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1. introduction

New reagents for determining the operational
molarities of solutions of bovine trypsin and chymo-
trypsin have been developed recently in ihis labo-
ratory {1, 2]. These and several other compounds
were found not to be suitable for titrating sojutions
of bovine thrombin. We have now found that p-nitro-
phenyl »'-zuanidinobenzoate (NPGB), which has
been synthesized recently and used as a titrant for
trypsin by Chase and Shaw {3}, is an exczllent re-
agent for determining the operationzal molarity of
su.ations of bovine thrombin. A stoichiometric
amount of p-nitropherol is rapidly liberated by the

enzyme. The zero-order constants, X, for the hydro-

iysis of A-benzoyl-1-arginine ethyl ester (BAEE} by
thrombin and trypsin are similar in pragnitude. The
zate of acylation of thrombin by NPGB has been de-
termined bLiy the stopped-fiow technique. The kine-
tics of inhibition of thrombin by 7-amino-1-chloro-
-3tolienep-sulphonamido-2-butancne {YLCK) have
been determined using NPGB to titrate residual en-

_ zyme activity in aliquots of reaction mixiure re-
moved at intervals of time.

2. Experimental

Bovine thrombin was either a gift from Dr. S. Mag-
nusson OF 'wWas Prepared by his method {4, 5};solu-
tions of thrombin were centrifeged a1t 20000 g for 10

min before use. Human plammn, obtained by glycerol -

.Nor:h Hoiland hbluhmg Compmy Amterdam

2~tivation of plasminogen, was a gift from Dr. P

" Wallén. NPGB was synthesized by the muthod c.f

Chase and Shaw {3] ; stock soluticns in /V-methyi-
pyriolid-2-one were not stored for lenger than two
days. Measurements of light absorption were made
using an Optica CF 4 single-oeam specirophniomeier
with a ¥ sec response Honevwell recordzr. The kine-
tics of reaction between NPGB and thrombin were
followed by the stopped-flow technique; the appa-
ratus of Gibson and Milnes [6] was attachzd to the
spectrophotometer [1] and the progress of the reac-
tion was displayed on a Tekironix 564 storags oscil-
loscope.

2.1. Determinaticn of the operational molarity of
thrombin solutions

Thrombin solution {(0.15—-1.50mgin 3 mi}in
6.1 M-sodium barbiturate buffer, pH 8.5, was placed
in a cuvetze of S0 mm Jight path at 25° in the spec-
trophotometer. Buffer (3 mi} was placed in the ref-
erence cuvetie. 5 mM-NPGB in V-methylpyisoilid-2-
one {0.03 ml) was added to each cell, the solutions
were mixegd, cell lids were replaced and the light ex-
tinction was measuzed at 410 mp within 30 sec of
addition of ester. The amount of thrombin present
was calculated from the concentration of p-nitro-
pheno] produced (€430my = 16 595 at pH 8.3 and
25° [31). No tuir.over due to thrombin-camalysed
hydrolysis was Gefected, but NPGB was slowly hy-
drelysed non-enzymatically. The burst of p-nitrophenol
was shown in sepurate experiments io be independent

~ of substrate concentration in the range 16.6-382.0
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Fig. 1. Progicss of the reaction between NPGB and thrombin
#2 1 H 8.3 2nd 25° followed at 410 my.

4M and te be proportional to thrombin concentration
in the rapge 0.3—7.6 pM. After reaction with NPGB,
cleiting and =sierase activities of thrombin were de-
stroyed.

Usisg a standardized thrombin solution, kg for the
hydrolysis of BAEE by thrombin using a pH-stat was
found to be 12.5 + 0.9 sec™1 at pH 8.4 and 25° in the
presence of 0.1 M sodium chloride.

2.2 Kinetics of reaction of NPGB with thrombin

* A 0.2 mM solutiun of NPGB in M-methylpyrrolid-
2-one — water (1:49) was prepared by dilution of a
10 mM stock solution in A-methylpyrrolid-2-one.
Equal volumes of the diluted ester solation and of
thrombin {0.5 mg/ml) in 5 :aM scdium barbiturate
sohriton, pB 3.3, were mixed at 25° by the stopped-
flow technicue and the change in percentage trans-
mission of light at 410 my was recorded oscilloscop-
ically {fig. 1). The regression curve of Jog;q (£’ — E)
on i, where E’ and £; are extinction values at times
#;and t; +7 {71, was mlculated by the least squares
methoﬂ and the first-order rate constant was found
10 be 4.05 * 0. 30 sec—3.

2.3. Xinetics of reaction of TLCK with thrombin

" Thrombin {10.6 uM) and TLCK {2.41 mM) were
allowed to zeact at 20° in 0.1 M sodium barbiturate
-bufier at pH 8.3. Aliquots were withdrawn at inter-
vals and residual active thrombin was titrated with -
NFGB. First-order kinetics (k~4.4 X 1073 sec—1)’
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were observed for at least 75% of the teaciion; slight
deviations therefore were probably due to competing
kydrolysis of TLCK, but complete inhibition of reac-
ticn towards NPGB and of esterase and clotting acti-
vities was achieved. The velocity at zero time was com-
puted by a curve-fitting procedure and the second-
orde;l' rate constant was found to be 1.32 2 .05 M-1
sec™,

3. Discassicn

NPGB folfils the requirements {1, 81 of a specific
titrant of thrombin. The enzyme is acylated rapidly

. and the 1ate of deacylation is negligible within the

time required to measure the *burst’ of p-nitrophenol.
Approximately 50% of the enzyme was found to be.
active based or a molecular weight of 33700 §9]. Al-
though the percentage purity is apparenily low, there
is evidence [1Q, 11} that thrombin binds peptides
rather firmly. With a standardized solution of throm-
bin, the value of kg for the hydrolysis of BAEE was
found 3o be very similar to the vah-es reported for
human thrombin {12] and bovine trypsin {3].

The reaction of TLCK with thrombin appears to
be somewhat slower than the corresponding inhibi-
tion of trypsin. Shaw, Mares-Guia and Cohzn [13]
report a second-order rate constant of 5.6 M—1sec—3
for the latter reaction at pH 6.0 and 25°. This rate
constant was about five times greater at pH 8.0. Al-
though it is noi known if TLCK reacts with a histi-
dine residue at the active centre of thrombin analo-
gous 1o the infibition of trypsin, the present work
indicates that TICXK and NPGB react at the same or
cverlapping sites in thrombin. That this site is the
active centre follows from our observation that the
imteraction of TLCK or NPGB wiih thrombin com-
pletely inhibits clotting and ester: se (BAZE) activities.

Plasmin, derived from human plasminogen by ac- -
tivation in 50% glycerol, did not Liberate p-nitrophe-
ncl from MNPGB. In contrast, Chase and Shaw [14]
have found that plasmin produced by urokinase ac-
tivation of human plasminogen, is acylated by NPGB.
These observations presumably seflect 2 significant
diiference in structure of the plasmm which stenis
fmm ﬂle two methods of achvatlon ‘'of the zymogen.
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