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OssznpocLALAs
Aspnncntus cARBoNARras ALTAL TERMELT p-D-cLUKozrnAz ,q,rrrN rur,dr,Bsn N-
nn6ruoacnru,- p-D -clUroprRANozrLAMrNNAL

A fung6lis p-D-gltikozidilzok az enzimek igen n6pes 6s fontos csoportj6t k6pviselik,
melyeknek a sz6nhrdr6t alapri biomassza lebontds6ban van fontos szerepik. Ez6rt ezen
enzimek mtik<jd6si mechanizmus vizsgillata fontos kutatdsi teriilette v6lt az ut6bbi id6kben.
Az Aspergillus carbonarius 6ltal termelt B-D-gliikozid6z mrikod6si mechanizmus vizsg|lata
sorSn az aktiv centrum katalitikus oldall6ncainak vizsgillatdra egy speci6lis affin jelol6t, az
N-br6macetil-B-D-glUkopiranozilamint alkalmaztuk. Az inaktivdtor irreverzibilisen alkilezi
az enzim aktfv centrumflban tal6lhat6 nukleofil oldall6ncot, ami a szubsztrdt hasit6s6ban vesz
rdszt. Kis6rleteink sor6n meghatiiroztuk az inaktivdci6 egyensrilyi 6s sebess6gi 5l1and6j6t,
bizonyitottuk , hogy az inaktiv6tor val6ban az aktiv centrumban levci oldall6ncokat m6dositja.
A l6tsz6lagos sebess6gi 6lland6 pH fiigg6s6bril meg6llapitottuk, hogy az inaktiv6tor a
katalitikus nukleofil oldall6ncot alkilezi.

INTRODUCTIoN

B-D-glucosidases (B-D-glucoside glucohydrolases, EC 3.2.1.21) catalyse the hydrolysis of
alkil- and aryl-B-glucosides, diglucosides and oligoglucosides. B-D-glucosidases are a very
important group of enzymes because of their potential uses in biotechnological processes
such as biomass (cellulose) degradation, ethanol productioa, detoxication processes, flavor
industry and synthesis ofuseful p-glucosides.

In the Institute of Biochemistry of University of Debrecen B-D-glycosidases are widely
examined with respect to their mechanism of action. As a part of this project p-D-glucosidase
from Aspergillus carbonarius is also investigated. The highly cellulolytic fungus
Trichoderma reesei prodlces a very active cellulase enzyme complex but deficient in B-D-
glucosidase activity. B-D-glucosidases hydrolyse cellobiose which inhibits other enzymes in
the cellulase enzyme complex. Fungi belonging to the genus Aspergillas produce p-D-
glucosidases in high yield which are compatible with T. reesei cellulases and promote
saccharification of cellulose.
Specific inactivators (or affinity labels) are widely used in the investigation of the mechanism
of action of glycosidases. First of all in the identification of catalytic groups in the enzymatic
active center. The affinity labeling techniqe uses such compounds which are reactive
substrate analogues that bind specifically into the active center. In the active site either they
are activated by the catalytic mechanism of the enzyme and finally form covalent bond with
catalytic or reacitve groups or they have a reactive group in the aglycone which reacts with
the proton donor or the nuleoplhile in the active center of the enzyme [1].
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CoNcr,usron

The effect of N-bromoacetyl p-D-glucosylamine on B-D-glucosidase from Aspergillus
c arb onarius was investigated.

The enzyme was completely inactivated by the inactivator. This is a characteristic of active-
site directed modifying agents. These inactivators work by the following scheme:
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The kinetic of the inactivation can be described with the following equation:

ln(A6/A)=(k; t/(1+K,/I)=k"6 1

where Ve is the relative initial reaction rate
V is the reaction rate in the given time
K1 is the apparent inhibition constant
k1 first order rate constant of the inactivation
kuoo is the apperent first-order rate constant

The apparent rate constant represents the velocity of the alkylation of the nucleophile in the
active centre" With the transformation of the 2no equation we can see the dependence of the
apperent rate constant on the inactivator concentration:

1/kaPP=171' + (Ki/k)' 1/I

In the case of the different inactivator concentrations the apparent first order rate constants
(kuoo) were determined from the slopes of the lines fitted to the logarithmic plot of the
experimental relative rate values (A0/A) against time.

The apparent inhibition constant (Ki) and the first-order rate constant (k) were determined
from the double reciprocal replot of the k^oo values versus inactivator concentrationi Ki=0.89
mM, kr=0.0173 I/IVI min.

On the logarithmic plot of the apparent first-order rate constant versus the logarithm of
inactivator concentration the slope of the line was around 1, indicating that I molecule
inactivator reacted with 1 molecule enzyme.

Giving a competitiv inhibitor, namely p-nitrothiophenyl B-D-glucopyranoside, we found that
the enzyme was protected by the inhibitor against the inactivation. The protection proved the
active site directed character ofthe inactivator.
From the pH dependence of the apparent rate constant we found that the rate of the
inactivation was the highest on the optimum pH value, pH 4.0. In this pH the nucleophile in
the active site is deprotonated having a negative charge. It shows that the inactivator reacts
with the catalytic nucleophile.
It is in opposite with the case of the cassava p-glucosidase, which was examined eadier in the
Institute of Biochemistry where the optimum of the apparent rate constant was at pH 8. In
that case the acid catalytic group is deprotonated and the inactivator modifies that group. In
lower pH values inactivation did not occur, or only with lower rate showing that the
inactivator did not react with the catalytic nucleophile [].
Experiments are in progress to identify this nucleophile.
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Mnrnoos

Culture conditions: For enzyme production A. carb. was grown on solid medium containing 20 g wheat
bran and 100 ml distilled water. The culture was incubated at27 "C for 10 davs and was harvested bv
filtration.

Purification: A rapid and efficient purification procedure was developed to get pure enzyme solution in
which hydrophobic interaction chromatography, gel filtration and chromatofocusing were used.

Enzyme assay: B-D-glucosidase activity was assayedby using a I ml reaction mixture containing 100
pl 5 mM p-nitrophenyl B-D-glucopyranoside (pNPG), 0.02 M Na-acetate buffer (pH=4) and an
appropriate dilution of enzyme solution at 50 oC for 10 minutes. The reaction was stopped by 2 ml of
0.2 M Na-borate buffer (pH=10) and the p-nitrophenol release was monitored at Aqoo.
One enzyme unit was defined as the amount of enzyme required to release 1 pmol of p-nitrophenol min-
I under these conditions.

Inactivation studies with N-bromoacetyl p-D-glucopyranosylamine: The apparent inhibition constant
(K) and the first-order rate constant (k;) were determined by incubating the enzyme in 0.2 M Na-acetate
buffer, pH 4.0, using varying inactivator concentrations (1-3 mM) at 50oC. Samples were taken at
intervals to determine remaining B-D-glucosidase activity. Pseudo-first-order rate constants (kuoo) were
obtained from the slopes of the lines fitted to the plot of the natural logarithm of the inverse of the
residual activity against time. Ki and ki were computed from the plots of the inverse of the pseudo-firsr
order rate constants against the inverse of the inactivator concetration, using the kinetic software GraFit.
Protection of B-D-glucosidase from inactivation was accomplished using p-nitro-thiophenyl p-D-
glucopyranoside (pNTPG) as a competitive inhibitor. Inactivation mixtures containing 3 mM NBAGA
were incubated in the presence and absence of pNTPG (8 mM = 4 K). Aliquots were removed at
appropriate intervals and assayed for residual activity against pNPG. The degree of protection was
determined from the ratio between the pseudo-first-order rate constant in the presence and the absence
ofpNTPG.
pH-dependence of the inactivation process was studied in the range of pH 3.0-7.5. Pseudo-first-order
rate ionstants, determined as described above were plotted against pH and the titration curve was fitted
using GraFit.
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