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274 (¢ 8.300, 9.800). Anal. Calcd. for C,H,;0,N;: C, 44.45; H, 5.39; N, 17.28. Found: C, 44.39; H, 5.57;
N, 17.05.

Method B (from II) To a solution of 0O22'-cyclocytidine hydrochloride (1I) (1 g) in water (40 mly
was added 2nv KOH (3.8 ml) and the solution was allowed to stand for 4 hours at room temperature with
stirring. The reaction mixture was treated with Diaton SK-1B (ammonium form, 16 ml) in batch and
the resin was removed by filtration. The filtrate was concentrated to dryness ¢ vacuo to give white prisms
{0.76 g) in 82.09% yield. Recrystallized compound was identical with arabinosylcytosine obtained by the
method A by all criteria.

Method C (from I)——A suspension of cytidine (35.0 g) in ethyl acetate (3.5 liter) was refluxed with
partially hydrolyzed phosphorus oxychloride (316 ml, POCl;/H,0=1 mole/mole) for 2 hours. The reaction
mixture was cooled and poured into ice water (3.0 liter) with stirring to hydrolyze completely phosphorus
oxychloride. The acidic solution, after ethyl acetate was removed by evaporation from it, was subjected
to the column of Diaron SK-1B (acid form, 2.45 liter) followed by washing with water (16.6 liter) and elution
with chilled 2y KOH solution (4.0 liter). In order to make the elution effective the alkaline solution was
circulated through the column. The eluate, after removing potassium ion by Diaron SK-1B (ammonium
form, 8.5 liter), was passed through the column of Diaton SA-11B (borate form, 0.42 liter) to remove un-
reacted cytidine and the resin was washed with water. The effluent containing III and washings were
combined and it was concentrated to a small volume to give white prisms (22.0 g).

Recrystallization from minimum amount of water gave pure material which was identical with arabino-
sylcytosine obtained by the method A.
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The purity of an enzyme preparation and hence the operational normality of an enzyme
solution cannot be fully determined by catalytic rate assay alone. For this purpose “‘titra-
tion” methods using a specific reagent which reacts stoichiometrically with enzyme active
sites have been described.¥ p-Nitrophenyl p-ami- ‘
dinobenzoate hydrochloride (NPAB) 1 was proposed HN %)
to be a good reagent for active site titration of  HCI /C@-C—O-@—NOZ
trypsin (EC 3.4.4.4)9 in connection with our studies HN
of synthetic trypsin inhibitors.® Only fifty to : 1
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idem, Biochemistry, 8, 2212 (1969); R.J. Baughan and F.H. Westheimer, Anal. Biochem., 29, 305 (1969).

5) K. Tanizawa, S. Ishii and Y. Kanaoka, Biochem. Biophys. Res. Comm., 32, 893 (1968).
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seventy %, molecules were observed to have the active site in solutions of commercial trypsin
preparation,® whose total protein concentrations had been determined based on absorbancy
as usual. The result was consistent with those obtained by other titrants.%” The present
note describes two examples of further application of NPAB as a titrant of trypsin.

Experimental

Materials Highly purified soybean trypsin inhibitor (STI) was prepared from soybean flakes by
the method described previously.® Trypsin was a Worthington, TRL-7FA and benzoyl-L-arginine ethyl
ester hydrochloride (L-BAE) was a gift from Ajinomoto Co. Ltd.

Methods The enzyme and STI were mixed and incubated at the concentration of 7.70 x 10—% and
0—7.65 x 10-8m, respectively, at 25° for 5 min® in 50 ml of 0.02m CaCl,, 0.1 KCI (pH 8.2), and then the
substrate was added to the final concentration of 4.9 x 10—*m. The rate of hydrolysis at pH 8.2 was measured
by a Radiometer pH-stat titrator Model TTTIc at 95° with 0.028 NaOH under nitrogen stream. Trypsin
and STI concentrations were calculated based on the molar absorbancy coefficient at 280 mu to be 39000
and 21600,% respectively.

Kinetic parameters were determined from Lineweaver—Burk plots. The hydrolysis of L-BAE by trypsin
was carried out in 0.025M CaCl, or 0.02m KCl at 25°; pH 8.0. '

Result and Discussion

Stbichiometry of Interaction between Trypsin and Soybean Trypsin Inhibitor

" Soybean trypsin inhibitor is a well known protein with its inhibitor effect.’® It was
recently demonstrated that the inactivation is accompanied by the formation of a stable
complex between the enzyme and the inhibitor.*) Ozawa and Laskowski'? presented evi-
dence that the interaction of trypsin with STI results in the proteolytic splitting of a labile
peptide bond in the inhibitor and that the “active serine”’ of trypsin participates in the forma-
tion of a stable acyl-enzyme bond. However, the stoichiometry of this inactivation has not
been precisely defined due to impurity of trypsin samples,” although Kunitz earlier proposed
the one to one binding of the enzyme with the inhibitor.2*'® By means of potentiometric
measurement, Laskowski, e al. showed that, assuming the 100% purity of STI, an active
portion of trypsin associates with the inhibitor.!® Purification of commercial trypsin was
tried in relation to STI-binding capacity.’® Chromatographic purification of the enzyme has
been advanced using a “small-molecule” titrant.” Shaw, e al. recently revealed that com-
mercial bovine trypsin contains several types of limited autodigestion products, whose activi-
ties are more or less different from that of the native species.®

In order to confirm the stoichiometry of the inhibitory action of STT definitely in terms of
the concentration of the active site of trypsin, the use of NPAB seemed preferable because it
can well be employed as a titrant at pH range around 8, where usual binding experiments of
STI are performed. Thus the rate of tryptic hydrolysis of L.-BAE was examined as a function
of STI vs. trypsin mole ratio at pH 8.2. Tig. 1 presents the stoichiometry of the inhibitory
action of STI obtained in this manner. The extrapolation of the remaining activity to zero
gave 0.51 as[I]/[E,] value for complete inactivation. This result indicates that one mole of

7) S. Papaioannou and I.E. Liener, J. Chromatog., 32, 746 (1968).
8) M. Yamamoto and T. Ikenaka, J. Biochem. (Tokyo), 62, 141 (1967).
9) N.M. Green, J. Biol. Chem., 205, 535 (1953).
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12) Y. Ozawa and M. Laskowski, Jr., J. Biol. Chem., 241, 3955 (1966).
13) J. Kunitz, J. Gen. Physiol., 19, 991 (1936).
14) J. Lebowitz and M. Laskowski, Jr., Biochemistry, 1, 1044 (1962).
15) P.O. Ganrot, Acta Chem. Scand., 20, 175 (1966).
16) D.D. Schroeder and E. Shaw, J. Biol. Chem., 243, 2943 (1968); R.L. Smith and E. Shaw, ibid., 244,
4704 (1969).
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trypsin is inactivated by 0.51 mole of STI on
absorbancy basis. This stoichiometric value is
in substantial agreement with the normality
value, 55%,, of the stock solution of trypsin
obtained by the NPAB titration at pH 8.2 in
the same manner as described previously.? Ap-
parently the inactive species to NPAB in the
trypsin sample does not interact with STI. The

v (107°M*min™")

above results obtained at the same pH may 0 0.2 0 . o.[sE] 0.8 10
. . /B,
therefore add a chemical evidence on the norma-
lity basis that the inactivation of trypsin by STI Fig. 1. Stoichiometry of STI Inactivation
takes place with one to one stoichiometry of the Tryptic hydrolysis of benzoyl-v arginine ethyl ester
. . . Jg 17 hydrochloride (L-BAE) as a function of STI vs. tryp-
active species of the enzyme and the inhibitor.1? sin mole ratio at pH 8.2, 95°.

Real Turnover Number of Trypsin aginst BAE as a Substrate

Kinetic parameters of trypsin substrates have usually been calculated from apparent
enzyme concentrations used, which are determined based on absorbancy coefficient or on
nitrogen centent'®. For reasonable estimation of these parameters as a real measure of enzy-
matic activities, it is desirable to calculate them based on real concentrations of the active
enzyme. Table I lists the kinetic parameters derived from the Lineweaver-Burk plots of the
tryptic hydrolysis of L~-BAE. Definition of these parameters are that described previously.1®)
The values of turnover number, %,,,, were obtained by dividing observed V. by trypsin
concentration, which was determined based on the titration with NPAB. Thus these real
k.., values are nearly twice greater than conventional values as shown in Table I.

TaBre I.  Kinetic Parameters for Tryptic Hydrolysis at pH 8.0, 25°

Medium Eeas (sec™?) K (M)

0.025m CaCl, 31.1 : 3.6x 10t
: 14.62 . 4.3 x 10-%®

0.2m KCI v 19.3 ' 7.8x10-¢
‘ 840 . ‘ - 1.0x 10-5@

[S]: 1.84x10-5—6.98 X 10~*m *  [E]: 2.70 x 10~
a) lit.18

Studies on further application of this reagent as a tltrant of trypsm and the related enzy-
mes are currently under way.
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