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Abstract

One hundred and thredspergillus isolates ]
belonging to 12 species includingd. alliaceus, AErgillus iz 4 Glas 7,6 ala V¥ ol
A. candidus, A. carneus, A. flavus, A. fumigatus, Slasi pl oS Gilealls g e dlise gl )
A. niger var. niger, A. niger var. awamori, A. niveus, o axxle Loy (Sigedyee Slasin il alos
A. ochraceous, A. sydowii, A. terreus, A. ustus, and oz Gl AS Y o ol e laodS
A. versicolor based on morphological characters were A. alliaceus, A. candidus, A. carenus : jolis wgh el

obtained from various sources. The isolates were A flavus, A. fumigatus, A. niger var. niger, A. niger
var. awamori, A. niveus, A. ochraceus, A. sydowii,

subjected to pectic zymogram electrophoresis. Based ol st oluls A, versicolor 5 A terreus, A. ustus

Sy sl ste Sl ey 5l esliel b leagla
slagsll alas wlalyy a5 )18 (cw) 9590 pl S g0
. _ Sl oSy 5lguesYE Ly @ Gl eyl Rl

estrase. Although the examined species had a _ _ _

SBLsS Gy ST (9,0 g9 4z ST b esalis
o . . ogazg B e 3T glaellr wlaly skl i
distinguished using pectic zymogram electrophoresis J ny

Iy oz rl glaaiss cedls (S5 se; i I b Iy
and no common zymogram pattern was observed

AN s 5,50 Gladslaz o )0 g oS SSE K0S,

on the similarity of isozyme electrophoretic patter
45 zymogram patterns were identified. Analyseshef t
electrophoretic patterns revealed 26 isozyme loci

corresponding to the polygalacturonase and pectin

considerable intraspecific variation they were liine

among the species. The results imply that pectic .
(oplply als eas ke slaiss o el S e

S8 (gly (B by 5l BT 0005 Gy a0 Sl

zymogram electrophoresis may be used as a helpful

approach for delimitation dfspergillus species.
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Introduction

The genus Aspergillus with 150 recognized species level of a number of fungkg. Sclerotinia
species and many varieties has world-wide distiobut  (Cruickshank 1983, Errampalli & Kohn 1995),
The genus with numerous species is recognizedrireso Gremmeniella (Lecours et al. 1993), Penicillium
respects as beneficial, and in other respectsstaudéve  (Cruickshank & Pitt 1987) and some genera of tiailfa
(Klich & Pitt 1988). Some of the species infect Ceratobasidiaceae (Sweetinghanet al. 1986). Due to the
agricultural crops, reducing their quality, produce fact that the majority ofAspergillus species have the
mycotoxins and are toxic to animals and humansability to produce pectinase enzyme (Vries & Visser
(Montesano 2001). Identification of théspergillus 2001), beside the morphology study, we also used
species is usually based on morphological chaiiatites, zymogram analysis of extracellular pectic enzymas f
including morphology and measurements of vesiclesspecies identification.
conidia, conidiophores, phialides and metulae (R&e
Fennell 1973). Aspergillus species are subjected to Materialsand Methods
morphological changes due to their environmental- S@Mpling and isolation dspergillus species
conditions. Moreover, the proposed morphological A total of 103Aspergillus isolates were obtained

characteristics for their discrimination are ratisemilar ~ from food materials, soil and different parts ofehised

with extensive overlaps (Klich & Pitt 1988). The plants in agricultural fields of Isfahan using pota
delimitation among the species requires controlledd€xtrose agar (PDA). Samples were transferred t PD
conditions and different standardized culture mediaWithout surface sterilization.

which are time-consuming and lack high accuracyatTh

is why, since the beginning of its identification, - Morphological studies

numerous identification keys have been proposed, al Single-conidium cultures were subjected to
with some ambiguity (Raper & Fennell 1973). Thexabo macroscopic and microscopic studies. In order éntidly
mentioned factors and difficulties led researchtos Aspergillus species, isolates were grown on CYA,
exploit more accurate methods including biochemicalCYA20s, and MEA media. The identification keys
techniques. Many fungi includingspergillus species are presented by Klich & Pitt (1988) and Raper & Fehnel
able to produce extra cellular enzymes for the(1973) were used to study macroscopic and micrascop
disintegration of plant cell wall pectin (Vries &idser  features. Macroscopic features, including growtte,ra
2001). SomeAspergillus species produce pectinase and colony diameter and colour of the colony were rdedt
can be phytopathogen (Mullen & Jacobi 2002). TheFor microscopic studies, the fungi were placed atew
effect of different carbon sources on the pectinaseagar for 3—10 days, depending on the species,aside
production of Aspergillus japonicus Saito (1906) was ornamentation of conidia, length and width of the
studied by Teixeiraet al. (2000) who stated that the conidiophores, size of the vesicles, and lengthaiath
presence of carbonic sources such as sucrose aembgl of phialides and metulae were studied under light
impede the process of pectinase enzyme productiormicroscope.

According to Zhi-Gonget al. (1993) the production of

pectinase enzymes by flavus is higher in the - Preparation of pectinase enzyme

mycotoxin producing races. In spite of the extemsiv From the margin of growing colonies, a 5 mm
studies regarding the enzymes produceddigergillus, block was transferred to 2 ml of sterile liquid med in
there is no report of application of this technicfoe Bijoax bottles containing 1% citrus pectin as aesol
studying inter and intraspecific variations. Pectic carbon source and the pH was adjusted at 5.5

zymograms have been widely used for identificatdn  (Sweetinghamet al. 1986). Cultures were kept in the
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dark, without shaking at 25° C for 11-17 days ddpgn  among the electrophoretic phenotypes was Izabal

on the species. Mycelia were removed by filtrataord using the simple similarity statistic (S)yS 2 N/ (N +

100 pl of each culture filtrate was mixed with 1@ of N,), where N and N are the number of bands in

Sephadex G-200 to make slurry and kept at roomindividual x and y, respectively, and,Ns the number of

temperature for 30 min prior to electrophoresisshared bands by both (Lynch 1990). Pairwise

(Sweetingham & MacNish 1994). comparisons were made between all isolates and a
similarity matrix was generated. Cluster analysiasw

- Electrophoresis performed based on similarity values using group

The method of Cruickshank & Wade (1980) as average analysis (UPGMA) method (Sneath & Sokal

modified by Cruickshank (1983) was used. Horizontal 1973). The NTSYS-pc ver. 2.2 software was used for
pectin-acrylamide gels were prepared as recommendegata analysis.

by Sweetinghanet al. (1986). A volume of 1@l of each

culture filtrate/sephadex slurry was loaded inte wells  Results

and 3 pl of 0.05% bromophenol blue was appliedatthe Using different sources, 108spergillus isolates

of the first and last wells as tracking dye. Cheels¢h were obtained from food material, soil, dried meuht

was used as a wick at the cathodic and anodic@fitie ~ herbarium and diseased plants. According to R&per

gel. Power was supplied using a constant 16 mAgper Fennell (1973) and Klich & Pitt (1988) and using

and electrophoresis was stopped when the trackyieg d macroscopic and microscopic characters (Table 2), 1

had migrated 5 cm toward the anodic end. An agqueouspeciesA. alliaceus, A. candidus, A. carneus, A. flavus,

solution of boric acid (7.2 g/l) and sodium tetredie  A. fumigates, A. niger var. awamori, A. niger var. niger,

dehydrate (15.75 g/l) was used as buffer and caittw A, niveus, A. ochraceus, A. sydowii, A. terreus, A. ustus,

(4-5° C) was circulated beneath the gel suppotaep andA. versicolor were identified Aspergillus niger (with

during electrophoresis. The gel was rinsed brigfith two varieties:awamori and niger) was the predominant

distilled water and incubated for 1 h in 0.1 M roadicid  species followed by. flavus.

at 25° C (Cruickshank & Wade 1980) before staining

overnight at 5° C in 0.02% Ruthenium red to vigeli - Pectic zymogram study

the bands. Stained gels were washed with threegelsan All 103 obtained isolates were subjected to pectic

of distilled water and incubated in 0.05% ammoniumzymogram electrophoresis. Based on the similasfty

persulphate for 20 min at 25° C to increase thérash isozyme patterns, 45 zymogram patterns designated

for photography. The gels were rinsed briefly with as zZP1 to ZP45 were identified (Figs 1-3). The

distilled water and contact printed on high coritras polygalacturonase isozymes (PG) and pectin esterase

photographic paper. (PE) were observed separately or together in differ

species with polygalacturonase being dominant. ntyve

six loci (bands) corresponding to PG (16 bands) REd
The electrophoretic phenotypes were interpreted(10 pands) were recognized based éwvatue (Table 2).

in terms of loci coding for polygalacturonase (Rick  The comparison of 45 ZPs with morphology of iscdate

zones in the print) and pectin esterase (PE, wbites in showed that zP1, ZP2 and ZP3 corresponded to

the print). Presence or absence of a band (aNe#s) A candidus, A. carneus and A. alliaceus respectively

determined by calculating thef Ralue, the ratio of the (Fig. 1) and ZP4 to ZP11 patternsAoflavus (Fig. 1).

distance travelled by an enzyme to that travellgdhe ZP12 corresponded té. fumigatus and ZP16, ZP17,

bromophenol blue. The phenotypes frequency, based ozp19 zp21, zP23 and ZP25 tA. niger var.
the PG and PE loci, were calculated. Genetic siityila

- Data analysis



Table 1. Macroscopic and microscopic charactedsspdrgillus species

M acr oscopic characters Microscopic characters
. CYA Medium CY20S Medium MEA Medium Conidia
Aspeég'.lsus (after 7 days) (after 7 days) (after 7 days) Vesde oo
® Diam- Colour Diam- Colour Diam- Colour Diameter — Tyim) - .
eter eter eter (nm) Phlahgies D|?meter Surface
(mm) Above Reverse (mm) Above Reverse  (mm) Above Reverse (um nm)
A. alliaceus 60 Light yellow Tan 65 Light yellow Tan 65 \gregg\gé Pale yellow BiSSe_rA%te 10x5 7x2 3-35 Smooth
. . Light o
. Light yellow Light Yellow or Biseriate
A. candidus 23 Yellow 25 Yellow 20 yellow 6x12 7x2 34 Smooth
yellow orange (Brown) 14-30
Yellow Yellow —
33 Yellow orange,brow 35 Yellow orange or 18 Yellow to yellow Colourless ~ Biseriate 6x2 7x2 2.6 Smooth
A. carneus n brown orange 12
Olive, olive Colourless Olive, olive  Colourless Olive Biseriate
A. flavus 65 yeliow or Brown 65 yellow or brown 45 or dark green Colourless 25 98 8x5 10« 4 3.9 Smooth
Green or Green or White, pale  Uniseriate
A. fumigatus 60 Dark green colourless 55 Dark green colourless 45 Grey green yellow 25 5x3 2.6 Smooth
i Dull N
A. niger Dull yellow, Dull yellow,  Biseriate
Var. awamorii 65 Black brown 70 Balck %erg(\)lvv;, 60 Black Brown 35 10«5 8x3 3.9-4.2 Mostly smooth
A. niger Yellow, Yellow, Yellow, Biseriate = Mostly
var. niger 65 Black colourless 0 Black colourless 60 Black colourless 50 12-16 7x3 35-39 rough
White to Yellow to White to Yellow to Biseriate
A niveus 25 pink browen 35 pink brown 20 Pale brown Pale yellow 12 7x3 7x2 2.6 Smooth
White Wheat : Biseriate
A. ochraceus 50 yellow Brown 60 yellow Brown 45 Yellow Light brown 30 9x3 7x2 2.8 Smooth
Dull (grey) Dull (grey) Red P
A. sydowii 22 turgoise or ReMdangwn, 27 turgoise or brown, 20 Grteuern é)irsgrey BFr)c?vl\(/en Blsgegate 35«4 5x2.5 3 r\c/)ﬁryh
dull green dull green maroon q ’ 9
Tan to Tan to eari
A. terreus 45 brownish Dull yellow 65 brownish Elllglw 35 Yellg;/;/‘rt]o gale Yellow B'ngate 7x3 5x 2 2.3 Smooth
camel camel y ) 9 T
A. ustus 50 Brown Tan 30 Brown Tan 45 Ohgfo(vgﬁ y) yeg?g/to B'ngate 6x3 5x 3 3.9 Rough
Red : R
: 25 Grey green,  Red brown, Grey green, Light (grey) Pale yellow Biseriate
A. versicolor dull green Maroon 20 dull green brown, 18 green (turqoise) brown 13 7x3 5x2 26 Smooth

maroon




Table 2. The frequency and Ralues of polygalacturonase (PG) and pectin estrase (PE) loci in zymogram patterns obtAspedgitius isolates

V;TLe Locus zZP1 zP2 Z7ZP3 zZP4 ZP5 ZzZP6 ZzZP7 ZzZP8 ZP9 ZP10 ZP11 ZP12 ZP13 ZP14 ZP15 ZP16 ZP17 ZP18 ZP19 ZP20 ZP21 ZP22 Band
0.14 PG a
0.21 PG b
0.25 PG + c
0.3 PG + d
0.32 PG + + + + e
0.35 PG f
0.4 PG + g
0.44 PG + h
0.5 PG + i
0.55 PG j
0.6 PG + k
0.65 PG |
0.7 PG + + + + m
0.76 PG n
0.8 PG + + 0
0.84 PG + p
0.3 PE + q
0.5 PE + r
0.55 PE + + + S
0.6 PE + + t
0.65 PE + + + + + + u
0.68 PE + + + + + + \
0.76 PE + + + + + w
0.8 PE + + X
0.84 PE + + + + y
0.9 PE + z




Table 2. (countd)

Rf
value

L ocus

ZP24  ZP25 ZP26 ZP27 ZP28 ZP29 ZP30 ZP31 ZP32 ZP33 ZP34 ZP35 ZP36 ZP37

ZP38 ZP39 ZP40 ZP41 ZP42 ZP43 ZP44 ZP45 Band

0.14
0.21
0.25
0.3
0.32
0.35
0.4
0.44
0.5
0.55
0.6
0.65
0.7
0.76
0.8
0.84
0.3
0.5
0.55
0.6
0.65
0.68
0.76
0.8
0.84
0.9

PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PG
PE
PE
PE
PE
PE
PE
PE
PE
PE
PE

+
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Fig. 1. Pectic zymogram patterns of the isolateAspergillus species: Lane JA. candidus, lane 2.A. carneus, lane 3.
A. alliaceous, lanes 4-11A. flavus, lane 12.A. fumigates, lane 13.A. niger var. niger, lanes 14—15A. niger var.
awamori. White and black letters stand for the pectinasterand polygalacturonase loci, respectively.

Fig. 2. Pectic zymogram patterns of the isolatefgspergillus species: Lanes 16—1A. niger var. awamori, lane 18.
A. niger var. niger, lane 19.A. niger var. awamori, lane 20.A. niger var. niger andawamori, lane 21.A. niger var.

awamori, lane 22 A. niger var niger, lane 23 A. niger var.awamori, lanes 24—30A. niger var. niger. White and black
letters stand for pectin esterase and polygalacas® loci, respectively.
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Fig. 3. Pectic zymogram patterns of the isolatéguergillus species: Lane 3A. niveus, lane 32 A. ochraceus, lanes
33-34.A. sydowii, lanes 35—-39A. terreus, lane 40A. ustus, lanes 41-45A. versicolor. White and black letters stand
for the pectin estrase and polygalacturonase lespectively.

awamori (Fig. 1); whereas ZP13, ZP18, ZP22, ZP24,five zymogram patterns belonging to other specighs
ZP26, ZP27, ZP28, ZP29 and ZP30 corresponded t@sA. flavus andA. carneus (Fig. 4).
A. niger var. niger (Fig. 2). ZzP14, ZzP15 (Fig 1), and

ZP20 (Fig. 2) were found in common with both of the Discussion

above species. ZP31 and ZP32 belongel toveus and Identification of Aspergillus species involves
A. ochraceus, respectively (Fig. 3)Aspergillus sydowii some complications from the beginning. The large
showed two patterns, ZP33 and ZP34 (Fig. 3).
Aspergillus terreus showed five patterns of ZP35 to
ZP39 (Fig. 3) and ZP40 belonged Ao ustus (Fig. 3).

Patterns of ZP41 to ZP45 belonged Ao versicolor
(Fig. 3).

number of species can be counted as one of ther$act
contributing to this complication. So far more th&s0
species have been identified (Klich & Pitt 1988heT
most important factor that complicates the idecifion,
is the extent of morphological similarity of andeih
overlaps (Klich & Pitt 1988). Morphological studie$
- Cluster analysis 12 species oRspergillus identified in this study showed
Cluster analysis of the similarity values assignedthat the existing species in a given section haamym
the 45 zymogram patterns to three primary groupshwh macroscopic and microscopic similarities. For exianp
in turn were divided into a number of sub-clustgtig. in sectionNigri, A. niger, with two varietiesniger and
4). Group | was divided into two subclusters. Hoeev awamori which are similar with respect to microscopic
different species such a#. candidus, A. niveus, characteristics except for the ornamentation on the
A. flawus, A. terreus, A. alliaceus, A. versicolor and  surfaces of mature conidia. In this section, tterealso
A. ochraceus clustered together but the majority of other blackAspergillus species such aA. foetidus and
zymogram patterns in this clade belonged toA. carbonarius, with little morphological differences can
A. versicolor and A. terreus. In group II, A. fumigatus, be discriminated only based on one or two microscop
A. sydowii, A. versicolor andA. ustus clustered together, features. In sectiorrlavi, besidesA. flavus, there are
however,A. versicolor appeared with higher frequency. many species close to it such Asparasiticus, A. soja
Isolates of A. niger including varietiesniger and and A. tamari, with close affinity to A. flavus as

awamori were clustered in group Ill. There were only Kurtzmanet al. (1986) have suggested that these species
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Fig. 4. Dendrogram showing relationships betweemagram patterns obtained féspergillus species, generated by
group average analysis of similarity value.

species be considered as sub-species or variefies obvious differences in zymogram patterns. In
A. flavus. However, further studies based on DNA A. niveus, two PG bands can be seen, whereas, in
restriction fragments length polymorphisms showmat t  A. carneus, there was only one pectin esterase band (ZP3,
they are distinct from A. flawus (Kurtzman  Fig. 1, ZP31, Fig. 3)Aspergillus ochraceus (based on

et al. 1986). The above mentioned problems causemacroscopic features such as colony colour and throw
difficulties in morphological studies. In spite dhe rate) resemblesA. alliaceus;, however, they are
extensive molecular studies oAspergillus species, completely different with respect to zymogram pause
especially on those with economical, industrial andin A. ochraceus there was a PG band of the type ‘g’,
medical importance, these studies were of lessitamic  whereas there was a PG band of the type ‘d’ in
nature and were more involved with physiological A. alliaceus (ZP1, Fig. 1, ZP35, Fig. 2). Another
aspects of a few species (Anthoetyal. 2003, Romero  difference between these two patterns, i.e. laeayst

et al. 2003). In this study, besides morphological wider band inA. alliaceus, is probably due to the higher
characteristics, a simple and rapid biochemicalhoet ability of this species in secreting polygalactuase,
was used, so that along with the interspecificatanns, = compared withA. ochraceus, so that the growth rate of
the intraspecific variations were also demonstratédi A. alliaceus is more than that of\. ochraceus in liquid
examinedAspergillus isolates in this study had the ability culture of citrus pectin. It should be noted thaspite of

of secreting pectinase enzyme. Based on this tquani the fact that samples of. ochraceus species were
obvious dissimilarity of patterns was observed agnitve  isolated from different sources, their zymogranterats
species. Regarding the variation observed withia th were the same, which indicates the lack of intreifige
species, more isolates are needed to evaluate thim@riations among the isolates studi@dpergillusterreus
variation more precisely. Different species with showed noticeable intraspecific variations, so thiat
similar morphology showed completely different different zymogram patterns, ZP30 to ZP35 were
zymogram patterns. For exampl@. carneus and  observed for 12 isolates of this species. Infahese six
A. niveus which have extensive overlaps with respect topatterns, there was one PG band. The variatiorhén t

microscopic features (Klich & Pitt 1988), showed zymogram patterns in these five groups was relatdke
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secretion of PG enzyme and no PE was observedsin ththan var.awamori with six patterns. The ability of
species. The presence of a constant PG band theall producing PG was higher mger isolates thamwamori.
samples of this species points to the fact thabaisty =~ The variation of the patterns of PE was higheA.iniger

the sequence related to this kind of PG is in &estd  than in other species. Therefofe,niger has likely been
conservation and the gene responsible for its mimlu =~ more successful than other species Adpergillus

is active in all studied isolates. In this study regarding the secretion of pectinase isozymes aitju
correlation was observed between the obtainedlant tissues. Moreover, most of the pectinaseiesud
zymogram patterns frorA. terreus and the hosts from regardingAspergillus have been carried out @x niger
which they were isolated. In zymogram studies, (Pashoveet al. 1999, Angeloveet al. 2000, Kitturet al.
differences were observed between the specie2003). AmongAspergillus species used in this study,
A. versicolor and A. sydowii. The difference in A.flavusranks second té. niger, regarding the variation
zymogram patterns of these two species wasn zymogram groups and the ability of using plassues
corresponded only to the PG enzyme and no PE bandnd secretion of plant tissue disintegrating enzyme
was observed in any of them. Variation in the zyraog  This species showed the least consistency of the
pattern was more i\ versicolor than A. sydowii and  zymogram patterns, so that in this species, only th
intraspecific variation was also more M versicolor zymogram patterns containing PG were seen ratlaer th
thanA. sydowii. It should be noted that in both species athose having only PE. Also the two patterns, Zaha

PG ‘p’ band appeared in common. Moreover, the ‘m’,ZP11 (Fig. 1) showed both isozymes of PG and PE.
‘n’, and ‘0’ PG bands were scattered in differesalates  Langer et al. (2000) studied a number dfspergillus

of the two species (Fig. 3). The main differencereen  species, stated that among the spededlavus has no
these two species was the frequency of PG bands withost specificity. Probably the extreme lack of amifity
different . No correlation was observed between the observed among isolates of this species, basedaicp
zymogram patterns obtained for these two specidéls wi zymogram method and the production of PE, is due to
the hosts from which they were isolated. Anotheinp  non-specific nature of the hosts for this spec&sve-
worth noting is that there was more variation ittgrms  Lyer (1995) stated that the species identificatign

of A. versicolor compared withA. sydowii, and probably primarily based on the morphological differences,
the degree of conservation of gene sequence rabfmns whereas species and populations may be
for the secretion of PG is much higherAinsydowii than indistinguishable  morphologically  but  different
A. versicolor. According to Al-Musallam (1980), genetically. The biochemical and genetic methoitts, |
A. niger has two varietiesawamori and niger. These isozymes could be used to study inter- and intreifipe
two varieties are similar based on macroscopicvariations. These methods could also be used iimasst
characteristics. Their microscopic characteristiogept  the extent of variation among fungal populatiordaited

for the conditions of the mature conidia are alswyv from different hosts. In this study, all isolate$ @&
similar with extensive overlaps. The zymogramguatt  species, except fak. flavus, produced similar zymogram
of these two varieties revealed the presence of tw@atterns. This similarity includes morphology, igoe
consistent PE bands with a fixed distance from eactbands and Rvalues. The bands with differentfsRin
other in all isolates. Probably gene sequenceoressple  different patterns of one species indicate intrasje
for the production of this enzyme is highly consgetv  variation. Similar studies were carried out leusarium
Based on the patterns obtained An niger with the by Szecsi (1990) and oSfclerotinia by Cruickshank
exception of three cases: ZP14, ZP15 (Fig. 1) aRrd0Zz (1983). The presence of specific zymogram pattéwns
(Fig. 2), which were in common between both vaggti each species shows that pectic zymogram can be

var. niger with nine patterns showed higher variation considered as a rapid method for the identificatidn
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Aspergillus species. In this method numerous isolatesCruickshank, R.H. & Pitt, J.I. 1987. Identificatioof

were prepared simultaneously and their electropgi®re species inPenicillium subgenusPenicillium by
patterns were obtained. Due to the fact that dent of enzyme electrophoresis. Mycologia 79: 614-620.
overlaps of zymogram patterns were minimal andlyasi Cruickshank, R.H. & Wade, G.C. 1980. Detection of
recognizable for the species studied, it is possibol pectic enzymes in pectin-acrylamide gels. Ann.
identify the species of the fungus under studyugtothe Biochem. 107: 177-181.

determination of the type of the pattern and mamwpi Errampalli, D. & Kohn, L.M. 1995. Comparison
characteristics. Cruickshank & Pitt (1987) studied of pectic zymograms produced by different clones
species ofenicillium using zymogramtechnique. They of <lerotinia  sclerotiorum in  culture.
found that identification oPenicillium species through Phytopathology 85: 292-298.

morphology, growth characteristics or secondaryKittur, F.S., Vishu Kumar, A.B., Gowda, L.R. &
metabolites is difficult. They concluded that this Tharanathan, R.N. 2003. Chitosanolysis by a
technique is a valuable tool for this purpose. MabN pectinase isozyme ofspergillus niger a non-

et al. (1994) also found this method suitable for specific activity. Carbohyd. Polym. 53: 191-196.

Rhizoctonia cultures. Based on the results obtained itKlich, M.A. & Pitt, J.I. 1988. A Laboratory Guide the

seems that zymogram analysis could be employed as a Common Aspergillus Species and Their

practical and rapid method for distinguishiagpergillus Teleomorphs. NSW, Australia, 115 p.
species. To increase the accuracy of the analysiseo  Kurtzman, C.P., Robnett, M.J. & Wicklow, D.T. 1986.
zymogram patterns, especially in relation to inteasfic DNA relatedness among wild and domesticated
variation, other techniques such as DNA fingerjmint species in théspergillus flavus group. Mycologia
can be used simultaneously. 78: 955-959.

Langer, S.W., Sehested, M., Jensen, P.B., Buteg J.
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