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Note 

Comparison of the trehalase of Trichoderma reesei with those from other 
sources 

(Recewcd February 14th. 1983; accepted for publicatmn, March 14th. 1983) 

Recently we have purified a trehalase (EC 3.2.1.2X) from l’richoderma 
reesei’ and shown it to have a high substrate specificity. It is the purpose of this re- 

port to compare this enzyme with those obtained from other sources, and to show 

relationships between trehalascs, cu-D-glucosidases (EC 3.2.1.20), and a-D-(1+4)- 

glucan glucohydrolases (EC 3.2.1.3). The trehalases reported in the literature arc 

chicfly from three sources: insects, mammalian tissue, and microorganisms’. Some 

characteristics of these enzymic reactions arc as follows. 

(a) Specipcity. - All of the trehalases arc highly specific for cu,cr-trehalose. 

That of T. reesei is also specilic’, showing no action on other cu-D-glucosides or on 

the 6,6’-bis(phosphate) of a,a-trehalose. Recently. a-o-glucopyranosyl fluoride 
has been found’ to be a substrate for a mammalian trehalase and for a yeast tre- 

halase. a-D-Glucosidases, on the other hand, act on a wide variety of a-D-gluco- 

pyranosides, including a-D-glucopyranosyl fluoride. but excluding cr,a-trehalose. 

(b) Transfer action. - Trehalases show little transfer when acting on the nat- 

ural substrate, o/+x-trehalose. Hehre rf aL3 using the “unnatural” system with P-D- 
glucopyranosyl fluoride as substrate and a-D-glucose as acceptor did obtain small 

proportions (0.2_5%) of transfer product. With the T. reesei trehalase, we could de- 

tect no transfer product on chrnmatograms of digests of 4% trehalose, or of 2% 

trchalose containing 4% maltose as an acceptor. This is in marked contrast to D- 
glucosidases where the transfer product may exceed 30% of the starting substrate4. 

(c) Cortjiguration of hydrolysis product. - Since a-D-glucosidascs act with 
retention of configuration’. it was interesting to find that trehalases, with one ex- 

ception. that from pig liver6, act by inversior?,‘.s to liberate P-D-glucose (plus of 

course an equal amount of CY-D-glumm). Our analysis of the per-0trimethylsilyl 
derivatives of the products resulting from the action of T. reesei trehalase (Table I) 

indicates that this trehalase also acts by inversion. The high ratio of fl- to a-D 

anomer obtained at early stages of this enzymic hydrolysis clearly indicated that the 

mechanism resulted in the liberation of both u- and ~-D-glucose. The mutarotation 

of ~-~-glucose in buffer at the same temperature is not fast enough to give these 
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strates” (Table II). their effectiveness being comparable with that of the modified 
“product”, nojirimycin. Trehalose &phosphate was found13 to be a fairly good in- 
hibitor of yeast trehalase (Table II). but was without effect on cockchafer tre- 
halase”. Trehalose 6,6’-bis(phosphatc) was without effect on the T. reesei enzyme. 
Sucrose has been reported to be a competitive inhibitor (K,IK, = 0.4-2.5) of the 
trehalases of silk moth14, ants”, and honeybees ” but it was without effect on the , 
T. reesei enzyme. Mannitol is a competitive inhibitor (KJK,,, = 1 .O) of the trehalase 
of AspergiNus oryzne I7 but had no effect on the T. reesei trehalase. 

u-n-Glucosidases are more strongly inhibited by nojirimycin than are tre- 
halases”; i.e., the KJK,,, values are lower (0.004-0.013 for a-D-glucosidases VS. 
0.48-1.6 for trehalases). The value for T. reesei trehalase (0.04) falls between these 
reported values. 

(e) Other properties of trehaluses. -- The range of K, values for trehalases’ 
is 0.42OmM; the K,,. value for T reusei trehalase is 3.lmM. The range of pH values 
for optimum activity’ is 4.S-6.9 for trehalases, and the value for T. reesei trehalase 
is 4.4. The range of values of specific activity’ is 0.4-80 for trehalases, and the value 
for T. reesei trehalase is 50 pmol/mg/min. 

Conclusion. - The aforementioned data indicate several differences be- 
tween trehalases and u-D-glucosidases. The properties of the trehalases more 
closely resemble ‘s those of the a-D-(l-4)-gluCan glucohydrolascs (EC 3.2.1.3) 
than they do those of the a-D-glucosidases. Trehalases and glucohydrolases are 
alike in their high specificity, low transfer-ability, action by inversion, and in the 
degree of inhibition shown by nojirimycin. 
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