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Several members of the fungal puffball genus Calvatia Fr. have found widespread use amongst various
cultures world-wide, especially as sources of food and/or traditional medicine. Hitherto the
biotechnological potential of only a handful of Calvatia species, namely C. cyathiformis, C. craniiformis,
C. excipuliformis, C. gigantea and C. utriformis has been investigated. However, despite promising
results, information regarding the biotechnological potential of the rest of the genus, in particular the
African species, is still completely lacking. In the hope that it might stimulate interest and further
research on this topic, the current paper provides a brief overview of the literature pertaining to the
importance of Calvatia to man in terms of its pathogenicity, its ecology and role as bioindicator, its food
and nutritional value and also its potential as biotechnological tool in the pharmaceutical and other

industries.
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INTRODUCTION

Calvatia Fr. (Basidiomycetes, Lycoperdaceae) is a cos-
mopolitan gasteromycetous genus of about 35-45
species of mostly medium- to large-sized epigeous
puffballs. The genus is characterized by stalked or
sessile, globose, subglobose, turbinate, pyriform or
agaricoid fruit-bodies that dehisce by irregular fragmen-
tation of the peridium (spore-sac wall) and not by an
apical pore as, for example, in Lycoperdon Pers.

The genera Langermannia Rostk and Handkea Kreisel
have often been treated as distinct from Calvatia, but the
current authors do not ascribe to that concept and for the
purpose of this review, Langermannia and Handkea are
included in the genus Calvatia sensu lato (the ‘Calvatia-
complex’). Recent taxonomic work on the Calvatia-
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complex (Coetzee, 2006) has resulted in a considerably
improved understanding of the infrageneric classifica-
tion and nomenclature of the group.

In the hope that it may stimulate more research with
regard to the beneficial and possible detrimental pro-
perties of this genus, this paper discusses the document-
ted traditional and more modern uses of Calvatia species
worldwide, as well as the results of biotechnological in-
vestigations involving the genus. As far as could be
ascertained, the discovery of C. utriformis (Bull.: Pers.)
Jaap fruit-bodies in pre-Hadrianic deposits (+ A.D. 85-
125) at the Roman fort of Vindolanda in Northern Eng-
land (Watling and Seaward, 1976) represents the earliest
physical evidence concerning the use of Calvatia by man.
According to those authors the fruit-bodies could not
have arrived at the site fortuitously and must have been
collected deliberately, probably for medicinal (perhaps
haemostatic) use and/or as tinder.
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ECOLOGY AND ROLE AS BIOINDICATOR

All Calvatia species are terrestrial saprophytes and as
such responsible for the breakdown and recycling of
organic matter in nature. No parasitic taxa are known.
Although Kreisel (1962) regarded mycorrhizal associa-
tions involving species of Calvatia as unlikely, Trappe
(1962) listed C. utriformis [as C. bovista (Pers.) Kambly &
Lee (sic)] as an ectotrophic mycorrhizal symbiont of
Pinus sylvestris L. and C. excipuliformis (Scop. : Pers.)
Perdeck [as C. saccata Vahl (sic)] as a similar symbiont
of both Picea abies (L.) H.Karst. and Pinus strobus L.

An endotrophic mycorrhizal relationship between Liqui-
dambar styraciflua L. and C. craniiformis (Schwein.) De
Toni under controlled conditions has also been reported
by Filer and Toole (1966). Riffle (1968) included C. sub-
cretacea Zeller (= Calvatia arctica Ferd. & Winge) in a list
of mycorrhizal- or suspected mycorrhizal fungi, but was
unable to establish such an association between C.
craniiformis and Pinus ponderosa Douglas ex P.Lawson
& C.Lawson (Riffle, 1973). Riméczi (1987) also did not
rule out facultative mycorrhizal relationships in the case
of C. gigantea (Batsch : Pers.) Lloyd, but that was purely
speculative.

Species such as C. gigantea, C. cyathiformis (Bosc)
Morgan, C. fragilis (Vittad.) Morgan [=C. cyathiformis f.
fragilis (Vittad.) A.H.Sm.] and C. polygonia Lloyd have
been reported to form fairy rings (Shantz and Piemeisel,
1917; Dickenson, 1979), the latter three with a stimula-
tory effect on the autotrophous vegetation inside the ring
(Shantz and Piemeisel, 1917). Kamo et al. (2006), on the
other hand, observed that azo- and azoxyformamides
isolated from C. craniiformis (and Lycoperdon hyemale
Bull.) caused considerable inhibition of radicle growth in
lettuce seedlings.

Apart from some pedological data in Demoulin (1968)
concerning C. excipuliformis and C. utriformis, detailed
ecological studies pertaining to specific members of the
Calvatia-complex are virtually non-existent. Rimoczi
(1987), however, provided valuable information regarding
C. gigantea, which seems to be a strongly nitrophilous,
acido-subacidophilous species (pH 5.7-5.9) avoiding ba-
sic soils. It is mesophilous with regard to temperature as
well as soil humidity and requires complete shade during
the early developmental stages. Later it remains shade-
loving, although it can tolerate intense light. It is also
more common in disturbed areas, especially cultivated
lands, than in natural habitats. Dérfelt et al. (1988) con-
firmed the nitrophilous character of this fungus, sugges-
ting also that, in central Europe at least, it probably is a
species of nutrient-rich old-forest, with secondary
distribution into non-forest habitats. Over-exploitation of
this popular edible species has resulted in its protection
by law in Poland (Lawrynowicz, 1988).

In contrast to the mesophilous C. gigantea, most other
members of the Calvatia-complex are known from arid to
semi-arid habitats, including the high arctic desert

(Lange, 1990). A number of species are, however, also
known from tropical forest (Dissing and Lange, 1962;
Demoulin and Dring, 1975). Particularly noteworthy is
Lange’s (1990) statement that the arctic species, which
can stretch their development over more than one sea-
son by overwintering under the snow, are, in contrast to
C. gigantea, more or less confined to basic soils.

It is well known that fruiting bodies of higher fungi are
efficient bioaccumulators of heavy metals and radionu-
clides from the ecosystem (Sesli and Tizen, 1999; Kala¢
and Svoboda, 2000; Kala¢, 2001; Skwarzec and Jakusik,
2003; Turkekul et al., 2004; Cocchi et al., 2006) and as
such, also potential bioindicators of environmental pollu-
tion with heavy metals (Kala¢ and Svoboda, 2000). After
analysing a considerable number of wild-harvested
mushrooms, Seeger (1976) and Aichberger (1977) both
concluded that the Lycoperdaceae were, in general, more
active accumulators of mercury than most of the other
taxa investigated.

Seeger (1976), for instance, reported a mercury con-
tent of 4.57 mg/kg dry mass for C. excipuliformis (as C.
saccata) and in only twenty other species, out of a total of
236 investigated, were higher mercury levels measured.
Falandysz et al. (2003) found the same species to be the
greatest mercury accumulator out of fourteen fungi inves-
tigated, measuring similar levels as those reported by
Seeger (1976), with mercury levels in the carpophores
close to 900 times higher than in the substrate. Corrobo-
ration for those findings also comes from Pokorny et al.
(2004), who reported a very similar mercury content for
C. utriformis and whose findings also indicate a higher
accumulation of toxic heavy metals by this puffball than
most of the other fungi assayed.

In the same study, the levels for arsenic, lead and cad-
mium were 10.4, 6.63 and 8.70 mg/kg dry mass respect-
tively. Aichberger (1977), however, found that C. utrifor-
mis (as C. bovista) had the lowest mercury content
(0.018 mg/kg dry mass) of 24 species analysed. This low
figure is out of line with the general trend in the Lycoper-
daceae, however, and needs to be verified. According to
Vetter (1990 and 2004) species of Calvatia, especially C.
utriformis also seem to have the ability to accumulate
arsenic and informative data on the arsenic content of C.
excipuliformis, C. utriformis and C. gigantea (as Langer-
mannia gigantea) from various localities in Hungary are
provided in those papers.

The same author also reported a lithium level of 0.171
mg/kg dry mass for C. excipuliformis (Vetter, 2005) while
Cocchi et al. (2006) measured a lead concentration in C.
utriformis almost ten times as high as the average for the
58 edible mushroom species assayed. Skwarzec and
Jakusik (2003) found C. excipuliformis to be the most
active bioaccumulator of 2'°Po of all the fungi investigated
from the Elblag area in Poland. More information on the
heavy-metal content of C. utriformis and C. excipuliformis
is contained in Cocchi et al. (2007) and Sesli et al. (2008)
respectively.



FOOD VALUE
Culinary use

All Calvatia species are edible (Morris, 1987), but only in
the immature state before the commencement of spore
maturation and while the gleba is still firm and white
(Gray, 1973; Rinaldi and Tyndalo, 1974; Grigson, 1978;
Purkayastha and Chandra, 1985; Laessoe and Spooner,
1994). C. gigantea and C. utriformis are rated particularly
high with respect to their organoleptic properties (Rinaldi and
Tyndalo, 1974; Grigson, 1978; Christensen, 1981;
Purkayastha and Chandra, 1985) and Legg (1987) placed C.
gigantea (as Langermannia gigantea) in joint seventh
position (with Cantharellus cibarius Fr.).

In a preliminary survey of the best edible fungi of Britain.
C. excipuliformis, C. craniiformis and C. cyathiformis
have also been reported as good edible species (Mendoza,
1938; Gray, 1973; Rinaldi and Tyndalo, 1974; Christensen,
1981; Purkayastha and Chandra, 1985), while C. sculpta
(Harkn.) Lloyd has been listed as a traditional food of the
Central Miwok Indians of North America (Burk, 1983).

Apart from reports of C. cyathiformis being eaten in
Nigeria (Oso, 1975, 1977; Aletor, 1995), no further confir-
mation regarding the culinary use of Calvatia in Africa could
be found. The information on the use of various Calvatia
and Langermannia species as food items in sub-Saharan
Africa as contained in Rammeloo and Walleyn (1993)
should be treated with circumspect since some of the
entries in that work have been based on incorrect
identifications in the original publications cited. Despite
the fact that the Chewa of Malawi use a wide variety of
fungi as food (Williamson, 1975; Morris, 1984 and 1994)
they classify puffballs as ‘chirombo’ (a useless thing), and
the two Calvatia species recorded for that country, name-
ly C. gardneri (Berk.) Lloyd [=C. pyriformis (Lev.) Kreisel]
and the excellent C. utriformis, are apparently both spurn-
ed as inedible (Morris, 1990).

Calonge et al. (1997) could not find any evidence of the
traditional use of any gasteromycete as food in Tanzania
either. Puffballs are also conspicuously absent from a list of
food plants for Zimbabwe (Tredgold et al., 1986), as well as
the lists of edible mushrooms of the Upper-Shaba region of
Zaire (Parent and Thoen, 1977) and Zambia (Pegler and
Piearce, 1980).

The organoleptic properties and pharmaceutical poten-
tial of Calvatia spp., as well as the possible health risk as-
sociated with the consumption of these heavy-metal-
accumulators from the wild, make the pursuit of cultiva-
ting various species desirable. This has stimulated a
number of research projects, such as those reported on
by Rimdczi (1987) and Alexander and Lippert (1989). To
date, however, attempts at inducing carpophore forma-
tion in controlled environments seem to have met with
little success.

Nutritional and chemical analysis

Apart from the relatively detailed compositional informa-
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tion provided for C. gigantea in Vetter (1994a, b and c)
and Agrahar-Murugkar and Subbulakshmi (2005) and for
C. cyathiformis in Adriano and Cruz (1933) and Crisan and
Sands (1978), the latter repeated also in Purkayastha and
Chandra (1985), and as determined independently by Aletor
(1995), relatively little is known regarding the nutritional
value of the Calvatia-complex in general. According to
Aletor (1995) a washed, air-dried, wild-harvested C.
cyathiformis sample from tropical Nigeria contained
13.2% crude protein and had a gross energy value of
3.07 kcal/g.

That compares well with the 13.69% protein content re-
ported for C. gigantea grown on brewery spent grain
press liquor (Shannon and Stevenson, 1975a), but differs
substantially from the 27.3% reported for C. gigantea by
Agrahar-Murugkar and Subbulakshmi (2005), the 46%
crude protein cited for C. cyathiformis [as Lycoperdon
lilacinum (Mont. & Berk.) Speg.] in Crisan and Sands
(1978) and Purkayastha and Chandra (1985), and even
more so from the 52% and >65% (expressed in terms of
dry mass) reported by Bauer Petrovska (2001) for C.
utriformis [as C. caelata (Bull.) Morgan] and Adriano and
Cruz (1933) for C. cyathiformis respectively.

In C. gigantea, at least, the protein content appears to
be substrate-dependent and when grown on trub press li-
quor, Shannon and Stevenson (1975a) reported a protein
content of 17.5%. The latter authors’ protein values, as
well as that of Adriano and Cruz (1933), Bauer Petrovska
(2001) and Agrahar-Murugkar and Subbulakshmi (2005),
were all calculated as Kjeldahl N x 6.25, but, as has been
explained elsewhere (Crisan and Sands, 1978;
Wehmeyer et al., 1981), a conversion factor of 4.38,
which compensates for the non-protein nitrogen in the
fungus’s chitinous cell walls, is widely accepted to
provide a closer approximation of the crude protein con-
tent of mushrooms. The protein values reported by the
above mentioned authors might, therefore, in all probabi-
lity, be somewhat inflated.

Vetter (1994a, b and ¢) compared the potassium, cop-
per, manganese, zinc and phosphorus content of C.
gigantea (as L. gigantea) with a large number of other
edible macrofungi. The values for C. gigantea as deter-
mined by Agrahar-Murugkar and Subbulakshmi (2005)
differ considerably from those reported by Vetter, how-
ever, while Alonso et al. (2003) also reported much
higher copper and zinc levels for C. utriformis from Spain.
Vetter (2003) and Agrahar-Murugkar and Subbulakshmi
(2005) reported on the sodium content of C. excipuli-
formis and C. gigantea respectively and more data on
trace element levels is provided by Sesli and Tlzen
(1999) and Turkekul et al. (2004) for C. utriformis, by
Borovi¢ka and Randa (2007) and Sesli et al. (2008) for C.
excipuliformis and by Borovitka and Randa (2007) for C.
gigantea (as L. gigantea). Borovitka and Randa (2007),
however, questioned the high iron levels reported by
Sesli and Tuzen (1999) and Turkekul et al. (2004).

As seems to be the norm for the Fungi in general,
linoleic acid was found to be the major component of the
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lipids of both C. gigantea and C. utriformis, with smaller
but significant amounts of palmitic and oleic acid also
present (Sumner, 1973). Unlike the other fungi examined,
however, the short-chain fatty acids octanoic acid, de-
canoic acid and in particular lauric acid also formed a
significant component of the lipid content of both Calvatia
species. More information on the fatty acid composition of
various members of the Lycoperdaceae, including C. utri-
formis, is provided by Nedelcheva et al. (2007). In an
analysis of the fatty acid composition of mushroom glyce-
rophospholipids, only trace amounts of phosphatidylcho-
line and phosphatidylethanolamine were found in C.
gigantea, while phosphatidylinositol and phosphatidylse-
rine were barely detectable (Prostenik et al., 1983). The
glycoinositolphosphosphingolipids (basidiolipids) of C.
excipuliformis have been isolated and reported on by
Jennemann et al. (2001).

According to Dijkstra (1976) 1-octen-3-ol, an alcohol
with a typical mushroom-like odour and which is known to
be an important contributor to the flavour of Agaricus bis-
porus (Lange) Imbach, has been found to be the domi-
nant volatile also in C. gigantea, accounting for 89% of
the total volatile components detected. Glutamic acid and
5-GMP, two other known flavour components of mush-
rooms, were also detected in concentrations high enough
to significantly contribute to the flavour of C. gigantea.

Overton’s (1994) analysis of the volatile and semi-
volatile compounds of C. gigantea (only referred to as the
‘giant puffball Calvatia' in his paper) did not support Dijk-
stra’s findings on 1-octen-3-ol, however. Overton repor-
ted a very high methoxybenzene concentration but no 1-
octen-3-ol, which is somewhat suspect, especially in view
of the fact that he also did not detect any 1-octen-3-ol in
A. bisporus.

BIOTECHNOLOGICAL POTENTIAL
Pharmaceutical investigations

Calvatia species have found widespread use in the folk
medicines of various cultures, especially as a haemo-
static (styptic) and wound dressing [on which topic Baker
(1989) provides an informative overview] as well as for a
variety of other ailments such as leucorrhoea, pneuma-
turia, inflammation, diarrhoea in calves, etc. (Swanton,
1917; Patouillard, 1924; Rolfe and Rolfe, 1925; Watling
and Steward, 1976; Oso, 1977; Dickenson and Lucas,
1979; Burk, 1983; Liu, 1984; Morris, 1987; Rai et al.,
1993; Guzman, 1994; Kawahara et al., 1994; Leessoe
and Spooner, 1994).

A summary of these uses is contained in Coetzee
(2006). It is noteworthy; however, that Watt and Breyer-
Brandwijk (1962), as well as two recent works on south-
ern African traditional medicines (Hutchings et al., 1996;
Van Wyk et al., 1997), list no traditional use for this group
of fungi in the region. According to Piearce (1981) macro-
fungi are also not used in Zambian traditional medicine.

C. gigantea, C. utriformis, C. craniiformis and C. cyathi-
formis are all known to produce tumour inhibitors (Lucas
et al., 1959), and the mucoprotein calvacin, extracted and
purified from C. gigantea, has been shown to possess
anti-tumour activity against 13 out of 24 different mouse,
rat and hamster tumours (Roland et al., 1960; Beneke,
1963). Continued use of the drug induced an apparent
allergic reaction in dogs and monkeys, however (Beneke,
1963).

According to Sevilla-Santos and Bernardo (1966) ex-
tracts of C. cyathiformis [as C. lilacina (Mont. & Berk.)
Henn.] carpophores from the Philippines also displayed
strong anti-tumour activity. Kim et al. (1992) observed
that protein-bound polysaccharides extracted from cul-
tured C. craniiformis mycelium suppressed the growth of
sarcoma 180 in mice by up to 74.1%. The anti-tumour
activity of at least one of the extracted fractions, referred to
as calvatan, was believed to be as a result of immuno-
potentiation rather than cytotoxicity.

Takaishi et al. (1997) reported anticarcinogenic activity
against K562 leukaemia cells by two substances isolated
from C. craniiformis, identified as craniformin and the
phenolic tautomer of rubroflavin respectively. The latter
substance was originally isolated from C. rugosa (Berk. &
M.A.Curtis) D.A.Reid [as C. rubroflava (Cragin) Morgan]
by Gill and Steglich (1987) in their study of the pigments
of C. craniiformis and C. rugosa. More recently, Lam et
al. (2001) reported high antiproliferative activity toward
breast cancer cells by an ubiquitin-like peptide isolated
from C. utriformis (as C. caelata) fruit-bodies. The same
substance also displayed antimitogenic activity toward
splenocytes.

The discovery of the oncostatic properties of Calvatia
species directly inspired an investigation into their
possible antiviral activity (Cochran, 1978). In this regard,
C. gigantea provided partial, but significant, protection in
mice against infection by the poliomyelitis virus (Cochran
and Lucas, 1959), while strains of the same species also
significantly inhibited five out of thirteen types of ECHO
enteroviruses in monkey kidney cell cultures (Goulet et
al.,, 1960). C. gigantea also displayed significant activity
against the Ay/Japan 305 virus in in vitro studies with calf
kidney cells and against the A/PR8 influenza virus in in
vivo studies with mice (Cochran et al., 1967), as well as
against the A/PR8/34 influenza virus in eggs and intra-
peritoneally infected mice (Gainer et al., 1967).

Extracts from C. utriformis (as C. caelata), on the other
hand, were inactive against both poliomyelitis and in-
fluenza viruses (Cochran and Lucas, 1959; Cochran et
al., 1967). Calvacin (cf. previous paragraph) displayed no
activity against the poliomyelitis virus and the antiviral
and antitumour activity of C. gigantea thus seems to be
caused by different active substances (Cochran, 1978).

Gasco et al. (1974) and Umezawa et al. (1975) more or
less simultaneously, but independently, isolated and
identified another compound with possible therapeutic
potential from C. cyathiformis (as C. lilacina) and C. cra-
niiformis respectively. This substance, p-carboxypheny-



lazoxycyanide [= 2-(4-carboxyphenyl)diazene-carbonitrile
2-oxide], commonly called calvatic acid, has subse-
quently also been found in C. gigantea and C. utriformis
(Okuda and Fujiwara, 1982).

According to Gasco et al. (1974) and Viterbo et al.
(1975) calvatic acid displays antibacterial as well as anti-
fungal activity, but Umezawa et al. (1975) were unable to
support those claims, detecting no activity against most
yeast and other fungi. More recently, however, Sorba et
al. (2001) reported strong antibiotic activity by calvatic
acid and some of its analogues and derivatives against
Helicobacter pylori, the bacterium implicated in a number of
gastric pathologies such as peptic ulcers and gastric
cancers.

Calvatic acid has also been demonstrated to have a
definite antitumour effect, significantly inhibiting the growth
of Yoshida sarcoma in cell culture, as well as increasing
the survival time of mice with Leukaemia 1210 (Umezawa
et al.,, 1975). Subsequent investigations have therefore
also focussed on the antitumour properties of calvatic
acid, which, according to Antonini et al. (1997), may repre-
sent a model for the synthesis of more specific glutathione
transferase-P1-1 inhibitors with possible therapeutic rele-
vance.

Ng et al. (2003) isolated a novel ribosome-inactivating pro-
tein with translation-inhibiting and antimitogenic activities
from C. utriformis (as C. caelata). This protein, named
calcaelin, reduced the viability of breast cancer cells but
displayed no antifungal or antibacterial activity. More re-
cently, Dulger (2005) reported on antibacterial, but poor
antimycotic activity of a 60% methanolic extract of C.
utriformis. Suay et al. (2000), however, were unable to
detect any microbial activity by methanol extracts of both
C. cyathiformis and C. utriformis against six bacteria and
three fungi. Such conflicting reports warrant further inves-
tigation.

The use of Calvatia species in Chinese and Japanese
traditional medicine has served as an additional motiva-
tion for continued pharmaceutical investigation of these
fungi and has led to the isolation of ergosterol from C.
excipuliformis (as C. saccata) (Kwon et al., 1980), a poly-
oxygenated ergosterol derivative, various other steroids
as well as a calvatic acid derivative from C. nipponica
Kawam. [as Lasiosphaera nipponica (Kawam.) Kobayasi]
(Takaishi et al., 1992) and the novel steroids calva-
sterone, cyathisterone, cyathisterol, calvasterol A and B
from C. cyathiformis (Kawahara et al., 1993, 1994 and
1995).

Deng et al. (2007) also makes further reference to a
number of steroids isolated from C. argentea (Berk.) Krei-
sel (as Lasiosphaera fenzlii Reichardt), C. craniiformis
and C. gigantea. The pharmaceutical relevance of these
substances, most of which were reviewed also by
Kovganko (1999), has yet to be established, however.

Other industrial investigations

Shannon and Stevenson (1975a, b) reported very posi-
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tively on the potential of C. gigantea as a producer of
microbial protein from brewery wastes and as an agent
for the reduction of the chemical and biochemical oxygen
demand of such wastes. The same fungus has subse-
quently also been found to be a producer of various enzy-
mes of possible biotechnological significance. Kekos and
Macris (1983) reported C. gigantea as a prolific producer
of a-amylase in starch-containing liquid growth media.

The amylase yield has been described as ‘... among, if
not the highest reported in the literature’ (Kekos et al.,
1987). Significant also is the fact that the C. gigantea-
amylase is tannin-resistant (Kekos and Macris, 1983, 1987a;
Kominos et al., 1988), tannins being well known as inhi-
bitors of enzyme activity. C. gigantea has also been
found to be able to utilise toxic phenolic and polypheno-
lic compounds, particularly condensed tannins, as sole
carbon sources (Galiotou-Panayotou and Macris, 1986)
due to its ability to degrade catechin, the building units of
condensed tannins.

A novel catechin-degrading enzyme has subsequently
been purified from this fungus (Galiotou-Panayotou et al.,
1988). C. gigantea thus seems to hold potential for the
production of biomass and amylase from carbon sources
such as acorns containing high levels of toxic tannic
compounds that would otherwise restrict the biotechno-
logical upgrading of such substances (Kekos and Macris,
1987a, b).

The cost of chitinase production has been an impede-
ment to the economic feasibility of the bioconversion of
chitinous wastes to single cell protein (Zikakis and Castle,
1988). Since the autodigestion occurring in the gleba of
ripening Calvatia fruit-bodies is suggestive of the genus
being a potential source of both the chitinolytic enzymes
chitinase and chitobiase, it is not surprising that investi-
gations into cheaper chitinase sources also involved
members of this genus.

In this regard, Tracey (1955) reported ‘powerful’ chiti-
nolytic activity in crude extracts from ripening, but not yet
dry, C. gigantea (as Lycoperdon giganteum Batsch) car-
pophores. The extracts, which normally effected com-
plete hydrolysis of chitin samples within ten days, contained
both chitinase and chitobiase. Zikakis and Castle (1988) also
reported strong chitinase activity for extracts of C.
cyathiformis. The extracts, which did not lose its activity
after freezing, could be used in chitin hydrolysis studies
without the need for further purification and C. cyathi-
formis has been described as an effective and most con-
venient source of chitinolytic activity (Zikakis and Castle,
1988).

Fungi are generally regarded as excellent lipase sour-
ces and in this regard Christakopoulos et al. (1992) deter-
mined that the lipase yield from C. gigantea compares
well with other lipase-hyperproducers. The fact that this is
an edible fungus could make it a valuable source of li-
pase for use in the food industry. Recently Jaya Prakash
Goud et al. (2009) also reported on moderate lipase and
carboxyl esterase activity by C. sculpta (Harkn.) Lloyd
from southern India.
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OTHER USES

Smoke from smouldering fruit-bodies of C. gigantea is
known to have been used by beekeepers to drive bees
from their hives (Swanton, 1917) or merely to calm the
bees in order to gain access to hives (Rolfe and Rolfe,
1925; Cook, 1970; Dickenson and Lucas, 1979). More re-
cently, Wood (1983) reported on the similar use of C.
argentea [as Langermannia wahlbergii (Fr.) Dring] by
Tanzanian beekeepers, ascribing the anaesthetic effect
of the smoke partly to the presence of hydrogen sulphide
and speculating that hydrogen cyanide and other
unidentified substances might also be involved.

The use of smoke from burning fruit-bodies of C.
argentea (as Lasiosphaera fenzli)) for hut-fumigation in
Kenya has been reported by Duke (1926). Due to the
apparent ‘injurious effects of the fumes on the eyes’, huts
need to be vacated for some time after fumigation,
however. [See also under Langermannia wahlbergii in
Walleyn and Rammeloo (1994).]

C. gigantea has found use as tinder (Dickenson and
Lucas, 1979) and the addition of saltpetre to dried C. utri-
formis fruit-bodies provided an alternative source of
amadou, used in older times as tinder or haemostatic
(Leessoe and Spooner, 1994). The use in ancient times of
C. utriformis as insulation material to plug up holes in
draughty dwellings, as mentioned by Burk (1983), is,
however, unlikely (Watling and Seaward, 1976).

PATHOGENICITY

According to Leessoe and Spooner (1994) it has been
reported in the literature that certain Calvatia species
may cause ‘violent gastrointestinal upsets’. Substantia-
tion is lacking, but such cases might have resulted from
the consumption of specimens of which the gleba had al-
ready ripened.

The inhalation of massive quantities of puffball spores
(Lycoperdon spp.) has been reported to cause an allergic
respiratory condition known as lycoperdonosis (Strand et
al., 1967; Henriksen, 1976) and it is reasonable to expect
that, in the unlikely event of the inhalation of very large
quantities of Calvatia spores, similar symptoms might
develop in sensitive individuals. According to Simon-
Nobbe et al. (2008), Calvatia is one of the most promi-
nent genera of the Basidiomycota responsible for the in-
duction of fungal type 1 allergy. Basidiospores of C.
cyathiformis have been identified in aerobiological studies
and spore extracts of this species have been demon-
strated to cause significant skin and radioallergosorbent
test (RAST) reactivity in sensitive patients (Levetin et al.,
1992).

According to Horner et al. (1995) isoelectric focussing
analysis of C. cyathiformis revealed 21 allergens, while
O'Neil et al. (1990) reported cross-reactivity between
allergens from C. cyathiformis, Alternaria alternata and
Fusarium solani. Levetin et al. (1992) regard C. rugosa

(as C. rubroflava) and C. craniiformis also as potentially
important aeroallergens. It is quite probable, therefore,
that those species and most likely other Calvatia species
as well, may, like many other fungi, contribute to causing
allergic conditions such as asthma and rhinitis. Horner et
al. (1995) and Simon-Nobbe et al. (2008) may be consul-
ted for reviews on fungal allergens.

Conclusion

A recent taxonomic study of the genus Calvatia in south-
ern Africa (Coetzee, 2006), but conducted in world con-
text, revealed the existence of eleven species in the re-
gion (four new to science) whose biotechnological poten-
tial have not yet been investigated at all. The same situa-
tion applies to various other species reported from the
continent. Much still needs to be learned regarding the
fungal biodiversity of Africa and it is reasonable to antici-
pate that further studies will uncover the existence of
even more Calvatia species from this continent.

In view of this exciting prospect and also the biotechno-
logical potential already reported from the limited investi-
gations on only a handful of species, as has been
touched upon in this paper, continued taxonomic work on
this genus in Africa is imperative. Such taxonomic studies
will lay the foundation and pave the way for meaningful
continued biotechnological investigations aimed at deter-
mining and unlocking the potential benefits of these or-
ganisms to humankind.
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