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~9STRACT 

Conditions for the produC"tion, rele8se ... nd ... ctivi. y ot 
cellulases and B-Glucosidase tro", (11'1"os orium sp. »OCC:-J were 
investig8 ed. Comparisons !IIade- betwPt"n different carbon !'Iource-s lind 
their concenTrations for maxi1!lum prorlu~tjon of cellulas8s and a­
Glucosidase depicted 1 CHC 0.5' Avicel. 1.5'd.-c-I'11ulose. 0.5' 
filter paper .. nd 0 . 5 cotton to be op timum. From the nitrogen 
sources used . potassium nitr ate was found to be the nost utilizable 
by Clados orium 5p. BDCC-J. The OPti~um conce ntrations of nitrate 
for maximum production of the enzy~p.s were 1'. 1%. 2%. 2% and 1% 
i n CHC. Avical . -.. -cellulose . filter paper and cotton containi ng 
media. r espectively. The most appropri ate de terQent for the releas e 
of ce llulases and B- Glucosidase was O.J Tween-SO . The enzymes had 
a wide range of pH . However . t hey were most active at pH 5.0 and 
60°C. All enzymes l os t activity when i ncubate~ at 700 C for 2 hours. 
Thus five diffe rent optimized med ia were f ormul ated. Thes e were:-

1. Optimized CMe medium 2 (OCI'1-2) containing 1" CHC. 1% KNO) and 
0.1% Tween - 80 plus the basal medium 

2 . Optimized Av icel medium 2(0~M-2) conta ining 0 .5" Avicel. 1% KNOJ 
and 0.1" Tween - 80 plus the basal medium. 

J . Optimized .. -Cellulose medium '-(0':' H-2 ) cont a ining 1 . 5% 
~ -Cellulose. 2% KNO) and 0.1% Tween - 80 plus the basal 
medium . 

4 . Optimized filter paper medium 2(OFM-2) containinq 0.5% FP . 2 
KNO) and 0.1 Tween - 80 plu~ the baSAl medium . 

5. Optimized cotton medium 2(OCOH - 2) con t a ini ng 0.5 cotton. 1% 
KNOJ and 0.1% Tween - SO plus thp basal medium . 

The fungus produced maximum level o f CMC - al'le . Avicelase and 
~~ -cell usl ese after 6 days o f incubAti on while Fp- asp, co t tonase 
and .a-Gluco sidase were produced J to 6 d~ys later. Cl adosporium sp . 
BDCC - J produced Cx (cmc-8s e ) much hi.ghpr than CI ( ~v ice'8se . ~-'7 -
cellulase. FP-ase . cottonase) and R-Glucosidase. A comparative 
study of free . cytoplasmic and membrane bound enzymes showed that 
cellulases were extracellular wh ile a-Glucosidase was CytoplAsmic . 

• • 



1. CELLUJ .. OLYTIC MICRO-ORGANISMS 

Cellulose deQ'rading 1'Ilicro-organisms are ubiquitous and are 

found in field and forest soils, in manure and on decaying plant 

tissues . These mjcro-organisms are involved in th~ decomposition 

of all types of cellulo~jc materials, contributing to rhe food ann 

energy eye) e o f the Ii vi ng ~ystem . They regu1 ate t.hp dynaTtlic 

equilibrium of carbondioxide in nature. Approximately .lxl010 tones 

of carbon in the form o.t c arbondioxide is assjmi lated to PJ ant. 

material yearly (Nor krans , 1 967). If microbial degr.adation of 

cellulo~e did not occur, dead vegetation would have piled up and 

suppressed new car bondioxide production, thereby disturbing its 

equilibrium in nature. 

Cellulolyti c micro- organ isms , although very smal l in k ind when 

compared to their benefit, are destructive to the raw materials and 

end products of wood, cotton, and other natural textile fibers. 

They cause damage to fruits and vegetables; and, many are phyto­

pathogenic (Norkrans , 1967) . Their physiological heterogeneity 

permits the degradation of cellulose to take place in habitats wit.h 

or without oxygen, at acidic or alkaline pH, ~t low or. high 

moisture levels and from temperar.ures just above free'dng to thE' 

thermoph ilic range (Imshenets ky , 1968; Alexander , 1977). 



These diverse g r oup ot micro-orqBn i s~s can utili7e ce llu los e 

85 their c arbon and energy source. MRny o f the cp.IJu)olytic mic r o­

organisms are f ou nd amongst ba cteria Rnd f ungi. But cl)n~ ) dArebl e 

species o f Ac ti n omycetes and protozo~ are a l s o i nvolvpd i n ce llu­

lose degradation. 

The genera As pergi llus (Ring and Simbert , 1963; Li and king, 

1963 ; Stewart and Parry , 1981), Pestalotiopsis (Mandels et al, 

1974) , Chaetomium (Fergus, 1969; Alexander, 1977 ; Ch a hal et.. al., 

1977), Trichoderma (Mandels and Reese , 1957 Wood and McCrae , 1972; 

Inqlin et ~., 1980; Robiso n, 198 4 ; Kubicek, 1987; Kubicek et al. 

1988; Khan et 21 . , 1989; Estarda et tl. 1988; Stutzenberger and 

Caws, 1988 ), Fusarium (Ha tsumo et ti, 1974), Humicol.a (Macris, 

1984), Peni c illium, Curvularia, HAmnonella, Phoma, Th i elRvia and 

Rhiz opus (Alexander, 1977) contain strongly cellulo) yt i c species 

amongst them. Furthermore , some species be longing to 

Cepha lospor i urn , Geotr ; c hum , Hel m; n tho~pod urn, Phyt.hi urn, Sr.a c hv­

botrys and Zygorrhynchus are a l s o cellulolytic ( Fas~ il , 1982). 

Of the bacterial speci.es, cellulolytic members are f ound j n 

genera Bacil lus, Vibrio, Cellomonas Cytophaga , $porocytophaqa , 

Clostridium, Cor nebac teriurn , Pol yangium and Pseudomonas (Pardee , 

1961 : Bera et aI, 197 2 ; Priest , 1977; Alexander, 1977; Goksoyr and 

Eri kson , 1980). The major ce llulolytic Actinomycetes include some 

species in genus Nocardia, Streptosporangium , Streptomy ce s and 

Micromonospora (Alexander , 1977; Modoveanu et al. , 1983) . 

Fungi are believed to be the main agents of cellulose 

degradation in humid soils. The filamentous o nes have high 

metabolic r ates and digest c ellulosic wastes Qu i te ~apidly. Th i s 

is partly due to their hyphal orqanization whi c h 'l ives thelTl a 

pe netrating capacity as weI ) as 8 continuous cellulssA ~Aleasing 



phase. BeCRuse of the hiOh temperature rpached during decomposition 

o f o rganic mat~er. composts serve as good sources o f cellu30lytic. 

spe c ially thermophilic, micro-organisms (Norkrans . 1967; Stewar t 

and Parry . 1981). 

Cellulolyt i c bacteria are generally of greater significance 

in semi-arid localities . In anaerobic environment~ , a~ in guts of 

herbivo res, in the digestive juices of invertebratA5 and in the 

rumen of cattle , bacteria are t.hp. maj o r decomposE'rs of cellulose 

(Norkrans, 1967; Alexander, 1977). 

Di fferen t environlTlental fl;lctors inftuer:ce ce13ulo~p mAt.a.holism 

by cellulolytic micro-organisms. Tne major parameters which govp.rn 

cellulose metaboli sm are the level of available nitrogen, 

temperatu re , aeration. pH. the presence of other cl;lrbohydrates and 

the relative proportion of trace elements (Pardee. 1961; Alexander, 

1977; Stewart and Parry , 1981) . 

2 . THF. SUBSTRATE CELLULOS E 

Cellulose is the most abundant of all naturally occurring 

organic compounds, probably comprising a third of all the vegetable 

matter on earth (Mandel s et !l., 197 01 ; Hudson, 1980 ; Des~i ll!!l 

1982; Estarda et g, 1qSS). It occurs in fl o wering and non­

flowering plants , in the algae, in many of the fungi and in cysts 

of at least some Protozoa (Alexander, 1977). In addltion, cp}lulose 

i s the dominating was te matedaJ from agriculture in the forJTI of 

stalks , stems , and also i.s one of the main waste products both jn 

nature (dead vegetation such as forest litter, grasses, etc ) and 

from man made activities (city waste , news papers , timber, textile 

products etc.) (Mandels et aI, 1974; Goksoyr and Erikson, 1980; 



• 
stewart and Parry, 1981). ThiA polY6~ccharide is m~inly l ocali ~ ed 

in the cell wall which in mAturp plant tissue is of tpn AAlioci at..po 

with 1iqnin and other polysacchadrlp!'l (florkrans, 1950; Hall 197fi). 

The celJulose content of diffpTAnt cpllulosic m~tArj~ls VAry from 

91% in cotton to 46 - 55% in Baggase (Go ksoyr and Brik~on , lQSO). 

Structurally, cellulose is a lin~ar polymer of O-glucose , tnp 

configuration beino that of a 8(1- 4) O-g]ucose whi ch on compl erp 

hydrolysis yie l d glucose and on partial hydrolysis, the 

disaccharide cellobiose (Wood, 1960 ; Choc hrane. 1958 ) . Th~ terminal 

group (C,) lies alternately o n one sine of the cha i n and the other. 

This gives the appearance of a repeating cellobiose unit. though 

there is no difference in the linkage between pairs. Since a ll but 

reducing group of the glucose residues are involved in the 

glucosidic linkage, cellulose lacks detectable reducing ends. Its 

ch ief reactions are those of its three free hyd~oxyl groups 

(Norkrans 1950). 

Ce llulose is composed o f 3 ,000 ro 15,000 glucos~ unjts wi th 

molecular weight of 200,000 to almost /.. 4 million ( ~lFDrRndp'r , 1977; 

Decon , 1980). 

Besides its super-ahu ndance, cellu lose in its tignjf;pd form 

(wood) is also a grea~ chemurgic crop; a crop a r own for ;ndu~triAl 

us e . It serves for construction purposes and as essentially pure 

cellulose in paper, fiber and text ile industries. In addi~ion, the 

decomposition of this carbohydrate has a special significance in 

the biological cycle of carbon. Furthermore , considerable a ttention 

is being given now to the possibilities o f creating enzyme 

hydrolysis industries (Goksoyr and Erikson, 1980 ) . 
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2. ' . CATF.GORY OF CEt.LULOSRS BASRO ON 'fH8JR 

AVl\ILABIT.lITY FOR C8LJ .. ULASES 

The development from cellobiose to cellulose f. j ber i s 8 

progression in chain length. As chain length incraases, there is 

an increasi ng tendency for chains to assoc i ate . The hydrogen h o ods 

involved are weak indivi du;:<Ill y but strong coJ]pct.iv p.Jy . A 0:, '" 

r esult , seg~ents of adjacent chai ns become s o closely and rPQu l f'lrl y 

packed that their h yd roxyl grocps ere no l o nqer 09cce':ts i .b Je fo r 

disruption of the hydrogen bonds by water. 1'he micro fibrils in 

native cellulose are rouQ'hly l OO$.. in width. Bec<3use of t h i s 

consideration, the insoluble substrates are divided into roughly 

three groups (whita ker, 1971). Group I belongs t o dripd, native 

fibers such as cotton fibers, filter paper, various ground 

cellu l o ses as well as celluloses which thoug h pare y degraded are 

h ighly crystalline . These are slowly hydrolyzed by some eel lulases 

and resist hydrolysis by others. Group II includes ce lluloses which 

t.hough not highly degraded are extensivelY hydrated . Cell u lose 

which has been swollen by cold phosphoric acid is o ne of the best 

Substrates o f this group. Group lI T consists of substrates which 

are extensively degraded and hydrated . Cellodextr.ins obtained by 

deacety l a tion of a cetolyzed cellulose are exampl es o f thi~ typP. 

An average cellulase molecule ha~ a diame ter. o f Snm (GoKROyr 

and Erikson, 1980) . This means thf'lr. t h e inter ior c:;tr\lc ture of 

c rYstall i ne fibrils ( lOnm wide) can no be penetrated by cellulases 

or othe r molec ules of sim i lar si.ze . They can o nly a e on the 

amorphous (less ordered ) parts and o n the surface of the 

microfibrils. Cellulose is believed to be composed o f v e ry rigid 

(crvstI'l1' i " ... 1 ;linn <'Imnrnhom:; reaions (Goksoyr and Erikso n, 1 9 80). 



• 
The nu~ber of glucosi~ic bonds available for enzyme ~ction will 

thus be to a large extent dependent on the degr~e of amorphosity 

(swellinQ) of the cellulose. Moreover. cellulolytic enzymes adsorb 

on the surface o f cellulosic substrates a nd this increase 

deQradat ion of the substrates 

Stutzenberger and Caws ; 1988). 

{Sounders and Chandra; 

2.2 EFFECT OF PRE'T'BRR~.'n'IENTS ON CELLUJ .. OSE HYUROt .. YSTS 

1988; 

Mandels et al (1974) working on ~ v i.ride ann PestRlotiop~is 

wes terdijki compa red milling, bo iling, and alkali. treatm~nts. ~ ll 

the treatment types increasAd the availability of cptlulose to the 

cellulases of the respective micro-organisms. But alkali treatment 

which in addition to jts s welling effect also solubilize other 

components of the substrat.e such as li.gnin ( singh et aI, I 9S 8) 

increased susceptibil ity of the substrate to hydrolysi.s. Moreover. 

double treatments. f or i.nstance milling the substrate and swelling 

it. further increased its susceptibility to enzyme hydrolysis . 

Milling reduce size of t he cellulose fi bers while the other 

t wo (boi ling and alkali tr~8t.ment) have swel li ng p.ffectA . They 

break the strono hydrogen bonds 8nd pene trate into the crystalline 

areas. As a result, the crystall ine arpas swpll ann become 

8vajlable to enzyme action. H811iwpll (1961) workinq on ",yrothp.c1um 

ve rrucaria has reported that both the rate and extent of hnHtkdown 

of cotton fibers increasen after swelling a nd complete solubi lizat­

ion (90% ) was ac h ieved in 22 hours o n addition of enough amount of 

enzymes . This was similar to the result o f Se lby (1961) who used 

the same test organism . 
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3. r.RT,MJl .. OSR DRG~ ArHNG ENZYMES 

Cellulasps and ~-Glucosidase 8re enzy~es which cac~lyze rhe 

hydro lysis of qlucosidic bond~ 0 cellulose And cellobiose, 

respectively. The enzymes, sometimes, are viewpd as a ~ingle 

complex (the cellulase complex) physically agqreg8ted to form a 

functionally descrete entity which bring about the effective 

hydrolysis of cel lulose to glucose (Griffi~ , 1981; Chochrane, 

1958) . 

Cel lulases and B-Glucosidase, Jike all ather prnteins, ~re 

synthesized in the cytoplasm. 'T'hf! synthesis ot rhe E'nzymps ; ~ 

generally regulated by tnduction , repress ion ~nd c at~bo)itP 

inhibition (Lehninger. t973; 1971 ; Gol(soyr & Fori\(son, 1980). 

3 INDUCTION:- Although cellulases and B-Gluco~jd~sp ~ppear to 

be const itu t ively synthesi2ed in cellulolytic bacteria, they are 

inducible in fungi (Mandels and Reese , 1957; Ro~e , ]961: Whitaker , 

1971; Kub i cek, 1987) . Since these enzymes are responsiblB for the 

hydrolysis of cellulose polymer into mono-, di-o r Olioosaccharides . 

a B-14-g1ucan as an inducer is usually an essential conponent of 

the medium for their production . Carboxymethyl ce llulose and 

hydroxyethyl cellulose c an satisfy this condit-i on (Whitllker, 1971). 

The disaccharide sophorose alBo is known to induce the enzymes 

(tnolin et al. 1980). But it is not efficient in some fungi 

including few strains of Trichoderma viride; a nd , his may h~ rlue 

o the insensitivity of the organjsms under study to sophorOS8 or 

a too rapid degradation o f the djsa cch Aride to cArbonrl;o~idp and 

wa ter (Rose, 1980 ; Goksoyr and ~rjk6on 1980). The pre~encp. of frep 

sophorose is usually reQuir~d for continuou~ indur. ri on ~nd 

production of cellulases. 



,. compt'lri.son of the relat;vp i ndur:;ng effic;pnc:iRE: of vAr ;ou~ 

celluloses is difficult because o f di ffe r ence .. in the surfecl'! 

areas, degrees of s welling (Hydrat ion ) and other factors wh ich 

in f luence no t only the avai l abilicy of the substrate to the orga­

nism, but also the adsorpti o n of c ellulases ~o it (stewart et ~, 

19571 . 

On ce t he enzymes are induced , continued product ion is affected 

by many fac~ ors including the carbon , energy and nitrogen s o urces, 

minera l composition, pH of the medium and incubati on temperature 

(Norkrans , 1950; Handels and Reese, '\957: Stewart and Parry, 1981). 

3 . 2 REvEh SB F~ OH TH B CELL 

F.nzymes o f e u1(aryotic cel1.s ( fungi) are formed on t.hp rouQh 

e nd oplasmic reticulum and associ a te wj th Golgi-eQuiv ~ lents th at. bud 

o ff cellulase contai n ing vesicles. ThFse vesicles relpase their 

contents into the free medium by exocytosis (Rose, 1980; Gokso yr 

and Erikson, 1980). Berg and Pette r son (1977 ), i n their study of 

cellulase production in a qrowi ng culture of ~ v i eide , f ound that 

c ellulases were firs t bound to particlps (celluloses or myceli a ). 

But when growth stopped sometime after cellulos e has become 

depleted, there was a ma rked increase in free cellu1.ases and a 

concomitant de crease in the bound a ct ivi ty. Thus cellulases , from 

an actively arowing fungu~ , are either bound to the surfa c~ o f thp 

hyphae and act o n t h e surface wi th wh ich the hyphae arp incont~ct 

and / or they are fre e ly secretpd into rhp enviro nme nt d i ffuSln a ~W8Y 

from the hyphae (c el l free ) . 
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J . 2 . 1 EFFECT OF OET'gRr.r:Wrs ON THE RRI .. R~S1': 

OF CBl ,l.l.JT.nt.YTrr. RN'ZYMRS 

The extracellula)" libr ~tino of a product by A micro-nr9Ani~rn 

requires eith p.r tha t the cell ~pmbr8ne is fr eely perm~Abla fO thp 

product or that the produc t js 3C'::ti.vely transported Qllt of. the 

cell. In many Ind ustri a l Processes for the p r oduction of 

Metabolites , however , a lteri ng t he permeabili t y of the plasma 

membrane is a necessity (Niven et al . 1988; Demajn and Birnbaum, 

1968). Th is is achieved by the ~ddi tioD o f detergents or by 

antibiotic treatment. 

The interactions between detergents and cel l membranes are 

ver y complex . They are dependent on many fa ctor s : pH, detergent 

concentrat ion and c h emical characterst ics and membrane compo!';ir:i o n. 

(Niven et ~, 1988). 

J . J. MOnE OF ACTJON OF CEJJ LU1J A.S'8S AJlO Il-GJ~UCOS TO~ SE 

A number of e nzymes Are involvAd in t he deqradAtion of native 

cellulose . One called 'Cl ' releases individual chains 

(oliQosaccha rides a nd s horter chains of broken celluloses : 

Collodextr i ns ) from n ative cellulose. The chains are then 

hYdrolyzed by ' Cx ' to cellobiose . Cel lobiose is f i na llY deQ r aded 

to alucose by cell obiase: B-Glucosidase (Thoma s and Whitaker , 1958; 

Wood, 1960; Gok s oyr and Erikson , 1 980). This js described 

schemat ically a s f ollows (Norkrans, 1967); 

Cellulose ~l __ Oli osacccharides~, ___ Cellobios e 
(rea c tive cellulo~p) 

-Gl UC-(O UCC'l8A 

Ofd dasp 
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Goksoyr and Erikson (lCJSO) cancelled the erms C, and e" to 

avoid confusion. Instead, t h ey used the systemati c names 

endoolucanase (l, 4 - )3 -D-glucan qlucanohydrolase, EC 3 . 2.1. 4 ) and 

Exoal ucanase (1, 4 - )3-D-glucan cellobiohydrolase, Be 3 t 2.1.91) fot" 

C, and C .. , respectively. The E'TI'lyme commission's name for 13-

Glucosidase is ,a-D-Glucoside glucohydrola s e Be 3.2 . 1.21. (Rapp, 

1989) . 

Endoglucanase brea k" the cpllu 10se ploymer in ~ random f8!1;hjon 

to produce free c hain ends while Exogl uca nase clp8ves c~ 1'obj08E' 

units from the non reducing c hai n p.l'lds. ~-Gluco!';id"se finally 

hydrolyzes cellobiose to :2 O-Glucos e molecules (Hunoson, 1980: 

Buchholz et al . , 1983; Moldoveanu et aI , 1983 , Rapp, 1q89; Bernier 

and StutzenberQer, 1989) . These 3 enzymes when working 

synergestically bring about complete solubilization of native 

cellulose to glucose . 

3 .4 CHEMIC~L AND P~YSICAL PROPERTIES OP 

CELLULASES AND ,8- GLUCOSIDASE 

The chemical and physics ) properties of cel uJ~ ~es and p­
Glucosidase vary from organism to or anism. Even an ~nzymp f rom An 

organism has different ;soenzymes (Decon. 1980; G~ifrjn, lQS1). 

This has been proven hrouqh electrophoretic frae lonationA of hp 

Components (Wood and Mccrae. 1972; Hatsumo at !it 197~). 

The cellulase system of ~ viride was studied by 8erghem ~ 

ti (1976). The endoglucana5e W8S found to be madf! up of sevenll 

isoenzymes of which two were characterized. One hl!ld molecular 

weiaht of 12,500 of whi ch 21% was carbohydrate. It is thus a 



Jlycopro tel.n . The iso Plec tric poi nt of this @n7.yme W 1t~ .4 .6 . Thill 

. econd iso enzyme had molecu l ar weight o f 50. 0 00 Bnd it was ~1~o ~ 

;rlycopro t. e in conta ining 1 ' % carbohydrAte. Its isoelectric poi. nt 

was 3.39 . 

4.0 APPLICATION OF CELLUT~"SES AND 8 - GLUCOSTDASE 

Host of t.he out put o f i ndustr i allY produced c ellul a ses i s 

used as digestive tablets (Ar ima. 1964; Whitaker. 1971) . Other 

current uses are related t o the removal or softening of unwan ted 

cellulose wh ich interferes with extraction proceSSP5 (Whi tRker . 

1971) . 

At present. Processes h ave a l r e ady been developed to raise t.he 

pro te i n content of straw t o as h i h ~s 30% by growing cpl1u l 01ytic 

molds on it (Steink ra us, 1Q78 ) . Th is i mproves the nlJtrit;onR.l 

Quality o f t he straw as an ~njmal fee d. It is also possible to use 

l ignoce llulosics directly go to human f ood by growing ~ushrooms o n 

them Mushrooms are rep ort.ed to cont a i.n 2-5% protein on a fresh 

we i oht basis and 30% t o 47% protein o n dry weight basis 

(Steinkraus, 1 978). 

The use of cellulases in the preparat i on ot protoplasts t rom 

plants with an ~ ltimate ooal of produ cing hybrid s i~ a ne~ 

development (Wh itake r . 1971). This may prove to be o f great 

pr a c ti c al impo rtance in plan t breeding. Cellula6e~ toq ethe r with 

proteases a re also used to hydrolyz~ portions 0 thp p18nt ~~trix 

t o allo w efficient dispersion and ex traction of protein~ (Ch i lds 

tl al .• 1977). 

Fur t hermore , the 3vailabil j ty of C, sugars such l'IS g) HC'ORe i!'J 

impo rtan in the d e v e l opmenr ot bio~~~s b a sed ch~~irl'll industri~s . 
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Pi l ot level studies have already shown that lionoceilulo~tr~ ~~ve 

hiGh potentiAl in the production o f biotertilizer~. bjoche~icRls, 

fOod . feeds and petrochemical,. (C~ripca at a1., 1987). Cellulose , 

becaus e o f its low deQradability, can not easily bp convertpd to 

the above products with ou t first liberating the monosA~~hAridp~. 

Horeover . due to the use of h i.gh temperature in t-hp. chpmical 

degradation o f cellulose, larlJe amount of by products an~ prodlJced. 

Cellulases and B-GlucosidA~e catalyzed degradation ot cellulo$e , 

however produce l arge ~lTIount of glucose at relatively lower 

tempera ture. Onc e the gl ueasE" uni t.s are produced, they can be 

converted to ethanol, n-butanol, acetaldehyde, acetone, glycero l, 

acetic acid, antibiotics, vitamins and etc . c hemically and/or 

biologically . These products are extremely useful in the food, 

chemical and pharmaceutical industries . Thus, the role of 

cellulases in modern technology i s gre;tt. 

5. 0 OSJ BC'l'TVSS 

The explosive increase in world population calls for p~r~llp.l 

development i n tood production to ~]l people around th~ globe . The 

Current emphasis on micro-orqanisms in the chemical, agricultural, 

JPledicinal, pharmaceutical and specially food industries l"efl~cts 

this point. 

An efficient mode of conversion o f cellulose to nutritive 

proteins, sugars and other substances involve he isolation , 

.election and/or genetic modification of appropriate micro­

oroanisms which can grow o n cellulosic matter. 
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I n thi ~ r e~ ea rch , attP~Pts ha ve been made t o : 

dete rmine t he effect o f d i ffe r ent carbon sources on growth o t 1. 

Clados porium sp . 80CC - 3 and elabo r ation o f CMe -s s e , Av \ce la s e , 

~ -Ce l lul as e, FP- a s e, cot t onase and a- Glucos id a se. 

2. e luc idate the o ptimum c arbon a nd n itr ogen concent rat.ions f or 

maxi mu m prod uction o f cel l ula s e s (CMe- as e , Avi c e la s e , :/.. -

cel lulase, FP- a se , co ttonase ) and .B-Gl uco~idas ~ t rom 

Cladospor ium 5p . BDCC-J . 

J . Che ck if adsorp tion o f CMe-a sp. oc c urred o n a c At'bon s lJ b!';t; r~t. e 

(cotton ) i n t he 9 r owt h ro p.i d a. 

4 . camparA availabi l i ty di.fferent n i trogen to 

Cladospor i um sp . BDCC - J fot" maxi mum produ c tion o f ce ' 1111a$p.s 

(CHe - ase , )'vice lase , , .. {-ce) 1u18se PP-a s e cottona s e } "no 13-

Gl ucosi.dase. 

5 . assess the e f f ect of d eter gent s on t he r el e as e o f cell ulases and 

B- Gl uco s i d a s e i n t o t he g r owth med ium. 

6, de te rmi ne t he op ti mum detergent conc entra tion fo r max imum 

release o f ce llulases a nd ~-G l ucos idase to t h e c ul t ure f iltrate 

of Cl adosporium sp . SnCC-3 . 

7 . find t he op timum p H and t empera tu re f o r max imum ac tiv ity of 

cellul ases a nd B-Gl ucos i da se. , 

i. de fi n e the op timized g r owth mRd i ~ f. or Cladospor i um s p. BDCC-] 

and e labor a t e t h e pr oducb o n of CA \ 1 II I a s e s and J3-r.1 ucosi d <'l s l!" R t 

t he o ptim i zed med i a . 

9 . dete rmine t he l oc a tion o f cel11lla se s and ,a- Gluc:osid"se: 

extr ac e ll ular, cytopl asmic and /or cp. llbound . 
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II. M~TE~r~LS ANn MRTHODS 

1.0RGANISM: - The test o rqa ni s m us ed i n this study was a 

~l.do.por i um. 6p. identified as BOCC-J . I t was obtained from t he 

Bi oloQY Department Culture Col lection, AAU . 

Stoc k cultures we re maintained o n saboura ud dext.ro se aga r 

(SOA ) slants and o n strips of til ter paper partly l.JT1mersed in 

Dubo 's mineral salt 50)ution contai.ned in c apped test tubes 

(1 6XSOmm). The Dubo's salt solution contained t he follow)ng 

(g/ li t re ) . Sodium nitra te 0.5; Dipotassium ort.hophosphate 1. 0; 

Magnesium sulfate 0.5; Ferrous su l f.ate 0.02; pot~ssium ch 1ori.de , 

0.2 and yeast extract 0 .5 . The f inal pH was 7 . 5 ( Ram8 ~ay , ~t AI. 

198 1) 

:2. CULTURAL CONDITIONS 

2 .1 Basal Medium Com 05 i tion : - The ba sa l med i um (8 M) contain ed 

(9 / 100 ml ) dihydrogen potassium phosphate 0 . 6 2 ; Hydrated magne s ium 

sulfate 0 . 05 ; Calcium c hl oride , 0.05; Ferrous sulf a e 0 . 001 , yeast 

ex tract (difco), 0 . 2 and trace minerals 2ml(Gashe, 1988). 

The t r ace Mineral s consisted of ( ~9 / 100ml) Boric acjd , 0.5; 

copper sulfa t. e , 1.0; calcium c arbonate, 10.0; 'Ferric ammonium 

l ulfate , 2.0; Molybdic a cid, 1 . 0 and ~inc sulfate , 5 . 0 . The fi nal 

pH o f th e medium before s ter i lization was 5.0. 

2.2. Inoculum 5ize: - A 7 days old SOA slan t cultur~ of Clados porium 

· P. BOCC- 3 was used as source of inocula. To each sl ~nt , abo ut 10ml 

PhYSioloQical sal ine solution ( PSS ) was added asceptically. Spores 
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tid .ycel\ .. l fraQments were dislodge,d u~in ''In inocuhr.iMC] nfllPdlp. 

he resulting 5uspen~ i on was tn~n!=;ferred to s te ril~ tpst tubp~ 

ollowino ascept:l. c techniqup~ . Th is WAS adjusted 1'0 give an npt. ir.lJl 

enlity o f 1.0 at a wave length of 540 om (Bausch and (.olTlh 

p.ctronic-21-spectrophotorneter). One ,,",I of this "lJsPl'!nsion was 

hen used to inoculate 100 ml o f stprile growth medium r.ont~inpd 

n a 250 rol Erlenmyer flask. All incubations were carried out on 

In Orbital shaker . GallenKa mp, model SGM-JOD (lOO rpm) at r oom 

:emperature (20oC) . 

2. J Carbon Sources 

The fo llowinq ce l lu l osic mate r ia ls were us ed as carbon / energy 

.our ces . Each source was used at different conc en trati ons (Q/ 100ml 

8M) . 

1. Carboxymethyl Cellulose , CMC (No-C-5013, high vjsco ~ jty ~odium 

salt from Sigma chemical company) a t concentrati ons of 0.5, \.0, 

1.5 and 2.0. 

1. Avicel (A.rt. 2330, cellulose microcrys talline ft'om Merck). at 

concentrations of 0.5, 1.0 and 1.5. 

3. Alpha - Ce llulose (NO,C-B002, :: ~ - cel lulose fiber, approx. 99 .5% 

from sigma chemical company) used at concentrations o f 0.5, 1.0 

and 1.5. 

4 . Filter-paper (Whatman No.1) and 

S D . . rled absorbant cotton , each used at concentrations of 0 .1 , 0 . 5 

and 1.0. 

The carbon /en ergy sources were introduced into the basal 

mediU1l\ before ster ilization . 'J'h p last t wo (filter pappr ",no rotton) 

\lere Pulverized to smaller piece" Ilsjng a philips Blender ( typP 

HL- J2J2) . 



Evaluations f o r the op~imum c a rbo n /e nergy sou ~ce concentr~t­

on. tor maximum enzyme product i on were made statistically using 

he t-test. 

3 1 Test for adsor tion J. . 

To determine if adsorption of the enzymes occurred on to the 

;.l1ul051 c s , r.wo ml cuI ture f i 1. tr a t e obt ained f r o m a med i urn 

:ontli nino cot ton was passed gr ;tdua] Jy t h r ouoh a coluron pa~ked with 

).05 gram cotton . The co~ton which ser v e d i n thPo column , 1 ml of 

the filtered fluid collected fro", the column ~nd rn) of thp 

cuI ture filtrate were incuhl'lted wi t. h /..5% carb oxymp thyl cpl111 10RP 

at 40·C f o r 3 1/2 hours. Then the amou n t o f adsor bed C'''C-~se was 

quantif ied. 

l. 4. Ni trogen Sources 

To asce rtain the most a vail a ble nit r ogen source f or 

~ladospori um sp. BDCC-J, three d i ffe r e nt n i t r ogen sources at 

different concentrations (g/lOO ml of basa l med i um) were compared. 

These were potassi u ffl nitrate a t 0.1. 0 . 5 , 1.0, and 2.0; ammo nium 

chloride and urea, each a t 0 . 5, 1.0, 2.0, 3 . 0 and 4 .0 . 

The concentrations of each ~ourcp. wa s a djustPod i n tp.rm~ of t .he 

percentage compo sition of ni t roqen i. n e a c h compound. Urplt was 

filter sterilized and a dd e rl to t hp ~ter i le media 8 sc~pr;r811y . 

Prior to the study of thp ~] ternativ e n1 c r oqen ~OlJrc~ s , 

POtalsi um nitrR;te a t all con centr at i ons i nd ic a tpd was used as 8 

lole ni troqen source in the stud y of carbon sources. Wh en carboxy-

.e hYl Cellulose was used as c arbon sourc e the concentration of 

~'o, was at 0 . 1 . 0.5 , 1. 0 and 2.0%. On the other h~nd, when 
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,vieal ."- cellulose , Filter p~pp.:r end Cotton 'WPTP $;tuciied i t'" 

:oncen tration was at 0.5, 1.0 and 2.0~. The c<'It'hon and nitratA 

:0 bin.tions i n the basal mpdilJm enabled us to determtne the bpcot 

edie t or maximum production nf cp.llulases and R-r.1 IJco~i dasp . 

The comparison BlTIongst the nitrogen sources was , thus, 

conducted at the optimum concentrations of each carbon and energy 

louree used. 

2.5 Effect of deter ents 

In o rder to compare the effec t o f deter gen ts on the release 

ot cellul..::.lytic enzymes , three non-ionic detergents (Tween-BO , 

Triton-x-IOO and Tergitol-7) werp. used. Tween - 80 (~, v/v) at 0.3, 

0.2, 0.1, 0.05 and 0.01 was t.eF;ted in all med ia conr.l'll jning thf' 

appropriate concentrations of ca r-bon source and pota ssiulTI nitrate 

tor .aximum production of cellu l ,:,sEH,> and B-Glucosi.(:1;" !'te. 'T'he t wo 

other deterqents (Triton-x - lOO "'nd 'T'e r gitol-7) were used at 

concentrations of 0.1%, 0.05% and 0.0 1% in medi a containing Avicel , 

- cellulose, filter paper and cot t on. These detergents in Media 

containing CMe were used at concentra~ions of 0.01%, 0.05%, 0.1%, 

0.2 and 0.3%. The g r owth media were autoclaved at )21-C (15 lbs / sQ 

tnl for 15 minutes. 

l . ENZYME ASS AYING CONDI TIONS 

1.1 Activities o f extracellular cellulases and f-Gluco~idase 

Ten ml of culture filtrate was removed at periodic inrerval 

(rom h t e Culture mediulYl o f ClRdosporium sp. BOCC-J. 'T'h j~ wl'~ 

centrifuged at 40 00 rpm for 10 minutes using IEC Model CJ~ ("'linieA} 



c.ntrifuge (USA) to remove the mycelia. The clea~ c uI ure 

rna tant serve d as source of cellu1ases a nd p-Gluco~i dase ,UP' . 

Activity of the en zy~e s was determined empl o ying the method 

of Chahal at !!.!. (1977 ) : 

A. carbo xyme th yl celJulase (CMC-~ se) activi t y:- One lTI ) o f the 

sup~rnatant wa s incu b~ ted with I ml of 2,5% CMC in ? ml o f 0.1 M 

acetate buf fer , pH 5.0 , f o r 30 minutes. 

8. Avicela se activit ;- One m1 of. the supernatant w.;t!O; incubated 

with 50 mq o f avieel in :1 m) o f O.IM acetate butfer, pH 5.0, for 

3 1 / 2 hours. 

C . . '- cellulase activit ; - One ml of the supernatant was incubated 

with 50 mq o f ..;< - cellu l o se i n 3 ml of 0 .1 B a cetate buffer , pH 

5.0, f or 3 1/2 hour s . 

D. Fil t er Paper activity (FP-ase);- One ml of the supernatant was 

incubated with 50 mg of fi )ter paper s t rip (whatman No.1) in 3ml 

of 0.1 II acetate buffer, p H 5. 0, for 3 1/2 hours . 

8. Cottona se activit :- Onp rol o f the supernatan t was incubat.ed 

with SOrn<] o f. dewaxed and g r ound absorbant cotton in 3m) o f 0.1 M 

acetate buffer , pH 5 . 0 , for 4 hours. 

PO. P-G1ucosidase acti vi ty:- One m' of the s u pern.;tt.;tnt w" s 

incubated with 1ml o f 0 . 2% !ia ] icin in 2ml o f. O.lM ltr.et8te 

buffer, pH 5.0, f o r 4 hours. 

The r eaction mixture was then incubated in an incuba to r shaker 

(l SO rev / . ) . . . t f Mln at 400 C f o r t he specified durat1on. The act1 v1 y 0 

the enzYmes was measured by Quantifying the amount o f reducing 

1UOari rel · . eased 1nto the suspenS10n . 
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l,~ , 
unit of enzyme a cti v jty . 

A unit of enzyme activity in chjs study wa s defined as the 

•• ount o f reducing sugflrs (pg ) Produced in one minute under the 

.tlted assay condi tions. 

).3 Activity o f cytoplasmic and cell bound cellulases and B-

Glucosidase 

One hundred ml o f culture was centrifuged at. 4000 rpm for 20 

.inute5 in a centri f uge (model 200, Gallen kamp , uk ). The rp.sidu@ 

(cell mass) was washed with distilled wa ter t o remove the 

unutilized substrates. This was then recentrifuqed at 4000 rpm for 

20 minutes. 

The washed mycelial mass was slJspended i n 30 1'1'11 acetRte 

buffer, pH 5 .0. This was sonicated at 20 amplitude-micron~ f o r 3 

ainu es using a s onicater, (son iprep 150 , MSE, West Germany ). The 

disrupted cell suspension was then centrifuged, at SO ,O OOxG f or 15 

inutes usino a r e fr igera ted Heraeus centrifuoe Wes t Germany. 

The supernatant and the residue (cell debris) served as 

sources of cytoplasmic a nd membrane bound enzymes , respectively. 

The cell bound enzyme sout"ce ( f t"aomented mycelial t"esidue ) 

WII SUspended i n 20ml acecate buf f er , pH 5.0. After appropria e 

d'l 
1 utions it served as sou rce of the bound enzymes. 

Activities of the CytopJ<=Ismir <=Ind cell bound ceJ11J1ltsel'l (CMC­

lie, Avicelasp., " _ cel lul Ase , FP-asp. , c:ottonase) and B-Gl ucnFiid"Fie 

were dete rm l' ned f Ch h 1 t 1 ( J 977 ) -. following the method 0 a a L!..... 

described previously fnr e xtracel lular enzymes. 



).' . Effec t of pH and temperature on t he ac tivity of cellula ses 

and a-Glucosidase 

The pH o f the buffers used f o r t.h i s study W'3 t'p. .:1 .0 , 5. 0 , 6. 0. 

1.0 and 8 .0. Acetate buff e r wa s used f o r pHs o f .::1 .0 <'loci ~.O Rnd 

pho. phate buffer f o r the o th p.rs (6 . 0 , 7.0 and 8 .0) . The blJtt e r s had 

•• olarity o f 0 .1. To avoi d variatj o ns in spe c t.ro phot.omPtr ic 

readina d ue to ion ic inte r act i o n s (Phosphate a nd a c eta te), ea c h 

bu tter at t he selec ted pR was c a librated with i t .. o wn blan k i .e . 

t he a ffect o f pH 4 . 0 was c al i brated wi.th a blank made fr. om pH 4 . 0 

and etc. 

The t empera t ur es considered were ambi ent temperature ( 20 0 C) , 

40'C, 50'C, 60 t e and 7 0°C. The orbi t a l i n c ubato r - sha ke r (Ga l l e n 

!tamp , c a t . No. INR 20Q - Ol 10N) was used for Temperature s 40'C-60oe . 

A water bath ( thermost i rer-8 5 , Gal l en Ramp ) was us e d t o r 70°C . 

4.0 C»~HJCAL AN~LYSIS 

4.1 Dete r minati o n o f reduci ng suqa~s 

The amoun t o_t reducing snga r s r eleased duri.ng thp. pn 7ymp­

lubltrate interac t i ons was Quantif j eo usinq Nelso n ' s me hod as 

dUcribed in Clark a nd Swi.. tzer (197 7) . The r e agents used were the 

(ol l o wi nQ . 

Sodium Carbona t e , 12 .5 g; sodlum bi c arbonate , 100 ; Sodium 

.ulhte , 100 Q; po ta s siu~ s odi u m tar~rate , 1 2 .5 g; and disti ll e d 

"" er t o ma k e a f ' ~nal volume o f 500 ml . 



t!aent B 

Hydrated c o p p e r s u lf a te , 7 . 5 q; o ne drop o f cone . su l f. u ri c 

dd .nd distil l ed water; al l together making 50 )TIl . 

Arsenomo lybda t e reag en t 

25 q o f ammon i u m mo l ybdate was d i ssolved in d50ml di Rt..i J l ed 

'Iter and 21ml of c o n c e n tratpd suI furic acid was add~Hi t o t.hp, 

.olution. Th r e e grams o f s o d i u m arsenfl te i n 25J'Tll d i st.il led wi':It.e r. 

III separa tely p repare d. 't'he two Rol utions were f; nall y combi ned 

md inc ubated at 37 0 C for 2 4 hou rs. This was sto~p.d i n a dark 

)Ott1e. 

tugent C 

This is the wo rk i n g reage nt composed of 12.5 ml o f reagent A 

Ind O.5ml o f r eagen t B. This working reagent was always freshly 

pr epa r ed. 

The a mount of red uc ing sug ars was d e termin ed ",,5 f o llo ws : ~t 

the end of the desi red i ncubati o n pe r iod of t he E"n7. ymfl-s u b s tr ,q tP 

reac tion Mixture , 2 ml sa mp l e was removed and mix ed with 1m} of t he 

Work i ng re aqent (R e agent Co). 'T'hj s was t hor o ug hly mixpd wi t h a 

Vorte . x mlxer (Gal len Ka mp ) a nd t hen i)TI~ersed i n bo iling wate r for 

U ae: ly 20 minutes . At t he end o f the 20 minu teR , t.he slI mpl e s i n 

~t ~b.. 1 were di pped i n wa t e r t o coo l them Qu ic}c) y . Th e n , 1 m 

of Araenomol Ybd a t e reage n t was added and mixed . After 5 ~ j nu tes, 
the tinal 

diatilled 

vol u me 

wate r. 

o f 

To 

t h e samples was 

avoi d suspe nded 

ad j ust e d to 10 ml usi ng 

pa rticles, s a mple s were 



2000 rpm for 10 mi nutes and the C'"OlOIJT 

dev.loped was read at 540nm uc:;inq Jcm light path CuvP.ttp (f!,au!'I:C"h 

.nd L.ol"lb, spectronic - 21 - ~pectrophotometer) . ~ b\f'nk which 

conteined all the buffer ingrp.d ;pnts except the en7.Y~p source was 

uted to zero the spectrophotometer . 

The optical densi ty readi ngs were then transformed to lJO 

r.ducing sugars usina glucose as ~ st~ndard . 

4 .2 PROTEIN DETE RM I NATION 

The method used for the quantification o f proteins released 

in to the liquid medium wa!'l: t.hat of Lowe ry et .. 1 (1951). The 

reagents used were (t , v/v) : 

1.2% sodium carbonate (Na'lCo:J) combined wjth O. 'S o f 0 . 1 N 

sodium hydroxide (NaOH). 

2.1% sodium tartara te 

J.1% copper sulfate and 

4. phenol reagent (BOH Chemicals, U. K) 

The working reagen t was prepa red by combining 1.2 and 3 in he 

ratio of 98:1:1 (al ways freshly prepared). Fi ve ml of the combinat ­

ion was mixed wi th 1ml of the sampl e a l iquot. Then, a ( er 10 

.inutes 0.5 l"Il of phenol reagent was introduced i nto the sample 

and mixed thoroughly. This was left for 30 1'1inut.es at room 

te perature for colour to devplop. Thi~ was read ~t 750nrn using 8 

aDectronic - 2) _ spectrophntnmeter (Raus ch and Lomb). Rovine sprum 

Ilbumin servpd as standard. 
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TIT RESUT .. TS 

Sftects of c a r bon and ni t r oge n sources on produ~ ti on o f 

cellulases a nd B- Gl uc osidRse . 

In thi~ stud y , a tt e mpt W l'!!' JTlllde to dete r rninp the o ptimum 

concentra t ions o f f i v e rl i fferpnt. c arbo n sout'ces 'l ;:)1T1ely , CRrbo xy-

_ethy l cellulose (CMC), Avi c f?l , - cell ul ose, fi. l l:er pa p er a nd 

cotton , f o r Jtl8 ximum prod ucti o n o f c@]lu la s e s a nd B-Gl llco s j d;;tse . 

The Cellulosic 5ubstra t.P.cs selected were o f tH f fe r pnt typP.~ 

(crystalline. semi-c r ystall i ne and a morpho us ) vR rying in t heir 

Ivailabili t y to t he a c t ion o f ce l l u lo l yt i c e n z ymes . Be c ause o f t he 

differenc e s i n the natu re o f the cel lulo s e s , it was f o und necess a r y 

to determine t he OPt i mum c o n cen t r ations o f t h e substra tes f o r 

•• xi_um produc ti o n o f c ellulases and ~-G lucosidase. 

Potas s ium ni trat e ( KNO~ ) at d ifferent concent r ati o ns was used 

.. lole nit r ooen sourc e. Thi.s e n abled us to de t ermine t he o pti mum 

carbon source and potassi um n i.trar.e comb i na t i ons r equ i.red jn the 

bual lI'Iedium for max iJTI Ulf1 produ ction of the c ellulo ly tjc pn7ymps . 

In addition. a time cou rs e stud y wa~ made t o ass E'SS the o p t i lll ll fl'l 

tbe for product i o n and /or re le a ~e o f t he e nz YJl'l es j ntn t)-oP clI l t IJ I' F> 

tiltrate. 

1.1 Carbo xyme t hyl ce llulo s e (CMC) as c arbo n s our ce 

Time cou r se s t udies in med i a c ontain i ng 0 .5% CMe a s c a rbon 

'Ource ( Fio . 1) i nd i cated t hat max i mu m produc ti o n o f carboxyme thyl 

cellulase (CMC- ase), Av i c elase , a nd a l pha- c ellulas e occu rred o n t he 

4" day o f i ncubation . However , Producti o n s o f t il ter p a p er 

activity ( FP-a5 e ), d B Gl id 5 f o und to be c o t t o nase a n - u cos ase w~ 

"" ..,1 .. .. ....F ~ "' ''''' ''' . t' ;nn . c, (Co t.ton a cttv i y or 



cottonue) .... .... not der.p.ct.ed i n th p c u lture f iltrat.p e ar ly. It 

appeared only a f ter the 6 t b d a y o f g rowt h and it was f o und t o b e 

greater than avicela s e, x-ce l l u la se and p-Gluc o s i d 8se in pr od uc t ­

ion. The Peak i n e nzyme product ion was d e l ayed by 1 to -4 day s as 

• result of incremen t in e MC con c entra t ion from 0 .5% t o 2 . 0 \. At 

1\ CHe (Fig. 2), maximum p r o duction wa s d e t ected on the 5 tb d ~ y f o r 

CHC-ase, Av icelase , and 1' - cellul a se a nd on the 6 t b t o 8 t b d ays 

for Fp-as e, co ttona s e and B-Glu c o sid a se . Pr od uc t i o n of all th e 

enz ymes i n med ia c onta i n i ng j . 5% and 2% CMC ( f i g. 3 and It ) ",l~ o 

occurred at d ays 6 to 8 wirh the pxc eptions o f r.ot t o nASP a nd 13-

Glucosidase, at lower con c entrAtions of po t assium ni t rAt.p. in ? % 

CHC which had the ir max imum a c tivi t i es o n the 41b day ot in c ubat­

ion. In most cases , CMC- a se, Avicelas p. a nd ~~ - cel lulasE'! reached 

thei r peak e a rl i er t han FP- ~ s e , cot t onase and a-Gluco sidase . 

Higher enzyme prod uc t ion W8S obtai.ned a s the c o n c entra tion o f 

pOtassi um nitr a t e i n c r e ased from 0 . 1 t o 2 . 0% in a ll CMC contai ni ng 

.edia. Howeve~, t he ratp o f i n crement t n en zymati c a c t i v lty due to 

increases of n it rate from 1 % to 2% t n most o f th e media was no t 

that siqnif i can t. Eventhou9h tO Ot inc rement in n itrate concentrat­

ion (from 1 to 2 %) was ma d e in the basal medium cont8in inQ 1% CMC 

'1 carbon source, th e enzyme p r od uc ti o n inc r e ased only by "bo u t 

10 . Exception s wer e tho s e medja c onta i ning 0.5% and ,% CMC f or t he 

prOduction of FP- a se and 1. 5% r. MC f o r t h e prod uc t.i o n o f ~-

GlucOsidase. Thus, 1% po ta s s i.lJlT1 n itra t.e was considered ~s the 

OPtimum concentration f o r ma x i m\l '" prod uc t ion o f cp.l l u ln~e d~ r8 cHna 

tnzYJres. As far a s CMC a s c~r.bon sources was conc ernt'd. ," A X~ mmn 

prOdUction (unit.s /ml) of CMC-a se ( 60 ), Avicelase (6-8) ,-'- ce l1 u18sP 

6.0) FP-ase ( 4 - 6 ) , cot t onAse (3 .0 ) and B-G t1Jcos id~se 
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•. 0) occ urrpd i n medi a con tain i nq CMC" at 1% , 1 . 5% and 2.0% con­

c." rations. Since then" was n o inc r ement in pn7 ymp. produc ti o n 

~yond the 1% CMC conc @n t ratio n , it w~s consjder~d ~s thp ~ ppro­

prilte concentr a t i o n f o r maximu m pr oduc ti. o n of cel 1u l .. ~e" and R­

Glucos idase. 

Hence basa l mpdiuro contai ni ng 1% CMC and 1% po ta ssium ni t rate 

VII t ound t o be t h e best med ium for p r oduction of ce]lul i't $ ps and 

rB -Gl ucos i da s e when CMe a nd po tassium nitrate were c onsider ed a s 

c.rbon and n i trogen s ources . This medi um here-af ter unless 

othe rwis e state d will be referred t o as CMe medi um- l (eM-l) . Using 

this .edium maximum product i o n of CMe- a s e, Av icelas e a nd .. Y. _ 

cellul ase occurred on the 5t ~ day of growth a nd Fp- a s e, cottana s e 

.nd ,a - Glucosidas e o n the 7 1 b d ay of qrowth. 
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1.2 . Avice t as carbo n s o ur ce 

production of cellulases ~ nd ~-Glucosida se and thejr rp.lp.~se 

into he cult.u re medium was ~i.gn ifi ca ntly detec t.pd ",fter che J rd 

d.y in all med ia conta ining different concentrR t ion s o f Iw j cel 

("iOIS. 5-7). Max im um p r oduction of C.MC - ase, Avice 1 8~e and .-;1_ 

cellulase occurred on the ntb day of incubation in all media 

containing t he various concentrations of Avi cel as ca rbon and 

.nergy source . However , FPasp., cottanase and a -glucosidase 

IIIctivities were f ound t o be high o n the 121b day of incubati o n. 

ExcePtions were observed on the a ctivit i es of cottonase and ~­

Glucosidase in med i a containing t% (Fig. 6) and 1.5% ( Fig 7) Avice! 

.nd lower concentrations o f nitrate (0.5 and 1%). The Peak i n 

prodUction of these enzymes was on the 8t~ day of inc ubation . 

Production o f a ]1 pn z ym~s increased with i n cr.ea~ina con­

centration of potassiuJTl nit.ratA. CMC- ase production was the most 

atrec ed. Its activ i ty increased pro!)ress ively as t_he n i Cc8te 

concentration was inc reas ed from 0.5% to 2%. Other acti vjtie~ did 

not resPond as that o f Ctote-ase act ivity. The increments in activity 

n .oat media we re less t han 70% except in th ose containing 1 . 5% 

Avicel where dOUble in act ivity was observed f or CMC-ase , Fp-ase 

Ind Cottonase . These eleva t ed a c tivities occurred as a result o f 

the incr ement in concentration of potassium nitrate from 1% to 2%. 

P rthermore. maximum production (units / ml) of CMC-ase (8. 4 , 8 . 0. 

Ind 6.5). avicelase (1.4, 2 . 0 and 1. 6) • . / - ce llulase (0 . 5 . 0.5 
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•• Gluco.idase (0.3. 0 . 56 and 0 . 3) in media containing 0. 5% . 1.0%. 

and 1.5 Avicel, respectively, WA S detected when t he media we re 

.upplelDented with 1% potassium n it.r~te. Since the d i ff e renC"PS 

between media containing 0. 5% , 1% ann 1 . 5% Avi ce] were no t that 

lioniticant f appendix T), 0 . '1% aV leel supplemen tf>d wi t.h 1% 

potl.lium nitrate was consideren opti~um f or maximum production o f 

cellulases and B- Glu cosi dase . 

ThUS, the basal medium con taining 0.5% Avicel and 1% potassium 

nitrate was named as Avicel medium-l (Am-l ). This medium was used 

hlreafter, unless other wise stated . when Avicel served as carbon 

.nd eneroy source . In this medium , CMe - ase. lwicelase and :'-

cellulase we re detected in large quantities on the 6 1 • day of 

incuba.tion while Fp-a s e, co tt.onase and ,B-Glucosidase were det e cted 

on the 121 • day o f incubation. 

1.3. Alpha-cellulose as carbon source 

Time Cou rse studies showed t.hat max imum producti on o f CMC-a f;.p, 

hic.hse and -cel l ulase t ook pl a c e on the 6 1 • di'l Y o f inclJbl" t.;on 

in •• db containinq 0. 5% (Fiq . 8) and 1% ( Fiq. 9) ' -., -cpl1ul o se. 

tn 1. 5% -cellulo se was u sed as carbo n s o urce, Plaximum 

production of these enz ymes occurre d on th e 1 2 1 ' day of incubation 

' Pig. 10). Production of t h e other t hree en zymes ( Fp-ase, cott.on 

al. and B-Gl ucosidase) was the h ighest after 8 to 12 days o f 

inCUbation in all media. 
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produc~i on of the cellulo~ e dpgr ading enzyme~ incrpa~pd with 

incre •• inQ potassium nitrate concentra t ion. Increments of 2001; Fp­

ue and 500' cot tanase jn mpd ia contain ing 1.5% .. -cellulo!'p were 

recorded when nitrate concentr~ t ion i ncreased f rom] t o 2%. These 

increments are Quite significant when compared to thp. inc reme nt in 

nitrate concpntration (1-2%). 

ReQarding the carbon s ource :;).. -ce llul o se) concen tra t ions , 

.ui mum production (un it s /mIl of CMC-ase (7.6 , 8.9 , a nd 14 .3), 

Avicelase (1. 5. 2 .5 , and 3.7), ~'- ce llu18se (1.5 . 2.0 and 2 .4) , 

Pp-ase (1. 4 , 4. 5, a nd 10.0), cottanase (C.? 0.75 , and 3.2) and ~ -

Clucosid ase (0.3, 0 . 31 and 0 .6 ) were detected in media concaining 

0.5, 1.0 and 1.5% '.;.( -ce l l ulose, respe c tively. Thus, the rate 0 

increme n t in enzyme produc tion from 1% to 1 . 5% ~~cellulose whe n 

lupplemented with 2% nitrate was significantly hj g her. Th i s ca rbon 

and nitrogen combi nati o n was f o u nd t o be opti fT1um tor JI'IRximllJ'l 

production o f ce llulases and R-Gluco s i dase. 

The medium formulated W8 S n ame d 85 .. ~ -cellulose medi um - 1 

m- 1 ) . Using this med ium, maximum production o f cel lulases and 

I-Glucosidase Occurred o n t h e 91b d ay of incubation. 

1 4 F ' l ' . 1 tar paper as carbon source 

The enzymes detected in the c ulture f iltra te were very low in 

III lIIedia conta ini ng various concen tra tion o f filter pflper. 

Nlvertheless, there wa s c onsiderabl e growth (biomass) . Time course 

.tudies (carried o ut f o r up 0 20 days) i ndi c a ed that there waS 

no significant increment i n product ion o f ce llula.es ~~d 



39 

JI.Glucosidlise t h rouqh time i. n media c ontaininQ 0.1% Fil er paper 

(Pio. 11). Produ c t ion o f e He -ase , J. v icelase and ,- -ce llulase in 

aedia conta i oi nQ" 0. 5% f i 1 t er pa per thouah be t ter t. ha n O. 1 % wa!' a Iso 

,clnty. However, Fp-ase, cottonase and p - Glucosidase were produced 

in relativel Y g reater quantities in t.hese media . Better production 

of all e nz yme s occu rred as c oncentration of filter p;rIl:)I'~r was 

increased to 1% . The highest production of ce llul ases wa s der.ec ted 

on the IOU; day o f in c ubation . But , ma x imum producti on o f p­

Glucosida se appeared a t. the) ater gt"owt. h stage o f thp fungu~. Fp-

I •• acti vity wa s h i oher than that of CMe -ase, Avice1ase , Y-cellul-

"t, Cottonase and ~ -GJucosidas e in med i a containing 0.5% and 1% 

tilter paper. I ts production reached 1 . 79 unic'.a/ml in medi.um 

conta i ning 1% filte r paper and 2% potassium nitra te on the lOlb day 

ot Qr owth . The o ther enzymes had activities less than one in all 

edi s containi ng fil t er paper. 

General ly , producti on of cellulases and B-G1u cosidase in media 

cont.ino 0. 1% f i lt e r paper was significantly less «tcal-l.S) than 

tho •• media containing 1% filter peper. Since enzyme production i n 

the latte r was no t signifi c antly h iqher han in media containg O . ~ 

filter pap. - , 0 5' f'I 1 d' h 1 ~ . ... lo ter paper supp emente Wl t po tassium 

nitrate was se lec ted as best carbon and nitrogen combinati on fo r 

h. production o f cellu lases ~nd p -Gl ucosidase. This med i urn W"S 

Idon I t ' d . Ie as flo lter pa per mediu~ -l (FM- l}. In thi~ ~pdium . ~ft xi-

product i on o f al l the enzymes occurred on the lO I ' day o f 

lnCllbl t ion. In all b k su sequent wor S when filter paper is u~ed ,,~ 
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c.rbon And enerQY source, thi s day of i ncubation was IIsed to assay 

the enzYJlles-

1 5. Cot t on as Carbon Source 

Production and/or detection of cellulases and B-Glucosid~se 

in •• dia containinq various concentrations of cotton (Figs . 1 4-16) 

wa. very poor. Signi ficant increment of enzyme production wa s not 

detected through time in most of the media . However , the enzymes 

vert detected on the 9t~ to 12 lb days of growth in a fairly better 

quantities. Likewise , increments in enzyme production with 

increasing concentration of po ta ssium nitrate wa s very small ( l ess 

than 50%). Excep tions Wf're for productions of Aviceillifli e and 

cell ulase i n med i a conta ini ng 0 . 1% and 1% cotton , respectively , 

whe r e more than 100% increments were observed as concentration at 

POtassiul'Q nitrate i ncreased from 1 to 2%. Hence , 1% potlllssium 

nitute was found t o be o ptimum f or maximum produc ion o f' the 

InzYmes. In med i a containing 0 . 1% cotton, CMC- ase, ~vir.eJ~se and 

~~Glucosidase we re detected in larger Quanti ies j n the cuI ture 

filtrate than '~-cellulase, cottonase and Fp-ase. Moreover, 

hiclhse and ''j - cellulase were de ected after the 6 1 ~ day of 

inCubation (g r o wth) . Maximum production (units /ml) ot CHC-ase (0.1. 

0.6, and 0 .6 ), Avicelase ( 0.04 . 0.3 , and 0.11. ": -cellulase (O .O:l . 

0.20, and 0.10), Fp-ase (0 . 03, 0.1 and 0. 4 ) cottonase ( O.03. 0.08 

Ind 0 . 05) and B-Glucosidase (0.10, 0.25 and 0.20) was d e ected i n 

edi. COntai n ing 0.1%, 0.5% and 1.0 cotton, r e spec tively wh en each 
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.,diu. was supplemented with 1% potl'tssium nitr" te . S:lI'lCfO e 3ch 

.nlY I was better detected in merl ill'" con tai n!'J 0.5\ co ton , t his 

c(lncl ntration was considered appropriat p. f o r rn s;: ilTlun'I producti o n of 

,.Uulase s and B- Gl uco sidase. Kencp. , a med iullI con tflining 0. 5 

cotton and 1% pota s sium nitrate was f ormulated . This med i.um 

h.rutter is referred to as cotton mp.d ium -1 (COM-1) and the 121 " 

dey ot i ncubation was cons idered optimum f or maximum expression of 

the enzymes. 
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RIN"OING OF CEJ...I.. tIt.AS'RS, AND ,B- Gl.UCOSI O",SR 

~O C~ RBON SUaSTRATES 

AdsorPtion of cel l ulases and B - Gl ucosidase o n cotto n wa s 

tilted usi ng a col umn pack l3d wi th 0 . 05 gram o f co tton. Two 1111 

culture fil t r a te was p ass ed dro p by drop throuah the c o l umn. The 

cotton plug used in t he c o lumn , 1 ro l of t he f ilte r e d f l uid and 1 

.1 of c uI ture fil t r a te we re incubated wi th 2 .5% CMe a t 40' C f or 3 

1/2 hour s . 

The cotton i n the column Rh o wed s i g n ifican t CHC- a s e activ i ty 

indicsung that some o f the e nzyme s weT'S bound l adsorbeci ) t o the 

cellulose substrates . 

Hence, the poor quan tity o f a ll e n zymes detec ted in mAtH" 

con !lining fil t er pap e r a nd c o tto n ( Figs. 11 to 16 ) could pa rtly 

~ due to binding of th e enzymes on t o t h e ca r b on substrate s . 

2.0 Study of alterna te nitroge n s our c es f or t h e 

Production o f c el l ulases and B-Glucosid a se 

Ammonium ch l or ide and ur e a replacing po t assium n i t r ate we r e 

!,;Ied .. ni t r ogen s ou r ces i n med i a conta ining the optimum 

concentration o f t he fi ve carbo n sources (CM- l , AM - l ' H- l , FM-l 

and COH-l). Ea ch ni trogen s o urce was u s ed 8 dif.fe r e n 

concentrations i n ea c h med i um. 

AI can be s een in Tabl e _ I , Production o f c e l)ulss@R ~ nd p­

Glucolidase increased a t l ower concen1:rati ons of ~ mlllon i ulI\ (' h' o r id~ 
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10. 5\' in eM-t. Increasing concentrations of che nitrogen 50lJTCe 

r •• u1tt!d in decreased enzyme pronuction. Unlike i n CM-I , an 

Increasing trend in production o f Avjc:elase, '.7' -cel u1a'je , Fp-aRP 

was observed wit.h and cottonese 

on1UIII chloride 

i n c reas i ng conc ent.r.:tt. ion of 

• in Am-l. liowe ver, activity o f J3-GIucOi"ji.dase 

rt ained similar to that of CM- l, i. e. Product ion o f F-Gl ucosi dase 

de.creasftd wi th increasing concentration of Ammonium chloride. C"'C-

III. production was rel.ativp.ly highe r at the lower and hig: her 

concentrations o f ammonium chloride in Am- I. In t he other media ( .. 

• - 1, Fm-l and COM-I ) all concentrations o f a l'!l.monium chloride had 

Ii.Uar effect on production o f the cellulolytic enzymes . An 

excePtion was production of CMC - ase in \ m-l where highe r 

production of the e nzyme was de t ec ted at lowe r and higher 

concen trations of the ni trag en ~ource. 

Production of cellulases and ~-Glucos idase d ecrp8sed with 

increasing concentra tion of urea in Cm-I. I n Am-I , ;-f. m-l, PM-1 and 

Co -1 , all concentrations of. urea had s i milar ef.fect on pr.oduction 

ot the enzymes. Ge n erRlly, urea supported little g r o wth ot thp 

fungus and as a result, e nzywe product.ion in all medja wa s very 

lIw. 

Potassium nitrate at all concen t rati on s in a l l media except 

I. eam-I produced quite considerable amount of cellulases end ~-

C1ucoSidase. Production increa s ed with increasing concentration ot 

Potassium nitrate in Cm-I , Am- I , ... m-l and Fm-I. However , the rate 

of In i crements were not that gre at when compared to the increas n 

concentration of potassium nj trate us e d (double concentration). 
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axCf:ptions were production of Crne -a se. Avi c e l ase and : -cellulase 

ill "11-1 where more tban double a cti vi ties we r e d e tected as the 

ni trate concentrations moved f r om 0.5% t o 1% and then to 2%. In 

Co.-1 • Production o f CMC- a se a nd Avicel as e was hi g he t'" at 1% nitrate 

while higher production of al l o t hers was i n mediu m cnntaining 2% 

po tassi um ni tra te. 

Generally the best levels of a mmon i um ch lorid e which q av8 hilJ}J 

production of cellul as es and ,B - Gll1cosidase Wfi'i r e t n p. l o west 

concentrati ons used (0.5% in Cm-l , .).m-l , Com-l a nd J % in ·."' m-l ;t nd 

Althouqh lowe r t.h an ammonium c hl or ide, Rimi.lar 

concentrations of urea wert'~ also optimum f o r prod uction o f the 

cellulolytic enzymes. Enzyme prod uc t ion a t t h e op timum l evels of 

Immonium c hl o r ide a n d u r ea we re l ow wh e n c ompa r ed t o t he same 

concentrations of pot a ssium nitrate . Thus , po t a ss i um nitrate was 

the most preferred n itroge n s ourc e by Cladospor i um sp. BDCC - 3 f rom 

t he al terna te sources s tudi e d . Urea is the l east u tili zable 

ni trogen source. 

Since potassium nitra te wa s t h e s uperior ni t r ogen source tha n 

• onium chl oride ur ea , the c odA o f ea c h mecl jul'l relll a ined an d 

Unchanged (Cm-1 , Am-l, :;1 m-l, Frn- l and COM-l). 
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floSLoE 1 . Production of cel1ulases and .a -G l ucos ida s e at dH fe rent 
nitrogen s o ur ce s in media - l. Product i on i s expt'"eS l!l pd in 
t e rms of ac tivi ty of t h e enzymes . 

- CoocentratiQ'l Activity (lkdts{JIIl) 

C>ftal lIitrooen of the N- cellulases &-Gluco-

f!!!!!! soorce soorce anc-ase Avicelase '., --cellulase Fp-... Cottooase si dese 
II .., Iii el 0. 5\ 48 .8 4. 6 2.9 2.1 2.3 3.4 

1/ 1\ 21.6 2.5 1.7 2.8 2.3 I.J 
2\ 19.7 2.0 2.0 2.7 2.4 1.0 
3\ 17.9 1. 8 I.J 2.5 2.3 0.9 

Urea 0.5\ 10.90 0.85 1.12 1.30 0.53 0.52 
1\ 8. 2 0.85 0.79 1. 50 1.0 0.72 
2\ 6.0 0.15 0.58 o.n t.l 0. 17 
3\ 4.6 0.12 0. 47 0.60 0 0.14 

J(tQ 0.5\ 4Q.9 4.8 3.7 2.7 1.. 6 ' .2 
1\ 58.6 4.9 3.9 1.0 1..R ' .5 
2\ 63.6 ' .8 4.0 4.0 3.0 ' .7 

NIIel 0.5\ 6.7 0.4 0.2 0.2 0.1 0.4 
1\ 4.9 0.' 0.3 0.3 0.1. 0.1 
2\ 5.0 0.9 0.7 0.9 0.5 0.1 

0. 5\ 3\ 6.8 1.6 1.0 1.6 0.7 0.1. 
An cel Urea 0.5\ 0.27 0.18 0.11 0.0\ 0.008 O.lR 
IlI!-IJ 1\ 0.44 0.1' 0.08 0.001 0.07 0. 01 

2\ 0.44 O. Ll 0.14 0.07 0.04 0.11 

3\ 0.44 0.13 0.16 0.07 0.04 O.ll 
0.5\ 1.1 0.4 0. 2 1.2 O.R 0.50 

1\ 3.0 0.7 0.5 U 1.2 0. 52 

2\ 6.1 1.9 1.4 3.5 2.0 0.58 
1.5\ NIIel 1\ 5.8 0.8 0.6 0.7 0.5 0.2 
~ ~llu- 2% 3.5 l.l 0.8 l.l 0.6 0.2 ... 3\ 3.6 1.2 0.8 0.9 0.6 0.2 
I ..... 1) 4\ 5.6 1.2 1.0 1.2 0.8 0.4 

urea 1\ 0.53 0.17 0. 20 0.11 1.40 0.27 

2\ 0.40 0.16 0.25 0.07 0.09 0.21 

3\ 0.49 0.16 0.21 0.10 0. 10 0.16 

4\ 0.87 0.15 0. 20 0.11 0.07 0.17 

0.5\ 3.0 1.0 0.40 0.40 0.20 0.20 

1\ 5.5 1.0 0.50 1.0 0.23 0.20 

- 2% 7.3 1.4 1.4 1.4 0.43 0.30 

NII el 1\ 1.6 0.40 0.30 0.90 0.40 0.10 

2\ 1. 7 0.60 0.50 0.70 0.10 0.20 
o. 0.60 0.60 0.40 0.20 

J\ 1.4 0.70 
hlter PiUler 4\ 2.0 0.50 C.40 1.0 0. 10 0.20 

1/ urea 1\ 4.8 O.Ll 0.11 0. 08 0.08 0.27 

2\ 6.7 O. ll 0.11 0.08 0.08 0.15 

3\ 4.8 0.11 0.10 0.06 0.08 0.1l 

4\ 3.8 0.11 0.10 0.06 O.OR 0.1 

0.5\ 8.10 0.30 0.09 O. ]I; O.ll a.Hi 

1\ 11.60 0.60 0.40 0.43 0.10 0. 23 
0,47- 0. 31 - 2\ 12 .. 10 0.89 0.46 U 6 
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!lilt I. Calt 'd 

- coocentratioo Activitx (\JnitsLII1 , 

""'" 
tfi,trogen of the 11- cel1ulases ~11JO:)-

souroe """"" """ase AvicelilSe :~ -cellulase f»-ase Cottrollse !lidese 
~ 
o.s. ,..,C1 0.5% 0. 20 0 .09 0.07 0.0) 0.03 0.07 

""tal 1\ 0.40 0.10 0.12 0.06 0.06 0.03 

11 2% 0.40 0.10 0.07 0.03 0.03 0.03 
J\ 0.20 0.10 0.13 0.06 0.06 0.09 

Urea 0 .5% 0.03 0.05 0.09 0.03 0.03 0.03 
1% 0.13 0.09 0.07 0.04 0.03 0.09 
2\ 0.13 0.10 0.05 0.05 0.04 0.07 
J\ 0.21 0.13 0 .08 0.04 0.05 0.07 

0.5% 0.35 0 .06 0.08 0.01 0.04 0.03 
1\ 0.50 0 .20 0.03 O.Ol 0.05 0.03 
2\ O.lO 0.05 0.06 0.08 0.75 0.08 

3.0 Effect of detergents on t he release of cellulases 

and S-Glucosidase 

The effect of three det.ergent.s n""me!y Twep.n-80 , Tri ton , ] 00 

Ind Terglto I-7 on the release of celluJases and fj-GJucosidase fro~ 

Cladosporium sp. BDCC-3 into the culture medium was ~ t.udied u~;ing 

C11-! . AM-l . , ' M-l. F'M-l ~nd COM-l (media containing optimum 

concent rati ons o f carbon and ni trogen s ources ) . 

Release o f cel lulases and ~ -Glucosidase increased with 

increasing concentration of Tween-80 until it reached 0 .1% where 

aaximum production o f the enzymes was detected in all media (Table ­

II I . Release o f all enzymes except Fp-ase in Cm-l declined beyond 

th, 0 . 1% concentration of Tween-SO . Higher activity of Fp-ase wa s 

' "preSsed at higher Tween- SO levels ( 0.2 and 0 . 3%) i n Cm-l. 

The eff t f the release of cpllulAses snd ec 0 Trition-x-100 on 

increased with increasing concentrati on of rhe 
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nt upto 0.05%. Then the qURntity of enzymes in the cu lture d.Ur Q'8 

hltr ate sta r ted to decl i ne as concentration increased further. An 

exception was observed in the r e leas e of B-Glucosidase where hi~h e r 

proportion of the enzyme was detected at t he lowest concentration 

0.01" of Tr ition-x-1 00 in all I"\ed i a . HiQher concentra t i ons o f 

rrit ion-x-100 retarded growth ot t.he f ungus in em-t. 

Cellulases and ,a-Glucosidase wer"" r eleased Ip.i'U;.t when the 

de tergent usp.d was Terqj tol-7. Prod ucti.on of alJ en7.ymes in medi" 

eontaininlJ this detergent was much lower. than e v en those PTodur.en 

in lIed i a with out detergents. 

However , Tergitol-7 a t 0 . 01.% Produc ed relatively higher 

enzymes tha n O.O~% a nd 0.1% , bec a u se as concentra tion o f t he 

dtterl1ent decreased , toxici ty a] so was decreased proportiona lly. 

Hioher concentration of this dete rgent. (0 .2 and 0.3% ) inhibited 

orovth of Cladosporium s p. BDCC. 3 in em- I. 

In ~eneral terms , t h e most effective deter~ent at comparable 

concentrations was Tri tion-x-lOO . Higher proportion o f Enzymes were 

rel eased in media suppleme nte d with Tr ition x-lOO a t con s i d erably 

lover concentra t ion (O.OSt) . However, i.t is a lso importan t to note 

thAt Tween-so at 0. 1% was eff e ctive in re leasing cellulses and ~­
IilucOS1' d ~ 1 e ase to the culturp. med i a. Bo th det.en::lents inc reaspv re eaf'l 

of t he enzymes up to more 100' when cOJ'llpared to I'!n zy",e 

~rOdUC tion w," th out detergent.~ (Tah l e-II ) . 

In this study, although Tr i t on-x- lOO wa s the most pffectivp 

letergent ,'n h 1 ture relea sing t.he cellu l o lyt ic enzymes i nto t e ell 

~d i a . Tween-ao Th ' decision at 0 . 1% was a sur f actant of choice. 1~ 



de due t o the a bnor!\'l ~l Qrowt h cnaracteristi.r. (') 1: l.1 ado~poTi ll lT1 
10'" sa -

sOCc-) observed whe n the growth lTIl?:dia wer e s upplp.m€'n terl wi th ". 
trit ion-x-100. The i ncreased relel:lse o f enzymes 1T''''Y be dlJe to t.he 

rel eas e of cell protein as a r€'!~u:tt. of membrane d i sin t.p.Q't" s t i no. 

ft\U S, the incorpo ra t ion ot Twepn-80 with M-l (CM-1. , AM- l , M-\ , FM­

l .nd COM- l ) f ormed a modified media-2 (CM- 2, AM- 2, ;l M-2 , FM- 2 and 

COH-:U f or subsequent works. 

' ABLE II. The effect o f detergen t s on the release of cellulases 
and B- Glucos idase from Cladosporium sp . 80CC-) to the 
c ulture medium Quanti ty o f enzymes in the culture 
fi ltra t e was determined interms of thej.r activity 

Ol-! 

-

- SG = Small growth 1\' GI = Gro wth inhibi ted 

Deterpent 
cct1Centratioo of 

detergent 
0.01% 
0.05% 
0.1% 
0.2% 
0. 3% 

Tritoo-x- l00 0 .01% 
0.05% 
0.1% 
0.2% 
0. 3% 

Tervitol-7 

-
0.01% 
0.05% 
0 .10% 
0.2\ 
0.3% 

-so 0.01% 
0.05 
0.1\ 
0.2% 
0.3\ 

Tril<>t-x 100 0.01\ 
0.05% 
0. 100< 

anc-ase 
64 .3 
78.9 
89.9 
72.' 
n .3 
53 .3 
SO .8 
53.3 
SG 
SG 
4.1 
1.8 
0.14 
GI 
GI 
58 .6 

11.2 
10.3 
13.0 

8.3 
7.8 

12.8 
17.2 
10.4 

Activity (Units/Ill) 
celtulases 

Avicelase <., -cellulase 
5. 2 3.5 
6.7 3.9 
7,5 4.7 
7.4 4.8 
7.4 4.2 
5.4 4.0 
7.4 5.2 
6.9 4.4 
SG SG 
SO SG 
0.5 0.4 
0.9 0.3 
0.1 0.01 
G1 
GI 
4.9 

5.0 
5.0 

10.5 
6.3 
6. 3 

.12. 5 
14.0 
13.3 

GI 
Gl 
3.9 

0.6 
0.8 
3.7 
1.8 
2.0 
3.0 
5.8 
4.8 

2.7 
3.0 
3.5 
3.5 

4.J 

4.4 
2.' 
SG 

0 .• 
0.6 

0.09 
G1 

GI 
3.0 

3.2 
7.5 
7.8 
6.3 
•. 8 
9.3 

12.2 
0.5 

2.7 5. I 
2.8 5.2 
3.4 20.5 
3.4 22.5 

3.9 2\.7 
2.6 10. I 
3.9 9.6 
2.8 8.7 
SO SG 
~ SG 

0.5 0.' 
0.7 0.5 

0.04 0.03 
Gl G7 

GI 
2.8 4.5 

1.2 
0.9 
6.3 
2.6 
3.7 
3.7 
' .0 
3.7 

!.6 
J.2 
4.0 
2. ' 
1.4 
1.0 
0.8 
0.4 
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CtII'j 1'Ihl.e 0 

- Activit:i (Units/Ill) 
coocentrat ion of ceUulases B-Gluco-

Detergent detergent aoc-ase Avicelase ~" -cellulase &ase CottrN~ si.~ ~. Te.roitol-7 0.01% 0 .• 0.8 0.24 0.2 0.3 0.2 
0.05% 1.0 0.5 0.24 0.2 0.26 0 .1 

11'1 0.1% 0. 2 0.08 0.06 0.02 0 0 ..,. 7.8 2.0 0 .• 2.0 1.2 0.6 

_SO 0.01\ 34.8 10.1 6.0 5.9 4.7 5.5 
0.05% 35.5 8.9 7.0 9.5 '-' 5.0 

IH 0.1% .15.3 11 . 2 7. 1 9-l 5.1 7.' 
0.2% 26.1 9.5 5 .• 6.S 2.7 5.5 
0 .3\ 23 .• 6.9 5.3 6.0 2.5 3.7 

Tritoo-x-1OO 0.01% 36.1 9.7 10.4 16 .• U 5.1 
0.05% 48.8 16.3 11.9 17.J 6.3 2.7 
0.1% 46.1 :<0.7 14.4 IA.l o.q 0.4 

Tervitol-1 0.01% 1&. 7 4.1 2.7 2. 2 1.5 o.n 
0.05% 0.9 0.3 0.01 O.ll 1.1 O.RO 
0.10% 0.5 0.2 0.01 D.Jl 0.7 0.08 ..... 27.4 5.1 4.1 4.1 2.1 U 

_SO 0.01\ .13.& 3.2 1.6 4.0 1.7 1.& 
0.05% 35.7 2.& 1.6 4. 7 L7 L8 

~I 0.10% 38. 3 3.8 2. 7 4.5 1.0 2.5 
0.2% 22.9 3. 2 2.0 3.5 1.4 2.5 
0.3\ 1&.3 3. 2 1.7 3. 3 1.4 2.0 

Triten-x-1OO 0.01% 34.9 7.0 2.0 13 .3 3.2 3.7 
0 .05% 44 .0 13 .3 7.5 16.9 4.8 3.3 
0.10% 31.4 &. 5 5.0 &.& 2. 3 3.0 

Te";tol-7 0.01% 1.7 1.2 0.4 0.08 0.08 0.08 
0.05% 0.9 0.3 0.11 0.07 0.04 0.09 
0.10% 0. & 0.2 0.09 0.0' 0.03 0.04 

Naie 37.7 2.7 1.5 3. 3 1.2 1.8 
l\<een-8Q 0.01% 0.80 0.2.1 0.23 0.03 0.09 0.5 

0 .05% 2.0 0.40 0.20 0.50 0.20 0.3 

0.1\ 2.3 0. 50 0 .30 0 . .10 O.lO 0.3 

0 . 2% 0.8 0.20 0.15 0.01 0.05 0.9 
lIt-l 

0.3% 0.7 0.20 0.15 0.03 0.05 0.9 

Tritoo-x-IOO 0.01\ .1.9 1.4 1.4 1.5 0.63 1.94 

0. 05\ 7. 3 1.8 2.0 2.5 1.34 1.50 

0.1\ 0. 7 0.1" 0 .40 0.1 0.05 U 
'i'eryJ.tol-7 0 .01% 1.1 0 .16 0.14 0.05 0.05 0.50 

0.05% 0.9 0. 1.5 0.12 0.03 0.05 0. 11 

0. 10% 0. 4 O.lO 0.04 0.01 0.05 0 

~ 1.7 0. 2.1 0.23 0.1 4 0.09 0.10 
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4.0 §..ffect o f assayino pH a nd t emperature on the activity 

o f Ce llulases and a-Glucosidase 

1 As saying pH ,. 
The lIled i ~ employed for growth and produc t i on o f eel 11) 1 "~es and 

I-G l ucos i dase i n thi s study were media-2. The effp.cts o f ""rying 

pH values o n t he activities of c e llulolytic en -zyrnps o;,:e rp 1;t.udie d 

usino culture fi l tra t e obr.~ined from th e above media (within t.hp 

IlHrange of 4. 0 t o 8.0 ) . One ml cultlJt"e filtrate was "deed to the 

Jubs t rates suspended in a cetate buffer f o r pHs of 4.0 a nd 5.0 and 

phosphate b u ffer for pHs 6.0, 7 .0 and 8.0. 

The enzymes wer e active in all pHs stud i ed. Bu t , the 

Ictivities were low a t pH 4.0 and increased rap idly when the pH of 

the r eaction mi x t ure was shifted fr om pH 4.0 to pH 5.0 {Fig. 17 } 

Maximum ac tivity was observed at pH 5.0 . The activity started to 

decli ne at aro und pH 6.0 and then increased when the pH s hi fted 

f r o 6.0 t o 7. 0 . However , the rate o f incremen t from 6.0 to 7 .0 was 

auch l ower t han t hat observed from pH 4. 0 to 5.0. An exc P.p ion was 

the activ i t.y of )3-Glucosi.dase in Fm- 2 where the pea\!; WAS found t o 

be at pH 6.0. Al l enzyme s showed a drop in actjvity whp n th p pH 

increased from 7 . 0 to 8. O. The dec l ine was sharper i.n 'Fm-:.! for. tha 

ICtivity of a ]l enzymes except CMC:- ase . Gener ally , c:ellula~es and 

J~lucOS ' d d t be most 1 as e f rom Cladospor ium sp BDCC-3 were toun 0 

acti ve a t pH 5.0 and 7 . 0 . Since the maier peak was at pH 5.0 , all 

'ubsequent wo rks we re cond u cted at this o ptimum pH for activi ty o f 

he enZYmes. 
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'l MS8yioa tempera t u r e 

The celluloly t i c en7Y1TH~S p rod uced b y Clad o sporium s p . BOCC-3 

... re ac t i ve when incu bated i n a s s a y j. I1 Q buf fer (aceta t e. pH 5.0) 

fro ambient tempera ture C~O° C ) t o 70°C . The l o we st activi ti es 

oburved we r e a t 20°C (F i g. 18) Act i vi t ies gradual l y incr eased 

vith increasinq temperature a nd r eached maximum at 60oe . Beyond 

this t emper a t ure , t h e act iv i ties declined. The decline was f ound 

to be sharp in . ; m-2, Fm-2 and Com-2. From this study , the op t imum 

ullying tempera t ure f or ma x imum act i vity o f cellulase~ and p-

Glucosida s e was found to b e 600 • Hence, i n studies hereafte r , t:.hp. 

usaying temperature was se t at 60oe . 

to Productio n a nd acti v it i e s of c ellulases and B-Gl1Jcos j d~ s e 

at the opt i mum che mi c al and phys i cal condit ions " 

Hed i a c ontaining the app r opria t e c o nc entrat i on of. Carbon , 

r:itr""' en d - , an de t e r g e n t (CM- 2 , AM -2, ~ . .J M-2 , FM-2 and COM- 2 ) we r e 

I ~ ployed f or this study " Ac tiviti e s of al l enzymes were determined 

It the ontl' mum pH ( • pH 5. 0 ) and t empe rature (60o C) of t he ass 8yi n9 

lt1iia . The e n zymes were assayed at the optimum age o f t he culture 

tor the i r m " 
aX1mum p r oduction . 

Pr Oduc tion and a ctivi ty of c ellulases and ~- Q' lu cosidas e in the 

.. 1 ' 
11 Zed medi "t (ON ) h a ve tr e mend o u.!'lly i ncreased when c omrHu"ed t o 

~'l r Produc t' I I ncre me n ts o f ,"ore 1 0 n i n Me dia- l (M- l ) ( tabl e -III " 
:1>, 

n 2 fOld ' feme-a'" 2 f ol d tn 1n Ocm - 2 to 4 2 -foJd in Oco~-2 o r . 
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l 0 8-fold l.n OFJTI- 2 f o r 1tvi c eJase . l. S-fo ld in Ocm-2 to 4)­:<.. t 

, ld in OFm-2 f o r -:' -cellula s e , 1. ) -f01 d in 0 :' m-2 to 20 f old in .' 
-2 for c o tton ase and 1.9. fol d in Ocm-2 to 89. 7 f old in 0 H- ~ 

fer ~_Glucosidase were detected . .B-Glucosidase wa s the enzyme more 

~lIereAsed as a result o f the o pt im i7. Rtion of growth and ass ayi nq 

,td ia. 

U8L! III Comparison or t he production and actjvity of ce llulasp.s 

and ,B - Glucosi otlse i n t.he initial (Media-I ) and oPt i rr. ized 

(Media - 2 pl us op ~i mu JTI temp . and pH) media 

Activity (Uni ts/ml) 

ce llulases .B-Gluco-

h~lt rate Jiedu eKe -ase Avi celase .;-: - cellulase F2-ase Cottonase sidese 

CIt CH-1 58. 6 4.9 3.9 3.0 2.8 4. 5 

OCM- 2 101 . 8 8 . 9 5. 9 5.1 3. J 8.6 

Arleel At:i-l 7 . 8 2.0 0.5 2.0 1.2 0 .59 

- OAM - 2 50.4 5.6 3.3 4 .2 2.6 l . O 

Ctllllhse- ; )1-2 12.3 3. 6 2.5 10 .0 1.3 0.31 

- 0 .' M- 2 69 . 0 12.8 6.0 ll. 4 4.6 33. 2 

hltt r paper FM-1 0.41 0 .51 O.ll 1. 79 0.23 0.\5 

- 0Fl!-2 20.0 4.2 5. 6 4.1 ).0 3.0 

C:~toll 
COM 1 0. 5 0.2 0.1 0 .03 0.03 0.05 

- OCOM-2 2.3 0 .1 0. 5 0. 6 0.6 1.0 
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_~tudy on the l oca t ion of: cellulases and B-Gluco~ida$e of 
1,0 

Clado s porium s p. BD CC- 3 

In t his study. the presence of cellulases and p-Glucosida se 

.,zYles in the culture filtra te (superna t ant ), Cytoplasm of t he 

tilt organism and the cel l debris werp. compared using the oPtimi7E"d 

CMC lIedium (CM-2 plus opt i mum assaying pH and temperatlJre). Th~ CMC' 

Jtdium .. as preferred bec a u se it was e asy to separ"l t e t.he my c elia 

frOi the carbon substrate . 

The r esu l ts (Table - IV) s ho wed that cellulases (CMe - ase , 

l.icelase . "- - cellulase , Fp-af':e and cottonase ) but not 8 -

Glucosidase were largely ex t racellular. The unre leased 

cy toplasmic) cellulases WerE! less than one-third of those f ound 

ill the f r ee medium. ,J3-Gl ucosidase was considerably higher (60 . 2 

r.ni ts per mq protein) i n t he cytop lasm. The membrane bound enzymes 

cf Cladosporium sp. BDCC -3 WE~re much less than the extracellular 

'I. But the cytopl asmi c portion o f Fp- ase and cottonase were 

ilfUter than 25%. The le a st e nzyme found associated with t hp. cell 

d,b . 
lls was CMC - ase ( 3.1%) 
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Comparative study o f extracellular and intracellular 
cel lulases and p -G l ucosidase from cl adospori um sp . BDCC -
3. Fi gures in bracket are percent di strj but ion of each 
enzyme. 

Source 
of 

enzyme 
culture 
filtrate 
Cytoplasm 

Cell debris 

ACt:i Vl tv (Units /ill) 
cellulases B-Gluco-

erne-ase AVl.cela s e d cellulase Fp-ase Cottonase sidase 
350 85.7 51.9 42.3 35 .8 41.8 
(85 . 1) 169. 4) (71.3) (59 . 2) (62.8) pl .3 ) 
48.9 24. 5 10.4 5.5 6.2 60.2 
111.8) 119.4) 114. 3) (7.7) (10.9) 148) 
12.6 13.2 10 . 5 23. 7 15.0 23.3 
(l .I ) 110.2 ) (1 4. 4) (33 . 1) (26 . 3) (18.6) 
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DTSCIJSSI ON 

In all o f the five carbon f'lnd en e rqy sources lIs~d in this 

stt;dy , as t he concen tra t i on of the cellulose in the medium 

increased to a certain extent pr.oduction of enzymes also increased 

rfopor t i onally (FiQ"s 1-16). However, the rates of increment in 

cellulases and ,a - Glucosidase were l ow as concentration of 

lubstnte s incrEased furth e r. Usually 2% availabl e carbohydrate in 

liquid medium is be l ieved to be an upper limit for ample growth of 

l icro- organisms (Chochrane , 1958; Stewart and Parry 1981: Desai e t 

!l, 1982; Ma c r is, 1984). The lower concentration of enzymes in the 

culture filtrate / containing higher cellulose concentrations (in t he 

presence of excess subs trates) may po ssibly be due to depression 

of synthesis and /or adsorption of the enzymes on to the substrates. 

CXC-ase was f ound to adsorb on Avi.cel t o the exte nt. ot ~ 2 ' 

Sounders and Chandra , 1988). Specially , the latter (adsorption) 

vas observed on the scan ty enzyme production from fil ter pape r and 

tOtton celluloses (f i gs . 11 to 16). 

More enzymes were produced in the soluble carbo n source than 

the crysta lline ones. This was i ndicated by the higher production 

of the enzymes towards CMe than all other celluloses. Carboxymethyl 

tt llUlose (CMC ) is soluble derivative of cellulose while all others 

tt, 
that 

Avicel 

crYstalline 

I1t rocrvs tal l i n e 

tOt ton CMC . - ase was also 

range from the partially treated 

to the highly crystalline (about 90% ' 

'd bl quantity i n the p roduced in conSl era e 

hicel med' lUrn . Production of Fp-ase was higher than a ll other 
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.~.zY es in the filter paper medium (Appendix- II ~ ) , This has 

tlplained the presenc e of more j nduction a nd productiol1 of Fp-ase 

ell its ow n substrate . The l east p r oduction was detected in media 

::lDuini ng cotton fo llowed by fil ter paper exce pt fot' Fp- i'II se in thp 

l.tter. These celluloses at"e mo r e crys ta l l ine a~ comp1'ln~d tn the 

other celluloses used. 

The production peak of cellula s es (eMe-ase, Ayjcelase , ~ (-

cellulase , Fp-ase, co t tonase) and .B-q lucosidase va r y wi th 

concent r ation of the carbon sources o f the growth medium used, agoe 

of culture and concen tration of nitrogen uti li,ed . CMe- ase, 

4vicelase , and ':,. -cellulas@ were expres s e d in the culture filtrate 

fulier than Fp-ase , cottonas e and .a-G l ucosi d ase (Figs . 1 to 10 ) . 

~sually Cl or co ttonase is express ed l a t e r as it breaks the 

.~bstrates into short chained cel}ulos es \Oith a low increase in 

reducing groups (Desai, e t a l , 1 982) . The amount of CHC-ase 

Uceeded by far the o the r five enzymes in a~ l med i a employed . This 

Proba bly may be a good ind i ca tor for t. he pr esence of higher cx 

ICKC-ase) than Ct (Avicelase, 

l-GlucOsidase in Cladospori um 

IX -cp.llula s e , Fp-ase, cotton~se) and 

sp . BDCC-3 , Cx is a n enzyme component 

ich hydrolyze the linear reactive and pre trea ted cellu losa while 

C, is beli e ved to be that r e sponsible f or t ha degradat.i on of 

crYstall' Ine cellulose 1967 ', FerouS, 1969 ; Hud s on . (Jurase k et al . . 
1980 ) 

. .a-Gluco sidase excr eted t o the cu l tu r e medium in less was 
quint · Hies than CHC-ase. Avicel a se and (/ -cell ulase. Th is enzyme 

11 r 
I!sPon s i ble f o r 

frOlil 
cellobiose, 

ce11obl'o s e to glUCose. Apart 
the degr adation o f 

the enzyme als o hyd r o l yze a ryl - a- GlUcoside 



rodorovi c II a l., 19 8 9 ) . The activi ty of cellu)olYtir.: en7Yfl1€S h 

tionificantlY inh ibi ted by t):le reaction products: Cellobi.ose and 

qluCose . Thus , . .a-Gluc o sidase plAYS a major role .in the hydrolysis 

et cell ul ose as its acti o n suppress the inhibitory effect of 

Ctllobiose . 

The decline in the amoun t o f free enzymes (Figs . 1 t o 10 ) 

(ould part l y ( at least in some medial be due to substrate 

lilitations and/or cuI tura l conditions: accumulation of toxic 

.ubstances and aeration due to increased mass of the funqus 

rFelczar and Reid, 1965). Production of proteolytic enzymes could 

aho be another possible reason. There was production of proteases 

It t he later stage o f growth of the test organism in all lTIedia used 

i ll this study. 

Ammonium chloride at nigher concentration depressed enzyrre 

projuct ion (Tabl e - I) . Amm onia can be utilized by many fungi 

inc luding Cladosporium (Paternan and knqhorn, 1976; Burnett , 1976 ) . 

' he for m in which the ammonia is supplied, however , is impor tant. 

hteaan and kingho rn (1976) believed t.hat ammonium salts (NH. Cl. 

IiH.N03 and (NH4 ) :< S04) are utilized poorly or not at all by s ome 

funOi. SUch de pressed enzyme produc tion in the presence of ammonium 

'llts from SCy t alidium lignicola was also reported by Desai II 31 

1982) . Since plasma membranes of some funqi are leaky t o alMlonia 

'cbochr d' mean 81 s o 
ane , 1958 ) , back movement from cells t o the me lU 

bt another POSsible reason for the decline in its use. 

lios t fu " ng l can use 
It.d K' 

lnghorn , 1976) . 

ni trate 
"t oen (pa t erna n 

as sole s o urce of 01 ro 

Cladosporium gp. 
BDCC-3 utiU ze po tassium 
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,fate better than th e ot her nitrogen s ource,s tested (ta ble-I) . 

" 
!'b1l effecti ve ut:i l i zation of nitrate proved the presence of 

falYlles used in the reduction o f nitrate to ammo ni a PH tratF 

rtductase , Nitr i te reductase and Hydroxylamine reducta!;;e) i n 

g ldospori um sp. BDCC - 3 . 

Urea is g en e r ally re c ogn ized as ut i lizab le nj t.rogen source 

Cbochr ane. 1958). But it supportp.d minimum production o f en7yrnes 

froll Cladosporium 5p. BDCC-3. Such least E~ffect of urea in 

product i on of cellulases f rom Asperg illus ~; umigatu s was also 

reported by Stewart a n d Pa rry (1981) . Furthermore, it has already 

been shown i n Aspergillus niduelans and Neur ospora crass a that 

~tant strains which lack urease can not utilize urea as nitrogen 

lource (Pateman and kinghorn , 1976 ). Although it seemed small in 

q'Jan tity Cladospori um sp . BDCC - 3 produced UreaSE!. Ur e ase production 

IS tested in Chr i stensen' s medium (Wilkinson, 1969) and it was 

dttected after t we days of incubation at 400C . ut'ease , the enzyme 

bYdrolyzing- ure a to carbondioxide and ammonia, is well known in 

biqher plants , Ba c ter i a a nd fungi (Ch ochrane, 1958 .) 

Release of ce l lulases and ~-Gluco sidase fr om Clados or ium sp. 

&cDO-3 to the Culture medium increased after addition of detergpn f; 

Table-II ) T· . t · and Tween-SO but . rltl.on-x-100 at lower con centra 10ns 

Qot 'I'ergitol_7 

biqher enzymes 

were 

were 

effec tive i n releasina all enzymes. Although 

. A ' rnl and 
prod uced at 0 .05% Tri ton-x- 100 1 n r.ll . J 

1"1, Tween _ SO at to be t he optimum de tergent o . 1 ~ was chosen 

tOllcentra t · lon 

the abnormal 

This was due t o 
f or maxi mum rele a se of the enzymes. 

in the presence 
g r o wth characterist i cs of the fungrus 
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:! triton-x-100 and Tergi tol 7. Cl ados pori um 5p . BOCC-3 in rhe 

l14"Jld medium is first. olive-green and then b la ck (dark green). 

t here appeared depigmen tati o n and/or retarded growth in the !olt, 

~ruenc e of Trit ion - x- 100 and 'T'ersitol 7 . It is logical to believe 

tb;,t t he detergents mi ght have had membrane rupturinq and cell 

.rsis effect. The increased release o f enzymes in Triton-x-IOO may 

tt1JS partly be due to the release o f the protein of cells as a 

result of membr ane disintegrati on . Demain and BirnhaufI\ (1968), 

cherved loss o f membrane phosphol ipids after addition of 

~ltergents in Corynebacter i um. glu t amicum med ium . 

From the three de t ergent.s tested (Tween-80 , 'T'r i ton-x-l00 and 

hrgitol-7), Terqitol-7 was th e most t: Qxic. Th is was visualized 

fro= t he very poor f u ngal grol.th and very s c anty en 'lyme production 

lA the Terqitol -7 conta i nin g medi a . Usually, de te r!Jents va ry i n 

tl:eir chemical characteristics and mode o f ac tion o n membranes 

Ichochrane, 1958) . 

Producti on and release o f cellulases and .S-Glucosidase i n 

tedia-2 (OPti mized media) was signi ficantly increased (Table-III ) . 

'he i ncremen t of each enzyme in most media was !Jreater than or 

iJ.l to 2-fo1d, but that o f ~-Glucosidase had rea c hed to a~out 89-

Id, in the '-> -cellulose medium. This explained the r ole of 

tritional and cultural conditions on t.he production , release and 

iVi ty of the enzymes . In cubatio n t elTlperature was found to have 

tlit'aa test 1 ' "t f en zymes. CelluJo!Ises ro e 1n increas ing th~ actlV1 Y 0 

.B -Gl were iJctive at 60-r. 
ucosidase from Cladosporium sp BDCC-3 

/' 'Q 18) thp cellu lIses 
. which is higher thain tnose observed f or 
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A"StiP~e~r~g~1~' :1~1~u=s fumiga t us and Talaromyces e mersoni Iro" ........ - (050, 197ft; 

Stewart and Parry , 19811. Temper ture, usualJy , Cl fiects all 

activit ies (growth, s pore germi nation and al mo!';t all metabolic 

Ictivities) of a fungus (Ch och nOlne , 1958). Thus, the data obtained 

!Table-III) leads to a con cJusion that cultural condi tion~ play an 

I por tant role i n the production and a c tivity of cellulases Clnd 8-, 

Glucosidas e . 

A study for the location of c ellulases and .B-Glucosidase in 

Cladosporium 5p. BDCC-J (Tabl e I V) revealed t.hat CMC-ase , 

hicel ase , - ~ -cel l u l ase, Fp-ase and cottonase were extracellular 

lIhil e .a-Glucosidase was cytopl a s mic. This probably may be related 

to the dif f erence in molecular weigh t of the enzymes . In a study 

of produc tion and character ization of cellulases and B-Glucosidase . 

the mo lecular weight of ex from Alternaria alte rnata was 13,000 

vhilc that of S -Gluco s idase , was 45 ,000 (Ma cris , 19R .:1 ) . Th us, 

ilthough further study o n c haracteri zation of t h e c e llulolytiC': 

" . h h' h1 zYme s f r om Cladosporium sp. BDCC-3 may be essent~"' l, tel Y 

probable justifio::ation f or the va ri ation betwe en cytopl ~s"'ic ~nd 

cell free enzyme s appeared to be the molecular weight. difiet"ence 

of the enzymes. 

Pr od t' . d b y Cladospor ium sp . UC J.on of CMC-ase a nd p-Gl ucosJ. ase -

BDcC- 3 and few othe r fungi wa s compared (Ap pend ix lIB). CMC-ase 

prOdUction b Cl C J h n grown o n e MC was lower 
y adospor ium sp. SDC - w e 

than T . 
-U..choderma 4 and another snecies of Tri c hoderma 

reesi Qm 942 .... 
(Desai 

~ & . 19821 . h the "'row h 
o f th 's enzyme w en .. Production .. 

tediUm carbon source is fi l ter paper was also less than that 
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~roduce d by Trichoderma sp . , Cladosporium S~. and M r othecium .' 
~ed iu.1!l ATCC- 288 14 (Gashe , 1988). On the other hand , higher CMe-

ase productio n was o b tained from Cladosporium 5p. BDCC- 3 grown on 

CKC when compared t o that produced by Scrtalidium lignicoca , 

Wcnoderam r eesi Qm 6a and Qm 9123 and Myrothacium roredium ATCC-

1181 4 (Desai et al .• 1 982; Gashe, 1 98 8) . Production o f c ell free 

,-Glucos idase by Cladospori lJm 5p. BDCC-) was lower than t h~ t 

produc ed by Tr ichoderJTI~ sp . but higher than that DTOdlJr.:ed by 

scnaldium lignicola, Tr i choderma reesi, As pergil l us f1JJl1iga tu'i and 

I species o f Cladosporium (Des a i et a I., 1982 : Gasne, 1988). 

In general Cladosporium sp. 8DCC-3 seems a moderatelY 

efficien t f ungus in degrading both s oluble and insoluble cellulosic 

lubs trates . 
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CONCLIJSION 

The s tud y of production and rel ease of Cp. l1ulaS p.s and fi -

~lucosidase from CladosPor.)um 5p . BDCC-3 and their ~ ctiYity 

revealed t he f ollowing conc lud ing remarks. 

1. Although higher carbon and o i trogen concentrar.ions seempd t o 

field higher propor t ion of enzymes, production and /o r re l ease of 

th enzymes into 1:he cu I ture fil trate was at a decreastng rate as 

:'Jtrient concen t ration increased beyond a certain limit : usuallY 

froll 1 to 1.5% cellulose. 

), In all media, CMC- ase was produced in hi gher concentration than 

III the others. This explained that Cladosporium 5p . 80CC-3 

~ roduced more ex th an CI and B-G) ucosidase. Moreover . ellle-ase , 

bicelase and ::,i-cellulase were expressed earlier in the culture 

fil trate than FP-ase , cot tonase and ~-Glucosidase. 

1. Q adosporium sp. f n'trate t han ammon i um chloride BDCC-3 pre e r ... 

Ir urea as ni trogen sources. 

. Production of prote.:;J.ses and their releas e into the cu l ture 

1itrate 
of ~ladosporium sp. BDCC-3 may have contri bu ted to the 

Iny deCl ine o f 

Ills f Or fUrther 

cell - free ce l lulases and p _GluCosidase . 

the t est organism. 
work on proteases from 

Thi s 



7) 

s. Detergents incr-ease permp. abil ity of the ce ll me mbr i\ ne of 

Cl.dospor tum 5p . - BDCC-3 

cellulolYtic enzymes. 

which fa cili ta t e release of th • 

6. The activl ty of cellulases and 'p-Glucosidase was hilJh ly 

lo flue nced by tempera ture. 600 C was optimum for maximum acti vi ty of 

III enzymes. 

\ The study for location of cel l lJl a ses a nd p,-Glu cosidR.se revealed 

thilt all exc ept B-Glucosidase are extr-a ce llular: . 
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APpgmHX - r 

Statistical test for. the prp.RenCf' ot sianificant. di ffp.Tpncp 
in enzyme production between different concentration!'; of c~rbon 
sources at t = 0.1 s iqni fic.ancp. level. 

carbon Carbon SOlJrcp (-calc Opti.mum conc . 
Source Ceneen t ot'''' 1:. inn 1*1 Ulated Rema~k o bt" j nAd 
Carboxy 0.5 and 1.0 2.04 (+) l%rmc 
lethy l cellose 0.5 and 1.5 0.99 (- ) 

(C MC) 0 . 5 and 2 . 0 1. 09 (-) 
1.0 and 1.5 0.94 (-) 
1.0 and 2.0 0.79 (- ) 
1.5 and 2.0 0.1.1 (-I 
0. 5 and 1.0 0.036 (- ) 
0.5 and 1.5 0.65 (-) O. 5%Avjcel 

Avicel 1.0 and 1.5 0.61 (-I 
... -cellulose 0.5 and 1.0 0 . 54 (- ) 

0 . 5 a nd 1.5 8.74 (+) 1.5%-cellulose 
1.0 and 1.5 9.17 (+1 

F'il ter paper 0 . 1 and 0 . 5 0 . 65 (- ) 

0.1 and 1.0 1. 50 (+) 0.5% FP 
0 . 5 and 1.0 0.61 (-I 

Cotton 0.1 and 0.5 1.6 (+) 
0 . 1 and 1.0 0.0 (- ) 0.5 % cotton 
0 .5 and 1.0 1.43 (+) 

t 123 ) - 1.33 t ! 17) = 1. 32 

If ) indicates presence of significant difference while (-I show 
that the compared conc e ntrations are not significant . 
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APPENDIX - I I 

A. comparison of carbon sources for their degradabi.1ity by 
cellulolytic e n zymes o 'f Cl adospor ium sp. BOCC-3 . All cOl!lpa risons 
were made at the op t imum concentrations of ca rbon a nd nit r oqen 
sources. Production of e n zymes was expressed as activity p e r rna 
protei n. 

Ar.tivity (units/1Iq protein) 
carbal ni trc:qen eellulal'>eS 
ca'lCBltratioo coocent ration ()IlC-asp. AviC'Pl ~~ ~" -cPl 1ul~ Fp-ase COttooa. .... !liM<;e 

1\ CDC 1% Ul- 6SL O 53.3 63.3 48 .8 17 .8 25.0 
0.)\ Avicel 1% rlA- 102 .6 26.3 7.9 2.9 2.9 0.7 
1.)\ "' -cellulose 2\ In- lILJ 16. 7 J7.. 7 37.2 .16.9 1.5 
0.1 Fp 2% In · 1.2 0.6 0.. 12.8 J.. 1.1 
0.1\ 00"00 1\ ll) , ____ ,,"' .. 8,-----,0",.",5 ___ "'0."'8_----'0"'."'1_-'0".-'.1_--"0".5'---

APPF.NOI X - IT . B. 

Comparison for the p rodu c ti o n of. e rne- a s e and B -Glucosid" ~ e by 
Cladospo rium sp . BDCC-] and oth e r fung i . A u n it of acti vity is 
defined as the amount o f !J mo l e glucose or its e q uivalen s produc ed 
i n one minute f r om 1m! cul t u r e filtr a te . 

Subs tra te Cellulas e p-Gluco-
Organism Co ncent ra ti on {c x ~ sid<lse Re(e rence 

Clados,QariullI 1\ cmc 150 11.9 
sp. BDCC-J 0 .5 \ Av i ce l 80 2.8 Test 

1. 5'\ - cellulose 96 46.1 Organi!lll 
0. 5% Filter paper 21. 8 4 .16 
O. 5!\ Co t ton 3.9 0.01 

Sc talidi um 1-1. 15\ DesiI\ e t !1,. 
Lignicola cellulose 11.23 10 . 3 1982 
Trichoderma reesi 

Qm 6a I 18.0 
Q. 94 24 I 152.0 0 . 4 $1 

• 9123 Sq .O 0. J S 
f!ncillium sp. I 10 . J 8 

A!l!ergillus f umiSiatus I ~.O 

!r.ichodena sp . Fi lter pa pe r 190 . 0 1SR.O Ga~he 1988. 

Clados ariulPl sp . Filte r papf!r 13 5. 0 .1.0 

!trothecium 
r..QrediulR r ithr pa per 53.0 9.0 
~TCC-28814 

, 
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