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Catalysis of Ester Hydrolysis by
Mixed Micelles containing
N-a=-Myristoyl-L-Histidine

Abstract. Model compounds are de-
scribed for the study of the properties
of amino acid side chains in the sur-
face of micelles. Mixed micelles of
N-q-myristoyl-L-histidine and cetyl-
trimethylammonium bromide catalyze
the hydrolyses of p-nitrophenyl acetate
and p-nitrophenyl caprylate at much
higher rates than imidazole or histidine
do. The reaction shows a kinetic be-
havior similar to that of surface-cata-
lyzed reactions.

Kauzmann (J) has emphasized the
importance of hydrophobic bonding in
stabilizing the native conformation of
proteins. This postulate has received
support of Kendrew’s (2) and Perutz’s
(3) x-ray data which implies that in
many regions the orientation of the
side chains in proteins is similar to
that occurring in micelles of amphi-
pathic molecules (I, 3, 4). That is,
the nonpolar amino acid side chains
are directed away from the water in
close van der Waals contact, whereas
the polar side chains are directed so
that they have maximum contact with
water. This orientation would place
many functional side-chain groups ad-
jacent to or within hydrophobic re-
gions, giving them properties which
might differ from those expected if
these same groups were in an aqueous
environment (5).

We report an initial example of a
model system (6) which permits study
of the properties of amino acid side
chains when they are present at the
lipid-water interphase. For this pur-
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pose, compounds with the general
formula (I) may be synthesized; R,
and R, are hydrocarbon chains whose
length may be varied depending on the
hydrophilic nature of the amino acid
functional group Rj;. In this manner,
the proper hydrophilic-to-hydrophobic
ratio could be maintained to yield the
desired solubility in water and the de-
sired micelle-forming character (4).
These micelles would have the hydro-
carbon chains directed away from the
water, while the amino acid side chain
would lie in the micellar surface at
the lipid-water interphase. Both R,
and R, need not be present simul-

taneously, because only one hydrocar-

bon chain of proper length is neces-
sary for micelle formation.

CH—Ny
CH

%H—N/
: I
CH CH

S

R, R (CH, )2
i,
1 I

The imidazole group of histidine is
apparently involved in the active center
of enzymes (7). Also, histidine-contain-
ing peptides (8) and imidazole per se
(9, 10) can catalyze the hydrolysis of
esters. We therefore have made tests
to ascertain whether histidine, when
located in a micellar surface, can cata-
lyze the hydrolysis either of p-nitro-
phenyl acetate (NPA) or of p-nitro-
phenyl caprylate (NPC). For this pur-
pose N-q-myristoyl-L-histidine (II) was
synthesized (/7). Initial findings indi-
cated that aqueous solutions of (II) at
pH 7.2 did not accelerate the hydrolysis
of NPA. These solutions, although
clear when initially prepared, became
opalescent on standing and showed
strong flow birefringence, indicating
that marked association occurred. Also,
it seemed likely that the micelles formed
by (II) would have the ionized carboxyl
groups on the surface, decreasing any
possible interaction of the ester with
the imidazole group. In order to over-
come these difficulties, mixed micelles
of II and cetyltrimethylammonium
bromide (III) were studied. The rate
of NPA hydrolysis increased markedly
as the ratio of III to II was increased,
a maximum rate being attained at a

ratio of 20:1. In the case of NPC, the
maximum rate of hydrolysis occurred
at a ratio of 2:1 and decreased sharply
at higher ratios. All solutions at ra-
tios of (III) to (II) greater than one
were clear and showed no opalescence
on standing.

When the rate of formation of p-
nitrophenolate ion was studied under
conditions where the concentration of
(IT) was greater than that of the ester,
satisfactory pseudo-first-order Kkinetics
were observed. In view of the varia-
tion in the extinction coefficient of the
p-nitrophenol in the presence of vary-
ing concentrations of detergent, the
specific rate constants were calculated
from the amount of p-nitrophenol lib-
erated at infinite time (20 to 40 hours)
determined for each experimental
point. Typical curves from which the
specific pseudo-first-order rate con-
stants, k., were obtained are shown
in Fig. 1. These rate constants were
corrected by subtracting the rate con-
stants obtained in the presence of (III)
alone (less than 3 percent in all cases
studied) (/2). At low concentrations of

L L ' ' .
5 10 15 20 2% 30
Time (min)

Fig. 1. Pseudo-first-order rate constants
for the hydrolysis of p-nitrophenyl acetate
by mixed micelles of N-a-myristoyl-L-
histidine (II)-cetyltrimethylammonium bro-
mide (III). In addition to the concentra-
tions of II shown in the figure, the assay
system contained a 20-fold greater con-
centration of III, both dissolved in 50 mM
tris-HCI buffer, pH 7.2. To this was added
10 ul of the NPA (3.45 to 6.91 X 10°M)
dissolved in acetonitrile. The rate of p-
nitrophenol liberation was measured by
following the change in optical density
at 400 mu at 25 =+ 0.5°C in a Cary 15
recording spectrophotometer. a is the opti-
cal density of the p-nitrophenol liberated
at infinite time. x is the optical density of
the p-nitrophenol liberated at the times
indicated.
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Table 1. Specific rate constants for the
hydrolysis of p-nitrophenyl esters by mixed
micelles of N-q-myristoyl-L-histidine (NMH)
and cetyltrimethylammonium bromide
(CTAB). Conditions are the same as in
Fig. 1. At all concentrations of II and III
studied, the surface tension of the solutions
gave values of 34 to 37 dyne/cm.

kot
NMH CTAB Kops™ (liter
(10°M) (10~*M) (min-) mole-*
min)
p-Nitrophenyl acetate (3.45 to 6.91 X 10-°M)
4 8 2.41 x 102 602
5 10 3.02 X 102 604
6 12 342 X 10* 570
7 14 3.94 X 102 563
8 16 4.49 x 102 561
10 20 5.17 X 102 517
20 40 9.12 x 102 456
30 60 12.81 X 10~ 427
40 80 15.34 X 102 384
50 100 18.94 x 10 379
p-Nitrophenyl caprylate (9.0 X 10-°M)
4 0.8 1.26 315 x 10?
5 1.0 1.36 272 X 102
6 1.2 1.51 252 X 102
7 1.4 1.63 233 X 10?
8 1.6 1.64 205 X 102
10 2.0 1.78 178 X 102

* kons was corrected for the rate of hydrolysis
observed in the presence of cetyltrimethylammo-
nium bromide alone. t ke = kovs/concentra-
tion of N-a-myristoyl-L-histidine (9).

catalyst, when NPA is used as substrate,
the rate of ester hydrolysis as the con-
centration of II is increased appears
to be proportional to the catalyst con-
centration; at higher concentrations,
the rate. is independent of catalyst
(Table 1). These results can be ex-
plained if it is assumed that the
initial step in the reaction sequence
involves the formation of an adsorp-
tion complex between the ester and the
mixed micelle. Then under conditions
where [II] > [ester] (square brackets
indicating concentration), the substrate
should become saturated with respect
to catalyst (/3). In the case of the
NPC hydrolysis, this ester appears to
have a higher affinity for the mixed
micellar catalyst so that the limiting
value is reached at lower catalyst con-
centrations. This would be expected
because of the longer, more hydro-
phobic acyl chain present.

If the reciprocal of kg, is plotted
against the reciprocal of the concen-
tration of the catalyst from the values
shown in Table 1, a straight line is
obtained for both esters, a further in-
dication that the kinetics of the re-
actions studied show saturation phe-
nomena. The k, values (Table 1) for
NPA hydrolysis are higher than those
reported (8) for histidine hydrochloride
(k, = 6), imidazole (k, = 20) or
histidyl-peptides (k, = 15 to 147).

The liberation of p-nitrophenol is
apparently accompanied by the simul-
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taneous formation of an N-imidazole-
acyl- N-q-myristoyl-L-histidine interme-
diate, and the subsequent hydrolysis
of this intermediate is rate-limiting in
the overall hydrolysis of the esters.
Under conditions where the [ester] >
[II], approximately 1 mole of p-
nitrophenol per mole of II is liberated
instantaneously (74).

The kinetic behavior of our model
makes it quite similar to enzyme-
catalyzed reactions.
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in Structure

Lactones as Inhibitors of the
Fibrinolytic System

Abstract. Caprolactone, valerolac-
tone, and butyrolactone inhibit pro-
teolytic and fibrinolytic activities of
human plasmin. In very low concentra-
tions, they also inhibit activation of
plasminogen through plasmin-strepto-
kinase activator and human urokinase.
The degree of inhibitory potency de-
pends upon the number of carbon
atoms in the lactone.

Aliphatic aminocarboxylic acids act
as inhibitors of the fibrinolytic system.
Their effect upon the activation proc-.
ess of plasminogen is stronger than
their action upon plasmin itself. The
activity of these compounds is maxi-
mum, when there are six carbon atoms
in the chain and the amino group is
located in terminal position (/). Lac-
tams also inhibit fibrinolysis competi-
tively, and caprolactam exerts the

- strongest inhibitory action (2).

We studied lactones to determine
whether the simultaneous presence of
carboxylic and amino groups in both
the aliphatic and cyclic compounds
causes inhibition, or whether the spe-
cific polarity of the cyclic arrange-
ment alone is of importance for the in-
hibitory effect. Lactones are the inter-
nal esters of carboxylic acids, which
correspond to lactams in their cyclic
configuration, but which do not have
the amino group; they also exert inhibi-
tory effects in other biological sys-
tems (3).

By means of the casein test (4), we
investigated the influence of caprolac-
tone, valerolactone, and butyrolactone

HoO 0 NS

005 o1 %

Fig. 1. Competitive inhibition of human
plasmin in the casein test by 0.5M capro-

lactone (: ), valerolactone (———), and
butyrolactone (-:—-— ). Control or action
of plasmin without lactone (...... ). S,

concentration of substrate in milligrams of
casein per milliliter; V, extinction at 280
myu of supernatant, that is, the fraction
soluble in chloroacetic acid.
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