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Isolcltiorz dlid scree~zing ,for cellulolytic microorgnnisnts ,for the prodlictioil o f  singits 
cell yrdotein and ccllulases illere carried oiit. 26 cell~~lolytic cz~lti~rcs isolnted were fo~rriti 
to belong to different generli such as Aspergillus, Fusariumr, Penicillium, Trichoderma 
and Trametes. The isolates i~~ere  compared for cell~~lase and protcilz prodliction with 
.ultlrres obtained ,from three ciiffereqt idborntories. The proteirr cor~tcrlt of I /W prod~;cts 
protl~i(:c~l 1)y thest: c~~ltrrrr,~ .fiorlr dllioli-trrr/tc.cI ricc~ .ctr.c~~i~ Ir9r/s iri tire rtirigc c ! f  7.1 1 - 41.09 
pu-ct'nt, tltc! C L ~ / . ~ O X ~  171cthyl ccllu1r.s~~ (tct i~~ity ( C,'.Y ctctivity) I I Y I . Y  ill tlic rirngc oj' 0-2O() 
I L I I ~ ~ , Y / ~ I I /  (111(1 ,[iit(pr ~ ( I I ) ( ~ I ~  o(!tii!it,~l (C, (t(:ti~!it,\*) I I ~ I , Y  ; / I  t11~: I ~ ( I , I , ~ ~ ~  (! f '  0 - 3  1i11;/~7~11il, C1dtiirc.t. 
Sf/-'1'-114-1 (Asgcrgill~rs cnrnctls) ctrltl I0rl ('Trnmctcs sp. ) g c l ~ ~ ~ ~  ( I  .\I~~,'rtl,i~ llig/rc*r. c:sllrrklvt. 
~ct iv i ty  thcuz the cal~urcs T .  vikiile Qi,lT:9123 l lrrc; Pi. ierisiis 5365.  S., .,,,;!i;-i.:inp t h ~  vnhrL~.v 
oj' protein pcr'celztage nrzd enzynze act i~~i t ics  to a st(~li.~ticrtl corrclntiori lt.st, it 11.n~ obst.rvt,li 
that there was a positive . correlntion of r = 0.5472. 

,<a .  

The search for new sources of protein is Materials and Methods 
under active investigation and developnzcnt 
in several laboratories in the world. Gene- 
rally, the substrates are starch, hydrocarbons 
and more recently cellulosic material. The 
quest is for renewable sources of  substrates 
and in this, cellulose is of prime importance. 
Protein from these unconventional sources 
is intcndod to supplcmont those from alre:tdy 
developed conventional sources. The two 
possibilities of converting cellulose to single 
cell protein are ( i )  directly growing the 
organism on cellulose for biomass production 
and ( i i  ) production of cellulase enzymes 
which can be used for saccharification of 
cellulosic substrates prior to  the cultivation 
of yeasts or bacteria on them. Use of differ- 
ent strains of fungi for cellulase production 
is well known ( 2 & 3 ) and fungal mycelia 
arc an acceptable source of edible protein 
( 5 Sr. 7 ). Tlzc prcscnt. pnpci. dcrscrihes the 
isol:llion a11d screc~iing of some li~ngal 
strains I'or Itheir :lbility to utilize cellulosic 

Fungi were isolated by enriclm~ent techni- 
que. Saniples of decaying plant materials 
such as leaves, \vood, straw and also si.il 
in the vicinity of decaying matter werc 
collected and added to enrichment flasks 
having alkali-treated straw ( ATS)- mine;al 
medium. After incubating f o r 7  days a 
small amount of this broth was transferred 
to fresh enrichment flasks. After 4 to 5 
such serial transfers a dilute suspension of 
the broth from the last flasks was made and 
Plated out on Potato Dextrose Agar medium. 
After incubating the PDA plates for 2 to 
4 days at 27'C individual colonies were 
isolated and subcultured on a modified 
pDA medium having 0.01 0 yeast extract 
and 0.5% dextrose ( instead of 3 :( ). These 
cul t~rcs were mniutnincd on thc snmc 
~ncd iu~n  by mo11t11ly transfers to f r c ~ h  
n lc t l i~~n~.  'Tlzc c ~ ~ l t ~ ~ r ~ s  \vc.rc. it~cutlatcil :L[ 
27'C anil storccl n t  4"C. 

matc,rials for SCP production as \\fell as Thc standard c ~ l l t ~ ~ r e  s of Trickntltnii~i 
cn; me production. rir~irk~ QM-9123 and 1'. ~'irirk QM-6a haw 
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b x n  obtained fro111 U. S. Arlny Natic 
Laboratories, Natic. Mass and Peslaloilo- 
psis versicolor. 63 1 9 ,  S~~ororri~Izlll?i pr!(i~tos~(i?i 
Q31-381, and r l ~ ~ ~ ~ ~ r g i l l i u  terre~u 6365 \\!ere 
obtained from Inctitutc of Fermentation, 
Oh.jka, Japan. 

T\\lo cultures, Pc~~~icilliiil~l rl~rj~soge~zu~iz 
S;-F-3B and Pesiczlotin sp. were obtained 
from National Collection of Industrial 
blicroorganisms, National Chemical Labo- 
ratory, Poona. 

;Ill thesc c'ulturcs \\,crc also maintnincd 
in [lie bane \\lay a\ lilzn~io~lcd above. 
The cu#tures isolated in this laboratory \cerc 
idcnrified by the accepted techniques and 
procedures ( 1 & 4 ). 

.\f~lL.rdi~lnl : For testing the ability of lhe 
organisms to producc protcin from cellulosic 
s111~\tratcs :1 mi11cr;~l 111cdi~11u 11:1vi1lg t l ~ e  
folln\ving composition \\'as uscd. 

(SH,), SO, 1 .IS0 FeS0,.7H20 4.90 
KH,PO, 0.904 MnSO,.H,O 1.86 

Urea 0.536 CoC1,.6H20 2.01 
SaC1 0.508 ZnSO,.7H,O I .68 

CaCl,. 2H20  0.1 10 CuSO4.5H,O 0.30 

MgSO,. 7H,O 0.050 

Alkali-treated rice straw ( ATS ) was incor- 
, porated as the ceIlulosic substrate at 1 0/: 

level. This was preparcd by treating tlle 
ricc stal-v,, \\it11 47; 1 ;..3ii ( 1 : 50 W i V  ) 
and steaming it for 60 miimtes. This was 
\\:i>l~cd fi-cc of' :~Ih:~li. drictl nt 55'C :111tl 
gl.O\l lid. 

p l l  of tlie n~edlulll \\'as adjusted to 5.0 
b e f ~ r e  autoclaving. A m~ne~.al  medium used 
by Reesc.. et ril. for cellulasc production (6) 
\vs\ used for gso\\ing the organisms for 
bc~.ecning their estrnccllulnr cellulase activity. 

A pure cellulose powdcr ( 100-200 mosh ) 
( Biochemical Unit, VPCI, Delhi-110 007 ) 
was added at I % level as carbon source. 
pH  of the mediulll \\!as adjusted to 5.0 
before autoclaving. 

Czilti~~utio~z untl harv~~i i l zg  : 100 1111 POP- 

tioils of the media along with the substrate 
were taken in 500 ml. Erlon-Meyer f l a  ';s 
and autoclaved at 15 p.s.i. for 20 lnin. 
After cooling the flasks were inoculated by 
spore suspe~lsiolls and were incubated on a 
rotary shaker (230 r.p.in.) at roo111 temper- 
ature ( 23-2S°C ) 

In the case of scrcelling for protein 
production the contents of the flask were 
harvested after 72 hrs. incubation by filtering 
and wasl~ing t hell1 through previously dried 
and weighed filter paper ( Whattillan No. l ). 
This was dried at 55'C and \veighed and the 
pl.od~~cl was analyscd 1-01. told protcin 
coueut ( N  x 6.25 ) by thc micro-Kjeldahl 
method. 

Cellulase activities were esti~ilated in 
the culture filtrates on 6th and 13th day 
of incubation. 

C, activity was determined by adding I rnl 
of appropriately diluted enzyme t o  1 ml 
of 1 % carboxymethyl cellulose prepared 
in 0.1 M sodium citrate buffer (pH 4.8 ) 
and incubating at 50°C for 30 min. and 
estim-ting ,,, the liberated reducing sugar 
by ~iditro-salicylic Acid Method ( 8 ). 

I 

C, s ~ i ~ i t y  ~,l:zs zstimated by taking 50 111g 
( l x 6 cm., coiled ) Whatinan No. 1 filter 
piiper (FP) in 1 1111. of 0.1 M sodium citralc 
buTI.cl. at p l i  4 . S  antt 1 1111. 01' :~~,,lwo~,~.i;~Lcly 
diluted enzynle ant1 incubating for 60 nlin. 
at  50°C. The reducing sugar liberated 
was estililated by DNS mcthod. The numbel- 
of units per ml, culture filtrate in each case 
equals the inverse of the dilutio~l required 
to  give 0.5 lllg of reducing sugar as glucose. 
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I<csul!s autl Discussion 

All the organisms tested were found to be 
capable of growing on ATS mineral mediu~n 
and the pcrcentagc crudc protein in the 
final product rmnged from 7.1 1 to  41.09 

. . 

(Tablc 1 ). 23 organisms out of 33 tested 

gave a product having more tlla~l 15 7; 
crude protein. 

Aspergilll.1~ canerus St-T-M- 1 grew well 

and produced 147 mg crude protein per gm. 
substrate used, the percentage being 36. 
All the 4 strains of A .  f7nlvrs gave a product 

havi~ig more tha11 16% protein, the range 

being 16.45 to 24.5%. Out of 8 A. niger 

strains 3 produced more than 20% protein, 

the maximum being 25.8 %. A. terrezrs 6365 
gave 32.22%. protein whereas our isolate 

gave about 22%. Out of 8 Fusnrilliiz strains 
tested only 3 produced about 20% protein. 
Others produced protein in  a range of 10 
to 16 %. The g1~6wth of P. c ~ ~ ~ ! J s o ~ ~ ~ I z ~ u ~ ~  

St-F-3R was similar to  that of the sti?ndard 
i.cll~~lolytic c~1lt111.c T. 11+it/[. QM 91123, I I I C  

protein pmcentagc being 40.5 '';ml; 11.09 

~.cspectively. The total prolein produced 

O f  (IIC 33 cu ltureb si~tdiccl ( includiu: 5 
standard cel1i~l:~sc pl-ociuci~l: cultures) tllc 
follo\\fing isolates s l~o\ \~cd extracellul.lr 
c~lzylllc activity. Thcp \\.ere A ,  can~2iii 

ST-T-M- 1 ,  A .  j7(1\~u [RS-5. A .  riiger strnil?.., 
1P-3, RLM-II. C-I. :\LS-I and RLhl-tl, 
' 4 .  t~.rrcirs 1st- 1 . Fi~.ri,j.ilrnt cp. TRS-3 :! i~ , i  

IRS-7, Tritho[lr~r.~~i[[ i p .  I!)b and Traln,tr,*.; 
sp. l0a. Standard or~anisms T. ~,irirlr QI1- 
9123 and T .  riridt. QM-6n sho\\'ed ;xi1 

activity of 200 and 128 units of Cx and 19.1. 

and 28 units of filter paper ( FP ) activit iej 

respectively. \vhe.re.ac our isolates Trnmc.rt,s, 

sp. I Oa. A .  ~ c l r ~ l c ~ l l ~  ST-T- hll- 1, A .  tc.rri3ils 

1st- I ,  A. 1zigc7r C- I, and Trirhodcrnzn sp. 
lob showed Cx activities of 260, 230, 100, 
86 and 40 units peT nd. and FP  activities 

of 25, 12, 8: 4 and 4 units/ml respectivel!,. 

There has bpen no reports on AspergiIIlrs 

cnr~lelrs as a source of cellulase enzyme.;. 

111 some of the caws, \\.e observe, rt1~1t 

even though the 01 gnnisn~ \\.as capablc 1,f 

utilizing the cell~ilosc pok-der and sho\\,ed 
go\vth, concurrcrlt For~nntin~~ of  cxtrnccll- 
ular enzyme c o ~ ~ l d  not to detected. 

The values of cnr.yme activities ( c'\ ) 

pcr gram substrate was far higher in the and the protei~i percentage val~tes (biomass 

former case ( 180 mg)  than the latter in ATS medium 1 were subjected to a 

( 154.8 mg.). One of the other 2 Pe~ricilli~inz correlation test. It was observed that thrre 

spp. 'also has grown we!l. Pestaloziopsis was a slight positive correlation of r=O.5.C72. 

versicolor . 6319 gave 26.67 % protein 
wl~crcas Fer,olo/h sp .  gave only 19.3 04 *eknowied~enlcnts 

proteill. Sl~or.o/i~icli~rttt p r ~ i i ~ ~ o s u m  QM-3s I T11e authors \\'is11 [ o  tlunk the C.S. 1. I:. 
didnot grow ,veil (protein 7.1 I %). Standard for providing financial support under the 
7'. viriflc strains gavc high protein percentage Silvcr Jilbilcc. Scl~cinc ;itlii E m e ~ - i l u s  

( QM-9123 - 41.09 O/, and QM-6a - 34.02%). Scientists' Fund. Wc arc gratefi~l t o  1)r. 
Our isolate Trii'/zodtrt71~ sp. 101) also gave B. 1,. Amla? Director, Central Food Tecl!!io- 

29% protein. A basidiomycete, Tr.ametes logical Research lnst~tute, Mysore. for prd- 

sp. 10a gave 18% protein. viding facilities and ~nterest in the nark 
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'I'sblc 1 - Production of iiiyccliul pratcin I)!. tliffcrclit. f1111gi fro111 alkali-trcntc(1 rice s t r : ~ ~  

S1. Name of the orgn~zism Final pH Weight of Total 
No. of the biomass+ Protein (%) protein 

medit~m residual rng/gnl 
substrate substrate 
mglgm 
substrate 

I . Aspergillus catiitlrs St-T-M-I 
2. Aspergillzis.fla~~us IRS-5 
3. do  ICC-2 
1. ti o ALS-3 
5. do ALS-7 
6.  Aspergillus niger I P-2 
7 .  do RLM-5 
8.  do RLM-I I 
3. do C-1 

10. d o ALS-I 
1 1 .  li o 10B-  I 
12. do RLM-6 
13. do 1st-2 
14. .4spc~ryill11.r ~C/.I .(>II.S 6365 
15.  do 1st- l 
16. I-itsr7riir1rl sp .  IRS-3 
1 7 .  ~i L) ALS-6 
IS .  ti o IILM-4 
19. J h  I RS-7 
20. do ALS-5b 
21. do IRS-9 
2 7 .  r ~ l ~ a r i ~ ~ ~ ) r  sp. ALS-Sa 
23. do IRS-I 5 . : 24. Penicilliu~?~ chrysogerzun~ St-F-3B 

t. 25. Penicillium sp. IP-I  
26. do ALS-2 
27. Pestalozio~psis i.c~..dcolor 6319 
28. Pesrnlotin sp. 
29, . S ~ ~ o r o r r i ( , i ! ~ ~ ~ l ~  ~ I ~ ~ J ~ / / O ~ Y ~ I I I I  Q M  -38 I 
30. I > ~ C / I ~ ~ ~ / . I J ~ ( I  i ~ i ~ ~ i ~ / ( ~  QM-9 123 
31. do  QM-6a 
32. Trirhodt~rt?iu sp. lob 
13.  Tranietes sp.  10a 

- - -- - - - 
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