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! The need for utilizing renewvabdle resvurces as a
means of combating the increasing demands for food and
energy has been well realised in recent years. Petroleum
which is being consumed at an alarmingly rapid rate is
linited in its supply and is not renewable. Alternate

enargy rescurces to petroleum are being investigated and

h among them attention is getting increasingly focussed on

cellulose which 1is the most abundant renewvable resource

produced by photosynthesis, Besides energy, nutrition
is also of great importance, particularly of protein
nutrition of man and his domesticated animals. It has
been realized that with the population exrlosion taking
place, future demands for protein cannot be met solely
through conventional protein scurces such as milk, pulses,
meat ete. Microblial protein for which the name single
cell protein (.C”) has been given is expected to play a
greater and more significant role in the protein nutrition
of man and animals, Among the substrates for bioconversion,
cellulose is being considered as a potentlial raw material,
Another im ortant aspect is the utilization of the
renevable cellulosic raw materials as the feed stock for
generating basic ingredients of the chemical industry,
which are presently being obtained from petrochemical
sources (e.ge ethylene, cthanol etcs).

The utilization of cellulosic materials for
generating food is well exemplified by the technology of
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sushroom cultivation, Mushrooms have been used as a human
food from times immemorial, Mushrooms belong to the class
Jasidiomycetes, hﬁvlng unbrella shaped reproductive
structure (carpophore or basidiocarp) with zills on the
lower surface. These fungl are capsble of growing on
1ignocellulosic wastes forming fruiting bodies which are

.- rich in protein and this fungal protein is acceptable in

| human nutrition (Han, 1978).

Vedas -« the most ancient sacred literature of

: Hindus, refer to mushrooms (Purkayastha, 1976). Agaricus
campestrds (a cosmon mushroem) was familiar to Romans
and Greckss In China, a mushroom Cortinellus berkeleyamnus
has been cultivated for several centuries on a large scale
(Shattacharjee, 1970). The paddy straw muchroom,
¥Yolvariella volvacess has been cultivated in large
quantities in South China, "hilippines, Malaysia, Indonesia,
Thisland and Burma (Chang, 1974)., Other cosmonly
cultivated basidiomycetes include Lentimus ¢dodes
(Shittake), “leurotus ostreatus (Oyster mushroom), which
produce edible fruit bodies (Ham, 1978).

The mushroom jgaricus bisporys, most commonly
cultlivated in Jestern Countries, is grown on horse manure
compost and crop residues such as ¢orn cobs, stalks and
straw (Han 1978).

The paddy straw mashroom Yolvariella yolvaces is
known t0 grow on rice straw, Other kinds of materials




such as residues of taploca mamufacture, wheat straw,

sorghum, jombax malabaricum and cotton waste are used
successfully for the cultivation of this mashroom,

The other common &dible mushroom Lentinus gdodes
(shittske) grows on wood. The logs cut from hard wood
trees such as oak, chestnut are used for preparing the
bed in wvhich holes are drilled and the inoculum is
placed inside. The fungus "lgurotus ogtregtus is |
cultivated in a similar way as Shiltake on beech trunks
and logs of decliduous trees (Hayes and Nadr, 1979).

The main feature in the cultivation of Volvariella,
Lentinus or "leurotus is that, no extra nitrogen needs
to be added to the substrate whercas in the cultivation
of Agaricus horse manure is an essential additive, which
is chemically complex (Chang-lo and Yee, 1977).

The genus Yolvariella belongs to the family
Amanitggeas of the order Agaricsles (Singer, 1975).
The fungus is saprophytic on cellulose-rich paddy straw,
and is commonly known as 'paddy strew' sushroom
(Rangaswami, 1976). shaffer (1957) has discussed in
detail the validity of the generic name yolvariella
in preference to the more popular name Volvaria.

The common substrate for the cultivation of
Yolvariells is paddy strawe In China, for several
centuries, the mushroom V. yolvaceg has been grown on
paddy straw (Chang, 1974). As it was grown under natural




conditions the yleld of mushroom was very poor, Other
sources of straw such as wheat and sorghum were found
inferior as the mushroom ylelds were comparatively less
(Sdnger, 1961; OCupta gt gl, 1970). It was successfully
cultivated on Bombax malabarioun in Indo-China by Sallet
(1936). The mushroom was also grown on other materials

~ Such as water-hyacinth jichhornia grassives, (Chemg and

Mok, 19_71): oil palm bunch waste and pericarp waste,
(Naidu, 19713 Chen and Grsham, 1973); benana leaves and
sawdust (Chua and Ho, 1973). Their mean ylelds were
comparatively low varying from 1.5 to 2,543 whereas by
the use of paddy straw the yleld was reported to be from
435 £0 LgPls
' chang (1974) grev Y. volvagea on cellulosie

materials buch as eotton waste compost. The compost
consisted of first grade cotton waste, rice or wheat bran
and caleium carbonate to maintain the pH at the required

 level. The compost was prepared by soaking this mixture

into water and fermented for four days and then it was
subsequently steamed at 80°C temperature, ccoled at 30°C
to 34°C and made ready for spawning, ihen the mushroom
was grown on this compost at 30°C to 40°C, the fruiting
bodies were picked up within 10 to 15 days after spawning
and the yield was about 25 to 3% which was higher than =
the yield from traditionally used paddy straw,

The physiology of growth in ¥, diplgsia was studled
by Rangaswami (1956). GStarch and peptone were recorded




as the best carbon and nitrogen sources, respectively.
The ambient temperature of about 35°C and pH 5.0 to 6.0,
gave optimum growth of the fungus, Ghosh and Sengupta
| (1977) grew V. yolvacea under submerged conditions and
obzerved that the fungus utilizes soluble starch in
preference to amylum, dextrin or glucose, whereas lignin
or cellulose were poorly utilized. Potassium nitrate
wag found to be a suitable nitrogen source. Chandra and
Purkayastha (1973) found that the optimum growth of
Y. yolvaces was at pH 5.5 and 30°C. In physiologieal
studies of ¥, yolvacea on hemicellulose and cellulose
Chang=iio and Yee (1977), observed that it utilizes both
cellulose and hemicellulose effigiently in the presence
of asparagine, The straw on which the mushroom Volvariella
is commerelially cultivated consists mainly of cellulose
(376)s hemicollulose (21%), lignin (8%) and about &, 5%
of crude protein (Han, 19783 Mishra, 1980).

One of the earlier attempts at microbiological
conversaion of inorganic nitrogen and carbohydrate
- materials such as straw, sawdust or plant residues to
protein was probably that of Robertson (1920), In the
same year “ringsheim and Lichtenstein (1920) reported on
the feeding of animals with Asvergillus fumizatus grown
on straw and inorganic nitrogen, During World wer II,
Germany developed a process to produce food yeast,
Candida utilds (Zorula) from sugars obtained through acid
hydrolysis of woods (Han, 1978)., In the United States




during vorld var II investigations were carried out for the
production of mushroom mycelium by submerged fermentation
instead of compost or mamure beds (Litchfield, 1968),
Several other authors (Block, 19603 Gilbert and Robinson,
19573 Robinson and Davidson, 1959) extended these studies.
Recently SCP production has been studied with different
types of microorganisms such as bagteria, yeasts,
astinomycetes and filasentous fungi by utilizing different
ecallulosic wastes. A bacterium Cellulomonas Sp., has been
reported to produce protein from sugarecans bagasse,
(Callihan and Dunlap, 1969). Chehal and Gray (1970),

have grown some fungl imperfecti on low lignin pulps, with
the reguired level of nitrogen substrate to produce a
biomass with 2% crude protein, Paper mill waste cellulose
has been converted by lyrotheelium verrucaria to SCP
(Updegraff, 1971), where the final product contained W
erude protein, Crawford gt al (1973) grew a thermophilie
actinomycete on pulping fines, a cellulosic waste of the
paper industry, The resulting biomass product was found
to contain 30% protein, The white rot fungus, Sporotrichum
pulverulentus has also been grown on waste mechanical
fibres from a newsprint mill by Eriksson and Larsson (lm)’
and the culture produced had about 30% mycelial protein,
Peitorsen (1975) reported on the production of cellulase
enzymes and protein from barley straw by growing
Irichodgrua viride. The protein content of the product
was about 2le26M, A thersotolerent cellulolytic fungus,




Chaetomium cellulolyticum has also been used for 5CP
production by utilizing various insoluble cellulosis
materials such u'paper-pulp. wood, sawdust and wheat
straw (MooeYoung gt als 1977; Chehal gt al, 1977). This
process of bloconversion has been developed on a large
scale and detalles of the fermentation reported to as

the "vaterloo process” have been published (Moo-Young
8k &l 1979)s The nutritive quality of 5CP depends on
the amino acid composition of the protein, The patteran
of amino aclds in several SCPs is reasonably good when
compared to high quality proteins such as those of egg
and milk, (Miller, 1968)., According to Hayes (1975),
the musbhroom protein has high digestibility and in its
overall quality it iz intermediate between low grade
vegetable and high grade meat protein, Bano (1976), has
given the composition of essential amino seids in a fow
mushrooms which shows that mushrooms contain most of the
essential amino acids e.g. Y. diplasia contains the
following amine acids, in g/100 g. of protein: Iscleucine
S¢33 laucine 3,53 lysine 2,685 phenylalanine 4,893

| tyrosine 1.,6§ Cystine 2,3; methionine 0,893 threonine

’ be23 tryptophan l.l; valine 6,8§ arginine 4,09;
histidine 2,09,

Mushrooms are rich in vitamins, Orton gt al (1922)
found sgzaricus campestris to be a good source of water
soluble vitamins, Filios and Zsselen (1946) reported in
canned and cooked mushroom the presence of vitugtnn such




as riboflavin, nisein, pantothenic acid and biotin,
isselen and Fellers (1946) have reported the presence
of folic acid in mushroom, In addition to the B group

vitamins, mushrooms are aleo reported to contain Vitamin
D and ergosterol (Bano, 1976).

There are two possibilities of converting
cellulose S0 5CP (1) direetly growing eellulolytic

organisas on cellulosic substrates with the resulting
biomass serving as the source of microbial protein and
(11) production of eellulases which can be further used
for enzymatic hydrolysis of cellulosic materials in order

to produce fermentable sugars, The sugars s0 produced

can be‘ used as mbstrates for cultivation of yeasts and
oihcr accepted microorganisms to produce 50P, (Chose and
Kostick, 1969),

The history of research on cellulase at UsS. Army
Hatick Development Center has been discussed by leese
(1976). Among several microorganisms isolated from
ailitary saterials undergoing extensive rotting under
hunid tropiecal conditions, a strain of Ipichoderua was
identified as the most potent cellulolytic culture.
Extensive investigations on this strain, which has been
recently named Iprdchodgrma reeseli have been published
(Mandels and Stermderg, 19763 Mandels and Andreotti,
19783 Dewey and Mandels, 1980). From the point of
ennhancing cellulase activity as well as productivity to
develop a viable technology, the culture has bean
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subjected to mutation studies and many promising mutante
have been isolated (Montenscourt and Sveleigh, 1977 (a);
1977 (v) ). ince cellulose is an abundant, renewable
carbohydrate resource, which can be hydrolysed
enzymatically to glucose, which in turm can be converted
to alcohol by fermentation, there has been tremendous
increase in the research inputs to develop process for
high eellulase production, '

Cellulose is a polymer of glucose units connected
by b-l. &4 linkages such asy

——

cuon (.\—\?.OH cm,oﬂ

L
Undor natural conditions, cellulose most commonly
occurs in association with hemicellulose and lignin in
the waste materials such as crop residues and forest
wastes, Hemicellulose i1s a polymer of pentoses (xylose
and arabinose), hexoses (mannose) and a number of sugar
acids. Lignin is a high molecular weight phenolic
compound which is generally resistant to microbial
degradation., The white rot fungi have been shown to
possess enzymes for breakdown of the lignin polymer and
recently even Lacteria and actinomycetes have been shown
to possess the capacity to atteck lignin, (Crawford and
Crawford, 1980), Cotton fiber is an example where the
cellulose ocours in almost pure state.

i __-FLH; -_——__ . -:—_L T‘,;..'_ RPN TSy —
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The hydrolysis of cellulose is difficult due to
the high level of orystallinity assoclated with native
czllulose and also because the cellulose in most instances
is found in assoclation with lignin which appears to form
a mechanical barrier preventing the accessibility to the
cellulose for the hydrolytic agentes (Tsao gt al, 1978).
For the rapid enzymatic hydrolysis of cellulose, a
physical or chemical pretreatment has been found to be
necessary. Sall-nilling reduces the size of the
particles thereby increasing the surface area and also
breaks the crystallinity of the material (Mandels ¢t al,
1972). Alkall pretreataent loosens the ligninecellulose
complex by hydrolysing the ester bonds between the
uronic acid of hemicellulose and lignin (Bellamy, 1974).

Cellulase is an enzyme complex and not a single
homogensous enzyme. In recent years the throe major
components of microbial cellulase have been identified
as endoglucanase, exoglucanase and f ~glucosidase and the
mechanism of their action in cellulose degradation has
been extensively reviewed (vood and MoCrae, 1979).

nuuctd(lm).hm suggested the sequence
of enzymatic reactions involved in the degradation of
native cellulose as follows t
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Crystalline leactive €., (Clucose)
cellulose ._f.l_} LPSE T T — N AR

Be=glucosidase

Glucose

The enzyme Cy was believed to act first on crystalline
sellulose modifying it in such a way that subsequent
enzymes can hydrolyze the product. It has little or no
effect on soluble derivatives of cellulose such as
carboxymethyl cellulose (CMC). The enzyme C, randomly
hydrolyzes celluloses pretreated to decrease their
erystallinity as well as soluble cellulose derivatives
and =1l,4 oligomers of glucose. F eglucosidase converts
low molecular weight oligomers such as cellobiose and
cellotriose to glucose.

The Cy = :hmﬂuna suggested by Reese was
questioned by several workers after detalled studies on
purified enzymes isolated from the culture filtrates of
a number of cellulolytic fungi., Wood and McCrae (1972);
Eriksson and Pettersson (19735); Serghem and Pettersson
(1973) suggested that C, is an exoglucanase, in some
cases it is specifically cellebiohydrolase, which

successively removes cellobiose unit from the none
reducing end of the cellulose chain, CiiCase, an endo
Fwl, & glucanase, attacks randomly the cellulose chain,
Wood and MeCrae (1979) have discussed the enzyme system
comprising endo and exve-glucanases, involved in the




11

Crystalline “ 1sactive Cy (-'..EJ.wm.»f:,.:_:),,x s Sall
celluloge e cellulose —mm—) Y

B=glucosidase

Glucose

The enzyme C, was believed to act first on crystalline
sellulose modifying it in such a way that subsequent

enzymes can hydrolyze the product. It has little or no

effect on soluble derivatives of ¢ellulose such as

carboxymethyl cellulose (CMC), The enzyme C, randomly

hydrolyzes celluloses pretreated to decrease their
erystallinity as well as soluble cellulose derivatives
and F=1,4 oligomers of glucose. [ -gluccsidase converts
low molecular weight oligomers such as cellobiose and

cellotriose to glucose.

fhe Cy = C hypothesis suggested by Reese was
questioned by several workers after detalled studies on
purified enzymes isolated from the culture filltrates of
a number of cellulolytic fungi, Wood and MeCras (1972);
. Eriksson and Pettersson (1975); Berghem and Pettersson
(1973) suggested thﬁt G4 is an exoglucanase, in some
cases it is specifically cellobiohydrolase, which

successively removes cellobiose unit froam the non-

reducing end of the cellulose chain, CiiCase, an endo

Fwl, & glucanase, attacks randomly the cellulose chain.
' Wwood and MeCrae (1979) have discussed the enzyme system
comprising endo and exvezlucanases, involved in the




degradation of erystalline cellulose, They suggested
that the randomly acting endoglucanase (c') enzymes
initiate the attack and the subsequent degradation is
carried out by the exoglucanase generally acting as a
cellobiochydrolase. The (y-C, enzymes were found to be
synergistic in action. Neither Cq mor Cg is able to

degrade cellulose separately (Sadana gt gl, 1979a).

Many fungl and bacteria are reported to have the
ability to secrete extracellular cellulases in sufficlent
quantity to merit consideration as a source of enzyme
for saccherification of cellulosic substrates (inari and
Markkanen, 1977). These include filamentous fungi such
as T, lignorun, 1. koningil, I. reesel, Denicilliium
funiculosus, D. iriensis, Hyrothecius versucuria,
fusarium solani and Chaetomium ghermophile var. dissitum,
More recently certain bacterial strains such as specles
of Ce lulomonas have been studied and mutants have been
isolated which can degrade cotton wool (Choi gt gl, 1979)
and cellulose, JSaccharification using cellulases of
these mutants have also been studied (Cray gt al, 1980).
The cellulolytic enzymes of a white rot fungl such as
sporotrichum pulverulentun and “olyporus adustus have
also been studled (Srikason and Pettersson, 19753
iriksson, 1975)e Zhe other basidiomycetes reported to
have significant extracellular cellulolytic activity are
Irpex lagteus (Kanda gt al, 1976); Psllfcularia
gilamentosg (Mizukoshi gt al, 1977)s foria placents
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(Highly, 1977) Poronig ocedipus (iDenison and Kohn, 1977);
and Sclerotius rolfsii (Sadana et al, 1979). Krishnamohan
(1975) reported Ci and C, cellulase activities during

the growth of Volvariells esculanta and V. diplasia
grown on paddy straw. Ramaswany and Kandaswamy (1976)

have shown that, the sushroom Podoxis pistillaris when
grown on Czapek's synthetic medium with ¥ cellulose,

produces Cg and C4 acuvtty.l

Pleurotus flabellatus have been reported to exhibit
cellulase and hemicellulase activity (Rajarathnam gt al,
1979) .

Cellulase preparations from I, rgesei have been
used to convert newsprint cellulase to glucose on a
pilot plant scale (Nystrom and Andren, 1976). Bastawude
et al (1977) have studied the cellulolytic enzymes of
a Penieillium strain for the saccharification of
cellulose, Alkalietreated wood, cotton and bagasse were
hydrolysed at a repid rate by the Penicilliium enzyme.
Sadana gt al (1979a) have obtained high saccharification
values using a basidiounycete culture filtrate.

g oy =

.

Epesent investigation s

In the present work cellulolytic enzyme production
has been studied by cultivation of Volvariella diplasia
in submerged culture using pure cellulosic substrates
and under experimentally defined conditions of pH,




nutrient composition ete, Optimization of conditions
both for bicmass production and extracellular enzyme
production have been investigated., Zaccharification
of cellulosic substrates using the extracellular
enzyme produced by the culture has also been studied,







Chemicals and Reagents :

All the inorganic salts as well as carbohydrates
used in the fermentation experiments were of analytical
grade (B,D.H. or Sara-Merck). All the B vitamins used
were obtained from B.D.H. Laboratories, excepting
Vit By, which was obtained from Themis Pharmaceuticals,
Bombay. Ascorbic acid was obtained from Sarabhal
Chemicals. Bacfo peptone and Bacto yeast extrabt (Difco
Laboratories, U.S.A.) were used as nutrient supplements
in most of the experiments. The cellulose used was
cellulose powder 123 obtained from Carl Schleicher and
Schull, West Germany. For analysis the following
chemicals and reagents were used and the source from
which they were obtained is indicated in bracket.
Carboxymethyl cellulose (Sigma); Bovine serum albumin
(sigma); Dinitrosalicylic aeid (E. Merck); Avicel P.H.
101 (Honeywell and Stein, England); Anthrone (Loba-Chem.
Industries, Bombay). Wheat bran, rice bran, rice straw,
bagasse were purchased from the local market. Mesta
wood (Hibiseus cenmabinus) was obtained from the Forest

Department, Chandrapur.




Orgenigs + Yolvariella yolvagea (NCIM 1125) and
V. diplasiag (NCIM 1126) which are maintained in the

Hational Colleection of Industrial Microorganisms,
National Chemical Labopatory, Poona, were used in
preliminary studies, Detalled studies were carried

out with V. diplasia only.

Maintenance ¢t ¥V, diplasia was maintained by periocdiec
subculture on potato dextrose agar medium supplemented
with 0.,01% yeast extract and grown at 28°C for 8 to 10
days. It was observed that good mycelial growth
accompanied by development of reddish brown sclerotie
bodies took place during this periocd, GItock cultul'u
were refrigerated at 5-10°C and also preserved under
paraffin oil, Subcultures were nade at bimonthly
intervals for stock culture maintenance.

fedls and Orowth Conditions ¢

The basal medium employed in these studles was
formulated according to Mandels and wWeber (1969) with
modification and had the following ingredients in g/l:
KHgPO, 2408 (Nly)p HPO, be2) ME04e7Ha0 0,33 Urea 0.34
CaClye2i,0 043. Trace elements in mg/l 3 Fed0,.7H0
5405 MnSO, o Ha0 14563 2n90,47Ha0 1.4 and COClpe 21,0
20 It was obumd that supplementation of the
basal medium with peptone (0,25 g/l) and yeast extract
(0.1 g/1) was helpful in stimdating the growth and
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hence these ingredients were routinely included in all
the studies unless menticned otherwise. Thus the total
nitrogen of the medium was 107 mg per 100 ml, Tween-580

at a concentration of 0,05% was also used in most of the
experiments. The initial pi of the medium was adjusted
0 5.4 with 14 HC1 or 18 NalH, Hundred ml of medium

was umm in 500 ml Srlenmeyer flasks and 0.5 g/100 ml
gellulose powder was added to each flask and it was
autoclaved at 121°C for 20 min,

The different variations, wodifications and
supplements added to the basal medium in the case of
different experiments are indicated at the appropriate
plagces in the text,.

Inoculum vevelopment and fermentation *

For all experiments 7«10 days 0ld slant cultures
were used as the starting material and the inoculum
developed by the following procedure.

A one em square of actively growing mycelial

diec was transferred to 10 ml of potato dextrose broth

in a large test tube and incubated at 28°C in an inclined
position, It was observed that rapid mycelial growth
took plage growing on the thin layer of the liguid medium.
After 7 days the ligquid portion was aseptically removed
and the mycelium carefully transferred to the experimental
flasks, The dry weight of the myceliua per tube was

deternmined and found to average 30 to 40 mg. 7the
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experimental flasks were kept for inmcubation at 30°C on
a rotary shaker at 220 rev/min for 15 days. CExperimental
flasks were run in duplicate and vherever the results

were in agresment, the result is presented as a mean
value and the mean of the results recorded.

Hetheds of Analvais
The flasks were harvested after 15 days by filter-
ing the biomass on filter paper in a Buchner funnel, The
biomass was repeatedly washed with distilled water to move t
free of media constituents, and dried to constant welght

at 50°«60°C, The clear culture filtrate was used to study
axtracellular enzyme activity.

Determination of Protein @
Crude Protein t The crude protein of the biomass
(N x 6,25) was determined by Kjeldohl's method,
Soluble Protein i Soluble protein of the filtrate
was determined by using the method of lLowry et gl (1951)

Residual amaonia nitrogen of the filtrate was
determined by using Kjeldahl's method where the sample
without digestion was taken for estimation,

Inorganic nitrate was determined by the brucine
method (Benjamin and Bridgeton, 1944),




Letormination of celluloge :
Cellulose in the biomass was determined by the
anthrone method (Updegraff, 1969).

Enzyme activitles @
CMCase and filter paper asctivities were determined
by the 3«5, dinitrosalicylic acid (DHNSA) method of

Mandels and weber (1969).

0.5 ml of enzyme (suitably diluted to give
approximately 0.9 mg glucose equivalent of reducing sugar)
was taken in a test tube and 0.5 ml of 1¥ carboxymethyl
cellulose (CMC) prepared in 0,05 M sodium acetate buffer
(pH 548) was added and incubated at 50°C for 30 min,

The reaction was stopped by adding 1 ml of 1% DNIA
solution and the sample was heated to 100°C in a boiling
vater bath for 5 minutes. The tubes were cooled and the
total volume was made to 12 ml and readings were taken,
at 540 nm, The unit of enzyme activity is defined as
the amount of enzyme which produces 0,5 mg of reducing
sugar per 30 min at s0°c.

Eilter paper sctivity (FP ase) @
1.0 ml of enzyme (suitably diluted to give about
0.5 mg equivalent of glucose) was added to 1,0 =l of

0.05 ¥ acetate buffer at pH 4,8, To this mixture 50 mg
(rolled 1 cm x 6 om strip) of Whatman No,1 filter raper




E=glucosidase activity s

was added and incubated for 1 hour at 50°C. The liberated
reducing sugar was measured by the DNESA method at 540 um.
The unit of enzyme activity is defined as the amount of

enzyme which produces 0.5 mg of reducing sugar per 60 min

at s0°c.

The activity was determined by using pe-nitrophenyle
FeDd glucoside (! N?c_:) according to the method of Berghem
and Pettersson (1973). To 0.1 ml of diluted enzyme,

0.1 ml of PNPG {3 mg/ml of PNPG in 0,05 M acetate buffer
at pH 4,8) and 0,9 ml of 0,05 M acetate buffer (pH 4,8)
were added and kept at 40°C for 30 min, 2wl of 1 M
Naz(mr, sclution was then added and the volume was made
upte 13 ml, feadings were taken at 420 nm, The unit of
enzyme activity is defined as the amount of enzyme which
produces 1y mole of p-nitrophenol per min at 40°C.

CliCase getivity at different pi levels
1% CMC 4n 0,05 M citrate or Trise-glycine buffer
of required pil was prepared and the activity was determined
as above,

Zaccharification @
The percentage saccharification was determined as
describad by Mandels et al (1974). Cnzymatic hydrolysis
of untreated and alkalie-treated cellulosic materials wvas
carried out under defined conditicns to evaluate the
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eznymatic saccharification. Pretreatment of the
substrate with alkali was carried out by incubation with
5 N NaOll overnight at room temperature followed by
thorough washing to remove the alkalli. The substrate
was stored moist without drying until use in
saccharification studies, For saccharification 100 mg
(dry wt,) of substrate was taken in stoppered test tube
and 10 filter paper units of an enzyme preparation
concentrated 10 fold by ultrafiltration was added along
with 0,1 ml of 0.5 M acetate buffer at pH 4.8 and
incubated at 50°C for 24, 48 and 72 h. It was then
boiled for 10 min and reducing sugares in an aliquot
were determined by the DA method.

e e

—

The end products of the saccharification were
identified by paper chromatography using n-dutancl 3
Pyridine : vater, system as described by Irevelyan

et al (1950).
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For the study of the growth of V. diplasia, the
culture was grown in modified Mandels and veber (1969)
medium (without cellulose) as mentioned under Materials

and Methods. The utilization of different carbon sources,

nitrogen sources and the effect of trace clements and
vitanins on growth and biomass production in submerged
culture was studied. In all experiments excepting the
studies on carbohydrate utilization, glucose at 0,5
level was used as the carbon source. The fermentation
vas carried out under surface as well as submerged
eondition, but no signifisant difference was observed,
thus all the exveriments were carried out under submerged
condition, The initial pH was adjusted 0 5,4 after
sterilization and the experimental flasks were incubated
at 26%.30°C on a rotary shaker at 220 rev/nin for 15
days., The pH was periodically adjusted back to 5.0
during the fermentation, particularly vhere aclid formation
and pi drop were significant,

The growth was sssessed on the basdis of dry weight
of biomass. The percentage of protein formed on the

basis of total carbon source supplied and of the carbon
source utilized was also determined, A correction for
the dry weight of inocculum added and the nitrogen
contributed by inoculum was also made,

Crude protein in the biomass was calculated as
relimu '




Protein of bilomass = Kjeldahl N x 6,25
fotal protein

= protein of biomass + soluble
protein in the medium,

Percent protein
conversion

eyrcent protein s — -
utilized carbon d ¢ n SOures

SOUPCE « rogidual cardbon source.




Section I - A

affect of different concentrations of glucose on biomass
duction

The effect of different concentrations of glucose
on growth of the fungus was studied by using 1 to 5%

of flustse concentrations ia the basal medium, The
recults of the axperiment ars presented in Table 1,(¥4g:1)

It was observed that with the increcss in the
eoncentration of glucose the grosth of the organiam
wvae reduced, Tha same result was obtained whan the

percentage of glucose sonverted to protein was
determined, It was aleo found that only about 0.4«0,7 g
of glucose was utilized in 15 days.
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Seetion I - B
Blomass production on different carbohydrate

Utilization of different carbohydrates in
subnerged culture was studied using the basal medium
and adding different carbon sources at 1% level, The
flasks were periodically adjusted to pil 5.5 with
sterile alkall or acid during the period of fermentation,
The results of the study are presented in Table 2.

The maximum growth of the culture was observed
in the presence of starch, In the presence of glucose,
maltose, cellobiose, arabinose and xylose the growth
was good. On sorbitol and sodium acetate very much
less growth occured and on sucrose, lactose, galactase,
glycerol, mannitol, lactate and succinate growth was
very poor, The formation of total protein (protein of
biomass plus seluble protein in the filtrate) was also
highost with starch and glucose and slightly lesser
with maltose, arabinose, xylose and cellobiose, With
celloblose most of the protein was in the filtrate,
wherdas with the other compounds there was more biomass
protein than soluble protein,
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SECTION I «» C

In a nitrogen free basal mediusm supplemented with
0:9% glucose, the utilization of different inorganie

and organic nitrogen sources were studied. The nitrogen
level was adjusted to give 40«45 mg per 100 ml,

The different nitrogen sources used and their
results obtained are given in Table 3.

Of the different nitrogen sources tested urea was
utilized best on the basis of welght of nyceliun as well
as percentage of total protein formed, vith di-ammonium
hydrogen phosphate growth and mycelial protein was 76
of that of urea, Amnmonium sulfate, potassium nitrate
and asmoniun nitrate were also utilized but growth and
protein conversion were frum 50 to 60¥ as compared with
urca, Sodium nitrate and ammonium chloride were poorly
utilized.
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Effect of different trace glements on growth

Four trace elements viz. Fe' 'y Mn“', zn'* and

co'’ were tested for their effect on the growth of

Yo diplogige BSasal medium was prepared onltting one
trace clement, at a time and was compared with controls
with all the tvace e¢lements, Ome set of experimental
flasks were also inoculated in which no trace element
were added. The results are presented in Table &,

It was observed that, in the presence of all the
four trace elements maximum growth was obtained, In the
absence of all the four trace elements growth was
reduced by more than &0¥, as indicated by the decrease
in dry weight of blomass and percentage protein
convereaion, In the absence of one of the trace elements
the dry weight of biomass was reduced by 17-23% and
percantage protein conversion by 2336,

T
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oK - B

Basal medium without yeast extract was used to
observe the influense of various added vitamins on the
growth of the mold.

Ascorbic acid, pyridoxine and thiamine were added
at a concentration of %00 ug/l, while Siotin,
riboflavin, folic acid and Vit, 312 were added at a
goncentration of 10 ug/l.

The results are presented in Table 5.

it was observed that there is a slight enhancoment
in growth in the presence of thianine and to a smaller
extent in the presence of biotin, Riboflavin and folie
acld appeared to be inhibitory at the levels added

and also ahowed lesser blomass protein content and the
other Vitasins had no significant effect.
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For the production of single cell protein (SCP)
fron ¢ellulose, the culture was grown in basal medium
with 0,9 ecellulose powder as carbon source at initial

pH 5.4 at 30°C under submerged condition on a rotary
shaker at 220 rpm for 15 days.
vas difficult to assess from dry weight of biomass,
as the biomass contained mycelium as well as unutilized
substrate, Percentage protein content of the biomass

The amount of growth

caleulated on the basis of initial substrate concentra=
tion as well as substrate utilized gave a satisfactory
measure of evaluating the growth, The description for
calculation of total protein and percentage protein

formed is given in Seection I,

For the total nitrogen of the biomass a
correction was made for the nitrogen contributed by
the inoculum.

All the experiments were carried out in duplicate
and the mean data is presented,




SECTION II = A

Effect of difforent inorganic nitrogen sources on

3P
The effect of adding different inorganic
nitrogen sources to (H‘!!_,‘) 2P0, free basal medium at

equivalent and 2 to 3 times higher concentrations on
SCP production was studied,

Table 6 shows the different nitrogen sources
added and their results obtained,

In the presence of diammonium hydrogen phosphate
maximum protein was formed especially at 0,42% (NH,) HPO,,
Potassium nitrate and asmonium nitrate also gave high

protein conversion, |

Anmonium sulfate at 0,145 was nearly as effective
as the nitrates but at higher concentration it was
inhibitary., Ammonium chloride was the least effective
nitrogen source.
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Lffect of different amounts of celluloge powder

The culture wvas grownm in basal medium with

different amounts of cellulose powder from 0,5 to 5,00,

The effect of different concentrations of cellulose
powder is given in Table 7. (Flg.2)

As the amount of cellulose rowder was increased

the percent conversion of cellulose to protein was

less.
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For 5iCP production at different pHs, the culture
was grown in basal medium adjusted to different pH
levels, from 35,0 to 9,0. 7The initial pies of the
i medium were adjusted by 1N HC1 or 1N NaOH, The pH
B of the fermentation broth was checked periodically and
j ﬁll adjusted to initial pH with sterile alkali or acid,
| The results are presented in Tadle 8, (Fig. 3)

Maximum cellulose utilization and maximum
protein formation by the culture were observed at

3 PH S5¢5s At pH 4,0, there was slightly less cellulose
utilization or protein formation than at Pl De5¢ 4s
-" | ‘ the pile increased, both of them decreased and at
; PH 9.0 and pil 3.0 there was very 1ittle protein
| ‘ conversion,
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I1 pH Vs PROTEIN CONVERSION |
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Four trace clements were tested for their effect
on SCP production. Basal medium with initial pH 5.4,
was prepared without cne trace element, with all four
trace elements and without any trace element, Table

9 gives the results of this experinent,

It was observed that in the presence of all the
four trace elements maximum protein was formed from
cellulose. In the absence of all the four trace
elements or any of the four, cellulose utilization wae
markedly diminished along \dfh protein synthesis,
Protein conversion on the basis of cellulose utilized
was also diminished to the extent of 35-50%,

Frotein conversion in the absence of all the
four trace elements may be due to some trace elements
in the basal medium and in cellulose which were not
deternined. A completely trace element free medium
is required for determining the effect of the trace
elements,
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SECTIC g
Lffeet of various v 8 on SCP production

Sasal medium without yeast extract was used to
observe the influence of various vitemins on sop
production by the orgenism. Initial pH of the medium
was adjusted to 5.4, Ascorbie acid, pyridoxine and
thianine were added at a concentration of 500 ug/1,
S5iotin, riboflavin, folie acid and Vit, 312 were added
at a concentration of 10 4gfle Table 10 presents
the effeet of various vitaming on sSCp production,

it was observed that in the presence of thianine

and biotin, there was a slight enhancement in =0p

production, Folic acid to a lesser extent reduced

cellulose utflization and protein formation,
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SECTION I - F

For studying the optimum period for sCp
production, the culture was grown in the basal medium
at an initial pH of 5.4, The flasks were harvested at
two days intervals and their protein and residual

cellulose were determined, The results are given in
Table 1l.(rFig. 4)

Cellulose was utilized progressively till the
15th day and total protein increased till the 15th day.
There was a decresase in protein content when the culture
was kept for an additional 5 or 10 days., The optimum
period of growth was 15 days,
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SECTION 11 - G

For the study of optimum temperature for SCP
production, the fermentation was carried out in the
basal medium under stationary condition at different
temperatures,

PH was checked periodically and adjusted to 1
Seb with sterile alkali or acid. The different
temperatures and respective SCP production is given
in Table 12, (Fig. %)

C2llulose utilization and protein formation
were maxisum at 30°C and 37°C, There was appreclable
i cubstrate utilization and protein formation at 25°c,
\ At 40°C there was less cellulose utilized but the

percent forwation of protein on the basis of substrate
utilized was nearly the same as at 30-37°C. At 45%¢
and at 15°C there vas very little substrate utilized,
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CELLULOLYTIC ACTIVIZY OF V. VOLVACHS

V. yolvacea and Y. diplagig were grown in
(:«..\h)z;i Oy free basal medium with 0,146 {2371“)2. Qg at
an initial pil of 5.4 for 15 days in shake flasks and

enzyme activity (;:«sc:m)' was determined,.

Vo volvaces showed 3.5 units/ul of CHWCase activity,
whereas V. diplasip showed 6.0 units/ml of CiiCase
activity.

For further experimental work V. diplasia was
selected, since it gave higher activity than the other

culture.
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ZFFECT OF DIFFERENT INORGANIC NITROGEN SOURCES ON ENZYME

s

J @ 30
i

OOUCTION

The effect of adding different inorganic nitrogen
sources to Lanh)zdroh free basal medium at equivalent 1
and at 2-3 times higher concentrations on cellulase o

i production was studied. The initial pi was 5.4 and the 4:@
I : Il
F ' fermentation was carried out for 15 days, under shaking ir
R condition, The pi was periodically adjusted to 5.4 with i
g: sterile alkali or aclid.: Results are given ia Table 1J. l '
; I
URCES QN DZUG
' i
Nitrogen Concen- Concentration F CMCase |
source tration of nitrogen pH activity
' % mg/100 md units/ml
— S ER———— |

(r;sih)z:sc“ 3% T 48 548 6.0 L

. 0.28 78 heb® 3.0
. 0070 168 5.0 3.0 i | ‘
(:'! Hh) zlmb 001“ W 07 502 5.0 ‘
|
" 0.28 TTebe 5e3 540 i
b 0.52 107.1 5.’ 6.0 ‘ ‘
K?:OB 0.23 7.8 De2 2.5 |
NHyNOy 0.18 81,0 567 540 !

N:’”{h(:]. 0.12 49,7 Sels 0.8 ;
|




#ith higher concentration of ammonium sulfate enzyme
production was decreased whereas with higher concentrae
tion of dliammonium hydregen phosphate enzyme production
was inereased. These results are similar to those
observed on protein producticn, Ammonium nitrate was
observed % be as effective for enzyme production as
anmonium sulfate or phosphate, FPotassium nitrate gave
a lower yield at least at the concentration at which

it was tested, Anmonium chloride gave very little
enzyme production and alese very little protein forma-

tion as shown in the previcus section,

For further experimental work, diammonium
hydrogen phogphate «us used as the nitrogen source.




SECTION 111 = C

IRS ON ZNZYME PROIUCTION

Basal medium (without cellulose) with 1¥
concentration ef different untreated and alkali treated
(AT) substrates at initial pH 5.4 was used for the study
of affect on snzyme production by the organism, The
amount of alkall treated substrate taken was calculated

on the basis of the dry weight determinsd with alliquots.

For alkali treatment of substrate it was
autoslaved with 1N Nall for 121°c for 20 min, Then
the autoclaved substrate was thoroughly washed and
stored in water without allowing it to 4ary,

The different e¢sllulosiec sources used and the
respactive enzyme activities obtained are presented

in Table 14,




TABLE 16
ZFFECT OF INDUCERS ON ENZYME

N AT A 8 R A L S TR YL A L T ] A L . 5 Pl A & et 1 4 0

O ICTION

Jellulosiec source :"1l'i’.‘q. pH ;:Tcaﬁte:?giv{ty
Cellulose powder el 4,8
*AT cellulose powder 440 2.0
Carboxymethyl cellulose 6.1 1.8
Avicel De2 3.2
Filter paper heb 1.6
{ thatman No.l)
*AT Filter paper 4,0 1.9
Cotton be2 1.0
#AT Cotton 4,8 546
iheat bran Ol 1.5
rice bran 6.3 0.5
3agasse 6.0 0.0
*AT bagasse Lol 1.3
Straw 6.0 1.0
SAT straw Lol 1.0
HMesta wood De9 0.0
*AT mesta wood bed 1.3

] (*AT « Alkall treated)

Alkali treated cotton and cellulose powder gave
maxinum enzyme producticn, Untreated wood and bagasse did

not show any enzyme »roduction,

given by the erystalline cellulose Avicel,

Moderate activity was

All other

substrates induced enzyme activity though in much smgller

amounts,
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he culture was groom in the basal medium with
different amounts of cellulose powder. Cellulose powder
was used at 0,9 to 5,808 levels, The initial pH of the
medium was 5.4, Table 15 shows the different cellulose
powder concentrations and the enzyme activities

obtalined,

EJ: ‘!l T ! :

SPPECT OF DIFFSRENT LEVELS OF CELLULOSE POYDER ON ENZYME

Cellulose Final CMCase
powder pH activity
% unita/ml
0.5 5e3 6.0
1.0 De2 be8
2,0 446 Je2
3.0 4e9 1.5
4e0 be5 0.0
9.0 bods 0.0




°/s CELLULOSE POWDER

FIG. 6. EFFECT OF DIFFERENT ‘LEVELS OF

CELLULOSE POWDER ON ENZYME

PRODUCTION.
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/ ' nzyme production was found to decrease with |
:‘ . mcmasing amounts of cellulose, At 0,5¢ concentration . }
‘, ' of cellulose maximum enzyme was produced. The low | ‘i
| yields of enzyme with higher amounts of e¢ellulose may ["
! \ B
| | have been due to adsorption of enzyme on the residual |'i|
: | cellulose., At 4,08 and 5.,0% there was no enzyme :| ‘;h
:= I
sreduction, Similar observations were made by Sternberg “\ :‘;

r x
(1976) that, yield of cellulase decreases when cellulose 11
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SECTION IIX = & !‘
r' EFFECT OF pH OF FERMONTATION ON ENZYH: PRODUCTION ! i
i

i Jasal medium with different initial pis was used i i
to observe the effect of different pis on enzyme |'i

: production, The initial pil of the basal medium was :

| adjusted within the range of 35,0 to 9,0, and enzyme ‘Fl
l , production was deternined., Table 16 shows the enzyme "h[g
i activities at different pis. (Fig. 7) | 1
' 2ABLE 16 (’!
4 fis ON SNZYME PROIUCTION H
j S —y— - “ “!il

1 Initial pH FPinal pH CMCase 1
] | anitefal. it
J e i
& 3.0 343 040 12'
4,0 540 4.0 | |
505 5.2 6.0 J |

5.0 5e5 448 I
| 7.0 648 2,0 ]:, |

1 8,0 Te2 0.4 [li |

1 9.0 849 | 0.0 1

I
| For enzyme production pH 5.5 was optiomm, The JI

pH range for enzyme production was 4,0 to 8,0 and there l“'

: was no enzynme production at pH 3.0 or pH 9.0. 1'”
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FIG.7: EFFECT OF pH ON ENZYME PRODUCTION
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SPFSCT OF DIFFEAENT GARBON SOURCES Of

Basal medium in the absence of cellulose powder
was used for the study of the effect of different carbon

sources on enzyme production. The carbon sources glucose,
BUCIO B8, lactosze, Bﬂlmwug mw“. cellobiose, starech,

glyesrcl, sorbitol, marnitol, Na-acetate, Na-lactate

and suceinic acid were used at 1¥ level.

The culture did not show enzyme production with
any of these carbon sources, suggesting that the

axtracellular enzyms produced by Y. diplgsia is an
'induced enzyme.' Mandels (1975) reported that the
gsllulase of Irichoderna is an 'induced enzyme' and the
fungus gives highest ylelds when it is grown on
cellulose.
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i FFECT OF DIFFERE ‘
|
1 Four trace elements were tested for their effect ' ‘
b 3 on enzyme production, Basal medium was prepared without l
i one trace element, with all four trace elements and | %
p | without any trace element at initial pH 5.,4. Table 17 "i
presents the results, Iik'
! ENT TRACE ELZMENTS ON ENZYME PRODUCTION '
L 1
* : Trace eclements added Final pH mﬁtﬂgﬂ" ; ‘
3 i
? . ¥n**y 2n** and co** 640 302 %
I re**y Ma** and co** 549 3.2 i
Fe**y Zn** and co** 640 342 |
F.”. n** and Mn** 5.9 Ab IRt
re**y m**, 20** anda co** 5.2 546 |
Hone 6.0 3.0 I

Deletion of any of the four trace elements viz,
pe*”y zn**, Mn"" and Co™ led to decrease in enzyme
production, Theugh the absence of Co'" reduced enzyme
production least. In the absence of all four elements
the reduction in yield was not greater than in the absence
of only one metal,




SECTION I1X - H e
EZFFECT OF VITAMINS ON SNZ2YME PROUCTION

Basal medium without yeast extract was used to

Ascorbie acid, pyridoxine and thiamine were added at a

obsorve the effect of vitamins on enzyme production, i
concentration of 500 ug/l. Siotin, riboflavin, foliec

acid :nd Vit, 312 vere added at a concentration of

|

10 «g/l., Table 18 shows the various vitamins tested EL
and their respective enzyme activities obtained, !
|
|

i enzyme production by the addition of eny vitamin, The

reason for a marked decrease in enzyme activity due to

Vitanin source Final pH CMCase activity ' i
| units/ml h’
Ascorbic acid 4,9 4,0 ?1$
siotin b7 4,5 ¥
Folic aeid 5.7 1.3 L
Pyridoxine 4e9 bols 't'i‘@, |
Rivoflavin . 345 l |
Thianine 52 he3 l'i
Vit.l)2 53 345 Al
C?3§§§3ue vitanin) =t %3 1;
|
It was observed that there is no enhancemeat in W
I“ } |
]51

the addition of folic acid is not known,. h




For studying the optimum period of enzyme

production the culture wvas grown in the basal medium

' - at pH 5.4 and the flasks were harvested at two day
intervals and the enzyme activity was determined., The
;:‘ results are presented in Table 19, (Fig. 8)

III

}

TABLE 19

?: OPTIMUM PERIOD FOR G
|
& | reriod Pinal CrCase
(Days) i sotiviey
; 0 Sl 0.0
| 2 Sel Ce0
: &4 -9 0.0
6 5e5 05
8 be6 1,0
10 be7 2,0
12 5.0 heB
15 De2 S5e2
' 20 5.6 247
' 25 546 0,0
Enzyme production was noticeable only on the 6th
day. It increased progressively and maximum onzyme was
produced between the 12th and 15th days, After the 15th

day enzyme activity decreased and was negligible on the
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SECTION -
STUDY OF OPTIMUM TEMPES

FURE_FOR ENZYME PROUCTION

. For the study of optimm temperature for enzyme
' production, the fermentation was carried out in the

basal medium at the stationary state at different

i | temperatures, at pH 5.4 and for 15 days. Table 20

1 *' ' _ ) gives the enzyme production at different temperatures.

"

| ME PRODUCTION

'

i - Temperature Pinal CHCase

I i o, pH activ :{

unit

? 15 Se7 0,0

l.

f 25 5.8 1,6
28 8.2 5e2 ‘_
37 Se1 b0 gl

i

45 545 0.0

oo o o

vas 28°C, There was no enzyme activity at 15°C or
45°C and there was a sharp decrease in activity above
#c. (Fig. 9)

|
l
For onzyme production the optimum temperature : \
|




CMCase UNITS/ml

oo

L

1% 2% 35 45
: TEMPERATURE °C

F16.9. EFFECT OF TEMPERATURE ON
ENZYME PRODUCTION.
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fUDIES OF JHS PRgL HE CELIULASE OF VOLVA! '{}
|

e study the properties of the extracellular ‘;

enzyme of Y. diplasia, enzyme was first concentrated ten Iii_“.
fold by ultra filtration with filter UNe10, since the ‘ i .
activity of the fapmentation broth was too low for ‘
several experiments. ‘\
The enzyme was dialysed through a dialysis membrane M'

in 0,25 M Tris-glyeine buffer (pi 8,3) with three changes I
at 4°%-8°C, There was no loss in enzyme activity on I
dlalysis. | \ | 1 |
Results on the cellulase activity determined : ‘:l

vefors and after concentration of the enzyme is presented ib
.

in Table 21.
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TABLE t | |
TABLE 21 1.
(IHATION OF CELLULASE ACTIVITY BEFORE AND AFTER ‘..
CONCENTRATION OF ENZYME ’f fﬂ'
- - i‘
‘nzyme nzyme Activity | :i
Pefore concentration  After concentration |L‘ !
Uaits/ml  Units/ Units/ml Units it
r 230 ml 25 ml g
s o l {'.
Mlﬁ
: CHCase 6.0 1380,0 60,0 1380,0 | |
i
Felle tivity KD - 15.1 3473 I‘II'.[
(units/60 min) i
| Baglucosidase ND - 0,01 0.23 \1
ipHPGI“ ||
units/min) |‘ _-‘
| \ ‘l’ |
\ 'l; b
B (D « not determined) |_;!
' | 0
I‘
, There was no 10ss in enzyme activity (CMCase) !‘!
| during ultra filtration, The ratio of CHCase to filter “1
i
f paper activity was high and comparable to that with the li[
' L+ ¥iridg enzyme. M.
i
I
: llii:;
| I
| Il!
i
' I
|
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To study the effect of different pHs, the pH

of the enzyme (10 fold concentrated) was adjusted to

different values (2.5 = 10.,0) with buffer as stated in

"Materiale and Methods" and the CMCase activity was

determined at 50°C for 30 min., Table 22 gives the CHMCase
activity tested at different pis. (Fig. 10)

I JQL o a

GFFECT OF pH ON

»
sk

YHE ACTIVITY

CMCase activity
unit a?nl

245
3.2
3e5
he2
b8
5.0
Se2
545
62
645
T2
7.6
8.0
8.4
940
10.0
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There was no enzyme activity at pis 2.5 or
10,0, Maximum activity was observed at pH Le8., Most
fungal cellulases show optimum activity about this
pHe i“é.e sushroom enzyme was active in the pi range
7.0 to 9.0, at which most fungal cellulases are
inactive. |
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SECTION IV = C
zppRCT OF TEMPERATURE ON ZNZYME ACTIVITY

oMCase activity was determined at different
temperatures for 30 ain, The activity was determined at
pi 4,8, The different temperatures and the respective

activities obtained are given in Table 23 (Fig. 11).
TABLE 23

PV —— e

: CliCase activity
' . units/ml
0.0
8.0
20,0
26,0
37.0
50.0
6040
45,0
42,0
15.0
0.0

B3R BRBUBERGEG o

The enzyme showed maximum activity at m"c.
It was active oven at 70°C but not at 80°C. The
temperature rangs for its activity was 15%C - 70°C.
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FIG. 11° EFFECT OF TEMPERATURE ON
| ENZYME ACTIVITY.
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ATIC

NZYMA HYDROLYSIS OF CELLIULOSES

Cd

Saccharification experiments were carried out in
stoppered tubes at 50°C, containing 100 mg of substrate
in 0,05 M acetate buffer (pH 4.,8), using 10 filter
paper unite of the concentrated enzyme. Toluene
was added to lessen the growth of nicroorganlsas.
Activity was determined by the M3A reagent at different
time intervals.

similar experiments were carried out with the
substrates which wers treated with 5 N NaCH and washed
before saccharification as stated in "Methods®.

The percent saccharification of different
cellulosic substrates are given in Table 24 and 25.
(Fige 12 and 13)
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‘ : ubstrate % Saccharification I

| o4 w8 72 i
h h h

3011!110 8o ‘[}O’afd.r 3.‘* 10.6 11, 6 :‘? ‘F‘ - ‘

Absorbent cotton 240 9.0 5.8 it

Filter paper | 3.8 Gela 7.1 “Ilj; II
(Whatman MNo.l) “l

ﬁ Rice straw 6e3 Tkt 8,0
f

sagasee 28 Je5 Lol “ H
Mesta wood 1.8 1.9 202 rlrl{

f\.V’i_OQl 3.7 b7 849 | J‘
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ENZYMATIC HYDROLYSIS OF IS
Alkali treo utéd | 7 | a . rscc";drit i.catlon |
substrate
24 L3 72 96
h h h h

Celluloses powder 7.0 15.2 18,1 23.80
Cotton 12.0 15.9 20,0 279
Filter paper 13.8 16.3 20,0 25.3
Rice straw 11.3 18.3 18.8 19.5
Jagasse 10.8 11.3 13.8 12.5
Masta wood 6.9 11,6 14,8 12,5

Alkall treated substrates gave markedly higher
saccharification compared to untreated substrates as
in the ﬁu of other cellulases, BSut the V. diplasig
enzyme showed significant activity with untreated
substrates which are generally difficult to hydrolyze
with most enzymes, such as Avicel and cotton,

‘he end products of the saccharification of AT
cellulosge powder, AT cotton, AT strew and AT bagasse
were determined by paper chromatography and the reducing
sugars were found to be cellobliose and glucose, In the
case of cotton and' cellulose powder for the 24 h hydrolysis
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the amounts of cellobiose and glucoase were egual but

TTR—

after 48 and 72 h the main product was glucose and the

amount of cellobiose detected was negligible,

In the case of straw cellobliose was the main
end product even after 72 he In the case of bagasse
after the 24 h hydrolysis the amount of celloblose
produced was more than the amount of glucose. The
sane observation was found after 48 h but at 72 h more

glucose than celloblose was present,

The chromatograms are presented in Plate 1 - 4,

~3

e




Plate 1 ¢ End products from hydrolysis of Alkall
treated cellulose powder,
A = Celloblose
B = Glucose




]
[
‘nii # COoOTIOMN r ‘ 1
it ! | | |
i &
(i % 1 88 o i ‘.7‘ “. ! J
.‘H - ..Jii
| | |
¥ l |i‘l‘-
\ i |
| it
|rI ! | |‘
. |\‘.|+
| | ‘
I \'l !

-

Plate 2 § ind products from hydrolysis of Alkall I 1
treated cotton.
A = Celloblose |
B = Glucose r‘ ‘
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Plate 3 : ind products from hydrolysis of Alkall
treated bagasse,

A = Celloblose

B = Glucose




Plate & & Znd products from hydrolysis of Alkall
treated strave
A = Cellobliose

B = Glucose
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Mushroons have been used as a source Jf food from

times Lmmemorial, for thelr flavour. They are rich in
proteins and vitamins, Commercially they have been
cultivated on cellulose-rich agricultural wastes. In
the case ofthe most extensively cultivated Azaricus
gampestris, the mold cannot metabolise cellulose

" effectively and the nutrients for the growth are provided

by the breakdown of cellulose by a mixed microflora
activated during composting, s;.uccics of Volvariells are
extensively cultivated on paddy straw without any prior
composting, indicating ability to degrade the carbo-
hydrate components of the straw substrate., However, in
uncontrolled non-sterile fermentation, the supporting
role of associated microflora in the breakdown of

-eellulose cannot be ruled out., In an interesting study

on the cultivation of Volvariellg on cotton wasie, Chang
(1974) obtained good growth of the mushroom on cotton
waste comport in wvhich tmambphulc actinomycetes are
involved in composting and reported them to have a
stimulatory influence on the growth of the mushroom.

Very few studies are available where evaluation
of growth of Volvariella species has been carried out on
pure 9ellulosic substrates in defined media under
submerged culture conditions, Production of cellulolytie

enzyme in submerged culture has also not been studied




or reported., Krishnamohan (1973) reported cellulase
production by Y. diplasia during the gultivation of
paddy straw, but details of enzyme activity have not been
published. nangaswami (1956) reported poor utilization
of eellulose by ¥. diplasig. GChosh and sengupta (1976),
obtained very poor growth on carboxymethyl cellulose

with V. volvaceg and revorted that lignin and cellulose

are poorly utilized.

In the present study, when the mashrooms Ve yolvacea

"and Y. diplasip were sereened for seternining the cellulose

degrading ability in shake flasks by using pure Awgellulose
as the substrate, it was observed that both the specles
were able to degrade the cellulose. There was evidence

of extracellular cellulase activity. The activities,
however, were low and only endoglucanase (carboxymethyl
cellulase) activity was detectable. Eveluation of
cellulose degradation and extracellular cellulase activity
were carried out under defined conditions in gubnerged

culture.

From the point of view of scrP production asmonium
sulfate, di-ammonium hydrogen phosphate, ammoniun
nitrate and potassium nitrate ghowed comparable results
and the net protein conversion based on callulose

utilized ranged from 8.5 = 12.5%, Ghosh and Sengupta
(1976) observed maximal mycelial growth of L. yolvacea
in synthetic medium under submerged condition when
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potassium nitrate vas used as a nitrogen source in &
starch containing medium, For enzyme production
anmonium sulfate, dieaomonium hydrogen phosphate and
amsonius nitrate were found %o be the more suitable
nitrogen sources. Potassium nitrate gave lower enzyme
yield.

Among the various carbon sources tested for the
growth of Y. diplasig (nangaswani, 1956) and
Y. yolvacea (Chosh and Sengupta, 1976), starch was

reported to be utilized pm_tcmtmny by the culitures.

The formation of biomass and total proteln by Y. diglasia
Lnthennnlm-eudymdﬂmuthmw
glucose, and relatively less with maltose, arabinose,
xylose and cellobliosa. ‘o collulase activity vas
mmmotthomlmummmm.m
carvohydrates excepting cellulose indicating the induced
nature of the enzyme. similar observations have been
mnruuunumtmmmz. such as
W(W'o 1975).
mmpum.o:m.uabmmm
MWMM“W;:MM Chandra
and Purkayastha (1977) found increased biomass weight
mg_.Mmm&nm supplemented
media while no significant enhangement in onzyme
production was observed by addition of vitanins. A
glight inhibition in enzyme production as well as of




biomass protein was observed when folic acid was added
to the medium,

In the present study, in shake flasks, levels
higher than Q.S}é of collulose were found to be less
favourable, for enzyme production. Similar observa=
tions were made by Sternberg (1976), who showed that
in Irighoderwma shake flask studies the activity was
highest when 0.,7%¢ cellulose was used and was
substantially less when 2,0% cellulose was used, [owever,
in recent years high cellulase activity has been obtalne
ed in instrument controlled fermentors using cellulose
levels upto 8% and hyper cellulolytic mutants of
Irichoderma reesel (Stermberg end Dorval, 1979) .

The extracellular enzyme produced by Y. diplasia
after a 10-fold concentration by ultira filtration
showed high ratio of CliCase activity to filter paper
activity (60115), 5 =glucosidase (FiiPGase) activity,
however, was very low in the yolvariella culture filtrate.

Maximum endoglucanase (CiMCase) activity was found
at pH 4,8 and 50°C, which is sisilar to that observed
in most fungal cellulases. The enzyme was about 50%
active at pH 7.2 and only 20% active at pi 8ol

Alkali treated substrates were saccharified to
a greater extent compared to unireated substrates, as
in the case of most cellulase preparations. An intere
esting feature of the Y. diplagig enzyme was its abllity




to attack crystalline cellulose such as cotton and
Avicel resulting in significant saccharification.
This quality of the enzyme makes the fungus an
interesting material for further studies aimed at
improving the cellulase ylelds.

Different types of microorganisms such as
bacteris, yeast, actinomycetes and higher fungi have
been used for SCP production from cellulosic wastes,
by several workers (Callihan and Dunlap, 19693
Peppler, 1970j Crawford gt als 1973 and Peitersen,
1975). The white rot fungus Jporotrichum pulverulentus
maaonnmnﬁtopmahwtmmw
protein from paper mill wastes (Eriksson and Larsson,
1975)

The mutritive quality of 5CP depends on the
anino acid composition of the protein and the pattern
ozmmmmmwwmtmuwy
good and comparable with high quality proteins such as
those of egg and milk, The mutritive quality of
gelliulosic waste lllc‘.tm is less, as rice straw
contains sbout 4,5 of protein (Han, 1978). Y. diplasia
Mmmmmumuummmpm about
12+15% erude biomass protein, Because Yolvariells
species are nutritionally accepted, a process developed
for rapid bloconversion of cellulosic wastes to
microblal protein employing Yolvariells would be more
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readily accepted from the mtritional and toxicological P
aspect, Wnile at present Yolvariells species are |1, .3
cultivated for their edible fruit bodies, it may becoms I
possible through further ressarch to develop a rapid
fermentation technology for mass production of i
Mmlmmumdmmwwahm \
suitably pretreated celluloseerich agricultural wastes. l‘
/hile there are not many reports published on the use i

of basidionycetes grown on cellulosic wastes in
submerged culture, the work of Torev (1973) in Bulgaria w

{n which a process using white rot fungl for microblial |

| conversion of cellulose to SCP is a worthwhile lead ﬁ
<hich could be followed wp in many developing countries
lL for supplementing their protein needs, especially for 'fe
1.\

Microbiologically, selection of rapidly growing
clones better adapted to cellulose utilization could be
achieved in the case of Y. diplasia through mitation,
The preliminary results obteined in these basic studles
o:mmmsmdumm«lmmnmmm
ing the nutritional factora and fermentation conditions
WMMQWMMWPMPOMW

i based on Volvariella species.

e ——
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The edible mushroom Yolvariella diplasig was i
studied for its growth requirements, blomass production i |
on eelliulose and cellulase formation in submerged culture | l
in nutritionally defined medium. saccharification of ‘“i"

cellulosie substrates by the enzyme andsome of 1ts I

physical properties were studied, Jﬂ

1 li““‘

| Growth requirements V{
|I"i; |

1 1) It wee observed that with inereasing concentration of il

glucose, growth of the organisa was reduced and about e
i 400-700 mg of glucose in 100 ml was utilized within 15 i
i dayse I

2) Maximam growth as well as blomass orotein was obtalned i
yith starch and glucose and slightly less with cellobiose, i.
maltose, arabinose and xylose. I

%) Among different nitrogen sources tested urea gave i
maximum dry welght of mycelium as well as biomass protein M
and di-ammonium hydrogen phosphate gave about 75% growth i
and biomass protein as compared to urea, Ammonium il
sulfate, potassium nitrate and anmonium nitrate were also I
| atilized approximately to give about 50-60% of growth |
'y and mycelial protein obtalned with urea. Poor growth |
} vas observed with sodium nitrate and ammonium chloride. jd

4) Maximum growth was observed where all the four trace "‘va
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slements, o'y 20", M’ and co**, were present.
omission of one ofthe trace clements as well as total
omission of all of them resulted in reduced biomass
weight and protein formation.

$) Thianine ghowed stimulation of growth, whereas
riboflavin and folic aecdd appeared to have & slight
inhibitary effect on uycelial ylelds.

1) Maxioum blomass was cbtained with 0.5 cellulose in
the medium, With higher levels growth as well as biomass
protein were reduced.

2) Maxioum biomass protein was obtained in the presence
of dleacmonium hydrogen phosphate, potabsium nitrate

and anmonium nitrate. ~amonium chloride was found as
the least effective altrogen SOUrca.

3) Maximum protein was observed in the presence of the
cour trace elements, Fe' s wa**, zn**, and Co*’, In the
»motwmorﬂﬁOthm‘.
protein syntheslis was decreased by about 35500

4) mmmmotmehutmm
enhancement in piomass protein production was observed,
¢hile folic acid reduced protein formation.

§) Maximum cellulose ugilization and protein tformation
mcbuwodctpns.Swhﬂo-tpHS.Omd%oM
jow protein yield was observed.

=
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\
elements, Fe**, zn**, m** and co**, were present. '
Omission of one ofthe trace eclements as well as total \[‘
~omission of all of them resulted in reduced biomass | |
weight and protein formation, "
5) Thianine showed stimulation of growth, whereas 1
riboflavin and folic aeid appeared to have a slight Ilil' |
inhibitary effect on mycelial ylelds. !;Ni |
1) Maximum biomass was obtained with 0.%% cellulose in |ﬂ|
the medium, ¥ith higher levcls growth as well as biomass W
protein were reduced. 1
| 2) Maximum biomass protein was obtained in the presence }
E of dieammonium hydrogen phosphate, potabsium nitrate il
‘and acnontum nitrate. Ammonium chloride was found as
the least effective nitrogen source. i
3) Maximum protein was observed in the presence of the ﬂp
four trace elements, Fe'’, Ma'*, zn**, and co’*. In the q'b
absence of any one or all the four trace elements, |
protein synthesis was decreased by about 35-50%. !fh'
4) In the presence of thiamine end biotin slight i
enhancement in biomass protein production was observed, L[l:
| ‘while folic acid reduced protein formation. 1
." 5) Maximum cellulose ugilization and protein formation q
; | were observed at pH 5.5 while at pH 3.0 and 9,0 very ‘ |
;5_ ] low protein yield was observed. ||Jx
| v
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6) Cellulose utilization and blomass protein formation
& . wmald il . O s aal

were maximum at 30«37 Cs At 45°C and 15°C there was

very little substrate utilized,

7) The optimum period for cellulose utilization and

biomass protein formation from cellulose was 15 days.

1) X+ dinlasia (6,0 units/ml) gave more CiiCase activity
then Y. yolvaces (3.5 units/md).

2) Enzyme production was found to decrease with increas-
ing amounts of cellulose and at 0,9 cellulose level

maximun enzyme was produced,

3) For enzyme production amwnium sulfate, di-anmonium
hydrogen phosphate and aamonium nitrate were found to be
more suitable, while with potassium nitrate the yield

- of enzyme was low.

&) No enzyme was produced in the presence of carbon

sources other than cellulose,

5) Deletion of Fe**, 2a”, m*™ or all of the trace
elements resulted in about 40% reduction in enzyme
productions deletion of Co*” gave only 20% reduction,
6) Vitamins By Byy Hgy Blotin and ascorbic acid had no

effect on enzyme production, Addition of folic acid

caused a 70% reduction in enzyme production,




7) inzyme production was observed bDetween Dii e tO 9.0
vith & smaxismum at pH DeDee

&) @ optimum temperature for enzyme production was 20 Ge

9) Enzyme production was increased progressively I{rom
the 6th day and maxisum enzyme was produced between the

12th and 15th days.

gnzyme properties

1) Mazimum CHCase activity was observed at pH Le8 and
50°C.

2) Alkali treated substrates showed higher percentage

of saccharification than the untreated substr.tes.

3) Alkali treated cotton, filter paper and cellulose
were saccharified to the maximum extent,

4) Znz me showed significant saccharification with
erystalline cellulose such as Avicel and cotton,

5) The reducing sugars produced by enzymatic hydrolysis

were found to be cellobiose and glucose,.
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