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Figure 1. (a) Hydrolysis of hippurylphenylalanine. (b) Reaction of
phenylalanine with NDA/CN.

A guantitative estimation of an enzyme’s efficiency can be 30 -
calculated once the rate constant for the analogous uncatalyzed
reaction has been determinkd. Recently, in the discussion
of their study of orotidine Bphosphate decarboxylase, Radzicka
and Wolfendetfhcompiled a list of enzymes for which the “rate
enhancement’kafkunca) and the “catalytic proficiency” Keaf
Km)/kuncal have been calculated. This list is remarkable for its
brevity, a fact due to the difficulty of measuring the corre-
sponding uncatalyzed rate of most enzyme-catalyzed reactions.=
Furthermore, for those enzymes with the highest efficiencies, 2
the corresponding uncatalyzed rate has typically been extrapo-*
lated from data obtained at high temperature and/or extreme
pH.

Here, we report the uncatalyzed rate constant for the 10
hydrolysis of the carboxypeptidase A substrate, hippurylphen-
ylalanine%® in 25 mM borate buffer/0.5 M NaCl at pH 9 and
25 °C, conditions identical to those utilized in the enzymatic ] o
reaction. (Carboxypeptidase A was chosen because its mech-':'_gure 2. Appeara_nce of phenylalanine, detecteq after derlvatlzgtlon
anism of action involves direct attack of water upon the peptide With NDA/CN, during the uncatalyzed hydrolysis of 30 mM hip-
bond!) Nearl adecadle ago, Kahne and Siporcd hefrst _ BOPRemiainine i, open s s s danonde e
\Taﬁjgl;l’;zrsnﬁ]nfta?; %ire)gdg);blgggz?glgﬂﬁsdlSV\?(t)I?:rllj(;rear: ?gé;réﬂlt;tleszero corresponded to 0.04% of the total substrate and could not be
the efficiency of carboxypeptidase A. However, the uncatalyzed removed.
rate constant was measured using a heterogeneous system

involving a tetrapeptide covalently linked to a polyacrylamide pl_erIphenyIaIamne (Flgure 1a). At various reaction times,
resing while the enzymatic kinetic constants to which it was aliquots were treated with NDA/CN, and the CBI-derivative of

comparefl were determined using a different substrate under the product phenylalanine (Figure 1b) was detected by reverse-
different assay conditions. phaﬁe HPIACI:' I dth ivzed hvdrolvsis of
The assay employed here involves the derivatization of the _ "€ T]D C'\Il 'ﬁssayl/ ? owed the ;Jrlmlcata yzed nydrolysis o
free amino functionality liberated upon peptide bond hydrolysis SC MM hippurylphenylalanine to be followed under conditions
with naphthalenedialdehyde in the presence of cyanide (NDA/ identical to those used for the carboxypeptidase A-catalyzed

CN), reagents previously described by de Montighgl.1° With hydrolysis (Figure 2}* A value of 1.3 (-0.1) x 10710s™*
ND?A/CNg as Ii?tle as 2yOO fmol of gn aminoga?:id can be Was determined fokyncas Which yields a half-life of 168 years

detected:12 The resulting 1-cyano-2-substituted-beffigpin- for hydrolysis_in the absence of enzyrife.The final amount
dole (CBI) derivatives are more stable and have a higher of phenylalanine detectgd at the endoof the 50-qlay incubation
fluorescence intensity than those obtained upon reaction with COrresponded to approximately 0.09% hydrolysis of the sub-
o-phthalaldehyde/2-mercaptoethanol (OPA/2-ME), a reagent Strate- Hydrolysis of the benzoylglycine bond of hippuryl-
commonly used in amino acid analyd8sWe have used the phenylalanine (Figure 1a) was also apparent, but at such a small

NDA/CN “assay to measure the rate of hydrolysis of hip- &€ than an accurate measure was unobtainable. To experi-
y ydroly P mentally establish the kinetic order in peptide concentration,
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* Amherst College. (13) A solution of hippurylphenylalanine (30 or 3.0 mM) in 1.2 mL of
(1) Wolfenden, RNature 1969 223 704—705. 25 mM borate buffer/0.5 M NaCl, pH 9.0, was passed through auth?2
(2) Wolfenden, RAcc Chem Res 1972 5, 10-18. filter to remove contaminants and incubated at@5 Periodically 35:L

(3) Wolfenden, RAnnu Rev. Biophys Bioeng 1976 5, 271—-306. aliquots were removed, and 3% of 5 «M leucine in 0.1 M borate buffer,
(4) Radzicka, A.; Wolfenden, RSciencel995 267, 90-93. pH 9.3, (the internal standard), 2@ of 0.01 M NDA in methanol, and
(5) Snoke, J. E.; Neurath, H. Biol. Chem 1949 181, 789-802. 10 uL of aqueous 0.05 M NaCN were added. The reaction mixture
(6) Davies, R. C.; Riordan, J. F.; Auld, D. S.; Vallee, B Biochemistry was allowed to stand for 15 min at room temperature, at which time 10

1968 7, 1090-1099. was analyzed by HPLC. Alltech Econospherg 8U column (150x 4.6
(7) Creighton, T. EProteins: Structures and Molecular Propertjé4/. mm) was eluted with a gradient of 50:5000:0 MeOH:HO (0.05% TFA)

H. Freeman and Company: New York, 1993; pp 4437. over 50 min: Aex = 246 nm andlem = 490 nm. The concentration of
(8) Kahne, D.; Still, W. CJ. Am Chem Soc 1988 110, 7529-7534. CBI-phenylalanine was determined by comparison to the internal standard
(9) Bender, M. L.; Whitaker, J. R.; Menger, Proc. Natl. Acad Sci CBIl-leucine as referenced to a standard curv&l-NMR spectra of

USA1965 53, 711-716. hippurylphenylalanine at concentrations ranging from 0.1875 to 45 mM in
(10) de Montigny, P.; Stobaugh, J. F.; Givens, R. S.; Carlson, R. G.; deuterated buffer (25 mM borate buffer/0.5 M NaCl) at pH 9 showed no

Srinivasachar, K.; Sternson, L. A.; Higuchi, Anal. Chem 1987, 59, 1096~ increase in line width, a result indicative of a lack of peptide aggregation.

1101. (14) Values ofkyncas and the standard error, were determined directly
(11) Lunte, S. M.; Wong, O. 9.C-GC 1989 7, 908-916. from the integrated first-order rate equation using the program Microsoft
(12) de Montigny, P.; Riley, C. M.; Sternson, L. A.; Stobaugh, JJ.F. Excel 3.0. Values oKy, andVmax and the standard errors, were determined

Pharm Biomed Anal. 199Q 8, 419-429. using the program HYPER as described by Clel&nd.
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the uncatalyzed hydrolysis of 3 mM hippurylphenylalanine was 119
followed. The data, again collected over 50 days, yielded a Assay K (mM) V__(nmoW/min) k_(s")| ©
kuncatOf 8.2 (£1.9) x 107!t s7* (the larger experimental error 8 1 [Spec—0.36%0.09 RESI] 5138
is due to the extremely small amounts of CBI-phenylalanine - NDA/CN  0.2940.06 10.140.6 G1t4
present}* The calculation of essentially identical first-order
rate constants from the 30 and 3 mM incubations of hip-
purylphenylalanine indicates that the hydrolysis reaction is
indeed first order in peptide.

Incubations of 6 mM hippurylphenylalanine at pH 7 (25 mM
Hepes/0.5 M NaCl) showed no detectable hydrolysis after 50
days, indicative that hydrolysis is slower at neutral pH than at
pH 9. AtpH 11 (25 mM triethylamine/0.5 M NaCl) kyncat Of
2.7 (£0.2) x 10719s 1 was obtained with 3 mM hippurylphen- 0 ' ' ' T ~
ylalaninel® (The low solubility of the substrate at pH 7 and -5 0 5 10 15 20
11 precluded the use of higher concentrations.) This two-fold 1/conc (mM™)
increase in rate upon increasing the pH from 9 to 11 is consistentrigure 3. Lineweaver-Burk plot of carboxypeptidase-catalyzed hy-
with the earlier results obtained by Kahne and $tlhd with drolysis of hippurylphenylalanine monitored spectrophotometrically
studies from our lab on the hydrolysis of phenylacetylglycyl- (open circles) and with NDA/CN (solid diamonds).
p-valinel”

The rate of the carboxypeptidase A-catalyzed hydrolysis of for acquiring kinetic data (Figure 3). The catalyzed and
hippurylphenylalanine at pH 9 and 2& was also measured uncatalyzed kinetic values ascertained using the NDA/CN assay
using the NDA/CN assal# The kinetic constants determined can be directly compared and give a rate enhancenkegt (
(Keat= 61+ 4 571, Ky, = 0.29+ 0.06 mM) were comparable  kunca) Of 4.7 x 10%-fold and a catalytic proficiency ka/Km)/
to those obtained with a standard spectrophotometric &#s¥ay  kynca Of 1.6 x 10 M~ for carboxypeptidase A.

(keat= 614 8 571, Ky = 0.36+ 0.09 mM), thereby confirming In summary, the rate enhancement and catalytic proficiency
the applicability of the NDA/CN assay as an accurate method of carboxypeptidase A have been directly calculated from data
obtained under identical reaction conditions. Moreover, the
(15) Cleland, W. WMethods Enzymoll979 63, 103—138. NDA/CN assay employed provides, in principle, a general

(16) Incubations were similar to those described abbercept that 25 PR
mM triethylamine/0.5 M NaCl, pH 11 buffer (by the end of the 27 day method _for the (_1eterm|nat|on_ of the unca_talyzed rates_ of
incubation, the pH had dropped to 10.6), and an elution gradient of 65: hydrolysis of peptide bonds (with the exception of those with
35-85:15 MeOH:HO (0.05% TFA) over 30 min were used. a carboxy terminal prolyl residue) without the use of extreme
(17) Smith, R. M.; Hansen, D. E., manuscript in preparation. temperature or pH
(18) A solution of hippurylphenylalanine (0.20, 0.25, 0.50, 0.75, 1.0, or p pA.
2.0 mM) in 3.6 mL of 25 mM borate buffer/0.5 M NaCl, pH 9.0, was
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thermally equilibrated at 25C. Carboxypeptidase (0.44y) in 40 uL of Acknowledgment. We thank Robert M. Smith and David P. Weiner
the borate buffer was then added. After the addition of enzymeu150 for extremely helpful discussions. We are grateful to the National
aliquots were removed at 1 min intervals, andl3of 35% perchloric acid Institutes of Health (GM-39758) and to IGEN, Inc., Rockville, MD,

was added to each aliquot. (An aliquot was also analyzed prior to the ¢ g pnort. D.E.H. is a National Science Foundation Presidential

addition of enzyme.) To 25L of the quenched sample were adde . -
of 50uM Ieucin>(/e in ,2120’ 20§4L each gf 01M borate%uffer (pH 12%;2615”(1 Young Investigator (MCB-8958239) and a Camille and Henry Dreyfus

0.01 M NDA in methanol, and 1L of aqueous 0.05 M NaCN. After 15  Teacher-Scholar.

min at room temperature, 1@ of the reaction mixture was analyzed by

HPLC as described abovéexcept using an elution gradient of 50:50 Supporting Information Available: Representative HPLC chro-
75:25 CHCN:H.0 (containing 0.05% TFA) over 20 min. All data points  matograms showing the appearance of phenylalanine, detected after

were obtained in duplicate and were corrected for loss of enzymatic activity 4o i\ iti-ation with NDA/CN during the uncatalyzed hydrolysis of 30
over time. - Y ;
(19) Incubations were similar to those described aboweith the mM hippurylphenylalanine (pH 9}H-NMR spectra of hippurylphe-

exceptions that a total reaction volume of 1 mL and initial hippuryl- nylalanine (pH 9) at concentrations ranging from 0.1875 to 45 mM (9
phenylalanine concentrations of 0.06, 0.12, 0.24, 0.25, and 0.36 mM were pages). Ordering information is given on any current masthead page.
employed. The progress of the reaction was monitored at 254 A —=(

280 M~1 cm1 for hippurylphenylalaniné) JA953137B



