reaction (Wong and Preece, 1979). For this purpose authentic strains of P.
tolaasii and P. "reactans” NCPPB 13117 were used.

Characterization & susceptibility testing

All the bacterial isolates were assayed for their ability to form a precipitate
(white line reaction) in KB medium with P."reactans” NCPPB 13117, Auxanographic
features were determined in API 20 E galleries (BioMericux, Fr.).

Antimicrobial susceptibility of the isolates and reference strains was tested on
plates of Mueller-Hinton agar (Difco) pre-inoculated with the test organism and dried
(Bauer et al., 1966; NCCLS, 1990). Antimicrobial susceptibility test discs (Oxoid) were
placed on the agar surface. Following discs were used: Erythromycin 15 pg (E); Strep-
tomycin 10 U (S); Polymyxin B 300 IU (PB); Penicillin G 10 [U (P); Kanamycin 30 pg
(K); Tetracycline 30 pg (TE); Sulphamethoxazole-Trimethroprin 25 pg (SXT); Neco-
mycin 30 pg (N); Chloramphenicol 30 pg (C); Doxycycline 30 pg (DO); Gentamycin 10
pg (CN); Carbenicillin 100 pg (CAR); Bacitracin 10 1U (B); Tobramycin 10 pg (TOB);
Cefalexin 30 pg (CL); Ampillicin 10 pg (AMP); Rifampicin 5 pg (RD); Vancomycin 30
pg (VA); Nalidixic acid 30 pg (NA); Novobiocin 30 pg (NB).The plates were evaluated
after 24 and 48 hours of incubation at 27 °C. If the area surrounding a disc (= 16 mm
diameter) was free from bacterial growth, it was recorded that the organism was sen-
sitive to that antibiotic. Tests were performed in triplicate. All susceptibility tests could
be read without difficulty after 24h of incubation. Pure bacterial cultures were stored at
-20 °C in glycerol. Reference strains of P. rolaasii (NCPPB 21927 and NCPPB 2325)
obtained from the National Collection of Plant Pathogenic Bacteria, UK and were used
as controls.

Numerical taxonomy

Numerical analysis of the data obtained from antibiotic susceptibility and carbon
utilization tests was performed by using the simple matching coefficient. The results of
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tests that were positive or negative for all of the strains were eliminated [rom subsequent
numerical analysis. The data matrix was used to estimate the strain similaritics, with
calculation of the simple matching coefficient, and cluster analysis was computed into
phenogram by using complete linkage clustering method (Sneath and Sokal, 1973).
Isolated strains were grouped under eighth clusters (close groups) and type strains. All
analyscs were carried out with the TAXON-X program (Chun, 1995).

RESULTS and DISCUSSION

Susceptibilitics of isolated and two reference strains of Pseudomonas tolaasii
(NCPPB 2192T and NCPPB 2325) to antibiotics were determined. All strains were sen-
sitive to tobramycine and kanamycine. Resistance for all investigated strains was noted
for 11 antibiotics: rifampicin, cefalexin, ampicillin, carbenicillin, bacitracine, erythro-
mycine, chloramphenicol, penicillin G, vancomycin, nalidixic acid, and novobiocin.
Penicillinase production was detected all strains tested. The results of other differential
antibiotic susceptibility patterns and some phenotypic properties were shown in Table 1.
Similar results were reported by Richardson, 1993 and Vantomme et al., 1987. Most of
the reported strains of P. tolaasii is tetracycline sensitive, but more than 40 percent of
isolated strains were resistant to this antibiotic. Our findings were supported this ob-
scrvation (Table 1). Although, antibiotic usage was not offical for mushroom cultivation
in Tirkiye the resistance pattern relatively high. This results may be strong evidence

Table 1. Differential characteristics ol isolates based on their antimicrobial susceptibility pattern and some
phenetic properties

Type strains Phenotypic Clusters

P. tolaasii P. tolaasii Ad -1 M1 & M2 Others
NCPPB 2192 NCPPB 2325

No. of strains 1 1 20 40 100
Gelatin hydrolysis + - + + +
Glucose assimilation = + + -
Rhamnose assimilation - - 5 + s

Resistance to antibiotics (ug ml'l)

Doxycycline (30) S S S 50% 40%
Streptomycine (10) S S R 50% 40%
Tetracycline (30) S S S R 40%
Polymyxine B (300) R R S - 40%
Gentamycine (10) S S S - 20%
SXT(*) (25) R R S R R
Neomycine (30) S S S - 20%

S. Sensitive ( 2 16 mm diameter), R: Resistance, (*). Sulphamethoxazole-Trimethroprin
NCPPB: National Collection of Plant Pathogenic Bacteria, Hertsfordshire, U.K.
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that probable transfer of resistance plasmids between Pscudomonas strains and other
compost microflora. :

Two main phenotypic cluster-groups, showed in Figure 1, were obtained after a
computer-assisted numerical analysis from antibiotic susceptibility data. Group A; contains
the type (NCPPB 2192 & NCPPB 2325) and tetracycline sensitive strains of P. tolaasii
(B8-2, I-1, I-2, A4-1). Group B contains tetracycline resistant strains (M-1, M-2, [-3, 1-
4). Cluster-groups A and B except strains A4-1 and 1-4 were defined at the 85% and
75% similarity (S) levels respectively. Strains A4-1 and 1-4 do not share significant
(S 275%) relationships with any of he cluster-groups (Fig. 1).

Glucose and gelatin is the most seperative carbon source for biochemical charac-
terization. None of the strains utilized mannitol, inositol, sorbitol, rhamnose, sucrose,
melibiose, amygdalin, arabinose and urea tested in API galleries.
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Figure 1. Phenogram showing the positions of P. tolaasii strains based on the antibiotic susceptibility tests.
The scale shows the similaritics in %.
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Our study demonstrated clearly that antibiotic susceptibility patterns may be usc-
ful in distinguishing between similar strains of pathogenic P. tolaasii, occuring on culti-
vated mushrooms (Fig. 1). This method is more economical and will take a shorter time
than classical tets. But, for a high reliable result, should be used with other taxonomical
data.

The resistance or susceptibility to inhibitors are also generally stable characters
and can serve as diagnostic aids. Furthermore, the patterns of susceptibility to antibiotics
can be useful in distinguishing similar species from each other as well as the strains of
the same species (Triiper and Schleifer, 1992). Studies done by Tamer and Bursalioglu,
(1984); El-Banna, (1989); Sahin and Tamer, (1998) have shown that strains can be
clearly differentiated based on the their antibiotic susceptibility pattern.

As a result, in addition to normal determination methods, it is possible to scparate
some of the varieties of P. tolaasii with the help of this technique. This technique may be
uscful for the detection of negative "white line reacting” strains of P. tolaasii.

OZET

Pseudomonas tolaasii 1IZOLATLARININ ANTIMIKROBIYAL DUYARLILIK
PROFILLERI KULLANILARAK KARAKTERIZASYONU VE NUMERIK
TAKSONOMISI

Agaricus bisporus sporoforlarindan izole edilen (n= 160) Pseudomonas tolaasii
suglarmin 20 antimikrobiyal maddeye karsi duyarlihklarr disk-diffiizyon metodu ile belir-
lendi. P. tolaasii NCPPB 21927 ve NCPPB 2325 referans suglar olarak kullanildi. Tiim
P. tolaasii izolatlar tobramycin ve kanamycine duyarlidir. izolatlarin antibiyotik duyar-
lilik profilleri iki farkli fenotipik grubu gosterdi. Tetrasiklin duyarlihg ve glukoz kul-
lanimi fenotipik gruplar arasinda en tanimlayici karakterler olarak belirlendi. Sonuglar
gosterdi ki, normal identifikasyon mctodlarina ek olarak antimikrobiyal duyarhlik test-
leri yardimiyla P. tolaasii'nin bazi varycteleri ayird edilebilir.

Anahtar kelimeler: Pseudomonas tolaasii, antibiyotikler, numerik taksonomi
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