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ABSTRACT

FiltJ, two stablc mutants *ere iDduccd lronr Asp.r.gillus
./i)eli1rl.s NRRI-- 337, as duliotrophs a d/or morpholoqical !atian15
after ilradiaticr $,ith LrV ligh'r for 3,6.9 ard 12 mi utes. I'hese
muiants \!er€ rcsled for productiviB of cellulase components
CN{Case. FPase and ll-glucosidase. Sevetl mutants showed mole ihan
llfeo lbld CMCase activitics of ihc parentai strai\ whcrcas iive
inuunts sho\4ed more than : tbid ircrease in activities for fPase, and
Illree m,r'.ants showed more than 2 lbld inc.ease ofo-gluccsidase
.l: r ...ur-oa,< r,, r: e $flc lpe;5ula:e.

,' . ; - - r. ng I u' in: \o .]U \rJs -<J a) a Jo,nmnn psr.nr
llj tbr proloplast f-usion \!irh dre original slrain (B), mutaot No. 22
(C) rnd mullnl \o. ,15 (Dj. The induced stable fusa s $cre
e\alua.ed lor ceiluhse acti\ iO Out ofthcse fusants (15). hvo (No.2
and No l: ) fusants orer \ielded the higher parent (A) in thc
Clvlcase acll\it]. t$o L\..lland 14)shoqed (F P)ase activif- tcss
fian the;r Io\\er parenr aDl. one tusant (\o. 8) o!eryielded its higher
pdrent (A) in B-giuc.rsida\e act;\ifl- rvhiie one lusanr (No. 15)
showed B-glucosidas. acti\ill leis than lhat oi irs parent (D).

Key wonls: Aspergiliu;Jaetidus. ce llllase &titi1.J lilnNalen.\ es,

tdttt\, p/tnapL:tst Jusia .
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r. INIRODUCTION

Ccllulase is a muldeiz]me systcm. mainl) errdo. exo,_ and 1l_

glucosidasc. \,vhich are essential for thc conrplete lDdrol-vsis of
insolublc celiulose. A major barrier lor the applicarion olthis enzymc

to convert of celiulosc to glucose is the hlgh cost of the cv,,-mc. A
large number olfungi is rcpafted 10 hate cellulolltic activity such as

AspergiLl$ Spp.. end Trichotlernd Spp- lt has been shown that. for
the compiele h,''droll sis ol insoluble cellulose. synergistic action

bel$een cellulase components is requi€d. Although Trichodetna

cellulases are rnosl efflclivc in hydrolysing crystalline ocllulose. the

predominanl end product is cellobiosc aod not glucose.

,4rarergillrJ speo'es arc better sources of P_glucosidasc thal}

[iclpderna zrnd their p-giucosidascs are less susceptible to elrd

pr,:dncr inhibition (Araujo e/ dt, 199;). Kirimura et dl.. (.199'7)

ieponed that the ftrsion irequency was l0 5- 10r for the inrerspccific
protopLast fusion betlveen ,{.lelr'eus ,nd l. ramii. in rvhich

proroplast formation was 3.9x10r'and 3 2x106/'ml- rcspectiveb.
Ogawa ct al.. (1987) made intraspecific h)bridizntion r

Trichoderna /?e-!ei upoll prctoplast fusion using colour mutants aird

obtained some hetcrakaryon as rvell as :ome dipl'rid fusant\. Ihe-l

repLrrted tllat CMCase activilt for rhe hetcrokaryons resched 10.72

u/ml. rvhereas the parenial strain produceo 13.16 L/ml and diploids

gav€ 10-89 u/ml, whereas l3 glucosidase activity was 0.295 &hl fbr
heterokaryons compared lc 0.398 u/ml fbr the parcslal shain and

0.297 uml fo. diploid fusants. Tlrey co.cluded thal it is possible to

usc colour Drutants to monitor the successlul 1'usion olprotoplast jn

rhe itngi.
Schimenti el.rl.. (1983.| isolated somc nyslatin resistant mutants

frofi Tii.hoderma /eerei which shoted ;ncreased cellulasc yields.

Cerlain mutants derived [rom the hypercellulolylic strain RLI_C30

overyielded their parental isolalc in celhlasc produclim. bui these

strains pro\,cd to be unsteble and reveded to the basal cnryme -\icld.
l\Iislra and Copalkrishnau (198,1) obtaioed some cellulase

constitutive mutants in Trichodettxa rees?i and reported that &e

mutant strain C-5 showcd filter paper degrading activity (FPA) cn 1%

sucros€ rcached 0-,18 Llml uompared to 0.01 a-ilml ior its original
stiain QM 9414. When this mutant gro*s {rn 1% cellulosc (Solka-

Floc) ds a carbon source. it gave 1.6 a,7ml compared 1() 1.5 L/nll Ior
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the parental strain. With regard to p-glucosidase aot;vit]. the mutant
sfiain C-5 showed 0.63 L//ml, whercas itswildtype strah ga\,e 0.66
U/ml- Whcn this mutant grows on 20lo cellulose, it showed 4.5 L//ml
lor (irPA) and 1.1 U /ml for p-glucosidase actility uoderthc samc
conditions. Araujo end D-Souza (1986) studied cellulollti. enzlme
compoienls Foduccd by Aspergillur terreus ATCC 52430 and its
mutanr Lll'{Gl-4o nnd repo ed that aftcr thc cellulasc was rcsolvcd
into various cellulolltic fiactions, their prrirr- was judged by
anallical disc eleclrophoresis. They stated thal p-glucosidase,

endoglucanirsc and cxoglucanase of tbe wild slrain differed in their
molecuiar weights from those of the rnulant strain.'fhey addcd that
ihe enzy e activides differed according to differences in molecular
rveights. Du.and et ul.. 11981\ isolaled anumberof strains ofahe
frngrs Tt ichodctma ree.rei suitable ior cel,ulase produclion upon six
mutant gerlerarions, L:ach generation fulfilling thc rllrelj criteri4
improved productiriry compared to the pl!'vious generation. However,
high stabilil) and abilir] need io be {urther improvcd. The-v selected

ihe mutant strain CL 8,17 rvhich exlibited a four-fold incrcase in
ccilulasc productiliiy in celluiose media as comparEd to the sta.ting
strain QM 9.114, with increased P-glucosidaso activiry. Sirauss and

Kubicek (i990) obtained a mutanl straitn iiolx. 'liichaderma reesei

alte. l-irradiatjcn ol the strain QM 9414, namely M8 \rhich did not
fbrm p-glucosidase when glown on glucose, wheieas it secrctcd B-
gluccsidasc uprro gro\\th on sellobiose with a,r act;vity of0.i70
co'npareJ ro 0.100 a,-lml in the parental strain. ihis mutant $as also

able to grou on ccllulos.. but secrets 9-glncosidase with a longet Iag

acdriq. reaching 0.i"10 L'lrnl compared to 0.?10 L U/ml in its
parcntal stmin,

Araujo .,1 d1.. (1991) used mutation irduction strategies on

,4sper€:illus lpri,ez-r 1o incrcase ceilulase prodnciion of the st ain
AI(( 52Jj0. Iher afp rcol \ ra\sasdTutzge.or.pure.ucilpd
UV lamp with a wavcl.ngth of 150 nm al 30 cm distance for 10, 60

and 90 second. They isolded a muLmt straio ha., ing 3.5. ,1.6 and 3.3

fold iocreases in filter paper. ll-glucosidase and carboxmethyl
cellulase aoti\it). respectirel), compared to the original st ain. 'fhey

added that cellulase activii) fr',/ml rcached 0.52,0.61and0.46for
FPA. 0.84, 1.02 and 0.90 for P-CLCase and 8.7, 9.5 and 9.4 for
CMCase a130,60 and 90Sec., respectively as an average activities of
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,1 isolales in caoh. Cellulase activir)- ( L:.rnl) ibrlhe conlroistr:Lin
$T 02(FPA), 0.33 (p-Gt,Case) turd 5.2 iC\ICase). Cadgilrrdl.
(1995) isolated a celiulase hyperproducing lnurant upon lreatmcnt of
Trichotlermd /€s.rei QM 941,1 using a combination ofllv lidr and
,odiLn' nrnare lIEatm(nr. I nn rre acri!,r\ in l.qL]io LUlnrrc;d.hed
0-16 /tnl lor the parental strain compared tG 0.j4 in the mutanl sfain
for FPA reaction. 0.10 in the parenr and 0.j2 in the ldutant lor B_
glucosidase,3.6 in rhe parent compared to 6.5 in the mutantfor
Cl,lcase activilies.

2. ]Itr{Tf,RIALS AND METHODS

In dris investigaticn, an j[troduced strain of the luogus
Arpergill^ .fcetidus namel), NRRI137 was useai for the inductic;of
motaiions. Tie aim of the presenl rrork is to eyaiuate the induccd
mulants conceming production of the enz-ame cellulas€. protoplasi
jlsiol betrveen the higher producing mufants for this enzyme to
obtain high productive fusants rvas also one of the aims ofthis srudv.

2.1, Mutrgedc lreatnent
A Ph;Uips TtiV l0 lV Lamp (iype num"\er 57413 pl:t0) wai

d\ed d\ lhc .otx-ce,,r radirriun. \J-,plL. tum,D.(( .u.pn,ion,.l.l
/.c/idra \RItl .r7 \(r( :rradia Ld at l0.j d..rrnLe trJrr.,',e ttrmi,
1-or 3.6,9 and l: n1inut.s. Cotonies. \rhich gave growth on (CM) bur
nor on (t'4M) plates. \l'ere considered au(otrophs. In additiul, some
morpholosical mutanrs were isolated according to colony sh6p€ and
coloui 10 be aest:d.

2.2. Media
1- Nlinimal ncdium (MN4) Czapek,s mediunr was uscd for

- autotrophic strain as described by Ainsworth and Bisby (1945).
2- Complete mediun (CM): Contains Czapek.s mediua

suppiemented \rith al.5% peptone and 0.5% ycast e(ract.:- Prodr,ctron med'um rpV,: a5 de\cribcd b; Haapala adl (too{/
\\,hich 

,consists ofi Solka Floc (Cclluiose Floc-rlivisicn BW.IJSAj
l0 g, KHTPOT l0 g, (NHr), SOr se, Mg SO]. Tllro 0.3s. Ca Cl,.
llT O 0./g. Fc :O . H.O0.00:p.t rea t.< u. prureo.e p.:prone rg.
veast exffact 1 g. fwcen 80 ] mi and 5 ml trace elements solutio;
(lv{n SOr. HrO 1.6 g " Zn SOr.THrO i.4 g ard Coclr2g) compieted
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to I liler \1ith disiilled *ater- The pH olthe gro\\th and produci;on
media after sterilization \las 5.1.

2.3. Production ol Cellulase
Conical flesks contai0ing 5C ml ofPM medium $ere inoculated

*ith 5 ml ofspore sospension hon 5 da) old slant cultures olparcnt
and mulanl slrains \eparalely. The flasks werc incubaled a130'C on
a rotary shaker(200 rpn) fbr 10 da),s. Tte co enr ol each flask \l as

centrifuged at 5000 rpm for 10 min at 0'C to remove n)cel'un and
rclcasc lhe enryme in rhe clear supematant. whioh wastestedon thc
spcctrophotometer for the filter paper activitl (FPA), carboxlmethll
ccllrla.c, CVCa'.r a.ti' ir and p glucc. da.e .crir rn

2.:].1. The lilter paper rctivir-!- (T?A)
This test \las peformed as described b) Mandels er a/. (1916)

as foilows: % ml diluted culture supenmtant $as addcd io ,1 mJ citraie
buffer along Rith 25 mg of Whatman No.l filter paper. After
incubalion for ih at i0'C, the reaction \r'as tc.minated bl adding I.5
ml dln itrosalic] lic acid (DNS) reagent and bojling lirr 1()nin- tben 2
mi distilled qaier we.e added to the solulion and. alier coolirE.
abscrhance $as mea\ured ar 5,+0 nm O c unit of FPA (Lrrnl)
acri\i(\ qas c\prcss.d as lP nrol glucose equi\,alenl rcleased per min.

2.3.2. Carbori methtl cellulasc (CMCrsc) actitif )
Acco.ding t. Saddler (191i2), this tesl was made as follows: %

lxl oi ihe iupematant len4me extracl) }|as added to % ml of l%
cerbo!medrtl celluloje and 7a ml ofcitrate bu{Ier 0.1 M, pH 4.8, at

50'C lor l0 min. Ihe reaction was lerminated byadding 2 mlof
DNs reagent luld boiling for 15 min. Aiicrcooling.2 mldistilled
wate rvas addcd and then . measuring the absorbance at 5-10 nm-

One uflii of (lMC ase activiq (I al is equivalent ro .he released

1ll mol glucose equivalenl pcr min.

2.3.1. F-ghrcosidase activit]
It Bas conducted as described by Bailey and Nevalainel

(1981).Ls follo\\'s: 0.i ml ofenryme e\tract \{as added to 0.9 mlof
C,'IPGP)4-Nilrophcnr-l-p-D'Glucopyranosicc. Aiier incubation iorl0
mi n at 5 0'C,th e reaction \\'as termiDated b) adding l ml oll NI N a2COl
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then diiuted by adding 2 ml dislilled r,\alcr The co|)rr tormed due

ro the 4-iilrophenoL libemted in the alkaline enYironmcnt. tlas

mcasurcd at:100 nm agaillst a blank contailing buffer solution'

Ore unil of enz) me acli\ it) | a-' ,hl ) represnts the amounl \lh icll

libcrated I g mol o1 .i- Dhrophenol from the reaction mixture per min'

2..1. Pmtoplrst fusion
Protoplast t'usion was perfomred according to the mcthod

outlineLl bl Kirimura r:tdl (i986). I'orlhis purposc, the origiral strain

ol A.. .fiet tus NRRL lll es well as a\r'o orphologi'all) difterent

mularts \!ere chosen for proloplast fusion, individually *itlr the

highest cellulase producti!€ mutant srain (No. '10) as a comrnon

naienr. Conidia lion1 each oflhese isolates \'!ere inoculated in 60 ml

iiquid grou irg nre<liLrm and then cullivated \1irh shaking (120 rpm) in

flask! (250 mi) al 30"C fbr l4 hoLr.s- Gro\^'hg ml-celium \\'as

ooliected and v'ashcd hvice. then suspended in 10 ml oI iltio enzlre
(Noroztme 23.1.) ard 0.7 lvl KCl. as an osmoiic sbbiliTer, in 0-05 Nl

potassrum phosphate bufiera1pll6.0. A1ler'l 5 hours cfincubatior't

ivith shaking (90 rpm) at 30"C. iomlcd protoplasts ltere collected by

lo* ccntrifularion anri *ashed lhree timcs t!i'!h a stabilized buffer'

Protorlast lorDration *as ljxanlined and co(nted undcr the

microscope using 0. i t11l of $c dilute (l 0') protoplast s rspensjon on

lhe hemoc\1o,'nclcr.
Proioplasts preparcd tiom each of lhc three parental slrains

(W-1., No. 22 and 4t) rverc rnixed indiridualll *'ith protoplas[ from

1_he common parent smain 1No.40) b-v 'lvhich three orixlur's wcrc

perfonned. Lar-h mixture *as slowl) diluted \\ith slabilil) bullbr,

then i cubaicd at lo'C ior15m;n Regenerfiion ofprotoplasts \ras

peformed by dilution to i0r Samples ot'0-2 ml were plated on 20 ml

olrhc hypertonic mediunl and inoubated ai 10"'C ibr 7 days'

Ii.:gcnc.ation ftequenay was estifilated as the ratio belween tlrc

nun,ber irf colonics fimed to fir number of protoplasts plated'

Stable fusaff colonies lor gorl1h shape and colour along $ith their

far.irtn, muldnl. uere rc.l(d lor (ellulc-e produ(li''t) '



-t2l-

3. RESULTS nND DtSCUSSTOIT

3.l.llutation percertages

Applicalion oiLV liShr rreatments on,4. lberlrr NRRLll7ar
orr.\renr r\oo. r1 rirne, r<.ullcJ irr criff<rent.un irrl rarcs a. rr.lt a.
d:'tr,e,rt ru'"rr, p<r.crrascs a, .h ,qn in table (1.1. At .l minurc
treatnrenl. iunr!al rale reached 32.31% accompanied with mulation
pcr..ntag. of l5oo . ivhcreas at 6 min., sur,Lival was 27.54% $irh
mutrtion rate.f:6.9:9i. Ihe reatmcnt for g min., gavc survival mte
of 2:.819;. $|ereas the ireatment for 12 min had survival .ate of
18.719'0 onl) accL)mpanied \\ ith mutation percentages of22 .2loh and
10.3596. respecti\ei_!.

As jho$n in I able ( i I L,ur of,1u0 tested colonics. onlv 52 stablc
1rr'ar.l\ \e'e ^hldin<d. | ,. \. ..r xiler lF< treatmerl 11 1;in.. t4 dr
6 min.. l0 at I nrin. and liat 12min.Someofthese mutants \lere
selelted as morpholog;cal larianrs vvhich difG.ed fiom theoriginal
stralin. others \lere chosen as iuxotrophs. or both, _

Tabl€ (1): Survival and mutant rates h A.loetidus N-RRL337
after trcrtment with ftV Iight.

3.2. Productilir.r' oI Cellulase components b\ ,j.foeridus sla-ain
rnd its mutants

As slo$n in Tabic (:) rhc original srrain\RRt_ lj7 showed
CMCase acti\it\ of I 0S L:,ml in lhe fermenred broth. Uowc\,cr. our
of the 52 induced muunrs. : lost their produclivit] ofClUC ase, one
of rhem (No.7) fron ltle rrearmenr .l min and rhe orhe.r (NxO.20) frorn
the ireatnent 6 min Inaddirion,lzl mutants showed producrion

Erilosure
time (min)

Sun ival No. oftesled No. ofstrole
rnutauts

l\'lutant
o/o

Control
3
6
9
l2

100.00
32.31
27.54
22.83
L8.72

150

11
i2
-1.:

l6

0.0
tl .,
t4 ..

10

l'7

0.0
25.00
26.92
12.22
30.r6

Mean 25.38 _ 41.25 11.0 26.12
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capaci4 loucr than lhe origiilal strain. ltom lreatments 1.6 and 12

nin. exposure time. Funhermore. I 1 isolales prodLrced dlis en4'me in
a capacity similar li) their parenial strain. On the other side, 25 isolates
shoNed en4,Ine activities morc than the parenral strain, T of\r'hich
showed aciivit) three iimes more than the original strain (No. 27. 30.
i2. :18. 40, 42 and 45). Thcse prcmisin!! 7 mutants were induced a1ler
UV lleatmem ibr 9 or 12 min. l heir productivity reached3.31.3.37;
3.40" 3..12, 4.1:. 1.57 and i.6,1 Uml, rcspeciivcly. Areujo eldl.
(1991) obl.ained a mDta.i. \t.ain of Asperyillat ,e//s?n upon Lry
treaiment *,hich produced 3.3 fbld jncreasc in CMCase aoiirify.
Moreover, lhe) isolated 4 rutants which gave an avaerge ol' 8.7. 9.5
and g.il [-i /ml 1br CMCase acdvi4 at i0. 60 aod 90 sec.IIV-
reirlrnenls- rcspecl;vely co.lpared to 5.2 ai,hl in the c.ntrol stmin-
Gadgii et al. (1995) sclccled a mLrt.,ut *rain of f/t.l? adenna reesei
*hich showcd CMCase aclivil) 1146.5 comparedto 3.6 a,rlmlin thc
wiid t] pe.

Wiih respcct to Irlrase *rtjvities, Tablc (2) sho\ls that 1l
mutanrs failed lo produce this en4mc, \rhereas 19 mutants had
activiiies lo1ler than tlc wiid q.,pe as it gate 0.48 Ulml ofthe eD4.me
ac.i\i|!. llfeantime. 3 mutants (No. 7,,{3 and 51) g:rve aciiviiies as rhc
origi al struin. \,hile the rcrnainder !7 mutanis o\reDielded thcjr
prrental isolatc. Nlost of these high lroductile nrrt rt strains $ere
olnained front the treatmert l2 ilr i1 mDrants).nd t-he treahnent 6
nin. (5 ones). The mosl promising flvc fiutanN (showins morc rllan
2 lold incfeasc acli\il,) No.2-,10.45,4(i and,i7 p.oduced 1.02. i.62-
1.32. 1.02 and 1.00 U /mi. respccl1\,ely. ln Trichodtnna rcesei.
l'{ishra and Gopailrishnan (198,1) obtailled the muta,rt strain C-5
irhich sho$ed Firase art;vit] 0.48 comaarcd to0.0l U,'mllorirs
original slrain. \\'hen this muiant v'as g.o$n on 2% cellirlosc ir
sho\ied ;i.5 i,' /ml l,Pase actilit]. Arar.io et .?/.. (1991) isolated a
mutant st ain fron Aspergillus lefteus ha.v;rg 3.5 fold incrca\e in
FPase activit) upo l-V iradiation. They sclccted ,1 mutanl-. ..\,h ich
averaged 0.52, 0.61 and,0.,+6 L//ml FPase act.ities the 30. 50 dnd 90
sec-ilv-treatmcnts, rcspcciilely compi-rcd t!-r C.28 Lr / l lor the
control strain . Also, Cadgil et dl.. (1995) obtaiired a mutantstrain of
Tli.hadrrma recsru i which showed FPase actlyiB of0.54 compared
to 0.36 U,/ml lbrthe parentai sirain.
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. . Regarding ! glucosidase activities, the W.T strain had anaLri\in nf 1.4) i ml.$herea.20muranrrrt,oo.ornr"ririn to*llrhtur ;r (lable 1,. ln addilron. ouof ,fr.;,,a"."J".,Lni],q"iui
::T: ^-il",D , 

\imilar ro 
.lheir rarcnl urite ,h" ,;;;;r;. J;murznl\r o\cl.1reldeJ lh< originxl ,lrain. Ino\l ot ,vhi.h Lr.,m in,j

It"':i": b' 
.6 

min' (o murantsranJ t:n,ir.,i0,,r";i"; ori,';
lheq< hrgh )r<lding i.olare:. r or rLer rJ\o. 7.22 and.l0rhddF_
glucosidak- x.ti\irie( 2 loltl mnrc rhan lhe \rld r\Dc acri!il!produninp 2.q7. t.o8 dnJ :,r5 I ml. re.pec ,ell ir;;;;":;;:r..c./ 

_\4,shra 
and Cooalki.L nan ( log,t I reponed thal the muran(

i,i".*,: , .n, ued 0.glu.">rda.e a"liviD ol i . I / . l comlared tu,;lo. ,, T, unl! in ,r\ pareotal .nain. Srrau,. ana Kubic.i ltoOrr;uhta red th! nrlrU r srmip \{g aiicr )_ na,\arion ot lr,,hod,lrn.t
\\htch ,ecrcled R_glurosid.rs. !\;|]1 an acr|!jl) ot 0.J,0conrpa.cd ro 0.300 L, tml in the wild type. ti y'spergiilus te1eu_

Arauio e1 al. (19911jsolated amutant strain wlictr iroa-ucea +.0 ioijrncreak in J-[l,t(o-iJrse acli\ iry after l.\. I,-earmenr. l her,ele.red
lour mulants \\hich a\erdged U.g4. t.r,: ar,d 0.o0,1 mjr rbr 0gluco.ida.. a.ririn rt J0. o0:,nd q0 scc treanqenr.. rcsDecrit,,tr
cunrpered r,,0.ij / mt [,r rhc u t. {t." Ladeii 

", "i- ilii!,i.-'l,rlcd a mu|anl .trdiaot / .r,,ptuhichFa\c ll_gru(r,rdarc acrj\ inrr u.r/ co'nprrL d ,o 0.j0 i mt l,,r the, rigindl snain.

Table (3): P-rotoplast formaaiotr itr tie 4 perentrl irolates ofl.
aller 3% hours of

Nunber ol Itoroplasi yietd /ml

A (10)
B (w.r)
c (22)
D (1s)

ll
t2
10
9

r 1x106
12X100
r 0x 106

9X106
Mean 10.5 10.5X105

treatmenL

J.J. Pro(opla!t furioo atrd (ellu,a\e producri,rr
tt r. lvell lno$n.hal protopla(t fu_ion rechnique ma\ Frod,rLe.tablc diploid rec.,nbiranr. trom ul-jch g.nerici.r. car *ie.r tled.sircd Benot) ne. fteretorc.the lhrer mur?nl\ \o. 22 .40 aud ,-arong tltUr lttc on8inal ,tratn qere rho,en as nafenlal i$.are,

,l
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(designated C, A, D and B, rcspectively) accoding to their cellulase
activities and morphological .features. Colour and shape of colodes
of these parental isolates are showtr in Figure I ( the upper 4 colonies,
from ght to left mutant No. 40 (A), W.T (B), mutanr No. 22 (C) and
mutant No. 45 (D), respectively).

Table (4): Percentages of fusion and regeneration frequency
isolates.

Fusion
svstem

Fusion
freouencv

No. of stable
fusants

Regetreration
frequetrcv

AxB
AxC
AxD

t .60 %
1.1s o/o

i.55 %

6

4
5

0.31%
0.27 %
0.32%

r.s0 % 5 0.33 v.

between the four

Table (5) shows cellulase components productivit) fbr these
parental strains along with the estimated mid-parent values.

Protoplast fusion between the high productive mutantNo.4o
(A) as a coinmon pareDt and each o1'. the W.-f (B), No. 22 (C) and No.
15 (D)- *as carried out to obtain new rccombinants (fusants) with
higi cellulase production capacity. Stages ofprctoplast lormation in
m\celia of -1. .lo?rr(! strains are shown in F'gure (2). Protoplast
ibrmaiion in ,lspergillu\ foetidtte isolates used in this study averaged
10. jx I lt"'ml upon using mycelia of24 hr. age(lable3). Kirimurae/
.r1. ( 199,-) obmined 3.2x10'/'ml protoplasts in 2.1hr. aged mycel;a ofa
mulant tiom,!. aJdmii.

Rcsults presented in Table (4) indicated thar fusion liequency
ranced iiom l.'15% to 1.60% with an average of 1-j0%. though
regeneraiion fuequenc,- ranged fionr 0.27% to 0.37% with an average
Lrl 0.i10'; A rotal of4i colonies wcrc obtained from the rhree fusion
s\stcms- I5 Lrf $hich \rcre morphologicaily stable. Some ofthe stable
fusanls resembled one of their larents morphologicalll, whcrcas
others sho$ed intermediate phenorypes *hile the remainder gave
nes recombinanr phenol'pes (Figure I).

\\ ith reeard to enrnme production in the l5 stable fusants, data
in Table (5) sho\1ed that C\,lcase acri\ir) lor f'usant no.2 reached
.1.66 L rmlexceeding the higherparenl A (No.,10) which gave 4.12
a,rrml. On the other side. fusanr no .-1 shor\ed CMC ase activitv
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similar to its lower parent B (\{.T). The remaining 4 fusants ofthe
combination AxB (no. 1,3,5 and 6) showed activities within the
parental range for this enzlme (Table 5).

Table (s):Celulase componeEt aciivity in the per€nlal strsins
used in protoplast furion (a//ml) rlong with the 15
stable fusaBts.

Strains and
Frsants

CMCase F.Pase P-glucosidase

40 (A)
w. r' (B)
22 (C)
45 (D)

4.12
i.08
1.10
3.64

1.62
0.48
0.70
1.32

1.15
1..15

2.98
1.92

AxB
l
2
3

I
5

6

ArC
,7

8

9
l0

AxD
1l
12

13

l4
15

2,06
2.13
4.66
2.'17
t.1 I
2.ta
3.70
2.61
2.98
1.12
3.18
1.91
3.88
3.61
4.25
2.70
3.74
3.85

1.05
I.12
0.93
0.65
1.05

0..18

1.i,1

1.16
0.7 4
0.65
0.8,1

1.21

1.41
0.64
t.31
1.25

0.37
1..17

2.45
t.44
1.82
2.98
1.65
2.54
1.98

3.21
2.86
3.1s
l.8s
2.3s
2.68
1.98
2.86
t.97
2.12
1.70

* mid parent value

The system AxC Foduced 4 filsants, one ofwhich (Iro. 8) gave
an activity similar to its lower parent C, whereas thrce (no. 7, 9 and 10
) had activities within their parental range (Table 5). The combination
AxD gave 5 stable fusants, one of which (no. 12) exceeded its
higher parent A in this respect producing 4. 25 U/ml , while fi$ant
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tro.li) produlcd ao enryme less than its lower parent D, wherea-s

lno. 1i. 1+ and 15) gavc prMuctivities within the parental range

(Table -5). \\'ith regard to F. P asc activiry in the 6 fusaflts oflhe
sYstem A\B. one (no.5) showed 0.48 U/ml like its lower parent (B),

\\,hereas the renainhg ones (no.1,2,1,'1and 6) gavc activities within
iheir paremal range (Tablc 5). Out ofthe 4 fusants ofthe system A\C,
-l sho*ed activitics sjmilar to that ofthc lower parent C (no. 7.E and

9) \lhereas fte founh fusart (no. I0) had a moderatc activit-v C)l 1.2i

Llhl. The -ilstem AxD gale tive stable firsants, two ofwhich (no.12

and I i ) slro\red actiYit, tear lhat oftheir lower parent D, two fusants

gaye acli\it\ less than it(no.ll and l4),lvhereas thc rcmaindcr one

ino 15) had acti\it.'- similar to the mid-parentvalue ('l able 5) With

respect llr P-glucosidas€ activity, the system AxB had 6 stable fusants

one ol $hich (no.1) showcd activiB like its lower pa(ent B. uhereas

the .emarnder ones had activitics within their parental runge (Tabie 5)'
'lhe 5]slem AxC gave 4 stable fusants, one ofwhich (no 8)

o\eryielded its higher parent A dving ?75 U /ml- whereas thc

rem;inder ones (no.7, 9 and 10) showed activities iessthanlhatof
rheir lo$cr parer]t. ln the combination A\D. out ofthe 5 fusanls, ono

ino.li) had aclility lcss than its lo\ler parenl D. whereas 2 fusants

gare similar activit] as this parent (no.11 and 13)' wltile the

iemaining I (no. 12and t4) had activities withintheir parenlal ran€(e

(Table 5j. fn Trichoderma reeseiOgewa el a/. (1987) obiained some

heterokaryons as \!ell as some diploid firsants itpon protoplast

Iuslon using colour mutants. Actiliry of (lMcase rcached l0-72 p/ml

tbr the ieterokaryons comparcd to 10.89 Uiml in the diploids,

*h€rcas the parenril stain gale 1i.78 U/ml. They reported that P'
glucosidase ictivit-v *as 0.295 a/,/ml for hcterokar-r'ons comparcd to

O.:OS 1l- ,*;1 for the parenial isolare and 0.:97 (trlml) lordiploid
fusa,rrs. Ther' concludcd that i1 is possible to usc colour mutants to

monitor ihc successful fusion olprotoplasl in fungi.
From our results it can be concluded that the induction of

mutations in,],&elid r may lead to genetic changes by which mutants

difiered morphobgically and physiologically. Also, protoplast lirsiorr

ber*een tire induied mutanis of this ftmgus caused some genetic

changes ir genes affecting cellulasc component production' It is

possible. horrever. lhat changes may be aconscquence ol parascxual

recombination in the fungal genome
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