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The interactmn of alcohols m the hydrolysis of aryl ~/-D-glucopyranosldes and aryl/3-D-xylopyranosides by H-D- 
glucosidase ~-D-glucoslde glucohydrolase, EC 3 2 1 21) from Stachybotrys  atra has been investigated The results 
constitute support for the presence of a glycosyi-enzyme intermediate, formed during the first step (glycosyla- 
tion) of the proposed two-step mechamsm Transfer of the glycosyl group to an alcohol, with the formation of an 
alkyl glycopyranoside, can take place in parallel to the transfer to a water molecule (second or deglycosylation 
step) The alcohol brads to the free enzyme and to the glycosyl-enzyme mtermedmte The glycosyl-enzyme- 
alcohol complex undergoes hydrolysis in addltaon to the alcoholysls For aryl ~-D-glucopyranosldes the deglyco- 
sylatlon step is rate-limitmg For aryl ~-D-xylopyranosides two kinds of substrate behavlour can be observed 
Dependmg on the submtuent group on the phenyl nng, either both steps are rate-controlling or the fast step is 
rate-limmng Electron.wathdrawmg substltuents increase the rate at which the substrate aglycon group is released 

Introduction 

In a previous paper [1] we have reported on the 
hydrolysis of aryl/3-D-glucopyranosldes and aryl H-D- 
xylopyranosldes by an mduced /~-D-glucosldase (fl-D- 
glucoslde glucohydrolase, EC 32  1 21) [2] from 
Stachybotrys  atra 

For both glucosldase and xylosldase actavatles, the 
hydrolysis of aryl glycosades proceeds vm a common 
glycosyl-enzyme intermediate In a first step the gly- 
COSldac bond between the aglycon group (P) and the 
sugar moaety (S) an the substrate (SP) Is broken, P as 
released and the glycosyl-enzyme (ES') as formed 
This intermediate can band (1) a second substrate 
molecule thereby yMdmg a glycosyl-enzyme-sub- 
strate (ES'SP) complex or 01) an Inhibitor (e g ,  aryl 
1-thlo-glycopyranosldes) thereby yleldmg a glycosyl- 
enzyme-mtubitor complex (ES'-I) Both these ternary 
complexes can still react with water wath the forma- 
tmn of glucose or xylose [1] 

However, a difference could be observed between 
glucosldase and xylosldase actlvaty as regards the 

kinetics of the reaction Substantial evidence indi- 
cates that for the 13-D-glucosldase activity the break- 
down (deglycosylatlon) of the ES '  mterme&ate is 
rate-limiting, whereas for the ~-D-xylosldase actwlty 
both the formation (glycosylatlon) and breakdown of 
the ES' complex are rate-controlling 

Since we observed that the glycon mowty of aryl 
/3-D-glycopyranosades can be transferred to nucleo- 
phlles other than water (e g,  ~cohols and phenols) 
we extended our study to the kmetacs of this transfer 
reactaon Such nucleophrhc competmon stu&es under 
steady-state condltmns can yield valuable mformataon 
about the mterme&ate glycosyl-enzyme complex, its 
formation and breakdown [3,4] In this work the 
effect of added alcohols has been lnvestagated 

The same minimal reactmn scheme as proposed m 
our previous study [1] will be used (Scheme I) In 
many respects it is very suntlar to the mechanisms 
proposed for several glycosldases and esterases /3-D- 
galactosadase [4], ~-D-mannosldase [51, bovme4wer 
esterase [6], plg-hver esterase [7], papam [8] and 
others The nucleophrle N (e g, an alcohol) brads to 
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the glycosyl-enzyme (ES') wath the formation of a 
ternary glycosyl-enzyme-nucleoph:le (ES'-N) mter- 
medxate The latter can react e:ther with water (k'7) 
to yield glucose (S) or xylose, the nucleophde and the 
free enzyme, or with the nucleophlle (kg) producing a 
new glycoside (SN) 

k I h6 .,~P , k~ 

E k-x h-6 '~P  I 
+ S P . - ~ E S P -  z ' ES - - + E + S  

N N 

E + SN ~-- ES N---> E + S + N 

Scheme I The rate equations derived from this 
scheme are gwen in the Appen&x 

Matenals and Methods 

The enzyme was isolated, purified and standard- 
lzed as reported [2] Thesynthesls of  the substrates 
used has been described p-nltrophenyl 3-D-glucopy- 
ranoslde [9], p-nltrophenyl 3-D-xylopyranosxde [ 10], 
aryl 3-D-glucopyranosldes [11], aryl 3-D-xylopyrano 
sxdes [12,13] 

Quahtatwe analysis of  transfer products was per- 
formed by TLC on SdlCa gel G (Merck) plates using 
acetic acid/water/ethyl acetate (1 1 3), v/v), spray 
reagent, 5% sulfuric acid m ethanol (10 mm at 
120°C) 

All enzymic assays were performed m 0 1 M phos- 
phate buffer (pH 6 7) at 30°C All reaction rates have 
been calculated per umt (U) of  enzyme actwlty The 
chmenslons of  v~ = (v'JEt) , V z (=V'JEt )  and the first- 
order or pseudo-first-order rate coeffic:ents are mol 

mm -t U -~ Since 1 umt equals 5 10 -1° 'mol '  active 
s:te [1 ], an estimated of the rate constants (as mm -~) 
can be calculated by dividing the g:ven figures (tool 
mln -~ U -1) bu 5 10 -1° Real and apparent binding 
constants are expressed as assoclatmn constants 
(M-')  

Further experimental con&tmns, methods and 
data analys~s were as described m our prewous paper 
[1] 

Results and Discussmn 

Transfer from aryl 3-D-glucopyranostdes to n-propa- 
nol 

Quahtattve analysts To a solution ofp-nxtrophenyl 
3-D-glucopyranoslde (5 mM) m buffer (pH 6 7)/1 M 
methanol (or ethanol, or n-propanol) 3-D-glucosldase 
(50 mumt/ml)  was added and the m:xture kept at 
30°C for 2 h Acetic acxd was added and nltrophenol 
extracted with chloroform The aqueous solution was 
delomzed, concentrated in vacuo and analyzed by 
TLC Comparison with authentic samples showed 
that slgmficant amounts of  the corresponding alkyl 
D-glucopyranosldes were formed When the enzyme 
was ormtted, or when the glucoslde was replaced by 
D-glucose no alkyl glucosldes could be detected 
Consequently the alkyl derivatives must be formed 
during the enzyrruc hydrolysis of  the glucoslde This 
quahtatlve analysis showed n-propanol to be the best 
acceptor This alcohol was thus used m all further 
experiments 

Compettttve mhtbttton With a constant concentra- 
tmn of n-propanol and at least ten different concen- 
trations of  p-mtrophenyl 3-D-glucopyranoslde, the 
initial rate of  phenol release (vl) was measured (pH 
6 7, 30°C) and kcat, 1 and Kapp were calculated from 

TABLE I 

EFFECT OF n-PROPANOL ON THE HYDROLYSIS OF p-NITROPHENYL 3-D-GLUCOPYRANOSIDE AT pH 6 7 AND 30°C 

The coefficients kcat, 1 and Kapp, at gwen n-propanol concentration, were calculated from Eqn 17 

~(~ [keat,1 Kapp]-I n-Propanol 106 keat'l P-t~) (1 mm -1 u -1) 
(M) (mol mm -1 u-l) 

0 1 07 +0 07 17 900 +500 52 
005 1 21__+003 14900__+730 55 
0 1 1 23_+002 13560__+520 60 
02 1 26_+002 11000_+340 72 
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n -  p r o ~  (1'4) 

Fig 1 Effect of n-propanol on the rate of aglycon (vl) or 
glucose (v2) release for p-mtrophenyl 3-D-glucopyranoslde 
(e e) and p-methoxyphenyl fl-D-glucopyranoslde 
( o ~ )  Imtlal rates at pH 6 7 and 300(2 Solad lanes repre- 
sent the recalculated (Eqn 11) curves 

Eqn 17 The measurements were then repeated with 
another concentration of  n-propanol (Table I) 

The increase m kcat,1 indicates that the alcohol 
reacts with some mtermedmte enzyme complex, 
thereby increasing the rate of  phenol release The 

mcrease m kcat, 1 (Eqn 18) will result m a decrease 
of  Kap p (Eqn 19) even if  Kt is zero However, since 
the quanti ty (kcat, 1 Kapp) -1 is not constant but  a 
hnear function of  [N], K, is non-zero, From Eqn 20 

Klk6 = (19 4 + 0 4) 10 -31 man -1 U -I and K z 
approx 2 M -~ can be calculated A tentatwe mecha- 
msm (Scheme I) is thus proposed m which the alco- 
hol, (1) behaves as a (weak) competit ive Inhibitor 
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(EN) and (11) binds to the intermediate ES' with the 
formatlon of  ES'-N In the lat ter  complex the glyco- 
syl moiety can react with the 'alcohol yielding n-pro- 

pyl (s//3)-O-glycopyranoslde, or with water yielding 
glucose or xylose 

Transfer reaetton With a constant concentrataon 
of  p-mtrophenyl  /3-o-glucop2~ranoslde ( 2 m M )  or 
p-methoxyphenyl  /~-O-glucopyranoslde (5 mM) and 
20 different concentrations (0--0 4 M) of  n-propanol 
the mltml rates (pH 6 7, 30°C) 1'1 (phenol release) and 
v2 (glucose release) were measured Fig 1 Illustrates 
that the influence of  n-propanol on the rates (vi and 
v2) is Independent of  the substrate used 

Without any assumption it follows from Eqn 11 
that vx/v2 = (1 + a[N])/(1 + b [N] )  with a = al/So and 
b = s'i/ao Thus, the data paars (vl/v2 and [N])were  
used to calculate a and b (Table II) As required by 
Scheme I the value of  these parameters IS indepen- 

dent o f  the aglycon part of  the substrate From a and 
b the ratio k9/k'7 = 2 can be ~alculated Since k '  7 = 
kTW and W is approx 55 M the ratxo k9/k 7 is about 
100 M 

For both substrates so as the initial rate (vl = v2) 
at [ N ] = 0  and [SP] = 2  or [ S P ] = 5 m M  For aryl 
/3-O-glucopyranosldes the mlUal rate at high substrate 
concentration is Independent of  the substltuent on 
the phenyl ring because k6 N k'3 [1], and thus So ~ 
k'3 = 1 10 -6 mol rain -1 U -l This enables the cal- 
culation of  s~ and s ' !  from a and b (Table II) 

TABLE II 

EFFECT OF n-PROPANOL ON v I AND v 2 FOR p-NITROPHENYL 3-D-GLUCOPYRANOSIDE AND p-METHOXYPHENYL 
/3-D-GLUCOPYRANOSIDE AT pH 6 7 AND 300C 

Kinetic parameters calculated from the experimental data Illustrated m Fig 1 Dimension of parameter~ so, mol mm -1 u -1, 
~l,Ct'l andA,1 mm -1 u -1 

p-Nltrophenyl glucoslde p-Methoxyphenyl glucoslde 

a=cq/O~o=Ka(k9+k'7)/k'3 156 _+1 7M -1 184 _+20M -1 
b=odl/ao=Kak'7/k'3 53 _+08M -1 67 _+10M -1 
[a/b] - 1 = k9/k' 7 2 1 8 
~l (0156_+0017) 10 --4 (0184+0020)  10 .-4 
c~'1 (0053_+0008) 10 -4 (0067_+0010) 10 --4 

fr°mv3 123 _+1 1M-1 169 _+24M -1 
3,4} (0 106 _+ 0 007) 10 .-4 (0 128 _4- 0 01) 10 --4 

~ °}fromEqn l l w l t h v  1 (102 _+001) 10 --6 (103 _+001) 10 -6 
1 123 -+ 1 0 M-1 124 -+10M -1 
°}fromEqn l l w l t h v  2 (102 -+001) 10-6 (104 _+002) 10-6 
1 1 3 3  _+1 1 M - 1  136 _+10M -1 
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O 3 = U  1 - - 0  2 = 

with 

According to Scheme I and Eqns 13 and 13bls, both 
al and a ' l  depend upon the substltuent (K1, k6) and 
upon the substrate concentration [SP] However, the 
data m Table II show the experimental values for the 
nxtroglucoslde and methoxyglucoslde to be the same 
within the estimated standard error Again this indi- 
cates that k 6 >~ k' 3 and, for the substrate concentra- 
tion used, k'3 < (k'3 + k6)h i [SP] so that al  = 
Ka(k'7 +k9)  and a'l =Kak'7 Hence O~1/0~' 1 = (k'7 + 
k9)/k'7 and k9/k' 7 "" 2 

From Eqns 11, 12 and 13bls ~t follows that the 
rate of  the transfer reaction (v3) IS gwen by the fol- 
lowing equation 

A [N] 

1 +~I [N]  +/32[N] 2 

, K1Kak6k 9 [SP] 

A = ~1 - ~ ,  = k ;  + ( k ;  + k6)  KI  lSPI 

However, since K, is very small it can be expected 
that, at least up to 0 4  M n-propanol, the term 
/32 [N] 2 will be neghglble This also follows from the 
shapes of  the curves in Fig 1 (neither Vl nor v2 
approaches zero) or from a plot of  [N]/v3 against 
[N] m Fig 2 The parameters A and fll calculated 
from v3 (with/32 = 0) are given In Table II The value 
of  palameter A is equal to the difference between ai 
and a ' l  Since el and a ' l  have been calculated from 

4 

c 3 

£2 

Z ~q 

/ 
/ 

61 d2 d3 d4 
n - pr'opo~ol (M)  

Fig 2 Effect of n-propanol on the transfer reaction (va = 
vl - v2) at pH 6 7 and 30°(3 for p-mtrophenyl 3-D-glucopy- 
eanoslde (o o) and p-methoxyphenyl 3-D-glucopyrano- 
side (o e) The plot tllusttates the lmea~ dependence 
of [N]/v 3 upon the n-propanol concentration 

Vl/V 2 without any assumption, the agreement is fu- 
ther evidence that the term 32 [N] 2 IS negligible 

The estimates ax = 0 17 10 -4 1 rain -t U -t 
(mean value) and a ' i  = 0 06 10-4 1 man -t U -l, the 

data pairs (Vl and v2, [SP]) and Eqn 11 (with 32 = 0) 
were then used to recalculate ao and 31 All kinetic 
coefficients remained stable (Table II) The solid lines 
in Fig 1, represent the theoretical curves generated 
by the coefficients ao = 1 02 10-6 tool mm -t U -l, 
a l - - 0 1 7  10-41 rain -l U -1 (for Vl) or a ' l  = 
006  10 -41 mm -t U -t (for v2), and 31 = 1 3 3 M  -t 

It follows from Eqn 14 that /31 IS a composite 
function of  rate and equilibrium (or steady-state) 
constants, amongst which the substltuent-dependent 
constants k6 and K1 However, the finding that dif- 
ferent glucosldes yield the same value for t31 (Table 
II) suggests that Eqn 14 can be slmphfied The 

assumptions k6 >>k'a and k'a < (k'a + k6)KI[SP] 
have already been discussed If also K1Ka(k 6 + 
k' 7 + k9)[SP ] >~ k'ag, +Ka(k '  7 + k9) Eqn 14 stmpll- 
ties to/31 "- Ka(k 6 + k'7 + k9)/k6, an equation that still 
contains the substrate-dependent parameter k 6 as 
denominator If k 6 >~ k'7 + ko further simplification 
yields t3a ± K a  However, the main question remains 
as to whether the assumption KiKa(k 6 + k' 7 + k9)- 
[SP] >> k'3K, +Ka(k'7 +k9) is correct With k'3 = 
1 10 -6 mol mm -t U -1, 1 u n i t = 5  l0 -l° 'mol '  
achve slte,Klk6 = 19 l0  -31 mm -t U-t,K~ =2  M -t 
and a = 16 M "t (Table II, mean value) calculation 
yields for the mtrophenyl glucoslde k'aK~ + Ka(k'7 + 
k9) = 36 l031 rain -1 U -1 

One the other hand KiKa(k6 +k '7  +k9)[SP] = 
K1Kak6[SP] +KiKa(k'7 + k9)[SP] = (80 103 K a + 
64 K1)l  mln "1 U -1 Thus, with reasonable values 
for K1 and K a (e g ,  K a ~ 10 M -l) the assumpUon will 
be correct Similar calculations leading to the same 
conclusion can be made for the methoxyphenyl glu- 
cosxde If at is accepted that /31 = K a  = 13 5 M -1 
(mean value) estimates of  k'3, k'7 and k 9 can be cal- 
culated from the data In Table II With 1 umt = 5 
10 -1° 'mol '  active site this yields k'a = 2 10 a mln -t, 
k '  7 = 0 8 103 mm -t and k 9 = 1 4 10 a mm -t 
Because of  the assumptions made and the large stan- 
dard devxatmns on the values of  Table II, only the 
order of  magnitude of  these constants xs slgmficant 
The reactmn of  the glucosyl moiety with water pro- 
ceeds at the same rate (k'a = k ' 7 )  m ES' and ES'N, 
but the reaction with n-propanol (ES'N) is much 



faster than that with water ( k 9 / k  7 -" 100 M) 
If the influence of  n-propanol on vl and v2 is cor- 

rectly described by Eqn 11 with 32 ~ 0, k'a ( k 6 ,  
k'3 < (k'3 + k6)gl[SP] and 31 ~ Ka both rates must 
approach a constant non-zero value gwen by the ratio 
Otl /~ l  = (k' 7 +kg) for 191 and a'1/31 =k'7 for v2 
Using the data an Table II calculataon yields the esti- 
mates ~1/31 =(1 19-+0 17) 10 -6 mol man -t U -1 
and ~'1/31 = ( 0 4 4 - + 0 0 8 )  10 -6 tool mln -t U -1 

(compare Fig 1) 
For aryl 3-D-glucopyranosades k6 >~ k'3 so that, for 

[N] --- 0 and high substrate concentration the k'3 step, 
e ,  the regenerataon of  the free enzyme, as rate-hmlt- 

mg and determines va When n-propanol, reacting 
with ES' according to Scheme I, increases the rate of  
the regeneration reactaon, Vl will also increase Fig 1 
shows that vl (and also v2) approaches a constant 
value at hagh concentrataon of  n-propanol A first ex- 
planation would be that the regenerataon reactxon 
(k'3, k'7 and k9) as now so fast that step 6 as rate- 
hnutmg However, thas seems very unhkely since then 
vl = k6 -~ 1 2 10 -6 mol nun -a U -a and thus k6 
k3 A more plausable explanation is that, at the high 
alcohol concentrations, nearly all the enzyme is m the 
form ES'N (saturation klnetacs of  the alcohol nucleo- 
phale) This tmphes that, prior to reactaon, the alco- 
hol 'brads' to ES' wath the formation of  a ternary glu- 
cosyl-enzyme-nucleophfle complex (ES'N) The shape 
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of  the curves m Fag 1 and the fact that a ' l  is non- 
zero (thus k'7 = 0) indicate that water molecules can 
still react with the glycosyl resadue an the complex 
ES'N 

Transfer f rom aryl 3-D-xylopyranostdes to n-propanol 
The same measurements and calculations as 

described for the arylglucosades were repeated using 
p-nltrophenyl (5 mM) and p-methoxyphenyl 3-D- 
xylopyranoslde (20 mM) as substrates, and n-propa- 
nol (up to 0 17 M) as nucleophlle The results are col- 
lected m Table II and illustrated m Fig 3 The solad 
lanes m Fig 3 represent the theoretical curves gener- 
ated by the parameters ao, ax or c~'a and 31 (given an 
Table III) and Eqn 11 (wath 32 = 0) 

The results now clearly depend on the substltuent 
group For both substrates v2 decreases, but, whereas 
vl increases for the nltrophen~ 1 derivative it remains 
constant for the methoxyphenyl xyloslde In agree- 
ment wath Scheme I, the values of  a and b (Table III) 
are independent of  the glycon part of  the substrate 
(Table II) The ratao k9/k '  7 is greater for xylosades 
than for glucosades (kg/k  7 ~- 270 M) 

For these xylosldes both cq and ct' 1 (thus also 
A = [al - c t ' l ] )  are dependent on the substrate This 
~s not unexpected since for xylosades the assumptaon 
k6 >> k'3 is incorrect [1] so that, even ff the substrate 
concentration is so high that k'3 < (k'3 + k6)gl [SP], 

TABLE III 

EFFECT OF n-PROPANOL ON THE RATE OF AGLYCON (vl) AND XYLOSE (v2) RELEASE FOR p-NITROPHENYL 3-D- 
XYLOPYRANOSIDE AND p-METHOXYPHENYL 3-D-XYLOPYRANOSIDE AT pH 6 7 AND 30°C 

Kmenc parameters calculated from the experimental data illustrated m Fig 3 Dimension of parameters C~o, mol mm -1 u -1, 
al,O~'l andA,1 mm -1 u-1 

Nltrophenyl xyloside Methoxyphenyl xyloslde 

a = al/t~ 0 = K a (k 9 + k'7)/k' 3 
b = a' 1/r, 0 = Kak'7/k' 3 
[a/b] - I = k 9 / k '  7 
Ot 1 

Or' i 

1 from v s 

a#~) from Eqn11 wlthv ! 

~0) from Eqn 11 with v 2 
t a l  

51 _+4M-1 47 _+2M-1 
9 _+IM -1 76 _+2M -t 
47 _+06 51 _+13 

(0 124_+ 0 010) 10 -4 (0 059 _+ 0 002) 10-4 
(0 022_+ 0 002) 10 ..4 (0 009 _+ 0 002) 10-4 
(01 _+001) 10-4 (0049_+0003) 10-4 
176 _+1 6M-1 46 _+4M -1 
(0235-+0005) 10 -6 (0126_+0002) 10-6 
175 _+0 2M-1 46 _+06 M-1 
(0 237 _+ 0 004) 10-6 (0 127 _+ 0 002) 10-6 
178 _+0 4 M-1 46 -+IM -1 
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Fig 3 Effect of n-propanol on the rate ot aglycon (vi) or 
xylose (v2) release for p-mtrophenyl ~3-D-xylopyranoslde 
(o o) and p-methoxyphenyl ~3-D-xylopyranoslde 
(o o) Imtial rates at pH 6 7 and 30°C Sohd lines repre- 
sent the curves generated (Eqn 11) by the coefficients given 
m Table III 

Eqns 13 and 13bls can only be slmphfied to c~i = 
Kak6(k' 7 + k9)/(k'3 + k6) and a' l  = Kak6k'7/(k'3 + k6) 
Both parameters stall contain the substltuent-depen- 
dent k6-coefficlent 

However, Scheme I reqmres that 

oq (nltro-xyl)/a I (Methoxy-xyl) = a ' i  (Nltro-xyl)/a'i- 
(Methoxy-xyl) 

The data m Table III shows this to be correct the 
r a t l o f o r a l  =2  l + - 0 2 a n d f o r a ' ~ = 2 4 + 0 5  

The exact meaning of  the parameter t31 as un- 
known because further simplification is Impossible 

For aryl/3-D-xylopyranosldes it has been proposed 
[1] that both k'a and k6 are partially rate-determin- 
ing at IN] = 0  and high substrate concentration 
Fig 3 shows that, whereas vi for the nItrophenyl 
xyloside increases with increasing concentration of  
n-propanol, Va for the methoxyphenyl xylosIde 
remains constant This indicates that for the latter 
compound at [N] = 0 the rate of  phenol release (Va) 
IS limited by the rate of  the k6-step k6 >> k'a and vi = 
k6=0 124 10 6 mol mm -1 U -1 For the nitro- 
phenyl xyloslde the increase In vx proves that the k6- 
step was not rate-hmlting but the data do not allow 
the calculation of  k6 However, at is obvious that 
k6(nl tro-Xyl)>k6(methoxy-Xyl)  This IS the first 
clear indication that the substituent group has an 

effect on the rate at whach the aglycon group is 
released The electron-wlthdrawang nitro substltuent 
makes the natrophenyl group a better leaving-group 
than the p-methoxyphenyl group with its electron- 
donating substatuent Sance at would be dloglcal to 
accept substltuent effects in the aryl xylosade series 
but not m the aryl glucoslde series, the fact that these 
effects cannot be detected in the latter seraes [1] does 
not mean that they are absent As already discussed, 
the reason is that k6 N k'a for glucopyranosades 

For both substrates v2 approaches a non-zero con- 
stant value (Fig 3) but the hmltlng value for the 
nItrophenyl xylosade as higher than that for the 
methoxyphenyl xyloslde When saturataon of the 
enzyme by the alcohol is complete vx = ai/~l and 
v2 =c t ' i / c l  As mentaoned before, the parameter 13i 
cannot be slmphfied and thus the rataos al/131 and 
a'i/131 will remain composate functaons of  several rate 
constants, including the substrate dependent constant 

k6 

Conclusions 

The hydrolysis of  aryl /3-D-glucopyranosldes and 
aryl/3-O-xylopyranosldes catalyzed by/3-o-glucosldase 
from Stachybotrys atra proceeds through a glycosyl- 
enzyme Intermediate (ES') according to Scheme I In 
the presence of  an alcohol, the glycosyl-enzyme can 
react with that alcohol thereby yielding an alkyl gly- 
coside The levelling off  of  the rates indicates an alco- 
hol-binding-site (ES'N) that becomes saturated at 
high concentrations of  alcohol Such a sate could also 
explain the inhibition by a second substrate molecule 
and by an inhibitor (aryl 1-thxoglycosade) with aroma- 
tic aglycon group [1] The exact nature of  this non- 
covalent binding as unknown, but it Is very probable 
that the hydrophobaclty of  the alkyl chains or of  the 
aromatic ring-structures plays an important role If the 
added nucleophlle can brad to the glycosyl-enzyme 
complex, at would seem reasonable to expect that the 
nucleophfle may also bind to the free enzyme The 
observation of  competitive inhibition proves that this 
is the case 

Since alcohols react with the glycosme resadue 
yielding the alkyl glycopyranoside, alcohols are good 
entering groups In contrast, alkyl /3-D-glucopyrano- 
sides and alkyl /3-D-xylopyranosides are not (or very 
slowly) hydrolyzed by the enzyme and thus the 



alkoxy group 1s a very poor leaving group On the 
basis of the estimated rate parameters, n-propanol is 
a better nucleopinle than water towards the glycoslne 
residue However, an exact comparison between the 
water- and n-propanol-reactlwty IS difficult because 
it is not known how the water molecules react with 
the complexes ES' and ES'N and because the param- 
eters k3, k7 and k9 may be composite functions of 
several constants For example it is possible that an 
ES'W complex, involving non-covalently-bound water 
exists Thus, any conclusion abut the exact nature of 
the glycosyl group m ES' would would be too hypo- 
thetical 

With p-nltrophenyl glucoslde and p-methoxyphe- 
nyl glucoslde the increase In vl with increasing nu- 
cleophlle concentration shows that glycosylatlon can- 
not be rate-lumtmg The lack of observed substituent 
effects is further evidence that for aryl/3-D-glucopyra- 
nos~des the k'3-step ~s rate-hmltmg 

For aryl /3-D-xylopyranosldes two kands of sub- 
strate behavlour can be observed With the p-meth- 
oxyphenyl xyloslde glycosylatmn is rate-hmltmg, 
whereas with the p-nltrophenyl xyloslde tins step can- 
not be the hmmng process The kanetlc results can- 
not determine whether k6>>k'3 or k6-~k'3 How- 
ever, ~t ~s clear that the substltuent has an effect on 
the rate at winch the aglycon group is released and 
that electron-w~thdrawmg substltuent groups increase 
tins rate It may be recalled that aryl 1-tino-/3-D-glu- 
copyranosldes are hydrolyzed by the enzyme only 
when a strong electron-withdrawing substltuent (e g 
p-nitro group) is present m the aglycon group [2] 

Because, even m the presence of large alcohol con- 
centrations, the rate of glucose (or xylose) release 
never approaches zero, the mode of binding of the 
alcohol must be such that water can stdl react with 
the glycosyl-enzyme-nucleophtle complex. Tins agrees 
with our previous finding [1] that glycosyl-enzyme- 
substrate and glycosyl-enzyme-minbltor complexes 
can react w~th water 

Appendix 

Rate equattons 
The rate equations derwed from Scheme I are very 

strnflar to those gwen m Ref 1 and thus the same 
numbermg will be used m the present paper Only 
the significant differences will be emphasized here 
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When the concentration of substrate [SP] is kept con- 
stant, the Influence of the nucleophlle IN] concentra- 
tion on the initial rate is given by Eqn 1 

_ vl ao + oq [N] 
v, - E--t = 1 +/31[N] +/32 [N]2 / = 1 , 2  (1) 

When the rate of aglycon (phenol) release (Vl) is 
measured, the meaning of the kinetic parameters 
C~o, oq,/31 and /32 is given by Eqns 12-16 and 6 in 
Ref 1 However, the following changes have to be 
made delete Et, change k3 to k'3 and k7 to (k'7 + 
kg) When the rate of glucose or xylose release is 
measured (v2) the meaning of s0,/31 and/32 remains 
the same as for Vl However, al must be replaced by 

Ogll, 
, K1Kak6kT(SP) 

cq = , (12 bls) 
k 3 + (k; + k6)KI(SP) 

For a constant concentration of the nucleopinle, 
E q n l  rearranges to a formal Mlchaehs-Menten 
equation (Eqn 17 in Ref 1) Kap p and kcat, 1 (for vl) 
are given by Eqns 18-19 However, change [I] to 
[N], ka to k '  3 and k 7 to (k' 7 + k9) The meaning of 
kcat, 2 (for v2) is given by Eqn 13 

k;k6 + gakTk6 [N] 
kcat'2 ks +k6 +Ka(k6 +k7 +k9)[N] (13) 

The coeffuclents k '  7 and k'3 are pseudo-first-order 
coefficients k'~=kT[W] and k 'a=ka[W] with [W] 
the practically constant concentratmn of water The 
coefficients k3, k7 and k9 are functions of different 
rate constants winch it is Impossible to evaluate indi- 
vidually For example it is possible that a complex 
ES'W, involving non-covalently bound water, exists 
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