ees .’ FUMYCOTA(MASTIG .
{pﬁ (MASTIGOMYCOTINAAND ZYGOMYCOTINA,)

7y /ygospores are provided with t
! wo wall-lavers e .
all called endos all-layers e.g., outer thick w: Al o
all called endospore. warty wall called exospore and the in
‘ ¢ ¢ anner

\‘ﬂ“ Ol . .
N) \1( 10818 L t [h [ll()ld nuc lel l\ b pld E on o y YOS Ie.
) C dl td €S C ur y € germina p() e

() Incase of heterothallic species, germ-s -
' -Sporangium v . .
either (+) or/L/l). N g produces only spores of the same mating type i.e.
omumon Indian species : Mucor indicus; M. hi .
_RHIZOPUS : ;M. hiemalis; M. mucedo; M_javanicus, etc.
Rhizopus belongs to the family Mucorace:
: o ae, order M s clans
Zygomycouna and the division Eumycota. ucorales, class Zygomycetes and the sub-division
The genus Rhizopus has ab : :
there a.reg 120 specie[; and vari:tliletasmfsﬁjqes (Invi et al, 1965). But according to Hesshine and Ellis (1975)
- Recey-white cottony m o 5 ucor have been reported. Most of the species are saprophytes and
Y i soil. OF these s e);ie Yj;‘«hl'um on bread,. cheese, jam and on other moist fresh organic matter in
pecies, Rhizopus stolonifer is very common and occurs frequently on bread and

contac
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OLUMELLA
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L

SPORANGIO

5% SPORES

COLUMELLA F

SPORANGIOPHORE
E GERMTUBE H
GERMINATING
SPORANGIOSPORE

A- Diagrammatic sketch showing habit. B—Portion of the thallus

m deviopment and spore differentiation.
erminating sporangiospore.

weet potatoes causing

Fig.3.30 Rhizopus stolonifer (B. nigricans)
Fe showing different structures. C-E Sporangiu
olumella and attached spores. G-Invaginated columella. H—Sporangiospores. |- Ag

‘bread mould’— this species often behaves as parasites on §
nd much-branched hyphae,
), but septa formation often

I8 therefore called as

“soft rot” disease.
Whvvezela‘live body is the well developed mycelium composed of long, slender 8
ich ramify over the surface of the substratum. Hyphae are coenocytic (aseptate
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o gans and occasionally W hqn mycelium ages. The Myce], N
{ the base of reproductive orge .h& e and becomes differentiated 1nto rhizoids, g,
s as + Stoj,

rs the rcproducti\‘e P

takes place a
Riizopus very soon ente
sporangiophores.
Stolons are the sub
bending down functions as a no

' _— ance above the substratu -
; ally for a distance m. The p,
_aerial hyphae that grow horizontaii) ~ Pory

- o quft of rhizoids.
de and forms d tuf gl - - .
tolon tow ards the lower side. They penetrate the SUbstry

L ach node of the s . >curely
utts o e&her nutrients Rhizoids also anchor the fungus securely.
hich grow upwardly (i.e. negatively geoy,

1 and unbranched hyphae W : ohi
dliglon forms rhizoids. They are asexual reproductive structures -

Rhizoids arise int
for the absorption of water and ot
Sporangiophores are erect, aerl
in clusters at the point where the s

S siophore bears terminally sporangium. B ' ,,
spor;:gh-ﬁ cell wall is composed of microfibrils of chitin, chitosan may be present abundantly: other

polysaccharides e.g. olucosamine and galactose, proteins, lipids. etf:. are also presgm. Hyphal celj withig
pos-sesses granular streaming cytoplasm, vacuoles and mitochondria of \efxry1c111g s1Zes, NUMErous nucle,
endoplasmic reticulum, ribosomes, droplets of oils and glycogen as Teserve ood.

Reproduction takes place asexually and sexually. . _ o
1. AsexuaL RepropUCTION takes place by non-motile unicellular sporang1ospores formed within the black

coloured globose sporangia (Figs. 3.29,.B & 3.31). At the ime of reproduction, one or more aerial h}»phae -

produced in cluster directly above the “rhizoids”— these are called sporangzophores. The tp of each

sporangiophore swells up to form a globose structure called sporangium. During the development of
sporangium, the cytoplasm carrying many nuclei flow into the young sporangium and accumulates in its
periphery. The central portion of the sporangium becomes highly vacuolated and i.e. ultimately surrounded
by a wall which separates it (vacuolated zone) from the peripheral zone. This central portion is the columella.
The protoplasm of the peripheral zone becomes divided into large number of multinucleate segments. These
segments secrete wall around each of them and metamorphoses into unicellular multinucleate globose or oval
non-motile sporangiospores.

ZYGOPHORES

~ COLUMELLA

FUSION CELL
D
[::? 77 ...;:V‘/'-_-I"rv,,’ ‘2’:
7t GERMINATING
" v 8%, ZYGOSPORE
ZYGOSPORE Ky —

Fig. 3.31 Rhj : F
1zopus stolonifer- Stages of sexual reproduction in the heterothallic species.

InR. stolonifer y STP
it looks like ar lﬁ‘vsgi;(;l:lg:;:x: ;; lar‘gs' (i'*lg. 3.30, F); as the sporangium dries, the columella collapses 5O that
with MEae clianees i qh-f 10\:{ halanccd on the end of a suff sporangiophore (Fig.3.30, G).Assucmtt‘d
liberating the df};ﬁporcs Wh.ich[::z ?ntt-fl COl.umcll’a. the sporangium wall breaks up into many fragmen®®
germinates by germ tube whic L : - y CSeape - wind currents. Under favourable conditions, each spor
g ¢ which develops into a fluffy, much-branched, white aerial mycelium,
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R pRODUCTION Lakes place by pamctangial copulation method. Rhizopus stolonifer is
hence the presence ot two physiologically disunctand compatible mycelia ( +.J and (—) 1s required

roduction. When the twa hy phae ot opposite strains come in contact with one another copulaung
glled

progamelangid, are tormed (kg 3.31). Many nucler and much cytoplasm flow 1 the contacting

metangid, et propametangia bepin to enlarge. A septum then forms near the up of each

gigiufil, SCPArAting WHO BvO cells— the terminal cell forms the gametangium and the basal cell

: o cell. Bach gametangium contains dense and multinucleate protoplast, such protoplast

pamele W hich s also known as coenogamete. In the meantime the walls of the two contacung

Ive at the point of contact and the protoplast of the two coenogametes unite o "
ges considerably, its wall thickens, and its surface becomes black and warty—

e s

this
= dled w arty structure 1s the Zygospore.
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(Cutter, 1942). Half the haploid . ~

: . ‘ protd nucle rey, ¢
e. At the ume of zygospore germination, the gy, g
-

- o .crminution
e ust betore &
rest pcﬂt‘dJ

A s after the Ating tYp

undergo MCIONN & RT )y mattizs = . s ;

S = are of the k-,-mnd half ot the (=) B all c,,,d’”spuruum) protrudcs in the form of : ol ’

from Me1osIs Are and the 1n0€ delicate wd ( ; Withi a lube Cal| r
IR 2] A ; @ PO Y Y a y g . > . v

tc'_w.\‘;‘or'“"”’ cracks opcf o bears atits tip a s.mlpl&- bphLuLdl ge {m .spt)mngrum . 1thin germ Spor'dllgm §

promyceliwm: the promy«e l; long with much cytoplasm flow, which later on constitute sporangiospore, ‘

prov. ) along = Sin

lel (+ and

ding to Cutter (1942), germ sporangium which contains both spore-types rece;,
Accorditis ©

961) from his experiments think that the germ sporangium contains g,
of both. Each of the spores after liberation germinates into a fresh gcn;

wo hypes of nu¢

the usual manner. A 10
poth (+) and () nuclet: But Gauger (1

all (+) orall (-) spores. Of a nuxture

. - Eag duces ne

‘hich ramifies and pro : .

mbep“nhenooen?‘is Gametangia often fail to copulate and as such a single gametangium may develgp
a = =

directly into 3 thick-walled structure called pgrthen.ospore or azyggqure. Parthenospore resembles the
npical'z.\'gospore in external Structure and germinates 1nto NEW mycelium 1n due course.
" Economic importance of Rhizopus— R. stolon iferis used commercially for the manufacture of fumaric
acid and for some St€ps in the manufacture of cortisone. Considerable quantities of alcohol is obtained from
R. orvzae. Varlous species of Rhizopus (R. sinensis, R. nodosus, etc.) are capable of forming large quantities
of lactic acid. In Indonesia a delicious food known as ‘tempeh’ is prepared from soyabeans with the help of
some strains of Rhizopus.

R. stolonifer can cause 2ot of sweet potato or fruit of apple, strawberry and tomato (Webster 1980). This
fungus is also responsible for ‘leak’ disease of strawberries in storage. Rhizopus species cause fungal

Jiseases ‘MUCOrMYCOSIS’ of domestic animals and man.

Sailent features of Rhizopus :

1. Saprophytic in nature—OoCCurs in soil, on fruit and other foods, all types of decaying materials and as
a laboratory contaminant.

2. Vegetative body is the much branched coenocytic mycelia.

3. The characteristic features are the presence of rhizoids at the base of sporangiophores and the
stoloniferous habit.

w mycelium.

4. Sporangiophores grow in clusters; they are stout and stiff.
5. Most species are heterothallic.

6. The term sporangium contains either one t i
ype of meiospores (+ or — B o 1
(+and -). pores (+ or —) or two types of meiospores

7. Meiosis occurs at the time of zygospore germination.
Common Indian species :— Rhizopus stolonifer, R. oryzae, R. sinensis, etc

@ 3.3 Heterothallism i I i
. ism in Mucorales : The species o ivi i ‘ 1
- s or individuals in which the sexes od
separate thalli and in whic . e ) . rich the sexes are seggregatce 1t
spaErhalian exem};ﬁg;\)lvg dl:iftelrerz;rtl]@lh are .req.unred for sexual reproduction are called heterothallic.
L a]i) ' ‘fc,‘ro dd lic species is known as heterothallism. Sometimes self sterile 1.€+
P epeie theréforc rc.q u;;r{r}}u l()ias heterothallic by some workers; for sexual reproduction these
S - s the union of two ¢ atible thalli i i ’

ol fhanal sl e STgAR A Theisan wo compatible thalli regardless of the possible presence
< e same species TROIAC 1 1o 5 1 ¢
pecies. But species in which sexual reproduction takes place

in a \lngle lhaHUS l (& St‘,lf C )“l]) .l) I) S re > 4

i - aNey ¥ C all le S CCIC > ¢ b

h h, ~ S D S dre Cec ! iC it ifi
Oomot d“l(— S [)e(.lt‘,s 1S kIIOW" as hl)”lo”ul“iy’n Ld”bd h() H()fh(l”l( dlld th C()ndlt]()n C XLl“l h“ o 'v

_ In some members of Mucorales ] |
oo emhers o mer;(;,:]f; the-formatmn 01. zygospores as a result of conjugation occurs frcqucml)
e S e (.)h ygospore formation does not take place frequently. However Ehrenberg
(20 and e ary (150 w()rkcr% ‘frvm %);)gospore f()rmation in Sporodinia grandis -a mcmhcl-’of the order
hence the problem remained uns;)lvedLiz??()l:tt?;zpi:«‘?v\:he adl:lal benoms u‘w l‘“rm'“;“m‘ oy

; ' gvcrl ¢ phenomenon of sexual incompatibility L.e.
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@ 4.2 Comparison betw comy

cen Phy

s are mostly
tat some are

1. Members of Ph_vcomycetc‘
¢ in habl

aquatic, semi-aquatt

terrestrial. ‘ ’

. Normally the mycelium 18 aseptate and
coenocytic.

3. Somatic hyphae aré not organised into fungal
tissue.

4. Asexual reproduction takes place by the

formation of motile zoospores formed 1D

zoosporangium.

. Sexual reproducti
progressively comp
higher Phycomycetes.

_ Plasmogamy is immediate
karyogamy.

. Diplophase is represented by zygospore

which is usually long lived, i.e. require long

resting period before germination.

Well developed fruit bodies are not formed.

ve structures become
licated from lower te

ly followed by

o M

cies are few; majority of
X )

. Aqu‘dlic spe
are saprophytes or parasy,
Siley.

Ascomyccles

¢ structure may be unicelly
ar

The thallu
herwise the mycelium is
y! m is alWayx

(yeasts), ot
septate.
The hyphae show a tendency to aggrepye
into fungal tissues.

Asexual reproduction takes place p
exogenously produced conidia. Zoospores ai
not formed as all.

Progressive simplification and disappearance
of sexual reproductive structures from lower
to higher forms.

Plasmogamy is not immediately followed by
karyogamy in most members.

Diplophase is represented by ascus, this
phase is not Jong lived— the diploid nucleus
divides very soon to form haploid nuclei.

Well organised fruit bodies i.e ascocarps are
formed in almost all members.

@ 4.3 Structure and life history of some typical Asc

Fig.4.17 Chain of Yeast cells

formed by budding (after Ateyem oo uM)

g ’

ycetes :
& A. SACCHAROMYCES :

Species of Saccharomyces are commonly
known as the yeasts in English. The genus
Saccharomyces belongs to the sub-family
Saccharomycetoideae, family Saccharomycetaceae,
order Endomycetales, class Hemiascomycetes,
sub-division Ascomycotina and the division
Mycota.

The term 'yeasts' actually refers to
Aseomycetes which are predominantly unicellular,
which reproduce vegetatively by budding, fission
or both, which produce ascospores in a naked
;Z:tllllznodeve.loping from a zygote Of
g fgnetﬁcally from d single vegetative cell
- alcoholizvf::mplace-d in sugar solution carry
b i entation producing alcohol and
e, Sff):fﬁse‘“, Saccharomyces are cosmopolita?
carth The Wg where over the surface of the
saprophyUchl re abundantly found to occ%

y in substrata which contain sugars

tar of flowers, etc. They are also found
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that nucleus 18 distinct, it i \"*‘\ 4 £
: $ » 1L1S Surroup g

. st
and Rapport, 1971; Hartwell 1974; Webster, 1980) sugges p
3 , ] ] R . b s,

a nuclear envelop composed of double unit membrane perlford:zgm Zl Izﬁécfimle—:hef 3{:’”“&' nucey Y
provided with a cup-shaped nucleolus and dome—shaped' nuc eopb . - do udding, i

Reproduction— Saccharomyces reproduces vegetaflvely by budding nly and therefore thig geny
is commonly called "budding yeast'- $

R NUCLEI

BUD BUD DAUGHTE

D

Fig. 4.19 Saccharomyces cerevisiae. A-E—Different stages in budding and the
formation of daughter cells.

1. VEGETATIVE REPRODUCTION TAKES PLACE BY Budding— At the time of budding a small out
or p_rqtuberance is formed at one end of the mother cell. According to Webster (1980), the nucleu Erowth
to d1v1.de by constriction and the nuclear envelop i.e. membrane does not break do:)vn A n.s Jeas
constricted nucleus along with other cell organelles enters the bud. Next the cytoplésngg clsgnzftme

cuon

Fig. 4.20 Saccharom 0SCope
g. 4. charomyces cerevisiae with ht m
ISI ith buds as seen under hig power of a light mi

h o] [ofg ;

between the pare
n« parent cell and the bud is closed by laying d f
own of wall material. The bud JES—
' then assum¢

. Cr OeS b ] |
;‘U C al ¢ ‘. ¢ ‘ .. ' l .
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A b Vi (a).. The yeast « g A) and the rest two are other matng 1ype
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haploid cell

S 1010 an ascus. These spores

421 Saccharomyces sp. aking up of ascus wall. These
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v 1"
) 4

\Formanon of ascospores. B—An buddin Ths (‘)f deferent mating types usually multiply by
ascospore germinating INto new kee €. The haploid buds thus formed has independent Life and
saugnter cells by budding. ¢ep on pr

(Fig 4,20 oducing new haploid cells for several generations
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-

Sexual rvprodlilctlon—— Il. occurs under unfavourable conditions. Two somatic cells of opposite
ganng DPe behave as gametangia and undergo sexual fusion (Fig. 4.22) — as a result plasmogamy and
(i OgAMm) takes place and a diploid zygore (2n) is formed (Fig.4.22). Zygotic cells are ellipsoidal and larger
+eq the haploid cells.The zygote also undergoes budding for several generation. These diploid cells also
w53 independent life like haploid vegetative cell.

During unfavourable condition (at low temperature, shortage of food and water, etc.) the diplowd cells
¢ 4-mon as asci. The diploid nucleus undergoes meiosis and four haploid daughter nuclei are formed. It
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Economic importance— Ditferent smains of
Scccharomyces (yveasts) are among
conomically most important fungi. For

. icts like alcohol and CO..
-haromyces cerevisiae. S.cerevisiae Vvar.
I:psoideus, etc. are used by brewers and bakers
in making wines and bread respectively. In the
brewery. the alcohol is the industial product. In
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Fig. 4.23 Diagrammatc ife cycie of
Saccharomyces cerevisiae. [Redrawn f“r“

QO

Alexopoulos (1962) [after Guillermond, 1803

the bakery, the CO. 1s the important product and the alcohol is the waste. The carbon dioxide from yeass
maxes the dough to nse in the baking ovens and gives the bread its spongy nature. Yeasts usad
brewenes are of (wo types viz. fop yeasts’ and bottom yeasts'. Former produces alcohol at the top of
the sugar solution to be fermented, while latter remain in the lower portion where oxy gen supply 18 poor.
Top yeasts have grcater fermentive power. Yeasts are sold in the market as dried veast cakes or cakes
of commerce. generally used in the laboratory and alcohol industry. One spevies has been found w
synthesize proteins from molasses and ammonia— this acuvity of yeasts is very important n e
production of protein foods. As yeasts are great sources of vitamuns (vitamins B and C) and pr\‘tfﬂ»"

LF» are {
4 as 2ood as valuable food. Yeasts are also employed to impart flavour to cocao beans

Salient features of Saa‘hammvces .

~/

(1T hall he
alecd e J\L; € Vegetauve structures is very simple, being represented by a single cell. Cells may
o 1O ) ‘ . -
- or diploid (2n). The chromosome number of the diploid cell is 8.

(2) The ¢
e cell wall is disinct and composed marnly of pecun. hipids and polysacchandes: chitin may be prosent.

3} Tr
(3) True nucleus with definite membrane is

present; the nucleus s distinct from the vacuole.

(3} Vanous other
er cell inclusions such as fats, glycogen (as reserve food), endoplasnue renculun.

Nilow hes
Mitochondria, etc. are present within cytoplasm.



