
Mechanism of 
Carbohvdrase Action 

The nature of the intermediate com-
plex that is formed between enzyme and 
substrate during the action of hydrolytic 
cnzymes is one of the oldest problems in 
biochemistry and one that is still far 
from bcing solved. Koshland ( I )  has 
pointed out the probability that there is 
more than one type of reaction mechan- 
ism and intermediate complex involved 
and has reviewed the criteria for dis-
tinguishing various types of interaction. 

Although Koshland and other review- 
ers have drawn many ot their examples 
from thc carbohydrases, it can neverthe- 
less be said that thcie is less agreement 
on the reaction mechanisms involved in 
the action of these enzymes than there is 
on the reaction mechanisms for esterases, 
phosphatases, and proteases. This is pos- 
sibly bccause the immense variety of 
readily accessible carbohydrases has pre- 
cluded the intensive study of more than 
a handful-those that are most interest- 
ing biochcrnically. It  is the purpose of 
this article ( 2 )  to correlate some obser. 
vations (3, 4 )  on the 8-glucoside-split-
ting enzymes of the mold Stnchybotrys 
atra with current theories of enzyme ac- 
tion and to show that these observatioiis 
can be fitted into a conccptual scheme 
that will cover most of our present 
knonledge of the carbohydrases. 

I t  is usual to account for the observed 
facts ( I )  (competing hydrolase and 
transferase actions, retention of configu- 
ration, rupture of the glycosyl-0 bond 
rather than the 0-aglycone bond) about 
the simpler carbohydrases by some such 
two-stage reaction schemc (5, 6)  as 

EO-H 4- RO-glycosyl -+ 
EO-glycosyl f RO-H ( 1) 

EO-glycosyl 3. R'O-H + 
EO-H f R'O-zlycosyl ( 2 )  

where E represents the enzyme molccule 
and R represcnts the aglycone, and 
whcre the enzyme is acting as a hydro- 
lase whcn R' =H, otherwise as a trans-
ferase. 

Morton ( 7 ) ,  in discussing a similar 
scheme for phosphatases, has pointed out 
that the binding of R'O-H at the second 
-"waterx-site is probably quite as spe- 
cific as the binding of the substrate at thc 
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site involved in the first stage of the re- 
action, and he has postulated that the 
enzvmic reaction mav be blocked bv the 
binding of substances at the water site 
which are unable to act as acceptors. 
This type of inhibition-anticompetitive 
inhibition, where the inhibitor prevents 
the dissociation of the enzyme-substrate 
complex-has recently been discussed 
with examples by Dodgson, Spencer, and 
TVilliams (8) and may me11 be more 
common than they belicve. Xnticompeti- 
tive inhibition will give straight lines in 
a Lineweaver-Burk plot (reciprocal of 
velocity plotted against reciprocal of sub- 
strate concentration) which are parallel 
for the inhibited and uninhibited reac-
tions ( 9 ) .  Although, as Ogston has 
pointed out (10) ,it is impossible to argue 
unequivocally from enzyme kinetics to 
any single type of enzyme mechanism- 
for example, the parallel lines in thc 
Lineweaver-Burk plot do not necessarily 
imply anticompetitive inhibition-none- 
theless, the probability of such a mecha- 
nism may be used along with other lines 
of evidence to frame a working hy-
pothesis. 

Beta-glucosidase of Stachybotrys atra 

A study of the brcakdown of !-nitro- 
phenyl-B-glucoside by the 8-glucosidase of 
Stachybotrys a tm ,  in which the kinetics 
were followed by measuring the liberated 
p-nitrophenol, showed that polyhydrox- 
ylic organic molecules inhibiting or ac- 
tivating the cnzymic reaction could be 
divided into three classes: ( i )  typical 
competitive inhibitors; (ii)  substances 
for which the Lineweaver-Burk plot of 
the inhibitcd (or activated] reaction 
gave a straight line parallel to that for 
the control reaction and above (or be- 
low) it, and (iii) substances showing a 
behavior intermediate bctwecn the be- 
havior of classes i and ii. 

When degree of inhibition was plottcd 
against the concentration of inhibitor 
for inhibitors of the second type, a sig- 
moid curve was obtained identical in 
type with the typical dissociation curve 
that relates rcaction velocity and sub-
strate coilcentration. 

The interpretation of these results 
which is adopted in this article (an en- 
largement of the point of view presented 
in an earlier paper, 3 )  is that inhibitors 
of the second type are bound reversibly 
at the acceptor center without being able 
to act as acceptors. Furthermore, since 
the reaction actually observed to be ac- 
tivated or partially inhibited is the lib- 
eration of p-nitrophenol, it follo\vs that 
reaction 1 cannot proceed unless a suit- 
able acceptor to complete reaction 2 is 
also bound to the enzyme. 

The  simplest way of explaining this 
observation is to invoke the "double dis- 
placement" mechanism of Koshland ( I  ) , 
~rh ich  supposes that substrate, active ten-

ter, and acceptor are bound into a single 
complcx that does not break up until 
group transfer from substrate to enzyme 
to acceptor is complete. To  establish this 
firmly, it will be necessary to check that 
the B-glucosidase of Stnchybotrys atla 
ruptures the bond between the glucosyl 
carbon and the bridge oxygen with final 
retention of configuration in the way 
that has already been demonstrated for 
another 0-glucosidase ( I  I ) . 

Activators of the second type may be 
intcrprctcd as being bound with high 
affinity at the acceptor site and as acting 
as more efficient acceptors than water. 
This 1175 no\\ been checked 112) bv ob- 

\ , ,  

scrving the molar ratio of the reducing 
sugar and the /-nitrophenol liberated 
during hydrolysis of fi-nitrophenyl-fi-glu- 
coside by the fi-glucosidase of Stnchy-
botlys atra. In control experiments, this 
ratio is unity, and it has been shown ( 3 )  
that the affinity of the acceptor center 
for free glucose must be very low; this 
contrasts with the behavior of the 0-glu- 
cosidasc of Asjergillus olyzae, where the 
ratio of reducing sugar to !-nitrophenol 
is 0.7 to 0.8 at 50 percent hydrolysis, and 
where oligosaccharides are formed dur- 
ing the hydrolysis (13) .  With the Stnchy-
botrys atra enzyme in the presence of 
0.1M glycerol (type ii activator) the 
ratio is reduced to 0.5, but in the pres- 
ence of 0.01M phenyl-a-cellobioside 
(type ii inhibitor) it remains at unity. 
Thus there is transfer to an activator 
bound at the acceptor center, but not 
to an inhibitor. I n  fact, l-glyceryl-fi-~-
glucoside is readily isolated from enzymic 
digests in which the nitrophenyl gluco- 
side has been hydrolyzed in the presence 
of glycerol. 

Both active centers appear to have 
some binding power ior almost all poly- 
hydroxylic compounds, and the combi- 
nation of type ii activation and competi- 
tive inhibition gives a system in which, 
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for a given combination of enzyme and Table 1. Specificity requirements around the (3-glucosidic linkage for fi-glucosidase, cello- 
zctive agent, there is activation at high biase, and cellulase. 
concentrations of substrate and inhibi-
tion at low concentrations of substrate. 
Similarly, very few weak inhibitors be- 
have as purely competitive inhibitors, 
and (3-glucosides of low affinity for the 
substrate center show considerable type 
ii inhibition of p-nitrophenyl-B-glucoside 
breakdown: as might therefore be ex-
pected, there is inhibition by excess sub- 
strate in the breakdown of all aryl (3-glu- 
cosides. T h e  elements of specificity at 
both centers have been worked out, espe- 
cially at the substrate center where both 
a structure resembling that of the D-glu- 
cose molecule and the possession of an 
aryl-B-glucoside linkage appear to confer 
a n  affinity for the center on the "sub- 
strate" molecule that decreases, the fur- 
ther its structure departs from one or 
both of these feaures. Both must be pres- 
ent bcfore the molecule becomes a true 
substrate for the enzyme. 

These observations are in qualitative 
agreement with the conclusions of 
RiIorita about the normal limit of speci- 
ficity of a wide variety of glucosidases 
as he has recently surnmarizcd them 
(14) .  At the acceptor center it seems 
that both an a-glycosidic linkage and 
portions of the glucose molecule confer 
specificity. There is sketchy evidence 
that specificity at the acceptor center 
may be directed toward the configura- 
tion about carbon atom No. 2 ((2-2) of 
D-glucopyranose in the same way that the 
specificity at the substrate center is 
known to be directed to the configura- 
tion about C-3 (3, 1 5 ) .  L-Arabinose is a 
fairly good type ii inhibitor and aqrees 
with glucose in the configuration about 
C-2 (D-arabinose is a weak competitivc 
inhibitor) ; 2-deoxyglucose ( a  competi- 
tive inhibitor) with no hydroxyl group at 
C-2 shows no affinity for the acceptor 
center, nor do other monoses with a re- 
versed configuration. O n  the other hand, 
D-glucose itself shows little afinity. 

Other Enzymes of Stachybotrys a t ra  

Stachjibotrjis atra produces at least two 
other enzymes capable of hydrolyzing the 
8-glucosidic linkage, both of which seem 
to be produced adaptively by the mold 
as a response to growth on cellulose un- 
der different circumstances. One, the 
"cellulase" of Thomas ( 4 ) ,  splits poly- 
8-glucose chains at random, reducing 
cellulose to a mixture of glucose and 
cellobiose. I t  does not attack cellobiose 
elren though cellotriose is a substrate, nor 
does it attack p-nitrophenyl-8-cellobio-
side as the Irpex cellulase of Nisizawa 
(16) does. A second, the "cellobiase" of 
Youatt ( 1  7 ) ,  attacks cellobiose and poly- 
8-glucose chains by removing the ter-
minal nonreducing glucose residues. I t  
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Specificity requirements around the @-glucosidic linkage 
Enzyme 

Glucosyl moiety 
ppp 

(3-Glucosidase One glucose residue 
Cellobiase One glucose residue 

Cellulase ..\t least one glucose rcsidue 

is a fi-glucosidase but not a fi-cellobio-
sidase, and it  will split phenyl-a-cello- 
hioside to glucose and phenyl-n-gluco-
side. The  basic elements of the specificity 
of the three B-glucosidases of Stachy-
botrys atra at the substrate center for 
effective enzymic action are fairly clear. 

In  Table 1 it is clear that, for cellu- 
lase, either the specificity of one moiety 
of the molecule will eventually have to 
be amended to "at least two @-linked 
glucose residues" or else there is a n  over- 
riding requirement that the sum of the 
two moieties shall be at least three glu- 
cose residues. I t  is here proposed to 
classify enzymes of the type of the (3-glu- 
cosidasc and the cellobiase with a re-
quirement for a specific number of 
monose residues in the glycosyl moiety 
as "exoglycosidases." Enzymes that can 
hydrolyze nonterminal glycosidic link-
ages-that is, enzymes for which the 
number of monose residues in the gly- 
cosy1 moicty is restricted to a minimum 
only-are classified as "endoglycosi-
dases." 

Other pairs of polysaccharidases simi- 
lar to the cellulase pair from Stachy-
botrys ntra are known-for example, 
a-amylase and "gluc-amylase" (18)  and 
the polygalacturonases I and I1 of Ozawa 
and Okamoto (19) .  There is at  present 
no knowledge about the specificity in-
volved in binding at the substrate center 
of the cellulase and cellobiase without 
eflective enzyme action; for exoglycosi- 
dases, at  least, it is obvious that the labor 
involved in synthesizing the compounds 
needed to test even the simplest hypothe- 
sis will preclude a ready answer to such 
questions. 

There is some preliminary evidence 
that the cellobiase of Stac/zybotrjis atra 
is a transferase, but no knowledge for 
(either cellobiase or celiulase of the spec- 
ificities involved in binding at the ac-
ceptor center. 

Hypothesis about Carbohydrases 

The  hypothesis about carbohydrascs 
which is proposed may be briefly stated 
as follows. T h e  acti\rity of all carbohy- 
drases that act as tranrferases with re-
tention of configuration (fi-amylase is the 
only well-studied exception to this type) 
depends on the simultaneous binding at 

Aglycone moiety 
--

,4ryl group 
Aryl group, alkyl group, one or more 

glucose residues 
,4t least one glucose residue 

contiguous active sites of two suitable 
substrate molecules. I n  principle, the 
over-all reaction 

Gly-OR + P O Q  $Gly-OP + Q- t RO-

where Gly represents a glycoryl radical 
and P, Q, and R represent hydrogen 
atoms or suitable organic radicals, is re- 
versible, but in practice the free energy 
change of the reaction drives the reac-
tion sufficiently far to the right in most 
cases for Gly-OR to be labeled "sub-
strate" and PO& "acceptor." T h e  block- 
ing of one or both active centcrs will 
inhibit the enzyme; the substrate centers 
are occupied by competitive inhibitors, 
and the acceptor centers by anticompeti- 
tive inhibitors. 

Both active centers have specificity 
directed toward the nature and configu- 
ration of the groups about the susceptible 
bonds, but this is not absolute, and a 
wide variety of compounds can generally 
be bound to some degree. As the nuin- 
ber of kinds of molecule that can be ac- 
commodated to these specificities dimin- 
ishes, there is a change of enzyme type 
from rather general hydrolases with some 
transferase activity to narrowly specific 
transferases. 

T h e  work of Tlrhitaker (20)  with the 
cellulase of Myrot /z~ciunz  vcrrucaria sug-
gests that, when these specificities are 
directed toward sufficiently large mole- 
cules, they may not be absolutely con-
stant. Brief exposure of the enzyme pro- 
tein to denaturing conditions changes the 
activities toward different substrates to 
different degrees, and Whitalcer believes 
that this is because the slightly altered 
shape of the enzyme surface-the "lock" 
-may allow various substrate molecule 
"lieys" to fit into it better or worse than 
before. 

I n  any case, as the colnplcx net of 
forces involved is directed toward larger 
molecules, it must become increasingly 
liable to disturbance, and the difference 
between enzymes of apparently widely 
different specificities may amount to very 
little in terms of the configuration of t h ~  
enzvme surface. T h e  wav in ~vhich many 
fungi can produce a number of enzymes 
of very similar specificity, or can be 
switched from producing one enzyme to 
producing another related one by small 
changcs in the environmi.nt, suggests 
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that these enzymes are variants oT a fen 
basic patterns. 

IVe may (with qome reservations) 
draw the postulated reaction scheme 
diagrammatically as sho\vn in Fig. 1. 
The nature of the active ccnter E ~vhich 
catalyzes the nucleophilic att'lcli on the 
bonds cannot as yet be specified. The 
important question left undecided is 
whether the reaction is one of metath-
esis or not-that is, is ROQ a product 
of the reaction, or are the final products 
of the reaction besides Gly-OP due to 
the solvolysis of Q+and RO-. 

So far as I arn aware, direct metath- 
esis of the type 

has never been observed, and isotope ex- 
periments have been donc under condi- 
tions where 1'00 = H0F1 (or POH in 
equilibrium with water), although it is 
obviously possible to devise critical ex-
periments if the necesary labeled sub-
strates can be synthesized. Although di- 
rect metathesis mrly be stereochemically 
and thermodynamicaliy unliltely, it is 
possible to iniaginc arrangements of E 
such that the required electronic mecha- 
nism is too bizarre. I t  is suggested that 
a watch should be kept for this type of 
mechanirln in suitable cases such as the 
branching enzymes. 

The apparent reversal of the reaction 

of some carbohydrases-for example, the 

formation of alkylglucosidcs by almond 

emulsin in the presence of high concen-

trations of alcohols and glucose (21) 


Glu-OR -1- I-I-OH +Glu-OH t R-OH. 

~voulcl be nlost readily explained by 
metathesis if the double-displacement re- 
action nlechanism is accepted-that is, if 
Glu-OR tH-OH and Glu-OH t- R-OH 
give the same intermediate state. 

The primary attachment of the sub- 
strate molecule to the enzyme appears 
to be through the oxygen of the glyco- 
sidic linkage; by analogy, a similar at-
tachment of the acceptor groups appears 
likely. For the fl-glucosidase of Stachy-
botrys atra, attachment through S and 
NH groups also occurs ( 2 ) ,  and some 
enzymic activity against S-qlucosides can 
be demonstrated. Since aflinities of 0-, 
N-, and S-glucosides are of the same 
order of magnitude, it does not appear 
that direct coordination to a metal is 
involved; indeed, no carbohydrase is 
known to be a heavy-metal enzyme. 

Furthermore, the more easily electrons 
can be withdrawn from the bond be-
tween the glucosyl carbon and the bridge 
atoms, the more readily this bond should 
be split by nucleophilic agents; in fact, 
the expected order of ease of withdrawal 
of electrons from this bond with varia- 
tions in the bridge atom (XH > S > 0 )  

is found to be the same as the order of 
ease of alkaline hydrolysis. Yet it is the 
opposite of the order of ease of enzymic 
hydrolysis. I t  must therefore be supposed 
that there is some other property of a 
bridging oxygen atom that allows it to 
take part in the formation of an inter-
mediate complex with at least four 
groups bound to the acti\re center and 
that is crucial for enzymic action. 

This interpretation of the matter is 
supported by the obserl~ation that aryl 
glycosides are more readily hydrolyzed 
than alkyl glycosicles by both simple gly- 
cosiclases and alkalis. The electron-nt-
tracting properties of the aromatic ring 
provide a simple explanation for both 
cases. Since the observed effects are herc 
in the direction predicted by the ordi- 
nary electronic theory of reaction mecha- 
nisms, the cffects of replacing O by NI-J 
and S cannot be the result of electronic 
effects on the labile bond. 

It  has recently been recognized ( 2 2 )  
that at least one "carbohydrase" (bac-
terial hyaluronidase) can act by an un- 
saturating rather than by a rep!acement 
mechanism. Such a mechanism dcmands 
an enzyme that can form an activated 
complex without involving an acceptor 
molecule, the complex then decompos- 
ing to unsaturated products by well-
known electronic rearransernents. 

The  Nature of Specificity 

I t  has come to be realized that many 
observations on the relative lability of 
the glycosidic linkage in different classes 
of compounds cannot be explained if the 
glycopyranose ring is visualized in the 
form of the flat ring by which it is con- 
ventionally represented. The ring in fact 
shares with the cyclohexane ring the 
property of potentially existing in "boat9' 
and "chair" configurations, ~vi th one 
chair form being preferred both in the 
solid state and in solution (23) .By con- 
sidering the distribution of axial and 
equatorial bonds in g l ~  \ ariouscosidtxs of 
types, it can be shonn (24, 253 that the 
qlycosidic oxygen is sometimes readily 
accersible for attack by the proton dur- 
iny acid hydrolysis and that it is some-
times heavily masked b? scrrening 
qroup?. 

Similar considerations appll to enzl -
mic hydrolysis, and Gottschallr ( 1 5 ) pre-
dicted the critical i r n p o ~ t ~ n c eof the 
hydroxyl group on C-3 of the ylucopyr'i- 
nose ring for attachment at the substrate 
center of P-glucosidases, by considering 
the distribution of groups in the chair 
form of P-glucopyranose. Even when the 
glycose ring is attached to the enzyme 
surface, it is apparent that free move-
ment of the aglycone portion of thr 
molecule allows an infinite number of 
configurations of the glycosidic linkage; 

Fig. 1. Postulated reaction scheme. 

it is here suggested that in endoglyco- 
sidases the active center and the suscep- 
tible bond can be in only one of their 
possible relative orientations if the ac-
tive complex is to be formed, and that 
this is achieved by a highly specific bind- 
ing of both aglycone and glycose. I n  sim- 
ple glycosidases, there is considerable 
latitude in orientation about the pre-
ferred configuration and no need for a 
specific binding of aglycone. 

For the enzymic hydrolysis of aryl gly- 
cosicles, it is known that ortho-substitu- 
tion is often inhibitory, e\.en though acid 
hydrolysis is speeded up by the <ame sub- 
stitution ( 2 6 ) .I t  appears that this efTi.ct 
is due to hindelecl rotation about the gly- 
cosidic linkaqe. The B-glucosidnse of 
Stachybotlys atta is almost completely 
inactive against derivatives of phenyl-
0-glucoside with one or tno ortho posi- 
tions sub5tituted by healy group?, and 
examination of n~olecular models of such 
a substrate as 2,6-diiodo-4-methyl-phe-
nyl-8-glucoside shows that it is impos-
slble to rotate the glucosyl and aqlucone 
portions of the molecule past each other. 
I t  is apparent that enzyme action can 
take place only when the glucoqidic link- 
aqe can be suitably oriented. There 
seems to be, however, no valid evidence 
that there is for any simple ~lycosidase 
a specific enzymic affinity toward any 
particular nonpolar aglycone group such 
as has been suggested by some authors 
(27). 

The  Active Center 

The picture of carbohydrase action 
presented here still leaves the nature of 
the active center unclear. About it lie 
two molecules held in such orientation 
that both simultaneously ulldergo thr~ 
same attack-electron withdrawal from 
the glycosidic oxygen and nucleophilic 
attack on C-1 (or  their equivalents for 
the acceptor molecule). There is vely 
little evidencc on the action of group-
specific inhibitors on most carboh~drases, 
\\hich are in general inactivated only 
under conditions that denature most pro- 
tein molecules in any case. The only well- 
studied exception to this statement, 
B-amylase, is by definition excluded from 
the type of carbohydrase to which the 
generalizations of this paper apply. 

Myrback (6)  has postulated from the 
results of inhibition experiments that the 
functioning of yeast sucrase depends on 
one or more carboxyl groups on the en- 
zyme molecule being present in an un-
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charged, uncomplexed form. As with sim- 
ilar demonstrations for other enzymes, it 
still remains uncertain what part, if any, 
the carboxyl groups play in formation of 
the actual enzyme complex. 

I t  is perhaps significant that many 
carbohydrases seem to be stabilized or 
activated by macromolecules of rather 
unspecific type-for example, Myrothe-
cium cellulase is activated by a number 
of proteins (28);  yeast sucrase is stabil- 
ized by a mannan that seems to be 
identical with the structural mannan of 
the yeast cell (29)  and Staclzybotrys 
fi-glucosidase ( 3 0 ) and cellulase are both 
stabilized by a compiex polysaccharide 
that seems to be a normal metabolic 
product of the mold. '4 large area of 
enzyme surface must be masked in some 
way to keep the molecule in the active 
state. The functioning of the enzyme 
may involve the configurations of equally 
large areas of enzyme surface rather than 
small "active centers" or prosthetic 
groups. 

When even such an enzyme as testic- 
ular hyaluronidase-an endoglycosidase 
restricted to alternate glycosidic linkages 
along the chain-has been shown (31) 
to be a transferase with apparently much 
the same specificity at substrate and ac- 
ceptor centers, it is apparent that the 
range of facts that can be explained by 
the hypothesis is very large. Thus, the 
cyclizing enzymes that produce the 
Schardinger dextrins are carbohydrases 
that can bind one end of an amvlose 
chain at an acceptor center and the same 
chain at a point six or seven glucose 
residues away at the substrate center. 
From the results of Morton ( 7 ) ,it seems 
that many sugar phosphatases are indis- 
tinguishable in reaction mechanism from 
the carbohydrases, and indeed there is 
no difference in principle between thc 
hydrolysis of, say, glucose-1-phosphate 
and an arylglucoside. 

The postulate of a high specificity for 
the acceptor center, water being a rather 
inefficient competitor with other poten- 
tial acceptors, means that the problem 
of the relatively high efficiency of trans- 
ferase action as against hydrolase action 
can be solved without further special 
hypotheses. Although the acceptor mole 
cules are often transient intermediates of 
the enzymic hydrolysis, present at very 
low concentrations at any time, the fact 

that quite a large portion of the reac-
tion proceeds by transfer in these cases 
is readily explained by assuming suitable 
values of the affinity constants. In the 
event that affinity for a complex mole- 
cule as acceptor is high and for water 
nearly or quite negligible, the enzyme 
~vill be a pure transferase, and a "pri-
mer" will have to be added to allow its 
action to begin. 

Takano ( 3 2 )  has shown that four 
nominally closely related enzymes (the 
fi-glucosidase and 0-galactosidase of apri- 
cot and elder) have each perfectly dis- 
tinct acceptor specificities. The simple 
method of naming a carbohydrase by 
adding -use to the name of its "substrate" 
is seen to be inadequate when the dual 
specificity is so strongly marked. 

Oparin and Bardinskaya (5) have pro- 
tested against the postulation of mecha- 
nisms for the transferase action of poten- 
tial hydrolases that do not involve the 
intervention of water on the ground that 
these reactions do not take place in non- 
aqueous media. Since most active pro-
teins are not in their normal physico-
chemical state in these media in any case, 
and since they would not be expected to 
exhibit their characteristic behavior, the 
question of whether the presence of 
water is necessary to activate transferases 
is an academic one. By suitable definition 
of the "active complex," its presence can 
be made essential or irrelevant. Carbo- 
hydrases can be activated or stabilized 
by largc excess of light-metal cations in 
a way strongly reminiscent of the stabil- 
izing effect of macromolecules; like 
water, they seem to maintain the nec-
essary conditions for enzymic transfer 
rather than to take part in it, and their 
inclusion as part of the reaction mecha- 
nism is likewise a matter of definition. 

Conclusion 

The hypothetical structure erected 
here depends on a single crucial obser- 
vation, the effect of anticompetitive in- 
hibitors and activators on aglycone liber- 
ation by Stachybotrys atra @-glucosi-
dase, an enzyme which apparently acts 
by the "double displacement" mecha-
nism. Such behavior should be readily 
observed in other related enzymes, if it 
exists there. 
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