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in view of the low endoglucanase specific activity of the material it 

is probably safe to conclude that neither of these protein bands repre­

sents an endoglucanase. 

The second protein peak which was eluted with an ionic strength 

of 0.01 M was high in endoglucanase activity. The electrophoretic 

pattern of pooled fractions from this peak is shown in Fig. 13. This 

material has a specific endoglucanase activity of 78, and an apparent 

purity of 80-85%. It is difficult at present to draw any conclusions 

as to whether this protein is identical with any of the previously 

purified endoglucanases. The amino acid composition of this protein 

(data not shown) and its electrophoretic mobility closely correspond 

to that of the previously identified Endoglucanase IV from ~ viride. 

However, (a) the amino acid composition was tentatively determined on 

the basis of one 24-hour hydrolysate of material which was only 80-85% 

pure, and (b) the speci:cic acti vi ty of this protein as determined by 

the reduction in viscosity of eM-cellulose is not as high as that of 

purified Endoglucanase IV, which has a specific activity of 250 (41). 

Although it cannot be determined at present whether this protein is 

the only endoglucanase produced by ~ reesei incubated in the presence 

of sophorose, it does constitute the principal endoglucanase-rich 

protein peak eluted from this column. Since only 65% of the total 

endoglucanase activity which is placed on the column can be accounted 

for by this protein, it is obvious that further investigation will be 

required to identify this protein and assess its significance to the 

activity of the cellulase system. 
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When the ionic strength of the eluting buffer was raised to 0.07 M, 

another protein peak was eluted from the second ion-exchange column. 

The first few fractions of those comprising the peak had a specific 

endoglucanase activity of 18-25, and did not contain an amount of pro­

tein adequate for concentration and examination by analytical polyacryl­

amide disc gel electrophoresis. It was assumed that the endoglucanase 

activity may represent contamination by the endoglucanase described 

above. The later fractions of this peak had very low endoglucanase 

activity. The electrophoretic pattern of pooled fractions of this peak 

are shown in Fig. 13. This protein had a specific endoglucanase 

activity of 1.0 and appeared as a single band in analytical polyacryla­

mide gels. When this protein was incubated with PSC or Avicel, the 

product distribution, as determined by HPLC, was 90-92% cellobiose, 

and 8-10% glucose. This enzyme, which, on the basis of its electro­

phoretic mobility, does not correspond to any of the previously identi­

fied cellobiohydrolase forms, is termed Cellobiohydrolase E. It was 

found to contain approximately 25% by veight neutral carbohydrate, 

which confirms its non-identity with rolY of the previously character­

ized cellobiohydrolase forms. It was found by high pressure liquid 

chromatographic analysis to hydrolyze a 1% solution of cellotetraose 

at the rate of 3.9 ~moles/min/mg of protein. This result can only be 

regarded as tentative since it is difficult to determine the concentra­

tion of solutions of this heavily glycosylated protein accurately by 

the Lowry methocl. Amino acid analysis of a 24-hour hydrolysate of 

cellobiohydrolase E shows an unusually high alanine content (data not 

shown). 
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The last peak of this profile shown in Fig. 10, which was eluted 

when the ionic strength was raised to 0.15 M, had a specific endoglu­

canase activity of 60; it can be seen from the electrophoretic pattern 

of pooled fractions of this peak (Fig. 11) that the major protein 

component is the endoglucanase, a large quantity of which had been 

eluted previously at ionic strength 0.01 M. The specific endoglucanase 

activity and apparently diffuse protein band after polyacrylamide gel 

electrophoresis, indicate material of lower purity than that obtained 

earlier in the elution profile. 

In conclusion, four different enzymes, which appear to be the 

principal enzymic components of the cellulase system produced by ~ 

reesei QM 9414 in response to sophorose have been distinguished. There 

is at least one form of S-glucosidase present, and an endoglucanase 

similar to Endoglucanase IV. One of the two cellobiohydrolases present 

has been shown to be identical to the previously identified cellobio­

hydrolase D, whereas the other represents a cellobiohydrolase not 

previously described. These enzymic components, produced by ~ reesei 

QM 9414, had never been isolated previously, although this particular 

strain is known to produce greater quantities of extracellular cellu­

lases than any other known strain of T. reesei. Furthermore, enzymic 

components produced in response to sophorose had never been isolated 

and characterized, nor had their identity with enzymes produced on 

cellulose been shown. The characterization of the enzymes purified 

during this study is currently under investigation. With this infor­

mation we may hope to elucidate more precisely the factors which 
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control the biosynthesis of the specific glycosylated polypeptide com­

ponents of the cellulase system. 
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BIOSYNTHESIS AND IDENTIFICATION OF ENZYMES 

OF THE CELLULASE SYSTEM BY TRICHODERMA REESEI 

by 

Mikelina Gritzali 

(ABSTRACT) 

The biosynthesis of cellulolytic enzymes by resting cells of 

~ reesei QM 9414 incubated in 17 mM potassium phosphate buffer, 

pII 6.0, and Q-S-D-glucopyranosy1-(172)a-D-glucopyranose was investi­

gated. A maximum of 200 mi1liunits aryl-S-D-g1ucosidase, 9000 mi1li­

units endo-l,4-S-D-glucanaseand 200 milliunits Avicelase per milli­

liter of culture supernate was produced after 24 hours of incubation; 

at that time, extracellular protein production reached a maximum of 

0.5 mg/ml. Optimum enzyme yields were obtained with 3-4 mg dry weight 

cells/ml, and 1 nIDi 0-S-D-glucopyranosyl-(1~2)a-D-glucopyranose. 

Inclusion of metals, e.g., zinc, cobalt, manganous and ferrous ions 

enhanced enzyme production when glutamic acid was present, in which 

case aryl-S-D-glucosidase, endoglucanase and Avicelase activity were 

enhanced by 20, 100 and 40 percent, respectively. Under the same 

conditions asparagine enhanced only ary1-S-D-glucosidase activity. 

Some of the enzymic components of the cellulase system produced 

by ~ reesei under these conditions were purified by ion exchange 

chromatography on DEAE-Sephadex A-50. Two cellobiohydrolases were 

isolated in pure form. One of these was identical to the previously 

isolated ce1lobiohydrolase D on the basis of amino acid composition, 



carbohydrate content, electrophoretic mobility and ultraviolet spec­

trum. Similar data for the other cellobiohydrolase suggest that it 

represents an enzyme not previously identified. An endoglucanase was -

also isolated which, on the basis of its amino acid composition and 

electrophoretic mobility, appears similar to the previously identi­

fied Endoglucanase IV. More precise characterization of these enzymes 

is currently under investigation. 


