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A stimulation of endo-~-glucanase by the Sporotrichum pulveru
lentum fungus growing in nutrient media containing selected cellulosic 
subs.trates with some biologically active substances was obtained. Same 
relations between pH changes and cellulase biosynthesis were observed 

INTRODUCTION 

In !recent years there has been considerable interest in research on the 
utHization of cellulosic wastes as a substriate for bilomass production. 
~icr-oorganis.ms which can utilize cellulose as a carbon source demonstra
te an abiHty to produce a strong oomplex of celluloly,tic enzymes. Studies 
of Eriksson [4] demonstrated that the Sporotrichum pulverulentum fungus 
s!nthetizes a full complex of cellu1ases ne,cessa~y to cellulose decomposi
~ion. Withli.n rthe present study investigabons were -carried out aimed at 
intrea · . ~g the synthesis of endo-1,4-~-glucanase by S. pulverulentum dur-
ing Propagation in a submerged culture. 

?!t.\rEa 
IALS AND METHODS 

PUl Str a i n. Sporotrichum pulverulentum fungus was isolated fI'lom pine 
hotWood chip piles by T. Nilsson at the Royal College of Forestry, Stock

tn. ~gman and Nilsson (1966) tentatively oall.ed the fungus Chrysos-

. 7 Ącta Ali 
mentaria Polonica 3/85 
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porium lignoTum. Novobranova [8] in Baarn, the Netherlands, named it 
Sporotrichum pulverulentuum. The strain of S . pulverulentum used in 
this study was supplied by the Swedish Forest Products Research Labo
ratory in Stockholm. 

Gro wt h med i a. Modified growth medium accordling rto N,orkrans 
[7] was used f.or ,cultivating the fungus both on solid and liquid substrates. 
The hasał mine~al medium contained (g/1): KH2PO4 0.6; MgSO4 · 7H2O 0.4; 
CaC1•2H2O 74Xl0-3 ; ferric citrate 12x10-s; ZnSO4•7H2O 66Xl0...,; 
MnSO4 •4H2O 5Xl0-3 ; C0Cl2•6H2O lXl0-3 and thiamine 0.lXl0-a. 

As nitrogen sou:r,ces were as fellows: 
- 2.0 g NH 4H2PO4 per 1 liter of growth medium for fungus propaga

tion on solid substra,te, 
- 6.5 gil NH4H2PO4 + 0.43 g/1 of CO(NH2)2 :flor p:r,opaga,tion on liquid 

substrate. 
The following sources of or.ganie carbon vere added to the minerał me-

dium: 
- gluoose, 
- powdered cellulose, I. H. Muktell's Cellulose Powder No. 400, 
- wood board liquid from a factory near Stockholm, 
- was.te paper ground on VIBRATOM-type mill, 
- chaff made of rye, wheat and barley str,aw in the proportton of 

1 : 1 : 1 ground first on a "BAK" mill and subsequenrtly on a VIBRA TOM 
mill, 

- dried potaJtoes haulm - ground as above. 

P re p ar a t i ,o n o f i n o •C u I u m. Inoculum for the submerged cul
ture w1as prepared from a mycelium obtained on Petri dishes after 8 days 
of Sporotrichum pulverulentum incubation at 25°C. In soldd substrates, 
10 grams of glucose per 1 liter of growth medium were used as. cairbon 
source and to solidify the substrate 15 g 1of agar were used pe 1 liter of 
medium. The obtained mycelium was homogenized wtth destilled water in 
aseptic conditions. The number of cells per 1 ml solution was determined. 
Inoculum -containing 3.5 X 107 of ,cells in 1 ml was used for inoculation of 
liquid substrates. 

Sub merg e d c u 1 tur e. Propagation was carried out in Erlen-oc 
meyer flasks of 250 ml volume on a rotary shaker at 150 rpm and at 28_ e 
for 7 drays. The volume of the substrate was 100 ml at pH = 5.0. Steril 
substrates 1were inoculated w:ith 1 ml 1óf the ino.culum described above. 

Co ur se of the ex per lim en t s. In ithe first stage of studies 
the aim was to determine the effeot of selected biologioally active c~rn- i 

pounds on the synthesis of endo-1-4-B-glucanase and pH changes ~ur1: 

the submerged growth of Sporotrichum pulverulentum. To reach thlS aJ .. f 
powdered cellulose was used as the sole carbon source in a quantity 0 

10 g per 1 liter ·of minerał gr.owth medium. The following compounds were , 
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applied as stimulators ,of initiation and synthesis of endo-glucanase en
zyme: 

biotin 0.05 g/1 
giberelin acid 0.05 g/1 
yeast extra et O .1 g/1 
bo·wine blood serum O. 08 g/1 

The culture was checked for endoglucanase production and pH level 
every 24 hours. The experimental results are presented in Table 1. In the 

Ta b 1 e 1. Effect of selected substrate additives on the activity of ento-1-4-~-glucanase of the 
Sporotrichum pulverulentum fungus 

Kind of substrate 
Criterion in- Drowing time (h) 

vestigated 24 I 48 I 72 I 96 I 120 I 144 I 168 

owdered cellulose-p 

co ntrol sample 

owdered cellu1ose p 

+ 
p 

+ 

0.005 g/1 biotin -
owdered cellulose 
0.1 g/1 yeast extract -

p 0wdered cellulose 
+0.08 g/1 cattle blood serum 

p 
owdered cellulose 

+0.0()5 g/1 giberelin acid 

pH*> 4.9 4.8 
unit/ml o.o 0.13 

pH 4.9 4.75 
unit/ml o.o 0.24 

pH 5.0 5.2 
unit/ml 0.15 1.12 

pH 5.2 4.9 
unit/ml 0.08 2.30 

pH 5.0 5.0 
unit/ml o.o 0.07 

•> Unit/ml - unit of activity of 1,4-P-endo-glucanase enzyme 

4.7 5.0 4.3 5.0 4.75 
0.18 0.58 3.04 4.56 5.04 

4.6 5.1 5.0 4.3 4.5 
0.97 1.43 3.38 4.74 7.50 

4.8 5.2 5.6 4.45 5.6 
5.84 4.52 4.93 14.24 8.65 

4.65 5.4 5.8 5.9 6.0 

4.04 4.61 8.70 4.80 4.43 

4.95 5.0 5.5 5.4 4.1 

0.61 0.55 1.25 2.32 4.04 

second stage, tesits were carried out on the u tiliza,tion of some industrial 
autl agr.icultural cellulosic wastes ias ciarbon source in the propagahon of 
Sporotrichum pulverulentum, using the stimulators applied in the first 
stage of study. Waste produots were used in the following quantities: 

- dried wood board liquid 30 g/1 
- waste paper 1 O g/1 
- •cere.al str a w 1 O g/1 
- dried potato haulm 2 O g/1 

th· Cond.itions of fungus griowth were identioal as in 1the first stage of 

11 1~ study. Endo-glucanase aotivity and pH level in the fermentation 
~ h of Were measured every 24 hours. Moreover, changes in t e content 

?c dry matter, cellulose and pure protein (af.ter pre-cipitations with 50/o 
p ~) Were determined in cultures in which powdered cellulose and dried 
0 to haulm were used as ,carbon sources. 

7• 

Analytical methods. The f,ollowin.g deteriminations ,were carried out: 
dry matter [3], 
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cellulose [6, 9], 
pure protein [5], 
endo-1-4-~-glucanase activiity [1]. 

RESULTS 

The experimental findings in the first stage of ,the study indicate that 
duriing Sporotrichum pulverulentum griowth on ia medium with powdered 
cellulose as the sole carbon source ·the post - fermentati!on fluids demon
striated an increase of 1-4-B-glucanase activity with the growth of time 
(Table 1). However, the increase of enzyme activity was not in direct 
proportion ,to time. Enzyme aictivity determined as late as iafter 48 hrs of 
fungus prorpagation amounted to only 0.13 units/ml and a dynamie in
crease f110im 0.58 units/ml after 96 hrs to 3.04 units/ml occurred after 
120 hr. Simultaneously the pH level dropped markedly and reached 5.0 
after 96 hrs and 4.3 after 120 hrs (Table 1). W.ith bovine blood serum add
ed the maximum. value (8. 70 U!I1i-ts/ml) was noticed after 120 hrs and with 
yeast extr.act it was even higher (14.25 units/ml) after 144 ras of propa
gation. The max1mum activity obtained after the addition of yeast extraot 
occurred with a pariallel decline of pH level from 5.6 to 4.5. However, no 
correlation between pH decline and increase of enzyme activirty was 
observed whe:n bovine b1oood serum was u.sed. The experimental results 
of researoh on the effect of the substrate on the enzymatic activity of 
S. pulverulentum demonsitrate that the aotivity of endo-glucanase in the 
fluids friom fungus cultll["es grown on natur.al substrates was ,oonsiderably 
lower as compared with the usage -of powdered ·celluJ.ose (Table 2). 

T a b I e 2. Effect of the kind of substrate with 0.1 g/1 of yeast extract added on the activity of 
1,4-~-endo-glucanase during Sporotrichum pulverulentum fungus growth 

Kind of substrate Criterion in- Growing time (h) 

vestigated 24 I 48 I 72 I 96 I 120 I 144 I~ 
10 g/1 of powdered cellulose pH•> 5.3 5.5 4.9 5.4 5.7 4.6 5.1 

control sample unit/ml 0.14 1.70 5.06 4.04 4.08 12.2 8.1 ---30 g/1 - wood board liquid pH 5.4 6.1 6.25 4.56 4.9 5.6 6.1 

dried unit/ml o.o o.o o.o 2.50 1.24 0.55 o.1ss 
----1 O g/1 waste paper pH 5.1 5.6 4.6 5.8 5.9 6.0 6.05 

unit/ml o.o 0.45 1.67 0.31 0.33 0.38 o.74 

----10 g/1 cereal straw pH 5.2 5.1 5.6 5.6 5.7 5.1 S,8 

unit/ml o.o 0.65 1.23 1.73 1.265 0.99 o.SS ----
5,8 20 g/1 dried potato haulm pH 5.5 5.9 5.25 5.2 5.0 5.0 I 

unit/ml 0.05 1.os I 2.5 2.68 2.75 2.6S 1.20 
_;__--

•> unit/ml - unit of activity of 1,4-P-endoglucanase cnzymc 
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lt should be emphasized here that the maximum activity ,of the en
zyme in the experimenits wi:th powdered cellulose, wood board liquid, and 
waste paper oc,curred after a deorease of the pH level, similarly as in the 
first stage -of study. However, in the experiments in which cereal straw 
and potato haulm were used, such considerable changes of pH were not 
obse~ved. Am,ong the used substrates the highest enzymatic activity was 
noticed in -culture fluid with potato haulm. 

In the study, the suitability of potato haulm as a substrate for endo
glucanase production as well as the degree of cellulose utilizati:on, loss of 
dry matter and increase of pure protein oontent were mvestigated. The 
results are given in Table 3. SpGrotrichum pulverulentum during 7 days 

Ta b I e 3. Output of pure protein from the culture of Sporotrichum pulverulentum fungus 

Growing Dry matter Cellulose Pure protein 

Kind of substrate time loos g/1 % in I loss g/1 %in 
h 

g/1 
% drym.l % drym. 

Powdered cellulose o 10.225 
I 

- 9.928 97.09 - not determined 

168 8.072 21.05 5.590 69.25 43.69 5.363 6.15 
-
Potato haulm o 20.918 - I 5.99 28.2 - 1.742 8.33 

168 18.094 
I 

13.50 I 3.70 20.4 38.20 2.037 11.25 
-

- 12.36 g of pure protein was obtained from 100 g of utilized cellulose in the culture on a powdered cellulose sub
strate; 

- 10.45 g of pure protein was obtained from 100 g of utilized dry matter in the culture on potato haulm substrate 

of propagation utilized 43.690/o of powdered cellulose and 38.20/o of cellu
lose from potato haulm. The less extensive de,composition of cellulose 
frorn potato haulm may probably be due to the utilization by the fungus 
0~ some other more easy avaiilable carbon sources in the medium. The 
biomass produced by the fungus gr,own on powdered cellulose contained 
6.15°/o d.m. of pure protein but 11.250/o d.m. ,of pure protein when grown 
on P,otato haulm. The balance of dry mass loss over 7 days of propagation 
dernonstrated that 10.45 g ,of pure protein were produced from 100 g of 
Utilized dry matter of potato haulm. When powdered cellulose was used, 
Protein output attained 12.36 g from 100 g of utilized cellulose. 

01scuss10N 

The addition of sele,cted biolog.ically active compounds to increase the 
synthesis of endo-glucanase by Sporotrichum pulverulentum grown in 
a subinerged culture on po-wdered cellulose demonstrated differentiated 
action. The acitivity of endogluoanase in samples with added giberelin acid 
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was lower than in the control sample. In both substrate samples a marked 
increase of enzyme activity was accompanied by a simultaneous decline 
in pH level. Experimental findings show that the application of biotin, 
yeast extract and bovine b1ood serum bad a positive influence on the 
synthesis of endo-glucanase by Sporotrichum pulverulentum g~own on 
powdered cellulose substrate. Yeasrt extract and bovine blood serum were 
found to be the most efficient stimulators of btosynthesis initiation and 
endo-glucanase production. When these substances were used the occw-
rence of the enzyme was determined as early as after 24 h of propagation. 
The increase of activity during propagation time was more dynamie, too. 
Taking into consideration all the experimental findings of the first stage 
of study it was interesting to notice a eorrelation between pH changes and 
the dynamics ·of endo-glucanase bi:osynthesis during the propagation pe
riod. It was difficult to report this correlatton in earlie~ experiments. 
However, except for blood serum additive in all other samples, the acti
vity of endo-glucanase increased with the decline of pH level in the pr.o
pagation fluid. The experimental findings •of the first stage of this study 
indicate that yeast extract should be used for stimulation of the endo
glucanase biosynthesis in the subrnerged culture of Sporotrichum pul
verulentum grown on natural rcellulosic substrates. Considerably lower 
endo-glucanase activity in media with other natural cellulose substrates 
was ,observed in the second stage •of study. This can be explained by the 
f.act that the fungus was given in the substrate a sufficient amount .of 
easily available carbon required for its growth and so the biosynthesis of 
endo-glucanase was not needed. From the industrial and agricultural cel
lulosic wastes used as a caTbon soW'!ce for Sporotrichum pulverulentum 
growth, potato haulm seemed to be the most efficient in the production 
of endo-glucanase enzyme. The possible utilization of potat-o haulm is 
a problem of considerable .im1portance in countries having high potato 
crops. 

CONCLUSIONS 

1. Sporotrichum pulverulentum grown by submerged technique ,on 
liquid substr.ates with powdered ,cellulose as the sole car.bon source de
monstrated its good utilization for propagation and synthesis of the l.4-
~-glucanase enzyme. 

2. By adding 0.05 g/l biotin, 0.08 g/1 bovine blood serum and parti~U
larly 0.1 g/1 yeast extract to the standard substrate, the initiation of en .o
glucanase biosynthesis was aocelerated by 24 hrs and the cellulolytic ac; 
tivity of the post-fermentation fluids increased 3-fold. E. g. after 144 h 0 

growing, the control samples demonstrated 4.56 units/ml and the sarnPle5 

with 0.1 g of yeast extract added demonstrated 14.25 units/ml. 
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3. Some oorrelahon was observed between pH 1evel and endo-gluca
nase biosynthesis. In a predominant number of samples the activity of 
endo-glucanase increased with the decline of pH level in the fermentation 
fluid. Since pH measurements can be done quickly and easily, this orite
rion should be subjected to further extensive biochemical investigations 
aimed at future pra1ctical applications. 

4. It was found that cellulosic ·wastes used in this srt:udy i.e. wood 
board liquid, waste paper, cereal straw and potato haulm can be utilized 
as carbon source for Sporotrich um pul verulentum growth. 

5. It was demonstrated that the biosynthesis of 1,4-~-endoglucanase on 
cellulosic wastes from industry and agriculture even with the use of pure, 
powdered cellulose. The highest values of enzyme activity with the use 
of waste c~llul-osic materials varied from 1.67 units/ml rto 2.75 units/ml, 
while with the use of pure, powdered cellulose they ranged from 12.2 
unit.s/ml to 14.25 units/ml. 

6. The e-mployed fungus Sporotrichum pulverulentum decomp,osed ce
llulose in 43.690/o in the medium containing powdered •cellulose and in 
38.20°/ o in the ,medium with po tato haulm during 7 days of propagaition 
period. Pure protein output by the fungus groWIIl on potato haulm amo
unted to 10.45 g friom 100 g of utilized dry matter, and 12.36 g from 
100 g of utilized cellulose when powdered cellulose was oontained in .the 
substrate. 
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M. Piasecki, K. Szebiotko, W. Grajek 

WPŁYW WYBRANYCH WARUNKÓW HODOWLI GRZYBA SPOROTRICHUM 
PULVERULENTUM NA JEGO AKTYWNOSC CELULOLITYCZNĄ 

Instytut Technologii żywności Pochodzenia Roślinnego, 
AR, Poznań 

Streszczenie 

Hodowle wgłębne grzyba Sporotrichum pulverulentum na podłożach zawierają
cych odciek z produkcji płyt wiórowych, odpady papiernicze, słomę zbożową i łęty 

ziemniaczane wykazały dobre wykorzystanie substratów do produkcji biomasy grzy
bowej i syntezy 1,4-~-endoglukanazy. 

Stwierdzono, że wprowadzenie do pożywki 0.05 g/1 biotyny, 0,08 g/1 surowicy 
z krwi bydlęcej, a przede wszystkim 0,1 g/1 ekstraktu drożdżowego pozwalało na 
przyspieszenie inicjacji biosyntezy endoglukanazy o 24 h oraz na trzykrotne zwięk
szenie aktywności celuloilitycznej w płynach pohodowlanych. Zaobserwowano także 
pewną zależność między zmianami wartości pH podłoża, a biosyntezą endo-~-glu
kanazy (tab. 1.). 

Najwyższe aktywności enzymatyczne przy użyciu odpadowych surowców celu
lozowych wynosiły od 1,67 jedn./ml do 2,75 jedn./ml, natomiast przy stosowaniu 
czystej, sproszkowanej celulozy wynosiły od 12,2 jednJml do 14,25 jednJml (tab. 2). 

Stwierdzono, że S. pulverulentum w przypadku stosowania czystej celulozy, roz
kładał substrat w 43,70/o, natomiast rozkład celulozy w łętach ziemniaczanych v;.ry
nosił 38,20/o. Wydajność białka właściwego w przeliczeniu na zużytą celulozę wahała 
się od 10,40/o do 12,30/o (tab. 3). 


