Penicillium
(Plectomycetes)

Ecolo & o
A taxonomic accéunt of the genus_1s given by

Raper and Thom (1949) and Pitt (1980). It is
one of the most cosmopolitan genera of fungi
present in air. Most species are saprophytes. Some
species like P expansum; are weak parasites
causing rotting and spoilage of fruits (apples,
oranges, pear, grapes) in storage. Textiles, paper,
Pulp and lumber woods are deterforated by species
of Penicillium. Some species are of industrial
Value. Penjcilliym roqueforti and P. camemberti
g Used in hydrolysis of fats and butter and to
'mp"{'rt_ flavour to cheese. Some are source of
E:Z‘;lcilnes. P notau{m and P.' chrysogenu'm. a.r‘e
Penicilr]l‘ the cmprpercxgl synthesis of the antibiotic,
o . . citrinum is possibly “one of the most
Mon-eukaryotic life form on earth.”

.
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Vegetative Structure

The mycelium is profusely branched with septate
hyphae which may penetrate deeper into the
substratum or grow superficially as mycelial felt.
The cells are thin-walled, one to multinucleate.
The colonies appear as floccose, funiculose or
velvety. The hyphae are generally coloured due

to presence of pigments on the surface of hyphal
walls,

Asexual Reproduction

It occurs by the development of conidia on
characteristic conidial apparatus-the branched
conidiophore  bearing successive whorls of
minating in a cluster of phialides. The
conidiophores arise from aerial as well as
submerged hyphae. There are no foot cells. In
species  (Section-Monoverticillata)  as

P. spinulosum the phialides are borne directly on
the conidiophores (Fig. 7.14A). In most species,
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Fig. 7.14. A-B. Conidiophores and conidia of Penicillium
spinulosum (A) and P. expansum (B).
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however, the pPhialides are borne on a further
whorl of branches or metulae and these may in
urn arise on a further verticil of branches the
rami as in p expansum (Fig. 7.14 B). In some
species as p claviforme  the individual
conidiophores may be aggregated together into
club-shaped fructifications known as coremia. The
detailed method of conidial formation is more or
less  similar 1o that  described earlier for
Aspergillus. Phialoconidia are develope

per _ d within the
phialides in besipetalous chains. The

conidia are
green and dry, and dispersed by air currents.

Sexual Reproduction

Penicillium also presents the
nomenclatural problems like Aspe
are rarely formed. Teleomorphs
in 31% of all described species of Penicillium.
|)Sexua] reproduction, wherever known may be

either isogamous or anisogamou

s) Most species is
homothallic except some lik@ uteum which are

heterothallic. In P bacillosporum sexual branches

taxonomic and

rgillus. Ascocarps
are known only

arise_as short, identical, multinucleate branches,
and bec lically coile und each other.

ZQPlasmogamy takes place. (4 scogenous hyphae

deve!g_g_yjth‘i.?the ascocarp and these give rise
to asci. TheTasci are arranged end to end to form
short, coiled chains. Esa%hgascus contains eight

globose ascospores whose walls have distinct
echinulations.

@[elenmomhs (Perfect, Se&lal)
© States of Penicillium

Most species of Penicillium have no ascocarps.
Some species develop ascocarps in their life cycle.
Ascocarps can be assigned to different genera :
Eupenicillium, Talaromyces and Carpenre.le.s.' A
taxonomic account of perfect states of Penicillium
1s given by Pitt (1980).

Eupenicillium

The conidiophores (anamorph) are mono—,_bi— -or
triverticillate. This genus includes the species with
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antherig
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nch

; o elongateg |,
become ascogonium which is usually unice]ly]y,
and uninucleate. As it matures, npclgar divisigpg
occur making it multinucleate. Me i Other
small slender branch develops close tq the
ascogonium. This

is also uninucleate, This i
antheridial branch. It ascends up coiling itself
loosely around the ascogonium. The mature my
branch cuts off apically the antheridium proper
(Fig. 7.15 C) which is uninucleate. It becomes
swollen and closely appresse;l) to the ascogonial

wall (Fig. 7.15 C, D()g‘ hé7contact wall between

the two dissolves. wever, jpucleus from
antheridium m@%@ﬁﬁﬁm
ascogonium. q_'?-l{_é’) ma%piﬁaﬂ;
degenerates."[(ﬁs ogonium divides into a r
large _number of cells (Fig. 7.15 E), cach
containing two i@ rom some of these
binucleate cells, ascogenous hyphae develop and
their terminal cells.give rise to ¢ _' in usuaL\'}lﬂsY
(Fig. 7.15 F). lq; sci are held) §short c amog‘
and each asgﬁ_’s__gigm;ﬁmwdk/\n envel‘?Pele
sterile hyphae grow to form a FOmPaCt t‘;‘;ﬁ ;
mass around the developing asci. The %
(cleistothecia) are loosg, soft, cottonyvabrli;b]e "
(Fig. 7.15 Q). Th@‘u:cqspores alremiculur- il
shape spherical, elliptical or 1€
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Fig. 12.39. Penicilliurn spp. Ulira
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Fig. 12.41. Monoverticillate (A) and biverticillate (B) conidiophores of Penicillium.
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Neurospora

(Hymenoascomycetes : Pyrenomycetes)

dely used in biochemical
and genetical studies Two best-known species are

Neurospora crassq and N. sitophila. From India,
the former species is reported

ns and bakeries, For
also commonly called

Vegetative Structure

Mycelium grows rapidly and sy
substrate. The hyphae are

Septate, with multinucleate

perficially on the

branched, coarse and

cells.

Asexual Reproduction

The mycelium reproduces rapidly by conidia,

There are formed two types  of copidia
macroconidia and microconidia

. 1. Macroconidia, They are formed as large
conidial Masses, on upright branches. The aerial
upright branches arisé from the mycelium. On each
branch, there develop branched chains of
multinucleate pink conidia. The terminal conidium
of a chain may bud further to form more conidia.
Conidia of this type belong to the form-genus,
Monilia (Fig. 7.16 A, B). The individual conidia of
a chain break apart, and easily disseminated by wind.

2. Microconidia. In contrast to the large, dry,

wind-dispersed macroconidia, clumps of smaller,
oval, sticky, microconidia also develop laterall
on the upright aerial branches (Fig. 7.16 C). The
am—id@enous celmides.

Sexual Reproduction

eurospora terricola and N. dodgei are homoth.all_uﬁ
(gherea N. crassa and N. sitophila heterothallic in
which ascocarp development does not Jgkc %E;ge;:
myceliuni/derived from a single conidiunf rtam
time of sexual reproduction, female sex-organs,

. vegetative hyphg,
gL eighbouring hy

ascogonia develop op, the myceliy
a coiled, multinucleate, latera] 01.1t : lnps&\
The a5C0goniyp, divi%e:v::: of

. Phae surroung the ey
ascogpmum to give rise a psey Oparep hElong
ball-like structure of hyphae, T, ‘{lfipjer ¢ ]ymamug
ascogonium give rige 0 long taper; s O

I'n toh
The female sex _OIgans of sy, & Uichog,

Brotoperithecia or hyjy; (Fig. 7.1é.J i)f -l
i:jPlasmogamy generally oceurs b :

" . _ = DY trangf
acroconidia or Microconidia tg the trichog -
the ascogonium  of  yp, = - “ogym

: it Opposite :
(Fig. 7.16 D Fusion between the ic ~
conidium is fo '

develop the croziers'.‘Plasmogamy may also geey

by sorrlatogamous‘copulation between ce])s of

Opposite strains. The ?ﬂatur_g perithecia are dy.

coloured, globose, ﬂask-shaped and with a peck
(Fig. 7.16 E). The canal of the neck is lineq by
periphyses. However, Paraphyses between asci are
absent in Mature perithecia. The asci are cylindrical,
long and stalked (Fig. 7.16 F). In N, tetrasperma,
each ascus has four, binucleate ascospores, whereas
that of N. crassa eight binucleate ascospores (one
nucleus in each spore of one mating type). In this
species, a single ascospore can give rise to perithecia
as it has two nuclei, one of each mating type.
Ascospores are arranged in single row, ar
unicellular, oval, brown with characteristically ribbed
wall (Fig. 24 G). In N, crassa, ascospores are viable
for many years and do not germinate readily unless
treated chemically (as furfyral) or heat shock (60°C
for 20 min). The spores germinate to produce new
mycelium.

Peziza
(Hymenoascomycetes—
Operculate Discomycetes)

e s

cies of Peziza grow as saprophytes on the
& d, rotting wood or dung. Aboyt 25 species
g;o?l?'; genus are known (o occur jp India, of
0 18 X
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idiopl;ore with macroconidia, B. macroconidial
sticky clusters, D. a protopcrithecium with
F. an ascus, G. ascosporcs.

F;g' 7.16 A, A-G. Neurospora crassd. A. €On
chains enlarged, C. microconidia forming
Projecting trichogyne, E. L. S. perithecium.
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i ost common a : _
which the t'w;?n::;am begin to develop. They develop in hemiﬂngioc R0y
and P mutig : manner. Mature apothecia are Saucer-shapeq ., " |

Vegetative Structure or subsessile, 5 cm or more in diamete, (F; segj |
_ A). Internal structure becomes clear ip 4 - 8. '{.17
section of the apothecium (Fig. 7.17 B) nf.;tudmﬂ
- Ihere

jum 1 ' d consists
The mycelium is frequently perennial an : b
of a dZnse network of branched, septate hyphae. Ee sgen 1h1'e§ Lflnall; ]layers. The Outermgg ai |
The cells are uninucleate. The hyphae ramify ymenium made up of elongated cells at right ang
e ce to the surface like a palisade layer. Thege elon o]
aleg

S omplex system
within the substratum and form a comp y cells are asci and paraphyses. The middje B . |

which extracts nutrients from the substratum. The : . . yeri |
apothecia are aerial on the surface of substratum. thin and consists of light-coloured hyphae ryy, |

po parallel to the surface of the hymenium, Thjs |a}E
: , - n or |

Asexual Reproduction 18 knoufn as hypothecmm. Then, there is thirg layer
the excipulum which forms the basal, larger Pﬂr-t u‘f .

. : S - the apothecium.

This method is not so common. SOME SPec The ¥Giaroveior B EBHE e, i |

produce conidia. A conidial state belonging to the TR ———
d in - : 1N a roy
g, Oudcehan o b ST 0 e . They e e o o |
the mycelium. They swell at their apices into s ’S‘; = smoo; - cc;arsely re"C“]ate-lThC& |
vesicles over which large number of conidia are germinate by germ tubes to form new mycelium. |
formed. The conidia are hyaline to lightly coloured
and elliptical. Some species also develop thick- .
walled intercalary chlamydospores either singly or |

in series on the mycelium.

Sexual Reproduction ,

No sex-organs are known in Peziza. The hyphae
¢ grow in all directions to give a |
pseudoparenchymatous mass. Within this hyphal :
mass, there may be seen a weft of branching ;
filaments which are fairly more rich in |
protoplasmic contents. Each cell of the weft
contains one or more nuclei. The nuclei have been
seen to migrate from one cell of the weft to
another. There 1is somatogamous copulation
between vegetative cells of these filaments. Nuclei
in such cells then arrange themselves in pairs- |
dikaryons. In some cases, dikaryotic condition may |

also be achieved by autogamous pairing i.e. the

nuclei of the same cell arrange themselves in pairs.

The cells of these dikaryotic hyphae give rise

to ascogenous hyphae, and the asci are formed
on them in usual manner. Karyogamy and meiosis ,
occur in the enlarged terminal cells of ascogenous ]
hyphae which behave as ascus mother cells. The |
croziers have not been observed. i
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Me foung to be crowde‘d tofetge lcirger t}lm&l The Cup-shaped, fleshy ascocarp wity N
; ;s mm“_on y-“foundh 16T o maturt? piles, well fertilized gardens, green houw
. 1s found On rotte }q ~d on the ground in decj :

, ; In deciduous forests and open plac s. P repang§

: en logs ir =14 10 ¢ pen.places. P. repang, 7§

o l oz ™0ute pustyles op gse ;l:;’a‘éds- The apothecia of the g il
M

gus are whitish or pale brown and exhiby g
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= B it 2 Srvctre,

. The myceliurs
YPhae with uninuclege gy o S Vell dey

cells except in the fructificati of ithin o8
substratum mdm i 'fro:n tlication. The hyphae are found within the §

outside. They absOrb the nufrition from the

position. On the approach of suitable
produce new mycelia.

Sexual reproduction. The sex ergans ar
process is extremely simple and consists in the association
compatible nuclei are brought together by means of s

it

etztive riuclei in a pair; the %

cloped and consists of network of sepﬁ}: "
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Vit e

Certain species produce thick-wallzd halmydospores) The chlamydospores are intercalaxyjihfi i
cnditions of moisture and temperature they germinate and:e§.

e not found in the species of Peziza, The sexual K.

cmatogamy. The vegetative cells are seen ml-;" B
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suB-DIV. ASCOMYCOTINA: Clag
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possess the nuclei associated in pairs The-fp

- dika otic cells rise t0 ascogenqug h‘gghae>
% Th%s&f@ggs_hvphae become manv cellr:(.%
2 gy sépta. The cells are binucieats) The
@mal or sub-terminal cell of ascogenous
g Ef_phae acts as an_ascus mother cellbwhich
develops into an ascus) The two nuclei of the

B ascus_mother cell flse together forming 2

meiotically and
wight—haploid _ nuclei

which  hecome

i a_?,cosp;%asci are clavate, erect and lie
side by side. They are intermingleg with

parah 'Ses.

4 ecium. The apothecial cups of
eziza vesiculosa are brown, 2 to 3 inches

. broad, and are commonly contorted and _

£ “cimpled. The hymenial surface of P. venosa
.35 convoluted. In_ sectiona! view ihe

& upothecium exhibits three layers. The
3 /é‘p'e'm'rrayer is the hymenium; middle one
- fhe sub-hymenium and the .oute"rf'nost layer,
the ‘eﬁﬁ%&ﬁyﬂnium consists_of
erect d paraphyses; the sub-hymenium

1 of the weft of hyphee and ascogneous hyphae; _
¥ and (the, Fﬁg&m consists  of

S-ASCOMYCETES
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ltig ASCI " ll
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/M
DARAPH

) A‘
~PERIDIUM

E+ gjﬂkg 8
ASCOSPORE%‘)

¥ pseudopar tisspe formed _ of
‘t compactly interwoven hyphac.

Asci and ascospores. The asci are

glavatc and fcrm alisadg-like ldyer lining the

. Tavity of the gscocarp.JEach ascus contains &
| ascospores Qn maturation, the ascospores are
3 ot off ffom asci and disseminated by wind.
' smooth an
he

( Each ascospore is haploiq,

E ellipticafl (On _geqi

haploid mycelium. .
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Fig. 12.34. Peziza. A, vertical section of
_ A, mature
apo_t.hgglgg\.; B, a portion of apothecium showing asci
ascospores and subhymenium. T
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ASCOCARP (APOTHECIUM n)

DIKARYO PHASE J

PAIRED NUCLEI
(+ AND -)

MEIOSIS

YOUNG ASCOCARP (2 n)

DIPLOPHASE ASCOGENOUS HYPHAE (n n)

YOUNG ASCUS

WiITH DIPLOID
NUCLEUS ( 2 n) ASCUS MOTHER CELL (n n)

~—
KARYOGAMY

" Fig. 12.35. Peziza. Graphic life-cycle
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