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SUMMARY

Nuclear magnetic resonance spectroscopy has been used to follow the enzymatic
hydroly<is of N-Ac-pL-Phe-L-Tyr by pepsin The rate of reaction and the stereo-
spectficity of the enzyme were determined with an accuracy of -+ 3°,

INITRODUCTION

Once the specaficity of a biological agent toward amino aad derivatives of
known optical configuration has been established, 1ts action towards amino acids of
unknown stereochemistrv can he predicted with some confidence One of the mmpor-
tant limitations m the use of such biological procedures 15 that the homogeneity and
the specificity of some enzyvme preparations are in doubt In order to evaluate the
purity of a biological agent before use, 1t 15 often necessarv to check 1ts performance
with a model substrate

The susceptibality of racemic substrates to enzymatic attack has been followed
by a sequence of absorbance, colorimetry or other suitable techniques to measure the
rate of hydrolyeis, followed by an optical purity determmation of the product?.2 We
have recently demonstrated that the chromatographic separation of diastereoisomers
can be used to determine the rate and the stereospecific action of leucine ammopepti-
dase? and acylaset 1n one experimental run, but even here some time-consuming
¢hemical manipulations were required We have now used nuclear magnetic resonance
spectroscopy (NMR) to verify the stereospecific action of pepsin on a model substrate
Since no physical separation of the diastereoisomeric mixture 1s required for analy-1s
bv NMR, the kinetic constants and the optical purity of the products can be deter-
mined without anv chemical modifications being required before analysis

MATERIALS AND METHODS

Materials
N-Ac-L-Phe-L-Tvr and N-Ac-D-Phe-L-Tyr were obtamned from the Mann
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Research Lab , N'Y Fresh substrate solutions were prepared according to BAKERS:®
and used immediately 3-times crystalhzed pepsin, (EC 3 4 4 1) derived from hog
stomach?, was supplied by Mann Research Lab , N Y Dimethyl sulfoxide-dq (99 5°4,)
and 2H,0 (99 8%,) were obtaimned from Diaprep, Incorporated, Atlanta and trifluoro-
acetic acid was supplied by Eastman Organic Chemicals, Rochester

Equipment
Varian A-60 nuclear magnetic resonance spectrometer, Virtis lyophilizer and
Chnical centrifuge (International Equpment Co )

Method

The 1ncubation mixtures were made up by dissolving N-Ac-L-Phe-L-Tyr
(212 mg, 5uM) or N-Ac-L-Phe-L-Tyvr (r70mg, 4uM) and N-Ac-p-Phe-L-Tyr
(r7omg, 4 M) mn turn mm o5M NaOH, o5 M HC(l, and 05 M NaCl and adding
pepsin (75 mg = 0 100 mg pepsin N per ml and 60 mg = 0 080 mg pepsin N per ml,
respectively) The total reaction volume was 120 ml and the pH of the solution was 3
The hydrolysis was followed by removing aliquots (20 ml) with a pipette every 15 min
and by transferring them to a Virtis lyophilizing flask (50 ml) The flasks were im-
mediately cooled 1n dry 1ce to stop the reaction, and the water was then removed by
freeze-drymg The residue was triturated with dimethyl sulfoxide-d, (1 ml) and the
suspension transferred to a centrifuge tube After centrifugation, the supernatant
was pipetted into an NMR tube (pressure-cap seal) ready for NMR analysis The
spectra were obtained on a Varian A-60 spectrometer, and for quantitative analysis
peak areas were calculated from “half-height measurements” (height x width at
1/, height) or “vertex measurements” The latter method involves dropping a perpen-
dicular line from the 1ntersecting pomnt of the two peaks onto the integration curve
and measuring the heights corresponding to the two peak areas on the integration
curve (Fig 1)

RESULTS

1 Assignment of NMR resonance peaks

The determination of the degree of enzymatic hydrolysis depends on an accu-
rate peak area measurement of the signals due to the methyl resonances of the sub-
strate at 104 4 Hz and the hydrolysis product (N-Ac-1-Phe) at 108 0 Hz The ratio
of peak area (N-Ac-L-Phe) peak area (N-Ac-L-Phe-L-Tyr + N-Ac-1-Phe) corre-
sponds to the percent hydrolysis of the substrate NMR analysis of a synthetic
mixture of substrate and product corresponding to a 539, hydrolysis value, yielded
a figure of 56%, by the half-height method and a value of 549, by the vertex proce-
dure (Fig 1A) The signal due to the protons of the phenyl ring at 433 7 Hz (N-Ac—-
L-Phe-1L-Tyr) and 434 9 Hz (N-Ac-L-Phe) may also be used to determme the degree
of hydrolysis, but since the degree of resolution of the two peaks 1s less, an accurate
area measurement 1s much more difficult

A stereochemical analy<is of the substrate in solution 1s possible because the
proton resonances of the phenyl ring for N-Ac-L-Phe-L-Tyr 1s at 433 7 Hz and that
for N-Ac—p-Phe-L-Tyr 15 at 430 9 Hz Since the signal for the product, N-Ac—L-Phe,
15 at 434 9 Hz, the phenyl resonance peaks can be used to determine the optical
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IFig 1 A NMR spectrum of a svnthetic misturc of substrate (A-Ac—L-Phe—L-1yvr) and product
(N-Ac-L-Phe) cortesponding to a 539, hydrolysis value lhe solution contamned N-Ac-L-Phe—
L-1vr (27 mg o 127 mM) and N-Ac-L-Phe (18 mg, o 142 mM) dissolved m dimethy1 sulfoxide-d,
(o 4 ml) and 2H,0 (o 2 ]} and acidified with trifluoroacetic acid to pH 3 B NMR spectrum of a
synthetic mixture ot racemic substrate (N-\e-prL-Phe—r-Txvr) and product (N-Ac r-Phe) lhe
solution contained N-Ac-L-Phe (3 8 mg 30 M), N-Ac—L-Phe-1-Tyr (13 3 mg 60 (M), and N-
Ac—D-Phe—L-Tyr (20 0 mg, 9o xM) dissolved in dimethyl sulfoxade-d, (o 5 ml) and 2H,0 (o 1 ml)
and aadified with trifluoroacetic acid (1 ply to pH - 6

purity of the substrate during enzymatic hydrolysis An NMR analysis of a synthetic
mixture of racemic substrate and product corresponding to 33 39, product showed
the ratio of the (N-Ac—L-Phe—r-Tyr + N-Ac-L-Phe) (N-Ac-D-Phe-L-Tyr) peak
arecas to be 1 098 (1 1 LL DL predicted) using the vertex method of area determina-
tion (Fig 1B)
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[ABLE 1

PEPSIN-CATALYZED HYDROLYSIS OF N-Ac-L-Phe-L-Tyr

Spectra were run under the following conditions on a Varian A-6o probe temperature = 36', tlter
bandwidth = 1 Hz, R F field = o 2 mgauss, sweep time == 500 sec, sweep width = 500 Hz,
sweep oftset = o o Hz, spectral amplitude = 65, integral amplitude = 8o (with spectral amph-
tude attenuated to 10) Curvature and Y field gradients were adjusted until a resolution of o 3 Iiz
or better was obtained, with a mimimum signal-to-norse ratio of 10 06 Tetramethylsilane was
used as an internal standard Peak area determinations werc made on expanded spectra with
methyl resonances at 104 0, 104 4 and 108 o Hz, the dimcthyl sulfoxide-dg resonances at 150 5 Hz,
and the phenyl resonances at 4309, 433 7, 4349 Hz Instrument settings were filter band-
width = o 4 He, sweep time = 250 sec, sweep width = 100 He, spectral amplitude = 8o, nte-
gral amplhitude = jo (with spectral amplitude attenuated to 10), mimimum signal-to-noise ratio =
14 5, sweep offset adjusted appropriately All other instrument settings were as before In addition
particular attention was paid to proper detector phase and dctector zero adjustment, <ince 1t
was found to be essential to have preciselv sy mmetrical peaks and properly adjusted integratic n
curves to attain reproducible results

Sample Tume 0y Hydrolyses ( Substrate + product area)
(min) -_
Half-hewght 1 ertex Internal standavd area®
nicthod method
I 15 153 237 0059
2 30 322 364 0 052
3 45 385 403 0649
4 60 451 450 0 591
5 75 173 534 0542
O qo 50 0 569 0 600
Mean — o0 616
SE = oor118

Coefficient of vanation = 7 49°,

* Sice the dimethyl sulfoxide-dg 15 only 99 5°, pure, the residual protons, averaging one
per methyl group, interact with the two deuterium atoms on cach methyl group producing e
1 3 5 3 1 quntet at 150 5 Hz This can then be used as an mternal standard Since this column
15 statistically constant 1t tollows that the molar concentration of substrate plus product remains
constant throughout the reaction which indicates the rchiabihity of the NMR procedure

2 Pepsin-catalvzed hydrolvsis

The results of a pepsin-catalyzed hydrolysis run using N-Ac-L-Phe-L-Tyr as
the substrate are summarized 1n Table I It 1s worth noting that the rate of hydrolysis
as determimed by the NMR method 1s 1n excellent agreement with the results ob-
tamed by BAKER® (509, hydrolysis of the substrate after 60 min) It 1s also significant
that N-Ac—D-Phe-L-Tyr does not mnhibit the reaction, since N-Ac-L-Phe-L-Tyr n
the racemic mixture 1s hydrolyzed at the same rate (Table IT) This experiment also
demonstrates the stereospecific action of pepsm, since the concentration of N-Ac-
D-Phe-1-Tyr remains the same during the course of the enzymatic hydrolysis (Ta-
ble IT)

DISCUSSION

These experiments show the utility of NMR for studying enzymatic hydrolysis
On the basis of data obtamned from synthetic mixtures, an accuracy of 4- 3°; 1s
possible by peak area measurement determined by the vertex method By selection
of appropriate enzyme-substrate systems (K,, >> 10-1), the Michaeli-~Menten con-
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TABLLE 11

PEPSIN-CATALYZED HYDROLYSIS OF N-Ac-DL-Phe-L-1yr

2, Hydro- DL aica

Sample 1vme %, Hydrolysis
(min) (LL) lysts (DL)
(Vestcx method) Internal standard area”

1 15 357 - -

2 30 387+o07 - -

3 15 486 4 27 0o 0 439

4 60 496 + 049 00 0 426

3 75 559 + 04 0o 0430

6 Q0 585 - 10 0o 0 426
Mean = o 330
SE —=o0003

Coctficient of variation = 1 49,

* The proportion of the pL diastereorsomer was determined by dnviding the area under
the bL peak (vertex determination) at 430 9 Hz by the internal standard (vertex determination,
dimethyl sulfoxide-dg quintet at 150 5 Hz) If this ratio 1s constant over the course of hvdrolysts
as these results show, then hvdrolysis of the diastereoisomer 15 oV,

stant, (Ky), other kinetic parameters, and the stereospecificity can be determined
While the above enzymatic hydrolyses were carried out with 4—5 uM substrate solu-
tions 1n the buffer systems desciibed above, we had to concentrate the solutions by
freeze-drying before the NMR measurements, to improve the signal-to-noise ratio
However, the use of a time averaging computer in conjunction with the A-60 spectro-
meter, obviates the need for such a concentrated solution

By choosing suitable reaction conditions such as (1) a 2H,0--oluble substrate,
(2) a characteristic NMR signal for both substrate and product which can be followed
during the reaction, (3) a rate of hydrolysis not to exceed 509, per h with K, > 1071,
1t will be possible to obtain the kinetic parameters while the reaction 1s actually n
progress Furthermore, by using a variable temperature probe the MNR techmique
could also be emploved to studyv the eftect of temperature on the reaction rate
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