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other hand, AC activity is also subject to allosteric activa-
tion!! by cytosolic factors as well as by nucleotides like
GTP!*b, If GTPases are inhibited, e.g. by choleratoxin, a
highly activated and persisting state of AC activity will be
elicited similar to that produced by Gpp(NH)p'.
Moreover, in certain membrane preparations GTP and low
concentrations of catecholamines can activate AC activity
in an overadditive manner'%!’. In some experiments we
observed, like other authors’, a decrease of high basal
activity brought about by (4)propranolol (1075 M) up to
50%. From these investigations, it might be speculated that
in membrane preparations GTP is bound to a varying
degree depending on the respective GTPase activity. When
this enzyme activity is low, GTP and small amounts of
catecholamines bound to the membranes might elicit high-
ly preactivated states of AC activity which can be stimulat-
ed by Ipn, Gpp(NH)p and NaF respectively only to a
minor degree. The possibility that other cytosolic factors',
adherent to the cytoplasmic membrane, were also of in-
fluence on the variations of AC activity cannot be excluded.

1 This work was supported by a grant from the Deutsche
Forschungsgemeinschaft.

2 K.D. Hepp, R. Edel and O. Wieland, Eur. J. Biochem. 17, 171
(1970).

1011

3 F. Leray, A.-M. Chambaut, M.-L. Perrenoud and J. Hanoune,
Eur. J. Biochem. 38, 185 (1973).

4 G. Rosselin and P. Freychet, Biochim. biophys. Acta 304, 541
(1973).

5 W. Krawietz, D. Poppert, E. Erdmann, H. Glossmann, C.J.
Struck and C. Konrad, Naunyn-Schmiedeberg’s Arch. Phar-
mark. 295, 215 (1976).

6 J. Bockaert, C. Roy and S. Jard, J. biol. Chem. 247, 7073
(1972).

7 G. Kaiser, D. Palm, K. Quiring and D. Gauger, Pharmac. Res.
Commun. 9, 93 (1977).

8 G. Wiemer, G. Kaiser and D. Palm, Naunyn-Schmiedeberg’s
Arch. Pharmak. 303, 145 (1978).

9 D. Gauger, G. Kaiser, K. Quiring and D. Palm, Naunyn-
Schmiedeberg’s Arch. Pharmak. 289, 379 (1975).

10 C. Mukherjee, M.G. Caron and R.J. Lefkowitz, Endocrinolo-
gy 99, 347 (1976).

11 M. Maguire, T. Sturgill and A. Gilman, Metabolism 24, 287
(1975).

12 C. Brostrom, Y.-C. Huang, B. Breckenridge and D. Wollff,
Proc. nat. Acad. Sci., USA 72, 64 (1975).

13 F. Pecker and J. Hanoune, FEBS Lett. 83, 93 (1977).

14 R. Clark, J. cyclic Nucleotide Res. 4, 71 (1978).

15 M.S. Katz, T.M. Kelly, M. A. Pineyro and R.1. Gregerman, J.
cyclic Nucleotide Res. 4, 389 (1978).

16 D. Cassel and T. Pfeuffer, Proc. nat. Acad. Sci., USA 75, 2669
(1978).

17 M. Schramm and M. Rodbell, J. biol. Chem. 250, 2232 (1975).

Inhibition of a-chymotrypsin by 2-halogeno-ethanols; comparison with 2-methyl-ethanols and urea
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Summary. 2-Halogeno- and 2-methyl-ethanols inhibit a-chymotrypsin in the order of their substituted groups: [1] tri-
> di- > mono-, [2] Br-> Cl-> CHy > F-. The inhibition by the halogeno-ethanols is mediated differently from that by the

methyl-ethanols, ethanol, and urea.

The introduction of a Cl-group instead of the methyl-
group on l-propanol (2-chloroethanol) enhances the ability
to change protein conformation as reported by Tanford!.
However, the effect derived from the change in the sub-
stitution number and species of halogeno- groups remains
obscure. In this report, we present the effect of 2-halogeno-
ethanols (2-fluoroethanol, 2,2, 2-trifluoroethanol, 2-chloro-
ethanol, 2,2, 2-trichloroethanol, 2-bromoethanol, 2,2, 2-tri-
bromoethanol) on the hydrolytic activity of a-chymotrypsin
on N-benzoyl-L-tyrosine-p-nitroanilide? and comparing
them with 2-methyl-ethanols (1-propanol, 2-methyl-1-pro-
panol, 2, 2-dimethyl-1-propanol), ethanol, and urea.
Materials and methods. a-Chymotrypsin (bovine pancreas)
and N-benzoyl-L-tyrosine-p-nitroanilide were obtained
from Sigma, St. Louis, ethanol, l-propanol, 2-methyl-1-
propanol, 2,2-dimethyl-1-propanol, 2-fluoroethanol, 2-
chloroethanol, 2,2,2-trichloroethanol, 2-bromoethanol
from Wako, Osaka, and 2,2, 2-trifluoroethanol and 2,2, 2-
tribromoethanol from E. Merck, Darmstadt.

Enzyme assay. The enzyme reaction was performed at
30°C in 4 ml of a reaction mixture (pH 8.0) consisting
of 1.9 ml of substrate-buffer (1 vol. of 125 mM N-
benzoyl-L-tyrosine-p-nitroanilide in ethanol plus 4 vols of
0.1 M Tris-HCl, pH 8.0, 0.01 M CaCly)), 2 ml of de-
ionized water (a control) or 2 ml of aqueous solutions of
urea or alcohols that are soluble in water in any propor-
tion (A series: urea, ethanol, 1-propanol, 2-fluoroethanol,
2,2, 2-trifluoroethanol, 2-chloroethanol, 2-bromoethanol)

or 2 ml of 5 M ethanolic solutions of the alcohols, in-
cluding some that are hardly soluble in pure water (B
series: ethanol, 1-propanol, 2-methyl-1-propanol, 2,2-di-
methyl-1-propanol, 2-fluoroethanol, 2,2, 2-trifluoroethanol,
2-chloroethanol, 2,2,2-trichloroethanol, 2-bromoethanol,
2,2,2-tribromoethanol), and 0.1 ml of a-chymotrypsin in
0.001 N HCI1 (553 pg/ml). The p-nitroaniline liberated was
determined spectrophotometrically at 400 nm.

Results and discussion. The p-nitroaniline liberated in 5 min
by the a-chymotrypsin in the absence of urea and the
alcohols (a control, 0.0825 pmoles) and in the presence
of urea or the alcohols are given as function of the urea
and alcohols concentration in figure 1.

In series A, urea in any concentration inhibited the enzyme.
Ethanol in concentrations below 1 M had no effect on
activity, and in higher concentrations inhibited the enzyme.
These reagents caused no activation, but all the substituted
ethanols in series A caused perceptible activation at low
concentrations, whereas at high concentrations they inhibit-
ed the enzyme. Urea, which has no hydrophobic group,
destabilizes native conformations by negative free energies
of transfer from water to urea of hydrophobic groups~
and polar groups®. Therefore, though it is not evident, it
is possible that the different profiles in series A (urea
and ethanol, inhibition; substituted ethanols, activation to
inhibition) resulted from their different ability to invade
the hydrophobic regions in the enzyme. The inhibition
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Fig. 1. Activities of a-chymotrypsin on N-benzoyl-L-tyrosine-
p-nitroanilide in the presence of ethanol (X — X ); 2-halogeno-
ethanols:  2-fluoroethanol (A—A), 2,2,2-trifluoroethanol
(A——A), 2-chloroethanol (V—V), 2,2,2-trichloroethanol
(¥ —YV), 2-bromoethanol (ll—M); 2-methyl-ethanols: 1-pro-
panol (O——0O), 2-methyl-1-propanol (® —@), 2,2-dimethyl-
1{-propanol (@ @®); and urea ----- ). Reaction was performed
at 30°C for 5 min in 4 ml of reaction mixture (pH 8.0): 1.9 ml
of substrate-buffer, 2.0 ml of deionized water (a control) or
2.0 ml of aqueous solutions of the alcohols or urea (A), or
2.0 ml of 5 M ethanolic solutions of the alcohols (B), and 0.1 ml
of the enzyme solution.

effectiveness of the alcohols among the substituted groups
is ordered as Br-> Cl-> CHj-, F;-> F- (> ethanol).

In series B, all the alcohols inhibited the enzymes in the
order of Bry>Cly->(CHj);-> Br->(CH,y)->Cl->CH
> (> ethanol)>F->F,-. Because, considering the fluoro-
ethanols and ethanol, reverse orders are obtained between
A and B, the presence of ethanol apparently reduces the
inhibition effect of the fluoro- groups.

From A and B, the inhibition effectiveness among the
substituted groups is summarized as [1] tri-> di->mono-,
2] Br->Cl->CHjy>F-. These orders cannot be com-
pletely exlxalained by van der Waals’ volume’ or the electro-
negativity® of the groups.

The time-dependence of the activities with about 50%
inhibition in figure 1A was examined. Figure 2 shows
the profiles for 3.0 M urea, 2.5 M 1l-propanol, and 2.0 M
2,2, 2-trifluoroethanol. The reaction with urea and 1-pro-
panol proceeded almost linearly up to 5 min and there-
after non-linearly, but with 2,2, 2-trifluoroethanol, on the
contrary, non-linearly up to 5 min and thereafter linearly.
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Fig. 2. Time-dependence of the activity of a-chymotrypsin in the
presence of 2.5 M 2,2,2-trifluoroethanol (@ —@), 2.0 M 1-pro-
panol (O—0O), 3.0 M urea (----- ), and in the absence of any
modifier ( ), the conditions as for A in figure 1.

The profiles with 0.5 M 2-bromoethanol and 2.0 M 2-
chloroethanol were the same as that with the trifluoro-
ethanol. The non-linear progress indicates the presence of
slow change in the enzyme conformation; the change
occurs more readily for the halogeno-ethanols than urea
and 1-propanol. It is to be noted that the profile with
1.0 M 1-propanol (in the activation range) is almost the
same as that with 2.5 M in the time below 5 min.

All this shows that the alcohols can be divided into 2
groups: halogeno-ethanols, methyl-ethanols, and ethanol
according to their inhibition effect. The latter group rather
resembles urea in its inhibiting behavior. X-ray studies® !
show that hydrophobic interaction among hydrophobic
groups in the enzyme is important in maintaining the
configuration of the active sites and the charge-relay
system!%!; such hydrophobic groups are the same in
quality as the methyl- group!® and differ from the halo-
geno- groups'* in their hydrophobic nature. Therefore,
the halogeno-ethanols inhibited the enzyme probably
through effective and rapid perturbation of the configu-
ration and the methyl-ethanols, ethanol, and urea, on the
contrary, through an extensive change in the native con-
formation rather than such local perturbation.
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