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'I'HOMPSON, 1). P., and B. E. EKIBO. 1984. Extracellular enzyme production by Rhizopus and Mucor species on solid media. 
Can. J .  Misrobiol. 30: 126- 128. 

Solid media were employed to determine the presence and absence of extracellular enzyme production by two genera of 
fruit-rot fungi, Rhizopus and Mucor. The results of this investigation revealed that phosphatase was released into the cultural 
medium by all the fungi examined; however, only K .  oryzae, R. tritici, M .  rrrucedo, and M .  pirforrnis showed the possibility 
of being high producers of the enzyme. Protease, urease. ribonuclease, pectate lyase, and polygalacturonase, at varying levels 
of' activity, were detected, in the majority of the fungi. in the cultural medium. 

THOMPSON, I). Y. ,  et B. E. ERIBO. 1984. Extracellular enzyme production by Rhizopus and Mucor species on solid media. 
Can. .I. Microbiol. 30: 126- 128. 

Des milieux solides ont ete utilises pour determiner la production ou non d'enzymes extracellulaires chcz deux genres de 
moisissures, Rhizopus et Mucor. Les rCsultats obtenus dkmontrent que la phosphatase est liberke dans le milieu de culture par 
toutes les moisissures ktudiees. cependant, seuls R .  oryzae, K .  tritici, M .  rnucedo et M .  piriformi.~ dCmontrcnt qu7ils pourraient 
produire I'enzyme en quantites klevees. La protease, l'urkase, la ribonuclCase, la pectate lyase et la polygalacturonase ont ete 
detectees, a differents taux d'activite, chez la majorit6 des nioisissures dans le milieu de culture. 

['Traduit par le journal] 

Introduction plates were flooded with 1 N HCI; DNA and RNA de- 

Numerous fungi are known to produce degradative polymerization were shown by clear zones surrounding the 

enzynlcs which are important in the breakdown of or- colonies. Amylase produetioil was tested on Bacto nutrient 
agar (Difco) containing 0.2% solublc starch (Merck) (Hankin 

ganic matter, in host infection, and in food deterioration and Anagnostakis 975). After incubation, the plates were 
(Hankin and Anagnostakis 1975). The use of solid flooded with an iodine solution and a yellow halo around the 
media for the detection of enzyme production by fungi colonies in an otherwise blue medium indicated enzyme pro- 
has made it possible to rapidly screen large populations duction. Urease production was tested on Christensen's agar 
of fungi for the absence or presence of specific enzymes 
(Berkenhamp 1973; Hankin and Anagnostakis 1975; 
Mclntyre and Hankin 1978; Federici 1982). We report 
here on the ability of two genera of fruit-rot fungi, 
Rhizopus and Mucor, to release extracellular enzymes 
into thc cultural medium. 

Materials and methods 
Species of Rhizopus and Mucor used in this work were 

obtained from the American Type Culture Collection 
(Rockville, Maryland, U.S.A.) and the Department of Na- 
tional Health and Welfare (Ottawa, Canada). Stock cultures 
were maintained at 5'C on slants of potato dextrose agar 
(PDA) . 

The semiquantitative tests for enzymatic activities, as de- 
scribed by Federici ( 1982), werc performed on prepourcd 
plates. The plates were inoculated with mycelia plugs from 
5-day-old cultures on PDA medium. The mycelia plugs, 
which were cut with a No. 2 cork borer, were placed in the 
center of the test media. When not specified, plates were 
incubated at 27'C for 3-5 days in the dark and tests were 
done when colonies reached 4-6 mm in diameter. 

Deoxyribonuclease activity was detected on DNase test 
agar (Difco) supplemented with I %  yeast extract (Difco), 
while KNase production was tested by the method reported 
by Hankin and Anagnostakis (1975). After incubation the 

(Seeliger 1956) Bnd urea hydrolysis was indicated by the 
appearance of a deep pink color during incubation. Lipolysis 
was assessed on Sierra's (1957) medium with the use of 
Tween 60 and 80 (Fisher Scienctific Co.) as substrates. Activ- 
ity was indicated by the appearance of deposits of calcium 
salts formed by liberated fatty acids. Pectolytic activity was 
determined as described by Hankin and Anagnostakis ( 1975 1. 
The medium at pH 7 was used to detect pectate lyase pro- 
duction and at pH 5 to detect polygalacturonase activity. For 
all tests, plates were flooded with a 1% aqueous solution of 
hexadecyltrimethylammonium bromide (Fisher Chemical 
Co.). This reagent precipitates intact pectin in the medium, 
and thus, clear zones around a colony in anotherwise opaque 
medium indicated degradation of the pectin. Proteolytic activ- 
ity was determined as describcd by Hankin and Anagnostakis 
(1975). Complete degradation of the gelatin was seen as a 
clearing in the somewhat opaque agar around colonies. When 
the plates werc flooded with an aqueous saturated solution of' 
ammonium sulfate, a precipitate formed which made the agar 
more opaque and enhance the clear zones around colonies. 
Phosphatasic activity was tested on plate count agar (Difco) 
supplemented with 3% 0.01 M phenolphtalein diphosphate. 
sodium salt (Boehringer Mannheim GmbH), as describcd by 
Hankin and Anagnostakis (1 975). After incubation the plates 
were opened and inverted over a container of ammonium 
hydroxide. Colonies of phosphatase-producing strains turned 
pink to red. 
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Intensity of enzymatic activity was measured as the diam- 
eter of the ha10 around the colonies (Federici 1982). 'I'he 
symbols + , +- + , and + + .+ indicate. respectively. a diameter 
of 2 mna, between 2 and 8 mm, and more than 8 mm. 'The Back 
of enzyme production is inciicated by the syrnbol -. A corn- 
pletely subjective estimate of ah@ enzyme production bascd on 
color intensity is represented by the symbols in the case of 
ureasc. 

Results and discussion 
The ability of the members of Zygsmyctcs to pro- 

duce extracellular enzynaes on solid media is shown in 
Table 1. As seen in the data. the minimum number of 
enzymes detected on solid media was four in R. ka- 
zur~ppzsis and R.  orjz(x and the maxinlunn was eight in 
M. hiemufis and r Z a .  r-ircernosus f .  rac.ernc9su.s. 

Kibonuclease production was detected in R. arrhf- 
zus, R.  chii~ernsi~s, R. pymuc-us, K. stolomijer, R. tritic-i, 
R. sp. 66-8 1-2, M .  hiersralis, M. muc-edo, and M. race- 
mosus f. mcemosus, while DNase was detected in 
R. arrhizus, M. hiemalis, M. rrsuceckl, M. piriformis, 
and M. racernosus f . racernosus. Rhizopus ~ ~ r r h i z u ~ ,  
R. stolo~zfer, and M. mucedo showed a possibility of 
being high producers of KNase, while R. arrhi- LUS was 
the only fungus which showed the possibility of being 
a moderate producer of DNase. 

Proteolytic activity was detected in all of the fungi 
except R. arrhizus; however, none of the fungi showed 
the possibility of being high producers of the enzyme 
protease. 

Three species of Rhizopus (R. c.ircitlans, R. japo- 
nicus, and R. stolon$iir) and four species of Mucor 
(M. hb'eri~ukis. M. nlllceCkO, M. pirformis, and M. r-acme- 
moms f. ruc.emosus) secreted alnylase into the cultural 
medium, but did not show a high level of amylolytic 
activity. 

Eipolytic activity was detected in only two of the 
fungi, R. urrhizus and R. g'clyomiru.~. 

A11 Rhizopu~ and Mucoi- species were shown to have 
phosphatase activity; however, the highest level of ac- 
tivity was detected in R. or;vzue, R. tritici, M. mucedo. 
and M. pirtforra~is. 

Urease activity was detected in all fungi except 
R. arrhizus and R. rfrcinurns. Two Mucor species 
(M. hiernnkis and M. rnucedo) were the only fungi that 
showed a moderate level of enzyme activity. 

Pectinolytic activity was here detected as polyga- 
lacturonase and pectate lyase. E'olygalacturonase was 
detected in all fungi except R. jnponicu.~, N. triticl, 
R. 66-8 1-2, and M. mucedo. Rhizoplas arrhizns, 
M. hkcnaulis, and M. rucemo.sris f .  rcrcemosus showed 
the possibility of being moderate prioducers of polyga- 

lacturonase. Pectate lyasc was detected in R.  arrhizu.t, 
R. c-irc-ir~ans, R. ~ t ~ l o ~ ~ i $ c r ,  R. tritbri, R .  06-8 B -2, 
M. hiemalis, M .  pir(forrnis and Ma r.iacera.rosu.\ 8'. rcec-e- 
knosus. being considered as moderate producers of the 
enzyme. 

The results of thi$ study show the wide array of 
extracellular enLyme activity and the level of their pro- 
duction in two groups of Zygornycetes, Khizoprrs and 
MUL'OI., which have been associated with the disin- 
tegration of soft fruits during postharvest infection 
(White and Fabian 1953; Beneke et al. 1974; Archer 
1979; Dennis and. Ilai-ris 1979). 

The extracellular enzymes produced by these fungi 
play an important role in the infection process of fruits 
in storage. It is conrceivable that knowledge of the 
patterns of enzymes secreted by these two genera of 
postharvest spoilage fungi, Rhizt~pus and Mncor, might 
be of interest to the fruit storage industry in an effort to 
continue to provide proper control measures against this 
group of spoilage fungi in storage. 
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