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SUMMARY: Hydrolysis of Lys-Arg-Pro-Pro-Gly-Phe-Ser-Pro-Phe-
-Arg-Ser-Val-Gln-Val-Ser by trypsin (EC 3.4.21.4) yields
lysyl-bradykinin by rupture of the Arg-Ser bond. The kcat/Km
value found for this hydrolysis was 1.4 x Hﬂﬁ M'%<secéa which
is 107>-fold higher than that obtained for the hydrolysis of
bradykinyl-Ser-Val-Gln-Val-Ser. This effect was abolished by
acetylation of the lysine amino groups of the pentadecapeptide.
Contrarywise, the esterolytic activity of trypsin on bradykinin
methyl ester was the same as in lysyl-bradykinin methyl ester.
The high susceptibility of Lys-bradykinyl-Ser-Val-Gln-Val-Ser
to trypsin catalysis is striking because: a) it constitutes
the first example that an amino acid residue distant from the
bond split may enhance trypsin catalysis; b) this pentadeca-
peptide is the best synthetic substrate so far described for
trypsin and c¢) the value of k /K _ for its hydrolysis is

. cat’"m
unusually high for proteases.

INTRODUCTION: In most of the kinetic studies on trypsin cata-
lysis, N-substituted arginine or lysine esters and amides have
been used as substrates. Few kinetic data have been reported
for the hydrolysis of peptide bonds by trypsin. Yamamoto &
Isumiya (1) studied the susceptibility to trypsin of the homol-
ogous peptides (Gly)Z—Lys-(Gly)n, where n = 1 to 4, and Nishing,
Mitsuyasu and Isumiya (2) studied the hydrolysis of synthetic
insulin B chain fragments, with four and five aminoacid residues.
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We have recently (3) reported on the kinetics of the
tryptic hydrolysis of two bradykinin containing peptides, BK-R
and BK-OMel. This paper presents the kinetic constants for the
tryptic hydrolysis of Lys-BK-R and Lys-BK-OMe, and it discusses
the effect of the N-terminal lysine residue on the hydrolysis

of these peptides.

MATERIALS AND METHODS: Peptides were synthesized by the solid

phase method (4, 5). After completion of the last coupling
reactions for the synthesis of BK-R and of BK-OMe, parts of the
resins were used respectively, for the synthesis of Lys-BK-R
and Lys—-BK-OMe. The cleavages and deprotections of the esters
and of the tetra and pentadecapeptides from the solid support
were made as described before (3). The peptides were purified
by ion exchange chromatography until the previously described
(6) purity criteria were met. The properties of BK-R and BK-OMe
have been described before (3). Table I gives the properties

of Lys-BK-R and Lys-BK-OMe. The relatively low peptide contents,
which were identical as determined by three different methods,
are due to the peptides being in the tetra-acetate form and to
their water and salt contents. Ac-Lys-(Ac)-BK-R was prepared
by acetylation of Lys-BK-R by the method of Vithayathil and
Richards (7) until free amino groups were not detectable by
fluorescamine. The concentrations of Ac—Lys(Ac)—?K—R solutions
were determined by amino group analysis with TNBS, after comple-
te hydrolysis with trypsin.

Enzymes - Twice crystallized, dialyzed, salt free bovine trypsin
from Worthington Biochemical Corp., Freehold, N.J., was used.
We verified that it was free of chymotrypsin, carboxypeptidase
B and aminopeptidase activities since prolongued incubations
of BK-H and Lys-BK-H with high concentrations of the trypsin
did not lead to any change in their biological activity. A
stock solution (1 mg/ml) of the enzyme was made in 1 x 107
HCl and kept at 4-5°C for not more than a week.  After deter—
mining the active enzyme concentration with NPGB according to
Chage and Shaw (8), diluted solutions were prepared in cold

M HCl immediately before use and kept in silicone-coated
glass tubes in an ice bath. The horse urinary kallikrein
(EC 3.4.21.8) preparation used was the same one described in a
previous paper (3).

Other reagents - TNBS was prepared as described by Golumbic,
Fruton and Bergmann (9) and purified according to Fields (10);
Tos~Arg-OMe was purchased from Sigma Chemical Co., US2Z; fluores-
camine was a generous gift from Dr. S. Udenfriend, Roche Insti-
tute, USA; NPGB was kindly supplied by Dr. E. Shaw, Brookhaven
National Laboratory, USA.

1 Abbreviations: BK = bradykinyl: (Arg-Pro-Pro-Gly-Phe~Ser-Pro-
~Phe-Arg-); R = -Ser-Val-Gln-Val-Ser; TNBS: trinitrobenzene-
sulfonic acid; NPGB: p-nitrophenyl-pt-guanidino benzoate.

101



BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Vol.72,No. 1, 1976

1 = £31a130® H-Yg-s4T1 fuoijeaedead wnalT 9yl uo padessy (@

*9UTWEDSIIONTJ YI M

paddotaaaqg *([:z:Z) BIUOWWE:[OURYIIW:WMIOIOIOTYD (4 £(%:9:07:0€) I23IBM:pIOR o1390B:autpIakd:TouRIng-Uu (D

$(T:7:1:1) Isiem-pIo® uaumum"mumumumamnuouaoﬁmusnum (4 €(1:1:y) Iorem-pIo®E uauwum|Hoamu:an v

sma3lsAs 1UIATOS Y31a (,meidewoxry), uewisey) sa3eld 198 BoryTs wm ['Q uo AydeiBojewoxyd xake1 ulyl (P

*sjuaBeal

Tyongeyes PuB UTAPAYUTIU y3Im Ppadofeaep ¢ Bay o3 IarIeIal uUOTIIRIBTW s1saxoydoxloate adeatoa UYITH (°

1933 pPosSEaTal Y-4g-s£7 Jo Lesseoiq (III

‘19z£1euUE PIOBOUTWE HQZ] UBWNOSg B UT apeu

rutrsdA11 £q sisAyoapAy @397dwod

fpoyrsw SANL (II ‘sTsdleue prowoutwe (I 4q psutwisidg (4
(0,011 $15H N9) 23esiT0apdy 1y g/ JO sIsL[eur proeoUTWY (B

TTu ¢T°0 9¢°0 81°0 O 89°0 09 €9 89 GO'T ET°T ¥8°C 96°T 91°1 86°C $0°C 18°0 q-Ag-~541
90°0 - 0 €0°0 O 96°0 69 0L (9 - - €670 60°7 TO0'T #8°7 01°C €0°T SWO-Ag-SAT
a o € Vv 819y III II 1 ©I9 TeA 19 oud £19 o0xg 8ay s41 ep1adeg
¢ md (/™)
LA3T119
w%u«>«uo< wm _ow 21301 nucwuaou (ep1adad Tow/yom) mﬁowummomsou pIorOUTWY
1801807018 oydoxzary ap1adag

g-ug-s&1 pue sO-Ng-sA1T Jo seTiasdoad - I ITIeL

102



BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Vol. 72, No. 1, 1976

suTwensaIond (P
TUTSINITTRY AIeuTan asaoy :3noH {utsdixy :dAar (o
*d*s ¥ sentea 8beasay (g
*3X03 998 Y-yg- (o¥) s&T-0ov¥ x03 ‘utrsdiiy yzTtm sIisLroapiy azerd
~wod BUTMOTTOJ UTUTY PI3ILISBCTT FJO JUNOCUWER 9yl WoxXI pue SENI YITM UOT3oedl ‘sTsiTeue
prTovOUTWE ACQ POUTWISIOP SIOM SUOTINTOS MOO03IS ¥-Md PUP Y-Ig-SAT JO SuUOTIRIFUIDOUOD (e
Aesseotd woaxm.m L°THPT T1°0+9¥°0 0L°T-98°0 Y¥-¥4 wloaxw.ﬂ MNOH
Kesseotg ,0T¥S"8 S T+TC £0°0+52°0 8°2-L°0 W-Ng-SAT g-0T¥9°T ,MNOH
KAesseotdg c0TX9°1 LE+BYT 2Z°0+16°0 Pp-6°0 d-jud g-0T¥0"9 diag,
SENL cOTXS T TE+0G2 LZ°0+0L"'T L*T-6'0 ¥-¥€g ¢ 0T¥0"9  dAxL
pueInTd GOT®Y 8°0+0¥ S00°0+0T°0 S"€-L"0 ¥-Md-(oV)sA1-ov . oTx,'z  dAaL
Kesseotd 07 0T¥6°0 monAm.oﬂmv 20°0+60°0 T°2-L'0 ¥-Ng-S&T gp-0TX¥€°T  dAIg
SENI orOT¥P T OTX(S +LT) S0°0+TT°0 8°0-£°0 ¥-¥E-sAT pr-0T¥v . jdAa
f:owm H..zv $|owmv Azmnoi (W Toi (W)
Kessy wu._,3eo @313 sqns awkzug
/7T 3eo u
L eoBuea [s] (2]

UTSIYTITRY AIteutan asxoy pue urisdizz

Kq seprtadad or3syzuds o 1°g HA ‘D,0¢€ I® STSATOIPAY 8Y3 I0F SIURISUCD SOTIBUTH - II STIRL

103



Vol.72,No. 1, 1976 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS

Hydrolysis rates - For measuring the hydrolysis of Lys-BK-R and
BK~R the following conditions were used: 200 ul of peptide
solution in 0.017 M N-ethyl morpholine acetate buffer, 0.025 M
CaCly, pH 8.1, were incubated at 30°C with 20 ul of trypsin or
10 ul of kallikrein solutions. Final concentrations of enzymes
and substrates are given in Table II. Aliquots were removed at
different times up to 20 minutes of reaction, for the bioassay
of the kinin formed and for measuring the increase of amino
groups. Single and double doses of the standard kinins and
conveniently diluted aliquots from the incubates were assayed
on the isolated guinea pig ileum preparation. The amino groups
were measured by the TNBS method as described by Field (10).
The hydrolysis of Ac-Lys{Ac)-BK-R was followed only by measuring
liberated amino groups with the fluorescamine method (11),
because Ac-Lys (Ac)-BK-OH has no detectable biological activity.
Initial rates for the hydrolysis of Lys-BK-OMe and BK-OMe were
determined by Schwabe's method (12) in 0.025 M CaCly, 2 x 1074 M
barbital indicator, pH 8.1 at 30°C, with the enzyme and substrate
concentrations given in Table III. The amounts of liberated
acid were calculated from the measured absorbances at 245 nm,
using a calibration curve of peptide-barbital solution titrated
spectrophotometrically with standard HCl. 1Initial rates were
also determined by bioassay of the kinin formed. Hydrolysis

of Tos-Arg-OMe in 0.1 M NaCl was followed with a Radiometer
autotitrator (TTT1C, SBR 2c and ABl2 autoburette, 0.25 ml
capacity) by titration with 0.01 M NaOH at pH 8, 30°C in 3 ml
final volume.

Table III - Kinetic constants for the hydrolysis at 30°C, pH 8.1

of synthetic esters by trypsina

b b -6
Substrate [s] range Ko K.at 10 "x kcat/Km Assay
(107°m) (1076m)  (sec™1) (M1 secml)

BK-OMe 0.7-2.7 2540.2 115+4.6 4.6 A245

BK-OMe 0.7-1.7 52+14 225452 4.3 Bloassay
Lys-BK-OMe 0.6-2.9 100+19 194+31 1.9 Bioassay
Tos-Arg-OM 7.5-15 41+ 5 160+ 4 3.9 Titratim

9

a) The trypsin concentration was 1 x 10 ° M for the peptide
esters and 1.25 x 10”7 for Tos-Arg-OMe.

b) Mean values + S.D.
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Kinetic constants - K, and Vp.. were calculated by a weighted
least-squares program described by Wilkinson (13) written in
Basic for a VARIAN 620/L-100 computer.

RESULTS AND DISCUSSION: As itwas expected from the well known
trypsin specificity, only the Arg-Ser bonds in Lys~BK-R and
Ac-lys (Ac) -BK-R were cleaved by trypsin. The amounts of amino
groups released on complete tryptic hydrolysis of both peptides
were consistent with the splitting of a single peptide bond; the
biological activity of Lys-BK-R hydrolysate corresponded to the
theoretical amount of Lys-BK-OH (0.97 mol/mol) and the Ac-Lys(Ac)-
~BK-R hydrolysate had no biological activity. The hydrolysis
of both peptides followed Michaelis-Menten kinetics in the range
of substrate concentrations used. 1In spite of some discrepancies

found for values of Km and kc determined with the same peptide,

at
by the two methods (Table II), the differences in the kinetic
constants for Lys-BK-R and BK-R are of a much higher magnitude

by both methods. Comparison of the parameter kcat/Km shows that
Lys-BK-R is lOS—fold more susceptible than BK-R to trypsin
hydrolysis. It is worth emphasizing that no significant dif-
ference in the susceptibilities of Lys-BK~R and BK-R to
kallikrein hydrolysis was observed (Table II); this enzyme, like
trypsin, splits only the Arg-Ser bond of both substrates.

The similarity of the kcat/Km values for the tryptic
hydrolysis of Ac-Lys (Ac)-BK-R and BK-R hydrolysis (Table II)
indicates that either the ¢ or the o or both free amino groups
of the lysine residue are important for the high susceptibility

of Lys-BK-R to trypsin catalysis. The k /Km value for Lys-BK-R

cat
is the highest so far reported for tryptic hydrolysis and it is
higher than the values reported for the best substrates for

elastase (14), pepsin (15), chymotrypsin (16) and papain (17).
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The extremely large difference between the susceptibilities
of Lys-BK-R and BK-R to trypsin is mostly due to the striking
difference in the kcat values. This constitutes the first
evidence that an aminoacid residue distant from the scissible
bond may alter trypsin catalysis. The differences in substrate
susceptibilities to trypsin described by Yamamoto et al., (1)
and Nishino et al. (2) were mainly due to the effect of the
free carboxyl group in the vicinity of the lysine and arginine
residues.

When the esters BK-OMe and Lys-BK-OMe were used as subs-—
trates, no significant differences were found in their suscep-
tibility to trypsin (Table III). The values of kcat/Km were
of the same order of magnitude as those for Tos-Arg-OMe and
other N-substituted arginine esters (18). The fact that the
kcat value for Lys-BK-R was 104-fold higher than the value for
Lys-BK-OMe hydrolysis suggests possible differences in the
mechanisms of hydrolysis of these substrates by trypsin. 1In
this respect, it is interesting mentioning that Bresler,
Krutyakov and Vlasov (19) concluded that a single mechanism
may not explain the catalytic cleavage of esters, amides and
peptides by trypsin. Kinetic studies on the hydrolysis of
bradykinyl and lysyl-bradykinyl amides, in progress in our
laboratory, should give useful information on this important

point.
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