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Abstract

The opbimum conditions for the colorimetric determinatlon
of hexoses by reasction with carbazole in hot sulfuric acid
golution have been determined, and a convenient procedure for
the analysis is described,

The iﬁhibition of the chymotrypsin catalyzed hydrolysis
of Neacelyl-L-tyrosylglycinamide by egquimolar quantities of its
D antipode has been observed to be a function of the concentra-
tion of the DL mixture. The general feabturos ol the above
system have been described, and an explanation has been advanced
relative %o the lack of antipodal inhibition obtaining in the
case of Nebenzoyl-DL-tyrosylzlycinamide.

Beveral new tyrosine derlvatives have been synthesized
which have been used to show that the rate of the chymotrypsin
catalyzed hydrolysis of N~acyleLetyrosinamides is critically
dependent upon the nature of the acyl group. The pertinent
equilibrium and rate constants have bsen determined,

The competitive nature of the inhibitory effect of
N-acetyl-Detyrosinamlde on the enzymatic hydrolysis of N-acebyl-
Letyrosinamide has been demonstrated. An Inhlbitory effect by
the corresponding D ethyl ester 1s described,

A rapid and convenlant method for the resolution of DL
tyrosine has been devised.

The hydrolysis of NeacetylwL-tyrosinhydrazide by chymo-

trypsin has been demonsitrated.
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PROPOSITIONS

{Submitted by - R, V. MacAllister)

It is common esngineering practice to remove as much
water as possible from suspensions by filteration beflfore
passing the material throuch a relatively costly drying
process, Often the amount of walter removed by [iltration
falls far short of whet one could hope for on the basis
of void volumes, I have obssrved that wabter can be
filtersed out of starch suspensions much more nearly
completely if a relatively small amount of surfaaé active
naterial i1s added to the suspensions. I propose that this
effact be sbtudled in detall to determine the ophimum cone
ditions and range of 1%s apolicability.

It has been observed that high molecular weight
petroleun fractions aée carried through natural gas
lines when the pressure in the line 1s above the critilecal
value of the more volatile constltutents, I propose thet
this effect be applied %o the "dlstilllastion" of high
molecular welpht substances for thelr puriiication and
possibly as an analytical tool,

Starch has been used extensively as an adsorbent in
the chromatographic analysis of waterials such as protein

hydrolysates. The adsorption capaclty of starch is, in



PRDJGSETIOES (Cont.)

many cases, assoclated with the unbranched.fﬁactién of

the starch. I propose that the unbranched Iraction be
crystallized and evaluated as an adsorbent in chromatographic
analysis ol this type.

The HMichaelis Menten theory of engyme activity
postulates a subsirabte-senzyme complex as an intermediatae,
Kinetic studles indicate that competitive inhibitors form
simlilar complexes which have squilibrium constants of
about the same order of maegnitude as thalt of the g:bstratec-

enzyme complex., I propose that a critical Lesf of this

C\\

hypothesia could be carried out by osmotlc pressure
neasuremeniss of the enzyme in the presence and absence of

the inhibitor.

¢f. ZXeilin, D., and ¥ann, T., Proc. Royal Soc., London,
Blz2, 119, (1937)

Chance, B., J. Biol. Chem., 151, 553 (1943)

It is olben necessary to eliminate enzyms activity

in food products., The usual hsaat treatment often causes

"off" flavors and colors to develop. I propose that the
use of specific inhibitors be investigated and applied in

sSuch cased,.
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6. I propose that an enzyme be removaed from solution in
a specific mannor by
A, Suspsending an excess of a finely divided,
insoluble inhibitor in the enzyme solutlon
to function as a specific adsorbent,
B. Adding the enzyme fto a highly supersaturated
solution of the inhibitor, and then efleciing
a repld crystallization of the inhlbitor,

s I propose that the treatment of amines or amino acid
derlvatives by carbon monoxide bhe sbtudied as a method of
formylation.

2 I propose that polymers of "D"-~tyrosine be prepared
and tested for specific adsorbent and proteolytic activity.

e I propose that the Kolbe type reaction be investipgated,
as a possible method, for fHhe preparation of cyclobuta-
‘diens,

10. I propose that the effect of variation in the nature
of the secondary peptide proup of a chymotrypsin substrate
is relabted to the negatlive charge on the carbonyl oxysen
and that this effect nmight be signiflcant in the anomolous
synthetic action of popain.

% I propose that the following types of comsounds be
prepared and investigated on the basis of susceptibility

$o chymotrypsin activlity.
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Part I

The Colbrimetrio Dstermination of Hexosea With Carbazole

By George Holgman, Robert V, MacAllister,

and Carl Nlemann

(From the Gates and Crellin Laboratories of Chemistry,%

California Institute of Technology, Pasadensa)

* Contribution No. 1137
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Reprinted from THE JOURNAL OF BroLoGicaL CHEMISTRY
Vol. 171, No. 1, November, 1947

THE COLORIMETRIC DETERMINATION OF HEXOSES
WITH CARBAZOLE

By GEORGE HOLZMAN,* ROBERT V. MACALLISTER AND
CARL NIEMANN

(From the Gates and Crellin Laboratories of Chemistry,t California Institute of
Technology, Pasadena)

(Received for publication, July 16, 1947)

The difficulty of applying classical procedures to the qualitative and
quantitative determination of carbohydrate in certain biological materi-
als has led to the development of colorimetric methods in which the carbo-
hydrate-containing material is treated with strong mineral acids, causing
the formation of substances which will react with compounds such as di-
phenylamine, resorcinol, ‘orcinol, indole, carbazole, ete., to give distinc-
tively colored products. The rate at which these colored products are
formed (1) and the nature of their absorption spectra are frequently suf-
ficiently distinctive to allow their use in differentiating the various sugars.

One of the most widely used of the above colorimetric methods is the
carbazole-sulfuric acid method first described by Dische (2-4) and further

developed by Gurin and Hood (5, 6) for the identification and estimation”

of hexoses and pentoses. The latter procedure was used by Seibert and
Atno (7) for the analysis of the polysaccharides present in.serum and by
Knight (8) for the identification of the sugars present in influenza virus.
Dische (9) has recently described a modification of the carbazole method
for the analysis of uronic acids.

Although the carbazole-sulfuric acid method has been used extensively,
no systematic study of the variables influencing this method appears to
have been reported. Difficulties encountered in the quantitative applica-
tion of the carbazole method have been commented upon (7) and indeed
the significance of the carbazole reaction, or other color tests, for the qual-
itative identification of sugars has been questioned (10). Recently in the
course of a study of the polysaccharide fractions from hog gastric mucin,
we have had occasion to investigate the more important variables associated
with the carbazole reaction as applied to the determination of hexoses. In
the course of this study the optimum conditions for the quantitative de-
termination of hexose were determined and certain aspects of the qualita-
tive identification of hexoses were examined.

* Allied Chemical and Dye. Corporation Fellow, 1946-47. Present address, De-
partment of Chemistry, Massachusetts Institute of Technology, Cambridge, Mas-
sachusetts.

1 Contribution No 1137.
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28 DETERMINATION OF HEXOSES

EXPERIMENTAL

Reagents—Eastman White Label carbazole was precipitated three times
from a concentrated sulfuric acid solution by dilution with cold water, and
the dried product recrystallized from toluene. The sugars were recrystal-
lized from aqueous ethanol according to conventional methods (11). Tech-
nical furfural was fractionally distilled and the fraction boiling at 80-81°
and 50 mm. reserved for use. In order to obtain lower blanks, c.p. sul-

- furic acid was refluxed with potassium persulfate (20 mg. per liter) until a

negative test for oxidizing agents was obtained with starch-iodide.
Apparatus—A Klett colorimeter, green filter No. 54, was used for all
colorimetric analyses. Duplicate or triplicate analyses were always per-
formed and the results reported are average values. A Beckman model DU
spectrophotometer, equipped with a 1 em. cell, was used in determining
spectral absorption. Intensities were measured at 10 my intervals except

Taste I . _
Effect of Sulfuric Acid Concentration

Concentrated H:SOs added Klett value*

per cent by weight )
80 ) 215

82 230
84 - 230
86 , ' 220
89 ‘ ‘ 180

* Corrected for blank on 1 ml. of water.

in the region of maxima and minima where the interval was reduced to
2 to 5 mu. ; :

Effect of Sulfuric Acid Concentration—With the amount of carbazole
set at 1.5 mg., the quantity of hexose at 100 v of glucose per ml., and 10
minutes for the time of heating, variation of the sulfuric acid concentra-
tion gave rise to the values shown in Table I. Similar results were ob-
tained with galactose.

Effect of Carbazole Conceniration—With the concentration of the added
sulfuric acid maintained at 84 per cent (by weight), the amount of hexose
at 100 v of glucose per ml., and the time of heating at 10 minutes, varia-
tion of the carbazole concentration between the limits of 1.5 and 4.5 mg.
gave rise to the values presented in Table II. Similar results were ob-
tained with galactose.

Effect of Time of Heating—Test solutions containing 9 ml. of 84 per cent

i
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sulfuric acid, 3 mg. of carbazole, and 100 v of glucose in 1 ml. of water were
heated in a boiling water bath for varying periods. It was found that 80
per cent of the maximum color intensity was attained after heating for 7%
minutes, 99 per cent after 10 minutes, 100 per cent after 15 minutes, and
97 per cent after 20 minutes. As in other experiments galactose gave
similar results.

TasrLe IT
Effect of Carbazole Concentration
Carbazole present Klett value*

mg.

1.5 240
2.5 316
3.0 363
3.5 402
4.5 438

* Corrected for blank on 1 ml. of water.

Tasre III
Determination of Glucose with Modified Procedure
Glucose Klett value* Average deviation, Klett units
¥
140 682 6
120 607 12
100 527 11
80 425 10
60 349 3
40 272 4
20 185 7
10 144 4
5 129 5

* Average of six separate determinations.

Modified Procedure!—A reagent was prepared by adding 10 ml. of a 1.0
per cent solution of carbazole in absolute ethanol to 300 ml. of 84 per cent
sulfuric acid. 9 ml. portions of this reagent were chilled in an ice bath,
1 ml. of the hexose solution poured onto the reagent, and the solutions

1 The procedure of Gurin and Hood (5) consists of heating 1.5 mg. of carbazole
(0.3 ml. of a 0.5 per cent solution in ethanol), 1 ml. of hexose solution, and 9 ml. of
89 per cent sulfuric acid (8:1 concentrated sulfuric acid and water) for 10 minutes in
a boiling water bath.
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thoroughly mixed and heated in a boiling water bath for 15 mjnutes. After
cooling in an ice bath, the intensity of the color produced was determined
in the Klett colorimeter. Typical results, obtained with glucose, are given
in Table III.

DISCUSSION

It is seen from Table I that the Klett values are particularly dependent
upon the acid concentration and that maximum color intensity is obtained
with 82 to 84 per cent added sulfuric acid. It was shown, by means of
extinction curves, that the differences noted in Table I were due to dif-
ferences in intensity alone.  While extinction values varied widely with
sulfuric acid concentration, the position of the maxima lay between 540
and 550 my in every instance. However, it should be pointed out that
qualitative observations of Dische (2) suggest that significant changes in
respect to the position of the maxima may occur also if the sulfuric acid
concentration is varied widely. ;

The dependence of the Klett values upon the carbazole concentration
(Table II) emphasizes the necessity of precision in adding the carbazole
to the reaction mixture. An error of 3 per cent in the addition of 1.5 mg.
of carbazole (0.3 ml. of a 0.5 per cent solution in ethanol) would cause a cor-
responding variation of about 4 units in Klett values. It is obvious that
the addition of small volumes of a carbazole solution is undesirable, espe-
cially since the solvent is ordinarily absolute ethanol, which is difficult to
pipette accurately. While large amounts of carbazole undoubtedly in-
crease the sensitivity of the procedure, especially since the blank values are
practically constant over the range studied, the low solubility of carbazole
in the diluted sulfuric acid limits the upper concentration.

In contrast to other variables the time of heating is not particularly
critical, provided the time is not less than 10 minutes or more than 20 min-
utes. A period of heating of 15 minutes, with 84 per cent sulfuric acid,
appears to be a reasonable choice.

In order to simplify the procedure of Gurin and Hood (5) the carbazole
was dissolved in a relatively large quantity of 84 per cent sulfuric acid and
aliquots of this reagent were used for analysis. This reagent simplified
the procedure for routine analysis as well as eliminated errors arising from
the addition of carbazole to individual tubes. The reagent is prepared by
mixing an ethanolic solution of carbazole with 84 per cent sulfurl® acid,
because solid carbazole dissolves very slowly in sulfuric acid of this con-
centration. Although the reagent is known to be stable for at least 6
hours, occasionally a green color has appeared after standing for more than
24 hours. It is recommended that the reagent be prepared daily, as was
suggested by Seibert and Atno (7).
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Nitrate and ferric iron are presumed to interfere in the carbazole pro-
- cedure of Gurin and Hood (5). No interference from these constituents,
or from nitrite, was observed with the modified procedure. The same
Klett values were obtained, withn the limits of precision discussed below,
in the presence or absence of 5 v of sodium nitrate, sodium nitrite, or ferric
chloride when the amount of hexose present was 100 v of glucose. Sodium

6
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WAVELENGTH IN MILLIMICRONS
Fic. 1. Absorption curves for colors obtained with various sugars on reaction with

carbazole. Curve 1, 100 v of fructose; Curve 2, 100 v of glucose; Curve 3, 100 v of
galactose; Curve 4, 100 v of mannose.

nitrite imparted a faint green color, as did ferric chloride at higher con-
centrations, to the cold carbazole-sulfuric acid solution. However, this
color generally disappears on heating. .
While the modified procedure possesses the advantages of convenience
and reliability, the precision would appear to be no greater than that of the
original when the latter is applied with extreme care. The modified pro-
cedure has a precision of 2 to 5 per cent (Table I1I) in the range of 50 to 150
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v of glucose. The relatively low precision is still unexplained, although
the complexity of the reactions occurring in sulfuric acid, revealed by the
extinction curves discussed below, suggests that experimental conditions
may not still be sufficiently reproducible.

The extinction curves for the carbazole-hexose colored products ob-
tained by the modified procedure are shown in Fig. 1. The curves resemble
qualitatively those obtained previously (7, 8). Howeverthe color ob-

T T T | T | T
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250 300 350
WAVELENGTH IN MILLIMICRONS

Fig. 2. Absorption curves for various sugars heated in sulfuric.acid solution.
Curve 1, 100 v of galactose; Curve 2, 100 y of glucose; Curve 3, 100 v of fructose;
Curve 4, 100 v of mannose; Curve 5, 100 v of N-acetylglucosamine.

tained with mannose does not appear to be as markedly different from
that of the other hexoses as has been observed by others (7, 8). It would
appear that precise control of the sulfuric acid concentration is of utmost
importance, not only for quantitative procedures, but also in the qualita-
tive interpretation of absorption spectra. Owing to the similarity of the
curves for glucose, fructose, mannose, and galactose, the low precision of
the carbazole method, and because of possible interferences from other
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types of compounds (5), the qualitative identification of sugars by means
of the modified procedure would appear to be dubious.

Relevant to the problem of spectral identification of sugars are the ex-
tinction curves in the ultraviolet region that have been obtained for sugars
in sulfuric acid solution in the absence of carbazole. Fig. 2 shows curves
obtained for 100 v of sugar in 1 ml. of water and 9 ml. of 84 per cent sul-

furic acid solution after heating 15 minutes on the water bath. The hex-
L]
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F1c. 3. Absorption curves for furfural and various sugars in sulfuric acid solution.
Curve 1, 100 v of furfural; Curve 2, 100 v of fructose after standing 40 minutes; Curve
3, 100 v of fructose after standing 5 minutes; Curve 4, 100 v of fructose after standing
40 minutes and then heating 15 minutes in a water bath. Curves for galactose,
mannose, glucose, and N-acetylglucosamine are not shown, since the densities are
below 0.03 throughout the wave-length range.

oses studied exhibit maxima at about 250 and 320 mu. Fructose, glucose,
and galactose show similar curves, while mannose differs in having less
absorption at 320 my than at 250 mu. The positions of the maxima cor-
respond closely to those observed for furfural under the same conditions;
the apparent conversion of the hexoses to a furfural derivative would ap-
pear to be only 10 to 20 per cent as judged from the spectra. While the
mechanism of the carbazole reaction and similar color tests is not clearly
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understood, presumably the formation of aldehyde intermediates is impor-
tant (2,9). It is significant that N-acetylglucosamine, which does not give
a color test with carbazole, also shows no specific absorption in the ultra-
violet in sulfuric acid solution.

The relative heights of the maxima in the ultraviolet are not correlated
with the intensity of the colors produced in the carbazole reaction, a fact
which might argue for the unimportance of the compounds showing ultra-
violet absorption in the subsequent color reaction. However, extinction
curves of unheated sulfuric acid solutions of the hexoses (Fig. 3) suggest
a complicating feature. The ultraviolet spectra were found to be sensitive
to time of heating, and the extinction values increased and then decreased
on heating for successively longer periods. Glucose, fructose, mannose,
and N-acetylglucosamine show no appreciable absorption in the cold,
while fructose is converted rapidly to an intermediate showing specific
absorption in the region 250 to 320 my; maximum absorption is reached
after about 40 minutes at 25°.  'When the fructose solution is then heated,
the specific absorption decreases markedly, indicating other reactions
leading to decomposition. Fructose also shows characteristic behavior
in the carbazole reaction in that a color appears several times faster and
with greater intensity than for any of the other hexoses. It is apparent
that the marked difference in behavior of fructose from other sugars in
cold sulfuric acid could readily be adapted to its detection under suitable
conditions. Since it is known that heated acid solutions of the hexoses
will not react appreciably with carbazole in the cold (9), the carbazole re-
action would appear to consist of at least two series of reactions, (1) the
conversion of hexoses to intermediates showing specific ultraviolet ab-
sorption and the simultaneous decomposition of these intermediates in
hot acid solution, and (2) the reaction of some or all of the products with
carbazole in hot acid solution to yield a stable visible color.

SUMMARY

The optimum conditions for the colorimetric estimation of hexoses by
reaction with carbazole in hot sulfuric acid solution have been determined
and a convenient procedure, giving results with a precision of 2 to 5 per
cent in the range of 50 to 150 v of glucose, is described. The colors ob-
tained with glucose, galactose, fructose, and mannose are not sufficiently
distinctive to allow their ready differentiation and identification by spec-
tral measurements. The significance of the ultraviolet spectra of heated
and unheated sulfuric acid solutions of hexoses to the problem of estimation
and identification of hexoses is discussed.
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Part 1II

The Hydrolysis of N-Benzoyl=DL-Tyrosylglycinamide,
Ne-Acetyl=L=Tyrosylglycinamide, and

NeAcetyl-DL~Tyrosylglycinamide by Chymoirypsin

By Robert V. HacAllister, Kent M, Harmon,

»

snd Carl Niemann

- ; . P %
(From the Gates and Crellin Laboratories of Chenlstry,

Californis Institute of Technology, Pasadsna)

* Gontribution No. 1236
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THE HYDROLYSIS OF N-BENZOYL-pL-TYROSYLGLYCINAMIDE,
N-ACETYL-L-TYROSYLGLYCINAMIDE, AND N-ACETYL-
pL-TYROSYLGLYCINAMIDE BY CHYMOTRYPSIN

By ROBERT V. MACALLISTER, KENT M. HARMON,* anp CARL NIEMANN

(From the Gates and Crellin Laboratories of Chemistry,t California Institute
of Technology, Pasadena)

(Received for publication, August 16, 1948)

Contrary to the report of Bergmann and Fruton (1) the . peptide present
in aqueous solutions of N-benzoyl-prL-tyrosylglycinamide, prepared by two
independent methods, is rapidly hydrolyzed by crystalline chymotrypsin.
At 40° and pH 7.8 in a 0.00344 M solution® of the pL mixture the 1. compo-
nent is hydrolyzed as rapidly .as in a 0.00172 M solution of the L peptide
(Table I). Because of the relative insolubility of N-benzoyl-pr-tyrosyl-
glycinamide, it was not possible to study the reaction at higher substrate
concentrations, and attention was directed to the much more soluble N-
acetyl-pL-tyrosylglycinamide.

The cryoscopic properties of N-acetyl-DL-tyrosylglycinamide in aqueous
solution were determined over a concentration range varying from near
saturation to approximately one-third of that value, and no indication was
obtained suggestive of extensive interaction between the p and L peptides.
Thus it can be concluded that in aqueous solutions of the pL peptide one is
confronted with a simple mixture of the p and L peptides.

The chymotrypsin-catalyzed hydrolysis of the L peptide present in
aqueous solutions of N-acetyl-DL-tyrosylglycinamide was studied, and at
pH 7.8 and either 25° or 40° the rate of hydrolysis of the L component
present in a 0.10 M solution of the pL peptide was found to be approximately
one-half of the rate observed with a 0.050 M solution of the L peptide. At
40° in a solution 0.00172 M with respect to the L component the rates of
hydrolysis were found to be identical, within experimental error, for solu-
tions of the L and pi peptides. These data, summarized in Table II,
clearly indicate that inhibition of hydrolysis of the 1. peptide by the o pep-
tide is a function of enzyme-substrate concentrations and that the process
is one involving competitive interaction between the o and L peptides and
the enzyme. Thus under conditions of low substrate and inhibitor con-
centration the enzyme is unsaturated in the Michaelis sense and sufficient

* National Research Council Predoctoral Fellow.

1 Contribution No. 1236.

1 A molar solution is defined for the purposes of this investigation as one con-
taining 1 gm. formula weight per liter of solution.

767
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768 HYDROLYSIS BY CHYMOTRYPSIN

reactive sites are available to permit optimum or near optimum hydrolysis
of the L peptide, the presence of an equimolar quantity of the p peptide
being without demonstrable effect. In solutions of high substrate and in-
hibitor concentration the enzyme can be considered to be operating at or
near the limiting rate, and under these conditions interaction between
the enzyme and the p peptide can cause substantial inhibition of the rate of
hydrolysis of the L peptide. A more precise definition of the above system
must await the accumulation of additional data.

Further study of the system involving N-benzoyl-pL-tyrosylglycinamide
does not appear attractive, since it is clear that the limited solubility of this
peptide and the relatively rapid rate of hydrolysis of the L component by
chymotrypsin would prevent the attainment of conditions requisite for

TasLe I
Hydrolysis of N-Benzoyltyrosylglycinamide at 40° and pH 7.8
The pL substrate = 0.00344 M; the L substrate = 0.00172 m.

Eo, mgN _— So—S Fi::f)tn g{g:lrzte Proteolyt.i% coefficient,
pl:;f’;:]' reaction
DL L oL L DL T
min, 'm per ml, X 103\mu per ml. X 103

0.0154* 10 0.66 0.70 0.049 0.052 3.2 3.4
20 1.18 1.22 0.058 0.062 3.7 | 4.0

0.01541 10 0.71 0.65 0.053 0.047 3.5 | 3.1
20 1.24 1.15 0.063 0.055 4.1 3.6
30 1.60 1.38

* Crystalline chymotrypsin preparation from Armour.
t Crystalline chymotrypsin preparation from Lehn and Fink.

the demonstration of inhibition by the p antipode. Practically there can
be no objection to the use of N-benzoyl-pr-tyrosylglycinamide, which is
much more readily available than its L component, as a test substrate for
chymotrypsin-like activity.

In the hydrolysis experiments it was observed that a plot of the log of the
substrate concentration versus time was generally linear, indicating that
the reaction was approximately first order with respect to substrate.
Rate constants and so called proteolytic coefficients (2) calculated by the
commonly used first order rate expression are given in Tables I and II.
Comparison of the proteolytic coefficients, which should be considered as
approximate values because of possible complications arising from the
comparatively slow hydrolysis of the terminal amide bond (3), shows that
under comparable conditions N-benzoyl-L-tyrosylglycinamide is hydrolyzed
by chymotrypsin much more rapidly than is the N-acetyl-L-peptide amide.
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The kinetics of the hydrolysis of N-acetyl-L-tyrosylglycinamide by
chymotrypsin at 25° and pH 7.8 were investigated and, assuming that
hydrolytic cleavage of the terminal amide bond was so slow as to be ignored,
it was found as in the chymotrypsin-catalyzed hydrolysis of N-benzoyl-L-
tyrosinamide and ester (4) that the reaction was apparently first order at
all initial substrate concentrations but that the first order rate constant (k)
increased with decreasing initial substrate concentrations. Two possible
explanations for this behavior may be advanced. If inhibition by the

TasLe 11
Hydrolysis of N-Acetyltyrosylglycinamide pH 7.8
So — S, m per ’ First order rate Proteolytic
Temper- Eo* Sot Time of ml. X 103 i constant, & coefficient, C
ature reaction W R PRSI
DL L DL L DL L
*C. min.
40 0.0154 | 0.00172 30 0.29 0.36 | 0.0061 | 0.0079 | 0.39 0.51
60 0.60 0.64 | 0.0071 | 0.0077 | 0.46 0.50
40 0.031 0.00172 20 0.45 0.42 | 0.015 0.014 0.45 0.45
40 0.63 0.70 | 0.011 0.013 0.37 0.42
60 0.90 0.85 | 0.012 0.011 0.40 0.36
40 0.060 0.05 20 7.4 12.8 0.0079 | 0.015 0.13 0.24
40 13.5 22.0 0.0077 | 0.015 0.13 0.24
25 0.075 0.05 20 3.9 7.5 0.0041 | 0.0081 ; 0.054 0.11
40 8.1 14.2 0.0044 | 0.0083 | 0.058 0.11
60 20.0 0.0085 1 0.11
80 13.7 0.0040 10.054
25 0.30 0.05 10 7.6 14.1 0.0165 | 0.0329 | 0.055 0.1
20 12.6 24.8 . 0.0146 | 0.0342 | 0.049 0.1
! 30 32.2 { 0.0342 | I 0.1
1 | 40 | 244 . 0.0167 | 0.056 |

* Mg. of protein N per ml.; crystalline chymotrypsin preparation from Lehn and
Fink.
1 Coneentration of L form of substrate.

hydrolysis products occurs, the course of the reaction may be described by
the expression

LEt = 2.3 [1{,,, A So + 1):| log - (1 - ") So — 8)

n S n

where K,, = the Michaelis constant, n = the ratio of the inhibition constant
to K., I = the inhibitor concentration, Sy = the initial substrate concen-

tration, S = the substrate concentration at time ¢, and £ = the enzyme
concentration. In the absence of inhibition by the hydrolysis products the
rate law may be expressed by the integrated Michaelis-Menten equation (4)
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kEt = 2.3Kn log g" F(Sy— &)

The available data appear to fit either equation equally well and in the
absence of data relative to possible inhibition by the hydrolysis products the
simpler integrated Michaelis-Menten equation has been provisionally
adopted for comparative purposes. In Table III are tabulated the experi-
mental values of (S, — S) and those calculated from the integrated
Michaelis-Menten equation with the best experimental values of K,, = 0.03

TasrLe IIT
Comparison of Experimental and Calculated Results

Temperature 25°, K, = 0.03 M, ¥ = 0.0089 mm per minute per mg. of enzyme
nitrogen, o = 0.15 mg. of protein N per ml.

So i Time of reaction Per cent hydrolysis So— S (observed) So — S (calculated)

ma per ml. ! min, mM per ml. X 103 mu per ml. X 103
0.05 10 14.9 7.4 8.1
20 27.6 13.8 15.7

40 48.6 24.3 27.3 -

0.03 10 16.9 5.1 6.3
20 37.1 11.1 11.6
40 65.2 19.6 20.0
0.02 10 26.1 5.2 4.9
20 45.2 9.0 8.9
30 59.4 11.9 12.4
0.0083 10 3l.1 2.6 2.5
20 53.2 4.4 4.3
30 68.7 5.7 5.7
0.0050 10 31.0 1.6 1.6
20 53.3 2.7 2.7
30 70.6 3.5 3.5

M and & = 0.0089 mM per minute per mg. of enzyme nitrogen. The agree-
ment between experimental and calculated values of (S, — S) is within
experimental error. _

In view of the magnitude of K,, it appears likely that the extent of in-
hibition of hydrolysis of N-acetyl-L-tyrosylglycinamide by an equimolar
quantity of the p antipode observed in solutions 0.10 M with respect to the
DL peptide is at or near the limiting value.

EXPERIMENTAL

N-Benzoyl-pr-tyrosylglycinamide—According to the procedure of Berg-
mann and Fruton (1), p-hydroxybenzaldehyde was condensed with hippuric
acid, the azlactone allowed to react with glycine ester, and the dehydro-
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peptide ester hydrogenated and ammoniated to give N-benzoyl-pL-tyrosyl-
glycinamide trihydrate after recrystallization from aqueous ethanol.

Analysis—CisH404N3-3H,0. Calculated. C 54.7, H 6.4, N 10.6
Found. “54.8 “ 6.4, 10.5

L-Tyrosine was converted into O,N-diacetyl-DL-tyrosine (5), the acetyl
groups removed, and the prL-amino acid benzoylated with benzoyl chloride
and sodium hydroxide to give O,N-dibenzoyl-prL-tyrosine, m.p. 215-217°
(corrected) after recrystallization from aqueous ethanol.

Analysis—Cy3H,140;N.  Calculated, N 3.6; found, N 3.7

A solution of 10 gm. of O,N-dibenzoyl-pL-tyrosine in 200 ml. of absolute
ethanol was saturated with dry hydrogen chloride at 0°, the solution re-
fluxed for 10 hours, the reaction mixture evaporated in vacuo to a thick
syrup, the latter triturated with aqueous sodium bicarbonate, and the solid
that formed recrystallized from. aqueous éthanol to give 4.5 gm. of N-
benzoyl-pL-tyrosine ethyl ester, m.p. 123-124° (corrected).

Analysis—Ci3H, 504N, Calculated, N 4.5; found, N 4.3

A solution of 8 gm. of N-benzoyl-pL-tyrosine ethyl ester in 20 ml. of absolute
ethanol was slowly added to a refluxing solution of 40 ml. of 85 per cent
hydrazine hydrate in 10 ml. of absolute ethanol, the reaction mixture
refluxed for an additional 4 hours, chilled, and the recovered hydrazide
washed with warm ethanol. Yield, 6.4 gm. of a product melting at 230-
231° (corrected).

Analysis—CisH,70:N;.  Caleulated. C 64.2, H 5.7, N 14.0
Found. “64.4, “ 5.5, ¢ 13.9

A solution containing 2.5 gm. of N-benzoyl-pL-tyrosinhydrazide, 5 ml. of
concentrated hydrochloric acid, and 2.5 ml. of glacial acetic acid in 50 ml. of
water was chilled to —10°, 10 ml. of a 7.5 per cent solution of sodium nitrite
added with vigorous stirring, and the azide recovered, washed with cold
water, dissolved in ethyl acetate, washed with aqueous sodium bicarbonate
and water, and added to an ethereal solution of glycine ethyl ester prepared
from 5 gm. of the hydrochloride. The reaction mixture was allowed to stand
at 25° for 48 hours, then extracted with dilute hydrochloric acid and with
water, the solvents removed, and the syrup triturated with a small amount
of water. Recrystallization of the product from aqueous ethanol gave 2.0
gm. of N-benzoyl-pL-tyrosylglycine ethyl ester, m.p. 156-158° (corrected).

Analysis—CqoH120;N,.  Calculated. C 64.9, H6.0, N 7.6
Found. “64.7, ¢ 6.3, 7.8
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Ammonolysis of the above ester, in methanol solution, gave 1.8 gm. of
N-benzoyl-pL-tyrosylglycinamide after recrystallization from aqueous
ethanol.

Analysis—CysH1s05N3-3H,0. Calculated. C 54.7, H 6.4, N 10.6
Found. “54.9, ““ 6.6, ¢ 10.5

N-Benzoyl-L-tyrosylglycinamide—This acyldipeptide amide was prepared
aceording to the directions of Bergmann and Fruton (1). The product was
obtained as fine needles, m.p. 218-219° (decomposition).

N-Acetyl-pr-tyrosylglycinamide—A solution of 25 gm. of N-acetyl-nr-
tyrosine ethyl ester (6) in 60 ml. of absolute ethanol was slowly added to a
refluxing solution of 12.5 gm. of 85 per cent hydrazine hydrate in 20 ml. of
absolute ethanol, and the reaction mixture refluxed for an additional 2
hours, chilled, the solid recovered, washed with ethanol, and dried to give
21 gm. of N-acetyl-pL-tyrosinhydrazide, m.p. 227-227.5° (corrected).

Analysis—C1Hi503N;3.  Calculated. C 55.6, H 6.4, N 17.7
Found. “ 55.5, ““ 6.1, ** 17.7

A solution of 1.5 gm. of sodium nitrite in 10 ml. of water was added to a
well stirred solution, maintained at —5°, containing 4.0 gm. of N-acetyl-pL-
tyrosinhydrazide, 10 ml. of concentrated hydrochloric acid, and 5 ml. of
glacial acetic acid in 50 ml. of water. The azide was recovered, washed
with cold water, taken up in ethyl acetate, and the latter solution washed
with aqueous sodium bicarbonate and water, and added to an ethereal solu-
tion of glycine ethyl ester prepared from 10 gm. of the hydrochloride. The
reaction mixture was washed with dilute hydrochloric acid and with water,
and the solvents removed from the dried non-aqueous phase to give 3.5
egm. of N-acetyl-pL-tyrosylglycine ethyl ester, m.p. 135-136° (corrected),
after recrystallization from aqueous ethanol.

Analysis—CysH20OsN2.  Calculated. C 58.5, H 6.6, N 9.1
Found. “ 58.4, 6.5, 9.0

Ammonolysis of 2.0 gm. of the above ester, in methanol solution, gave 1.2
gm. of N-acetyl-pL-tyrosylglycinamide, m.p. 205-206.5° (corrected) after
recrystallization from aqueous ethanol.

Analysis—C;H1;04N;.  Calculated. C 55.9, H 6.1, N 15.1
Found. “56.1, ““ 6.2, “ 15.3

N-Acetyl-v-tyrosylglycinamide—A.  solution of 37 gm. of N-acetyl-rL-
tyrosine (5) in 500 ml. of absolute ethanol was saturated with dry hydrogen
chloride at 0°, the solution refluxed for 4 hours, the solution concentrated
in vacuo to a thick syrup, the pH adjusted to 7.5 with aqueous sodium
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carbonate, and the crude product recrystallized from aqueous ethanol to
give 25 gm. of N-acetyl-L-tyrosine ethyl ester, m.p. 96-97° (corrected).

Analysis—Cy3H 704N,  Calculated. C 62.1, H 6.8, N 5.6
Found. “61.8, 6.9, < 5.3

According to the procedure used for the pL peptide, 22 gm. of the above
ester gave 17 gm. of N-acetyl-L-tyrosinhydrazide, m.p. 235.5-236° (corrected).

An(llyS'L'S*CnH;sOaNa. Calculated. C 556, H 64, N 17.7
Found. “ b5.4, ““ 6.5, ““ 17.8

N-Acetyl-L-tyrosinhydrazide was converted into N-acetyl-L-tyrosylglycine
ethyl ester, m.p. 133-135° (corrected) in a manner similar to that described
for the preparation of the corresponding pL peptide. The yields varied
between 55 and 75 per cent of the theoretical.

TaBLE IV
Molecular Weight of N-Acetyl-pL-Tyrosylglycinamide in Aqueous Solution
Peptide in 1000 gm. water ’ Freezing point depression ‘] Mol. wt.
o o | e
21.40 0.137 290
21.00 0.137 284
10.50 0.070 278
10.30 0.068 281

6.17 0.038 301

Analysis—CisH200sN2.  Calculated. C 58.5, H 6.6, N 9.1
Found. ‘“ 58.6, ¢ 6.9, ¢ 9.4

Ammonolysis of the above ester gave 78 per cent of N-acetyl-L-tyrosyl-
glycinamide, m.p. 225-226° (corrected).

Analysis—CsH,704Ns.  Caleulated. C 55.9, H 6.2, N 15.1
Found. “55.9, % 5.9, 15.0

lalhy = +35.0° (4% in 50% aqueous acetone)

Cryoscopic Measurements—The technique described by Beckmann (7)
was used for the determination of the freezing points of aqueous solutions
of N-acetyl-prL-tyrosylglycinamide. The molecular weights given in
Table IV are to be compared with the theoretical value of 279, assuming
ideal solution behavior.

Enzymatic Studies—Preparations of crystalline chymotrypsin obtained
from Lehn and Fink or Armour were used in these studies and were found to
give comparable results. The reaction mixtures were 0.015 M in phosphate,
adjusted to pH 7.8. The extent of hydrolysis was determined by a formol
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titration to pH 8.1 with a Beckman model G pH meter for indication of
the end-point. In general 0.5 ml. aliquots of the 0.05 M substrate solutions
were titrated with 0.01 M sodium hydroxide after the addition of 0.5 ml. of
35 per cent aqueous formaldehyde which had been adjusted to pH 8.0 by
the addition of basic magnesium carbonate. With the 0.0017 M substrate
solutions 2.0 ml. aliquots were titrated.

SUMMARY

The inhibition of the chymotrypsin-catalyzed hydrolysis of N-acetyl-L-
tyrosylglycinamide by equimolar quantities of its » antipode has been
observed to be a function of the relative concentration of the pL mixture
and enzyme. The general features of the above system have been de-
scribed, and an explanation has been given relative to the lack of antipodal
inhibition obtaining in the case of N-benzoyl-pL-tyrosylglycinamide.
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The Hydrolysls of Various HeAecylated

Tyrosinamides by Chymotrypsin

Chymotrypsin is a member of the large group of "proteases"
~enzymes which catalyze the hydrolysis of proteins and protein
hydrolytic products, /

In the normel digestive process, a partial breakdown of
proteins is effected in ths stomach by the enzyme, pepsin. The
dezradation of the proftelin is continued in the small intestine,
As early as 1836 it was nobted that some principle, called trypsin,
generated by the pancreas is responsible for this lurther
hydrolysis, It was also found that fresh pancreatlc julce
had no actlon on proteins or protein hydrolysis products, but
that the julce must be activated by a material callsd entero=-
kinase which exists in the lining of the intestine, (The
pancreatic juice can also be self activated slowly by standing
at pH 6,0} Vernon (1) showed that the proteolytic power of
pancreatic julce 1s activated much more rapidly by freshly
activated Srypsin than by enterokinase, This fact, and the
observation that the activity of the pancreatic juice as
measured by milk curd formation and by casein hydrolysis did
not show a parallellsm in inactivatlon experiments, lead to

he idea that two or more proteolytic enzymes were present

in the pancreatic julce.



In 1932, Northrup and Kunitz (2) obtained crystalline
trypsin from active pancreatic juice. While looking for a
precursor in the inactive juice, they isolated an enzymatically
inactlive crystalline protein which was later called chymotryp-
ainogen. This protein 18 not activated by enterckinose, but
it is activated by trypsin %o glve a new enzyme, alsc obbtalned
in the crystalline conditlon, which was named chymobtrypsin,

Chymotrypsin was found toc be quite dlstinct from t rypsin,
especially on the basis of the types of orotein linkages
which are susceptible to 1%ts action,

The current concent of the interrelationships involved in

the trypsin-chymotrynsin system might be outlinod as follows.

trypsinogen trypsin
+ enterokinase ; 4
rd
chynobrypsinogen chymotrypsinogen
trypsin
—
+ <

chymotrypsin

The change of chymotrypsirozen to chymotrypsin talkes »nlace

best at pH 7 to 8, The actlve cnzyme contalins 6 more KH,
&~

groups than the zymogen, but the wrocsss does not involve

the formation of 8plit products.
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Until 1936, but very 1little was known about the specificitj
of proteinase activity on genulne proteins. It was only known
that aeidic and basic pgroups are formed 1ln equlivalent amounts,
No synthetic substrates had been shown to be hydrolysed by
a proteinass, and no peptidase was known which would hydrolyse
real protsin. These factors lead %o the possibility that
unknown types of linkages exist in protein, The work of
Bergmann end associates in 1935 (3) in proving that a number
ol synthetle peptldes are hydrolyzable by parain was, accorde
ingly, a marked contribution 5o the fleld of enzyme and protsin
chemistry. This éiscovery opsned up a new approach to the
systematic study of proteinase specificity. Such studles were
carrisd out on chymotrypsin, and in a series of papers from
the Bergmann group (4,5,6), a number of synthetle substrates,
readily hydrolyzed by chymotrypsin, wers described, It was
apparent from these studles that chymotrypsin has at least
two distinet specificitles 1in that 1% acted both as an endo
peptlidase and as an amldase at linkasges involving the carbonyl
groups of N-acylated tyrosine or vhenylalanine. MNore recently
(7,8,9,10,11) 1t has been found that chymotrypsin has en
esterase actlvity which sesms to involve the same recctive sites
as the amidase activity (12,13). I% has also been established
that Neacylated-methionine and tryptophane esters are hydro=-

lyzed by chymotrypsih (11).
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Tt had been noted (14) thet there 1s a marked dlffsrence
in the rates at which N-benzoyl end Neacetyl-Letyrosyl glycli-
namides are hydrolyzed by chymotrypsin. The same cifect was
ébserved (7) in comparing the rates of hydrolysis of Neacetyl
and Nebenzoyl tyrosine esters and amides.

it seemed desirsble %o study the effaect of a more extended
variation in the type of amino nitrogen substitution in a
chymotrypsin substrate, and to investigate in more detall the
factors involved in the inhibition of the hydrolysis of an
L-substrate by the corrosponding Delsomer. To thls end a serles
of «Ii~, and DLe~tyrosinamides were prepared inwhich the amino
nitrogen was acylated by acetyl, formyl, benzoyl, iso-nicotinyl,
nicotinyl, and plcolinyl groups,

N»acetyl-D-tyrosine ethyl ester and amides were vreparsd
in order %o extend the inhlbition experiments to high concentra=-
tions of the D isomers, For this purpose a rapid and convenient
method for the resolution of DL~ tyrosine was devised. This
procedure is described in the section "Preparation of Substrates',

It was Tound that the course of the hydrolysis of the
acatyl, formyl, benzoyl, iso nicotinyl, and nicotinyl-L-tryo=-

2

sinamldes followed the Michaelis Menten equation (15),

”dSﬂvﬂk'ﬂs = VS

: 1
at .Km-és Kp # 8 i)




where K, 1s the enzyme-substrate dlssoclation constant, k' is
the speciflic rate constant, e 1s enzyme concentration, and 8 is
the substrate concentration. V corresponds to the value of v
when 8)K..

In evaluating X, and k' (or V), it is convenient %o use
the Lineweaver and Burk (16) procedﬁre of plotting ths recipro-
cals of initial velocities against the reciprocals of initial
substrate concentrations, for upon rearranging equation (1) a

linear relationship between the reciprocals obtains,

K!n *
v

L
v

tafp-s

+ 3 (2)

In considering the hydrolysis of N-acetyl-L-tyrosinamide,
by referring to figures (1) and (2}, 1t is apparent that at the
lower initial substrate corcentrations, the hydrolysis experiments
follow first order kinetlcs, whereas at the higher concentrations,
the reaction initially follows zsro order. In order to determine
the initlal veloclity of the lower concentrations sxperiments,
the log plot can be used most convenlently, whereas at the
higher concentrations, the concentration vs time plot is more
convenisnt.

Figure (3) 1s a plot of equation (2) applied to the
hydrolysis of Neacotyl-Letyrosinamide, from which the values

of V and Ky can be calculated.
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If the Michaelis-Menten equabion 1a integrated we have

the relationshlp,
F(s) = 2.3 Ky Log 22 ¢ (s, - &) = K'et (3)

A plot of F{s) egainst & should be linear and should afford a
more rigorous test of the applicability of the Michaelis-Menten
equation bscause evsry point on every hydrolysis curve should
fit on a single plot. Refsrring to figure (4), is is aspparent
thaé such is the case, and the data for the hydrolysis of
Neacstyl-L=tyrosinamide fits the integrated Michseliswlenten
equation very well over a large range of substrate concentrations.

The same methods of analysis were applied %o t he data
obteained for the obther subsirates., From the plot of the ine
tegrated Michaelis-Menten function vs time, (Flgures 5 to 17),
it is appafent that all of thsse substrates follow the equétion
quite well,

The N-picolinyl-L~tyrosinamide has such a low solubility
that the hydrolysis could be carried out at but one, (the
maximum), concentration. The daba obtalned are inconclusive,
The Km.and V values of these various Nwacylated tyrosinamides

are tabulated bolow:



Acyl Group Epn ¥
Formyl 11.2 39
Acetyl 28,2 2,4
Benzoyl 1,9 4,0
Iso Nicotinyl 8.4 6.2
Nicotinyl 13.1 6el

It is apparent that V, which presumably is s measure of the
rate of activation of the enzyme-substrate complex, is of

the same order of magnitude for the acetyl, benzoyl, iso=
nicotinyl and nicotinyl subgtrates. The observed differences
in the overall rates of hydrolysis can be attributed to the
variation of the Ky value which is more nearly a2 measure of
the attraction of the enzyme for the subgtrate,

However, 1t must be borne in mind that the true
equilibrium constant of the enzyme 4 substrate & complex
reaction is inherently indeterminate as measured kinetically,
because K, necessarily involves three reaction rate constants.
For this reason, the evaluation of the specific group effect
on the affinity of the enzyme for a substrate might well be
treated more adequately on the basis of specific inhibition

experiments,



The developmeﬁt of the nicotinyl and iso nicotinyl de=
rivatives has provided readily preparsd subsirates which have
several advantages,

l. They are hydrolysed at a rate comparable with
benzoyl derivatives, and are considerably more
soluble in waber,

2. The N-nicotinyl-Dl-tyrosinamide 1s also sol-
uble and provides & convenlent substrate for
D" inhibition studies. (The N~benzoyl-DL-
tyrosinamide is extremsly insoluble.)

Ne-nicotinyle derivatives of phenylalanine, and tryptonhane
have been prepared by Drs, Islen and Hyang of this laboratory
and have been found to be convenlent enzyme hydrolysis sube
strates also.

These developmenis are the subject of an article whileh
will be published soon. |

Henicotinyl-L-tyrosinhydrazide was found to be hydro-
lyzable by chymotrypsin., Referring to table (VII) and to
figures (20) 1t can be seen that the reaction follows first
order kinetics, (This observation is somewhat in conflict
with the results obtained by Neurath et al. (8),) The list
of linkages hydrolyzable by chymotrypsin must now include
peptides, amides, esters, and hydrazides.

If en enzyme catalyzed reaction follows the Michaelig-
fenten scheme, it can be shown (18) that the effect of an

Inhibltor, which competes reversibly with the substrate for
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active sites on the enzyme, can be expressed in an egquation of

the form:

%*5 (1*%‘{)'%! "‘% (‘:At)

i

the
where 4 1a the concentration of the inhititor and Kl isAraﬁio:

{(inhibitor){enzyme)
(inhibltor~enzyme-complex)

A serles of measurements at varioué substrate and inhibitor
concentrations will enabls one to evaluate Ki, vV, and K;
from a plot of the reciprocéls of the velocity vs, the recip-
rocal of the substrate concentration.

A serles of hydrolysis experiments were carried out usling
E~acety1mL~tyrosinamide as the substrate and N-acetyl«D-
tyrosinamide as the inhibitor. Referring to tatles (VIII)
to (XIII) and figures (26) and (27) 1%t is apparent that this
is an oexample of competitlive inhibition.

By integrating equation (3) we have

Fls) = 2.3(1 + %I) K, Log 80 & (s, - s) = Vs (5)

If the F(s) 1s plotted against time, s linear relationship
between ¥(s) and § should be observed, and all the experl-
m@ntaliy determined values for every hydrolysis GXperiment
could ve placed on one plot, For convenlence, each inhibltor

concentration has been used to make such a curve,



Referring to figures (21) to (25) 1% is apparent that the
date it into 2 linear relationship well., The small veriation
in X7 probably is nof significant. In accordance with our
shbltude that the inhibiitor equlilibriuvm constant micht be
most significant in relating structure to affinlty, an ine
hibltion experiment was carried out using N-acetyl-L-tyrosin-
amide as the subsirate, and N-acetyl-D-tyrosine ethyl ester

ag the inhibitor. Considering that this 1s a competitlive type

La)

0 inhibition,'the data were treated in the same manner as
In the Neacetyl-D-tyrosinamide inhibitlon experiments. The
results of these experimenis (see table (XIII) and Tigures
(28) to (30).) lead to a Ky value of 5.20. The relative values
of 5,20 and 11.0 (the average Ky for the D amlde) are probebly
8 more true indicabtion of the relative affinities of the en~
zyme for the substrate as influenced by that part of the sub-
strate molecule, than are the K, values of the L-ester and
emide.

Purther experiments were carried out, using ¥-nicotinyl-
DL-tyrosinamide %o determine the effect of the -Dwlsomer as
an inhibitor., Similar experiments were performsd using
N-igoenicotinyl«DL-tyrosinamide,

These experiments were not extensive but they have ine-
dicated that the E; value of the N~iso~nicotinyl-D-tyrosinamide

is. about 2 wherseas the KI value of the N-nicotinyl-D~tyrosin-

amide is about 10,



These observations lend supvori to the view that an amlino
N near the secondary peptide linkage tends %o decreass the
affinity of the senzyme for the substrate, It has been ree
portad (10} that glyecyl tyrosinamide has en cxceptionally
high Ky value which is consistent with this view, It must be
noted, however, that the basiec sirength of the pyridyl n;trow
gen is low = (Kp z 3.55 o 1011 (17) ) and so the effect can
hardly be aseribed to approach of a positive charge as has

been 'suggesied in the case of the glycyl peptide.



EXPERIMENTAL



Enzyme Preparation and Methods

A crystalline chymotrypsin prepsration procured Irom
Armour and Company of Chicago, Illinois (lot number 70902}
was used in all of these experiments., This preparaition was
found to contain 47,0 per cent of protein (precipitable by
trichloroacetic aclid) or 7.51 per cent of protein nitrogen,
The non=-protein material 1is HgSOQ. The dry enzyme was welghed
out for each individual hydrolysis experiment., This practice
was adopted in order to avold any complications which might
arisse as a result of changlng degree of activity in a stock
golution of the enzyme.

In carryling oubt a hydrolysls experiment, the substrate
is dissolved in 6 ml of water and 2 ml of a stock buffer
solution ( .100 formal ethylene diamine adjusted to pH 8,00
with HCl), The temperature is brought to 25°C, and the en-
zyms, dlssclved in 1 ml of water, ls added. The volums of
the system 1s made exactly %o 10,00 ml by adding water, The
solution is mixed thoroughly, and samples are removed for
anelysis at frequent intervals of time., Zero time corresponds
to the instent the enzyme =olutlon makes contact with the sube
atrate solution,

To determine the extent of hydrolysis at any given time,
the sample (1,00 ml) is mixed with 1,00 ml of 35 per cent
neutral formeldehyde, and then titrated with 01000 F-sodium
hydroxide to a pH of 8,00, This titration is carried out
electromebrically on a Peckman model G glass electrode pH

meter,
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t is possible to remove the ITirst sample and %o mix 1%
with the formaldehyde solution within 60 to 70 seconds after
zoero time. This value is used as the blank unless it is
apparent that more then 1 per cent hydrolysis has occurred
within 1 minute. 1In such cases, the blank value is debtermined
by a method of successive approximations.

Control experiments were carrisd out on all substrates
and on the enzyme, It was found that there is very little
if any increase in titrable acidity in either the substrate

or enzyrie over a two hour period, which was the normal period

=y

of hydrolysls sbtudied,



Preparation of Substrates

L-Tyrogine Ethyl Zsier

100 gm L-tyrogine (Lewmke) was suspended in 500 ml of
absolute aleohol, Dry HC1l was passed intc the suspension une-
til a1l of %the solid dissolved. The solubtion was refluxed for
©4 hours, = The zolution was then filtered and concsnirated une
der vacuum, The ester hydrochloride, which crystallized out,

~

vasd [1ltered and dissolved in a minirum of cold water, A

b

concentrated agquecus golubtlion contelning 70 gm of KoC0n was
added to the cold soluition, The tyrosine ebthyl ester crystale
lized out., It was removed by filtration, then purilfied by

two recrystallizations from ethyl acetate. The yleld was 65 gm,

Melsing Point: 105-106°C (Corr.)

"he melting polnt recorded in the literature (18) is
108-109. Repeated recrystallizations falled %o ralse

the melting point of our product from 105~106,

L-Tyrosine Amide ‘

50,0 gm Letyrosine ethyl ester was dissolved in 300 ml
methyl alcohol (99%). After cooling this solution to 0°C, 4%
was saburated with FM5. The resulting solution was held at
room temperature for £ days. The solution was then concentraw=
ted under vacuum to a syrup which crystallized upon stirring
The solid was removed from the mother liquor by filtration,

then recrystallized from an alcohol-waber mixture.
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Yield: 30 gm.

Melting Point: 155«156 (Corr.)

This melting point agrees with the literature values (19),

DL-Tyrosine

The method of du Vigneaud and Meyer (20) was used to
racemlze L-tyrosine, The acetylated product was not isolated,
but was immedlately converted %o DL-tyrosine. 100 gm, Letyroe
sine (Lemke) was dissolved in 560 ml., water and 416 ml, 2,7
Nesodium hydroxide, This solution was apltated vigorously in
an ice bath while 400 ml. of ascetlec anhydride was added slowly,
Tne solubion was then held at 609 for D hours.

The soluiicon was made approximately 3 N In hydrogen
chloride and refluxed for 20 hours, It was then [ilbered and
neutralized to pH 5.6 with sodium carbonate. The solid obe
tained was filtered, washed thoroughly with water, and dried,

The product had zero rotation,

DL=Tyrosine Ethyl Ester

20 gm, of DL~tyrosine was suspended in 200 ml, of e thyl
alcohol. Dry HC1l was passed into the suspension until all of
the solid dissolved, The soluilon was thon refluxed lfor 20
hours, and then 1t was evaporated under vacuum to dryness,

The solid was dissolvaed in a minimum of cold water, KoCOz
was added to raise the pH to 8.0, Tne solid which precipitated

was recrystallized twice frome thyl acebtate,
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Melting Point: 110-111 (Corr,)

DL-Tyrosinamide

A solution of 16,0 gm. of DL-tyrosine ethyl ester in
150 ml, of methanol was saturated with NHy at 0°, The solution
allowed to stand at room temperature for 2 days. The solution
was then evaporated under vacﬁum %o drynsés. .The solid residue
was recrystallized twice [rom an alcoholewater mixture,

Yield: 12 gm,

Helting Point: 163=164,5 (Corr.)

NeFornyl=LeTyrosinamide

The method which du Vigneaud and Loving (21) used to
fornylate cystine was adapted to the formylation of L-tyro=
sinamide. 2,50 gm, of Leftyrosinamide was dissolved in 45 ml.
of 80% formic acid. The solution was heated to 60°, Then 17
ml. of acetic anhydride was added to the well aglitated solution
at such a rate that the tempersture was malntained at 60°, The
solution was allowed to stand at room temperature for 12 hours,
then it was concentrated under vacuum to & syrup which crystale-

lized from water,
Yield: 1.8 gm.
Melting Point: 184-186 (Corr.)
Analysis: (CyoHy003Ns),
Calculated: C = 57,7, H= 5.82, ¥ = 13,45
Found: C = 58,0, H = 6,08, N =z 13,11

4
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N-Penzoyl=L=tyrogine

12 gm. of L-tyrosine was dissolved in 90 ml., of 2N sodiunm
hydroxide. The solutlion was cooled in an ice bath. Then
16 ml., of benzoyl chloride and 100 ml, of 2,7N sodiunm hydroxide
were added in small increments to the well agitated solution,
25 ml, of concentrated HC1l was added to the solution. The
solid which precipitated was filtered out and dried. It was
trested twice with warm ligroin (60-70) to remove benzoic acid,
then recrystallized from ethanol.

Yield: 18 gn,

Melting Poilnt: 164-165 (Corr.)

(The melting point reported in the literature (22) is

165=-166, )

N-BenzoyleL-Tyrosine Hthyl Ester

16 gm. of N-benzoyl-L-tyrosine wss dissolved in 300 ml,
ethanol. Dry HC1l was passed into the solution until it was
saturated (at 400), The solution was then refluxed for 20
hours. The sclution was evaporated under vacuum %o a heavy
syrup which crystallized upon stirring., The solid was re-
erystallized from ethyl acetate,

Yield: 12 gm,

Melting Point: 120-121 (Corr.)

This melting point agress with the value reported by

Bergman and Frubon (23).



N-Benzoyl-L-Tyrosinamide

10 gm. of Y=benzoyl=-L=tyrosine ethyl ester was dissolved
in 200 ml., of methanol, The solution was then saturated with
NHz at 0%, and then allowed %o stand at room temperature for
2 days. The solutlon was then evaporated to dryness under
vacuun, and the roesldue was recrystallized from a water-alcohol
mixture.

Yield: 8.0 gn.

Melting Point: 210-211 (Corr,)

This value agrees with thet reported by Kaufman et al, (24)

Analysig: (016H1603N2
Caleulated: C 67.6, H 5,68, N 9,86

Found: C 67.7, H 5,98, § 9,80

N-Benzoyl«DL-TByrosinamlide

Nebenzoyl-DL-tyrogsinanlide was prepared from DL-tyrosine
by the same scries of resctions which were used in preparling
H=benzoyl-L-tyrosinanide from L-tyrosine,

Volting Poink: 242-244 (Corr.)

Bergman and Frutonr (25) reported a melting poiﬁt of
238 for this compound,
Analysis: (Clsﬂlsosﬁg)
Calculated: C 67.6, I 5,68, N 9.86
Found: C 67,5, H 6,61, K 9.80



N-Acetyl=L-Tyrosinamide

2,00 gm, of lNeacetyl-L-tyrosine ethyl ester was dissolved
in 50 ml. of methanol., The solution was saturated with NHz at
O°, then allowed to stand at room Sempsrature in a stopnered
flask for 2 days. The solubtion was then svaporated %o dryness
under vacuurm., The resldue wes recrystallized twice from an
alcoholewator mixture,

Yelting Point: 226228 (Corr.)

Apalysig: (Cllﬂléc}sﬂg)
Calculated: C 59.5, H 6,37, N 12,6

Found: C 59,5, H 6.43 N 12.6

N-Acotyl-DL=-Tyrosinamlide

2,00 pm, of Ne~acetyl-DL-tyrosine ethyl ester (8), was
dissolved in 50 ml.‘Of methanol, Thls solution was saturated
at 0°. with WHz, then allowed to stand =t room temperature for
2 days., The solution was then svaporated to dryness under
vacuum, The residue was recrystallized twice from an alcohole
wabter mixture,.

lelting Poing: 197-198 (Corr,)

Analzsis: (011H1405ﬂ2)
Caleulated:s € 59,5, H 6,37, § 12,6
Found: C 59,4, H 6,40, ¥ 12,5



By careful control of the conditions of erystalllization,
1% was possible to prepars large, wellwdefined, single crystals
of the L and DL acetyl btyrosinamides. Single crystals of sach
of these nreparatlons were used by Drs. Corey and Carpenter
for an X=ray diffrection study. The pattsrns obtained from
these crystals were identical. Further investigation showed
that the D and L isomers crystalllize separately from a solution
contalning equimolar quantities of L and D, The pure L compound
nelts at 226«228, and the DL mixture, (powdered for introduction
into the capillary tube), melts at 197-198, The melting point
of individual crystals from the carefully crystallized DL
mixture is 226-228. I7 a mlixed melting point 1s carried out
with a single crystal isolated from the DL mixture, and a known

L erystal, the observed value is elther 196 or 2286, depending

on whether a D or an I crystal happened fc be selected., These
observatioﬁs wore of help in determining the course of the
resolutlon experimoents reported elsewhere in this thesis,

The X~ray worl will appear in an artlicle in the Cryst,

Acta,
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NePicolinyl-Tyrosinamide

A, Pleolinyl Azide.--5.,3 gm. of plcollnhydrazide was

dissolved in 50 ml, of cold 1 N HCl., The sclution was agltated
thoroughly while 10 ml, of a 30 per cent solubtion of sodium
nitrite was slowly added, 5.0 gm. of NaH005 was added, then
the mixture was extracted withh ethyl aecetate., The ethyl ace=
tate solution was svaporated undsr vacuum to produce a mass

of cryetals of the agide,

B, Reaction of Agzide with Tyroslnamide,--1,5 gm. of the

azide prepared as above was added to a solution of 2,00 gm,
of Letyrosinamide 1n 8 ml., of pyridins. Afber 12 hours al
room temporature, a s8o0lid had erystallized out, This was re-
crystallized from glacial acetic acid,

Melting points 242-243 (Corr,)

Anelrsigs (0151{15031‘35)
Calculated: C 83,2, I 5,31, N 14,73

Found: C 63.3, H 5,42, N 14.86

N«PilcolinyleDL-Tyroginamide

Nepicolinyl-Di=tyrosinamide was obtained from DL=tyro-
sinamide by %tho s amse procedure outlined above for the L
lsomer,

Welting Points 249-250 (Corr.)

Anglysis: (CqgH,505Nz)
Calculated: € 63,2, H 5,31, § 14,73

Found: C 63.2, H 5,44, N 14,72
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Wicotinyl Azide

10.6 gm. of nicobtinhydrazide was dissolved in 120 ml. of
1 ¥ HCl. 20 ml. of a 30 per cent solution of sodium nisrite
was added slowly %o the well agltated solubtlon which was
immersed in an lce bath. 10 gm. of sodium blearbonate was
added to the solution, which was then extracted with e thyl
acetate, The ethyl acetate solution was washed with water,
then evaporajted under vacuum. Large crystals of the azlde
formed, The aride explodes violently when heated above the
melting point, 'The azide has a marksed irritating effsct on
the skin,

Yield: 9.0 gm.

Melting Pointt 50

Analysis: (06H40 N4)
Calculated: C 48,5, H 2,72, N 37,8

Found: C 48,8, H 2,91, N 37.7

HNeticotinyleL-Tyrosine Hthyl Hsier

4 gia, of Letyrosine ethyl ester was dissolved in 20 ml,
of ethyl acctate, 2,5 gm. of nlcotlnyl azide was added, and
the nixture allowed to stand at room temperature for 20 hours.
The solutlon was then extracted with dilute HCL untll the
extract had a pH of 5,0, The ethyl acebate solution was then
evaporated to a syrup which soon oerystallized, The golid

was Pacrystallized from ethyl acetats,



Yield: 205 Fifle

Heltinz Point: 147=-149 (Corr)

Apalysis: (017H1804N2)
Calculated: € 65,0, H 5,79, W 8,91

Found$ C 65,2, H 6,00, N 8,88

NeNicobtinyl=L-Tvrosine Hydraglde

6. 004,0f NenleobtinyleL-tyrosine ethyl ester was dissolved
in 20 ml. of ethancl. 1l.00 gn, of hydrazine was added, and
after 12 hours the hydrazide had crystallized out. The solid
was recoversd by [iltration and recrysitallized from ethanol,

Melting Points: 242-243 {(Corr, )

A}f}&},__‘z slsgs (0151116051\74)
Calcul&ted: G 60.0, H 5;58, ﬁ 18065

Found: ¢ 59,9, H 5,30, X 18,63

N-Micotinyl=Le-Tyrosing

« 50 gme of Letyrosine was dissolved in 2 ml, of 2,7
sodium hydroxide. .45 gm. of nicotinyl azide was added to the
go>lution, and the mixturs was shaken vigorously for 20 minutes,
The pH was lowared to 4.5 with dllute FCl., The so0lid was
filtered out and washed with cold water. The product was then
recrystallized from watsr,

Melting Polint: 238«239 (Corr, )

AﬂalY513: (015H1404N2)
Calculated: C 63,0, H 4,94, N 9.80

Pounds C 63,2, H 5,22, N 9,54



HNicobtinyl=L=Tyrosinamide

2,00 gm. of Letyrosinamide was dissolved 1n 8 ml. pyridine,
1.5 gm, of nlcotinyl azlde was added %o the solution. After
12 hours et room btemperature, the s mide crystalldzed out,.ilt
was purified by recrystallizing from water twice,

Melting Point: 226-227 (Corr, )

Analysigts (Clsﬁlscsﬁs)
Calculated: C 63,2, H 5,31, N 14,73

Found : C 83,0, H 5,56, ¥ 14,80

Nelicotbtinyl=DL-Tyrosinamlde

The same procsdure used for »reparing Nenicotinylels
tyrosinamide was used to form Nenicotinyl-DL~tyrosinamide
from DLetyrosinamide and nicotinyl agide.

Melting Poinkt 224-226 (Corr.)

(A nixed melting point with the Le-isomer was 216=219)

Analysigs (Clﬁﬁjsoﬁﬁs
Calculated: C 63,2, H 5,31, ¥ 14,73

‘Pound: C 83,4, H 5,58, N 14.53

Igo Wicotinie acid

200 ml. of gammna picoline was distilled through a 60 cn,
helizepacked column, and the fraction bolling at 142,7-142,8°
was collected, 50 gm. of $the purified gemma pleoline was
dissolved in 2500 ml, of water continaing 90 zm. KMnOyg, and

refluxed for 3 hours, 90 gw. mors of Kmno4 was added and thes
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heating continued for 3 houwrs, The %nOz wag flltered out and
the filtrate was concentrated under vacuum to a volume of

150 ml. The pl was lowered to 4.0 with HCl., The acid which
precipitated out was removed by filtration and dried,

Meltine Poink: 318321 (Corr.)

The literature value for the melbing point is 323-326 (26).

Hydrazide of Iso Nlcobinic Acid

30 gm, of 1so nicotinic acld was suspended in 250 ml,
of ethanol., HCl was passed into the solutlion until it was
saturated at 40°. The mixture was then refluxed for 24 hours,
The solution was [flltered and evaporated under vacuum 5o dry-
ness, The sollid was dissolved in water and K2005 added until
the pHl was 8.0, The nmixture was then sxtracted with ether,
The ether was stripped off, ard the residual ester was dige
solved in ethanol, (100 nml.), and mixed with 6.4 gn., of
hydragine, After 20 hours, the hydrazlde crystallized from
the solution, The solid was filtered out and recrystallized
from e thanol,

Melting Point: 172«173 (Corr.)

Analysiss (06370 N3)

Calculateds C 52,5, H 5.14, ¥ 30,7

Found: C 62,8, H 5.41, ¥ 30.8

Iso Hicotinyl Azids

5.2 gme, of lso-nicotinhydrazide was dissolved in 60 ml.

fal

of 1 N HC1l and immersed in an ice bath, 10 ml. of a 30 ner cent
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solution of sodlum nitrite was added zlowly to the well agltated
solution., 5,00 gm. of sodium bicarbonate was added, and the
mixture was then extracted with ebthyl acetate., The ethyl
acetate solubtion of the azlde was evaporatsd under vacuum %o &

syrup which crystallized uvon cooling to-20°,

NeIgo NicobtinyleL-Tyrosinamide

3+5 gm. of Le=tyrosinamide was dissolved in 10 ml, of
pyridine, 2.5 gm. of 1lso nicotinyl azlde was added, After
20 hours at% room temperature, a crystalline solid formed.
The solld was flltered out, and recrystallized from water,
Melting Polnst 231-232 (Corr, )
Analysis: (015Hi505N3)
Calculated: C 63,2, H 5,31, N 14.73

ks
ot

Found s C 63,3, 4 5,48, N 14,84

¥e=lIsgo Nicotinyl-DL~Tyrosinamide

The procedure outline sbove for Letyrosinamide was applied

$o DL=tyrosinamide.

Melting Poinbt 242-243 (Corr,)

Analzsis H (015315032‘33)
Calculated: C 63.2, H 5,31, N 14,73

~Tound? C 63,3, H 5,53, N 14,56

N-Nicotinyl=L-Tyroaylglycine Ethyl Hster

2,00 gm, of nicotinyl azlde was added %o an ether solubtion
containing 2,00 gm., of glycine ethyl ester, After 20 hours,

the solutlon was extracted with dllute HC1l, then washed with



water. The ether soluitlon wee then eveporated under vacuum
to dryness. The solid residue was recrystaellized from waler.

Melting Poinkt: 179-181 (Corr,)

Analysis (Clgﬂelcaﬁs)
Calculated: C 81,5, H 5,70, ¥ 11,31

Found: C 61.4, ® 5,98, ¥ 11.21

Nicotinyl Tthyl Bster

25 gm, of nicotinic acid was suspended in 500 ml, of
ethanol, Dry HCl was pasged Into the mixture until 1t was
saturated at 40°C, The mixture was then refluxed for 20
hours., The solubion was evaporated %o a syrup. Upon adding
water and KQCOS, the ester separated as an oil, The ester
was taken up In ether, washed with water, and dried over
CaS04. The ethsr was stripped off and the ester distilled at

4=-5 mm, Hg pressure at £1l-82,

Yield: 19,7 gm.

Ethyl Nipecotate

10 gms of ethyl nicotlnate was dissolved in 50 ml, of
methyl cyclohexans. 2,0 gm., of Ransey nickel was added, and
the mixture treated with ly at 2100 pslg at 17000._f0r 2
hours, The reaction mixture was filtered, and the methyl

cyclohexane stripped off,

Nipecotyl Hydrazide

The ester prepared above was dissolved in 20 ml, ethanol,



and 6.0 gm. hydrazine added, After 20 hours, the solution
wase evaporalted under vacuum to a syrup which crystallized
upon stirring. The solid was separated and recrystallized
from ethyl acetate,

Melting Point: 123-125 (Corr,)

Analysisgs (06H150H5) -
| Calculated: C 50.4, H 9,15, N 29,4

Founds C 50.5, ¥ 9,88, ¥ 29,4

N-lVipecotylmL=tyrosine Ethyl Ester

5,00 gm, of H=-nlcotinyl-L-tyrosine ethyl ester was dise
solved in 190 ml, methylecyclohexane and 60 ml, ethanol., £,3 gm,
of Raney nickel was added, and the mixbture treated with Hg at
2100 psiz and 150°C for 2 hours, The reaciion mixture was
then Til%ered and svaporabted under vacuum to a syrup which
crystallized upon adding ether, The solld was then recrystal-
lized from a nixture of sthyl acetate and methanol,

MHelting Polntit 153«154,5 (Corr.)

Analysiss (Cl7ﬂé404N2)
Caleulated: C 63,8, I 7,57, ¥ 8,75

Found: C 63,9, H 7,67, N 8,87

K~Acetyl=D-Tyrosine Ethyl Hster

16 gm, of Negecebtyl-DL-tyrosine ethyl ester was dissclved
in 160 ml., methanol and 720 ml. wabter, The pH was adjusted

to 8,00 with sodium hydroxide. 100 mg, of chymotrypsin was

added, and 1 § sodium hyjroxide added as needed to mdintain



the pH at 8,0, The hydrolysis was extremely raplcd, and in
10 minubtes, all of the L-ester was hydrolyzed. Fo further
hydrolysis occured over a 30 minubte period, The hydrolysate
was evaporatad under vacuum to & velume of 150 ml, The De
ester crystallized out upon standing. The melting point
agrees with that of a prevlously prepared H-acetyl-L-tyrosine
othyl estér.
Yield: 7,00 gm.
Analysis: (01531704N)
| Calculated: C 62,1, H 6,82, ¥ 5,58
Found: C 61,9, H 7,02, N 5,37

N-fAcetyl-D-Tyrosinamide

3.5 gm, of Neacebtyl=D-tyrosine ethyl ester was dissolved
in 100 ml, of methanol, The solutlon was saturated with NHg
at O°C., The solution was held at room temperature for 2 days,
The solution was evaporated under vacuum to dryness. Tho roes-
idue was recrystallized twice from a water-~alcohol uixture.

A solutlion of this product was treated with chymotrypsin at
pH 8,00 for 2 hours, HNo hydrolysis occurred,

Meltine Point: 225-226 (Corr.)

This value agrees with the melting point of the L-isomer,
A mixed melting point with the L-~isomer is 196~197 which
agrees with an authentic DL-compound.
Anglysis: (Cllﬂl4015ﬁ2)

Calculated: C 59.5, H 6.37, N 12.6

Found: C 59,7, H 6.64, N 12.5
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Results

In the followlng pages of tabulated data and grephs,

the symbola employed are defined in the following manner,

[~
i

time 1n minutes

(e, enzyme N)

& ® onzyme concentration

(ml.)
s = concentratlon of substrate (micromoles)
{ml.)
8 = initisl substrate concentration (micromoles)
o (mi, )
1¥ 1 1
s ® Concentration ol substrate hillimoles)
{ml- )
gf-m | 1 - 1
v =~ velocity of substralbe hydrolysis (nilllmoles)

(min,). {ml,)

(micromoles)

V = meximum veloclty T mi)

equilibrium congtant of the reaction:

T
enzyme=-substrate complex zZ=——=2 ®NZyuc % substrate

(micromoles)

(mlo )

Ky ® equilibrium constant of the reaction:
enzyme-inhibitor complex &===2 inhibltor + enzyme

{mleromoles)
{ml,)




F(s) = 2,3 K, Log 53-0 ¢ (g, = 8) (mi?ziiﬂgles)
* -
(o) = 2.3 (14 1) ¥ Log 85 ¢ (2, - 8) (mlc(zigzuc;les)
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Table I

The Hydrolyslis of NeAcebtyl-L-=Tyrosinamide
by Chymotrypsin

(micromoles)

{ml)

{(mg. enzyme N)

=
e = 0100 (J'{l@) .
- SO ;

85 5 S Log s 84S 2.3 Ky Log-g F(s)
5.00 1.6 4,90 « 630 ¢ 10 « 59 « 69
11,8 4,36 « 540 .64 3.9 4,54
30,0 5455 « 550 1,45 967 11.18
43.5 '?)Q 05 i484 1: 95 1409 150 95
€7,5 2,25 .« 0568 2,75 22,5 25,256
£8.0 1,75 243 35,25 29.6 32485

10,0 1.8 2,80 « 992 « 20 O o7
10.1 9.10 « 958 » 20 27 3.6

20,4 8,20 « 913 1.8 5,7 7e5

40,4 6.54 » 816 3.5 12,0 15,5

102, 0 3632 s OBE 6477 5% - 37.8

20.0 Ted 18, ¢ 1,277 1+ X 1.6 2.7
15,0 17.9 1.240 P S 5.3

31,0 15,4 1.189 4,6 7e4 12,0

47,0 13.5 1.127 6.5 11.3 17.8

71.0 11.0 1,042 2.0 16,9 25.9

100.0 8,56 932 11.5 24,0 36,5

40,0 15,0 36,5 1.562 Se¢D 2.6 6.1
2.7 55,3 1,548 4,7 5,6 Bed

34,0 33,3 1,988 6,7 5.2 11.9

48,7 30,1 1.479 9.9 8.1 18,0

69,4 26,6 1.425 13.4 11.6 25,0

102,0 2l. 4 1,331 18.6 17.7 3645
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Table II

The Hydrolysis of N~Formyl«L-Tyrosinamide
by Chymotrypsin

w 11,2 (micromoles)
fm 2 1 {ml)
en (mz., enzyme N)

e = o150 L]
8, % s Log ® 8o=8 2.3 X, Log g& CF(s)
10.0 10,0 Q.76 « 990 s 24 « 28 b
21‘0 g' 64 5985 56 .3g .8
42,0 8.8%7 . 248 1.15 1.34 2.5
81,0 779 « 892 2. 21 278 5,0
116,0 6,98 842 3,056 4,07 7ol
200 9.2 19.9 1.299 i + 06 +B
21.% 19,1 1,282 9 « OB le4
31.8 18,8 1.274 1,2 w0 1.9
OQ. 18.1 1. 2568 1.9 10 ll 3.0
78.0 £7:0 1.231 340 1.85 4,8
118,0 18Y 1.196 4.3 2.74 70
40,0 32,0 39,0 1.502 1.0 « 28 1.8
53,0 37,9 1.579 Bed + 62 27
85,0 58,1 1.5568 3.9 1,16 B.l1
151,0 34,1 1,538 5.9 178 v M ¢
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Table III

The Hydrolysis of NeBenzoyl-L«~Tyrosinamide
by Chymotrypsin

K, = 1,0 {micromoles)

{ml)
- (me. enzyme N)
e = 075 5T
8e t 8 Log & PR 2,3 K, Log Eg Fls)
g
2. 50 1.1 .38 + 566 «B88 15 8
' 16,3 1.12 «0B0 1,38 1.52 249
20'0 .52 ¥ .284 l. 98 S.O 5.0
50&9 .11 - u958 2‘59 509 8.3
5.00 1.8 4,62 . 6686 .38 .15 B
5.9 3,858 D48 1,47 « 66 21
1L.2 2,588 « 412 2. 42 1.28 5.7
20.2 1.38 « 141 3,62 2e 44 6.1
10.0 h 98 .65 « 985 0D + 0% « %
8,0 8,00 « 204 2.0 « 42 2.4
16.% 6,20 + 793 .5 « 90 4,7
2%7.0 3.54 + D00 8+5 1.96 8,86
41,0 1.85 « 268 8,1 B3¢19 115
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The Hydrolysis of N-Iso Nicotinyl-L«Tyrosinamide

w37 e

Table IV

by Chymotrypsin

oG d

& (micromoles)
K, = 8,40 .
& (ng, enzyme N)
e = 078 X0

8o & 3 Log s 8y = 8 «3 K, Log F(sa)
2,50 1,2 2o 40 « 380 « 10 .3 « 43
5.1 2,05 P B +45 1.88 2,15

10,1 1,66 881 . 84 3,44 4,2

20,0 k0 4 1 046 1,39 6,83 8.8

30,0 +G6 - 180 1.84 11.8 13.0

39,2 41 - 381 2+ 09 16;1 17.2

5.00 1,0 4,72 « BTH + 28 46 o7
BeD 3. 84 + 585 1,16 2.82 3,8

13,0 2089 o 476 2.01 4,34 6ed

16,7 2. 29 . 559 L 6,55 0.2

S0 8 1.57 + 195 5443 Q.72 13.1

40,0 1,08 « 0386 3,92 13,1 i7.9

B2, 44 - 008 4,56 20. 4 28,0

74,0  L,17 = ,782 4,83 28, 4 33,8

2090 1.5 19-5 10 291 ; .5 919 .‘7
B.,2 17.8 1.244 BeB 1418 3.6

16,8 15,3 1,187 4,7 2,26 o 4955

21,7 13,7 1,138 6.3 3,18 9.5

33,5 10,8 1,036 2.2 P 14,3

48,0 8.0 . 202 12,0 "% 4 49,7

64,5 4,6 . 861 15.4 12,8 o R
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Table V

The Hydrolysis of N-NicobtinyleL~Tyrosinamide
by Chymotrypsin

{micromolss)
Ky ® 13,1 ~EORRNS

e 84 1] 8 ‘Log 8 8y=8 2.3 K, Log gﬂ F(s)
«076 5,00 1.8 4,956 « 695 + 0B «15 o2
6.3 4,25 « 829 + 2B 2.14 2.4
11,0 4,05 « 607 «95 2,77 37
20,1 3,10 « 492 1,90 6,26 Be2
30,4 2,37 «+ 375 2,63 9.78 12,4
JO756 20,0 1,3 19,6 1.293 o4 27 MR
8:1 1%7.8 1.2561 .8 1.56 5.8
142.4 16'1 1.207 3;9 2. 86 6.8
22,0 14,0 1.146 6.0 4,67 10.9
38,0 11.1 1,048 8.9 776G 16,6
48,7 8,1 «909 11,9 11.8 23,7
150 10,0 1,0 9. 80 » 992 o8
20,0 4,80 + 681 5.2
40,0 3,30 +518 6.7
61.0 1,60 . 204 8.4
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Table VI

The Hydrolysis of E«Picolinyl-L-Tyrosinamide
by Chymotrypsin

8 Sq 17 g B =8 Log s

» 075 2,50 18 2. 45 » 05 0389
5,0 2,28 22 258

0.0 ~ 2.11 .59 . 025

22,0 1,87 «03. o294

3345 1.63 « 87 . 212

44,0 l.48 1.04 « 164

2.0 + 98 1.54 -, 017

« 150 2,50 1.3 2e43 « 07 » 985
3,5 1.86 « 64 « 270

20.5 1,486 1.04 « 185

30,0 1.26 1l.24 101

42.5 « 92 1.58 o 036

64,0 e 1.8 - 229
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Table VII

The Hydrolysis of HeNicotinyl-L-Tyrosinhydrazide
by Chymotrypsin

{mg. enzyme N)

e = ,075 (i, )
So b 8 Log s Sq=8
5.00 1.8 4,85 «694 « 05
6.6 4,65 « 668 .05
10,6 4,50 654 « 50
20.3 3. 92 « 093 1.08
40,3 3,43 « 536 1,87
61.0 2,53 « 404 2,47

91,0 1.85 «268 5415
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Table VIII

Inhibition of &he Chymobtrypsin Catalyzed Iydrolysis of
N-Acetyl=L=Tyrosinanide by the 'D' Isomer

K, = 28,2 laicromoles)

{ml)
- o 7o {mieromoles)
Kt = 9.70 28]
=n (me, snzyme HN)
e = .1\30 . (ml)
1 = 5,00 {micromoles)
{ml)
= g ) =
8o % s Log 8§ 8,=8 2.0(1*%)%@@ 2 Pla)F
10.0 1.3 5.89 . 295 e ey » 49 6
2,2 9,51 « 270 69 3405 367
14‘7 8,.94: Qgsl 1;06 408 5.9
22,5 8,562 2931 1.48 6.9 8.4
5843 7‘61 .882 9.39 119'? 14!.1
54,3 6.56 « 817 3.4l 18,1 21.5
85,4 S.26 <721 4,74 27.6 38,1
111.7 4,58 860 5,44 5347 39.1
20.0 1.5 19.8 1,297 2] 52 iy
10,3 187 l.272 1.3 2.9 4,2
22,7 17,3 1.238 2,7 6.1 8.9
38,28 15,7 1.196 4.3 10.4 14,7
54,5 14,4 1.158 5.6 14,1 19.%7
40.0 6.5 39;1 1¢592 .9 09 168
18.8 37.4 1.574 2.6 360 5.6
34.3 34,7 1.541 Bed 6.1 11.4
59.5 3045 1.484 D5 11,6 21.1
9100 28'5 1,420 130‘7 1749 31-6
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Tabhle IX

Inhibition of the Clymotrypoln Catalyzed Hydrolysis
of NeAcebtyl-L=Tyrosinamlde by the 'D! Isomer (cont.)

- {micromoles)
K, = 28,2 Ty

Kr = 9,90 {mlicromoles)
{ml)

e = 150 fmg. onzyme X)
{(ml)

{micromoles)
1 =« 10,0 )

p % a Log 8 8.=8  2.3(léss)E Log 20 Fla)~
o g o ( *Kf)ﬁm g2 F(s)
10.0 145 9.90 .096  ,10 5 .6
10.0 9,33 070 67 3.8 4,5
21,5 8,72 .942 1,28 7.7 9,0
39,5 8,00 .904 2,00 12,5 14,5
77,0 6eld 789 3,86 27,6 31.5
140,0 5,49 740 4,51 33,8 38,3
20,0 1.7 19.9 1,299 .1 .3 W4
10.2 19,2 1.284 .8 2,3 3.1
20,0 18,1 1.258 1,9 5,6 7.5
30.7 17,1 1.23% 2,9 8.8 11,7
45,4 15,9 1.202 4,1 12,8 16.9
68.8 1l4.2 1,153 5.8 19.3 25,1
94,5 12.3 1.090 7.7 27,1 34,8
45,0 1.8 44,7 1.655 .3 o3 .6
16,0 42,1 1,624 2,9 3.8 6.7
25 40,5 1.608 4.5 8.0 10.5
38.6 38, 4 1.585 8.6 9.1 15,7
55,4 36,2 1.559 8,8 12,4 21,2
101,00 29,7 1,473 15,3 23,5 38,8
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K, = 26,

1]

Ky

@
1

{micromoles)

(ml)

10.4 {micromolaes)

(ml)

O

Table X

Inhibition of Chymctryns;n Catalyzed Hydrolysis
of N-Acktyl=LeTyrosinamide by 1D Isomer (Cont. )

.150 (mg. enzyme N)

{mli)

- 20.0 (micromoles)

(ml)

8o ] Log s  84=8 2.5(1&?~)KmLog o F(s)
10,0 2,95 998 .05 Ay 6
92.50 » 978 « D0 4.2 4,7

8.956 «952 1,05 Qe d 10.2

8,19 .914 1.81 16.3 18,1

7.53 « 87T 2447 23,4 25,9

6,35 «803 3,65 37.5 41.2

20.0 19.9 1,299 P | ) e )
19,3 1.286 7 3.0 Gl

18,7 J B2 10 5.5 6.8

17.%7 1.248 2.3 i0: 1 12,4

18.8 1.210 3.5 17.5 21.0

15.3 1.185 4.7 22.8 26,9

13.6 1,134 6.4 31,9 38,9

40,0 39.8 1,600 «2 o4 o6
" 1.877 2.3 4,9 7.2

a5 7 1.553 4.3 9,5 13.8

33e3 1.5253 6.7 15,2 1.9

28.9 1,461 11.1 27.0 3841
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Table XI

Inhibition of Chymobtrypsin Catalyzed Hydrolysis
of ¥N-Acetyl-LeTyrosinamide by 'D' Isomer (Cont.)

- 2p,2 (micromoles)
Km = 28,2 )
" (micromoles)
KT =« 11,0 )
50 {mg. enzyme N)
e m o150 2 (1111)
1 40.0 (micromoles)
e {ml)}
p e - 2’” i So Tf‘ C s
84 & 8 Log = aq 8 a(1+K;)KmLog = (s)
10.0 1.8 {}. 95 )998 .05 e O .65
13.8 9160 ¢982 .4 5.1 5‘5
25,5 9,50 .« 269 o7 3D 10.0
42,0 8,90 « 950 1.1 . 5.3 16,4
58.0 B.50 . 330 Yo 21.0 22.5
120, 0 7e 27 « 082 2.7 41, 4 44,1
20,0 1.5 19,9 1.299 ‘i 6 ]
12,8 19.4 1.288 o6 3.9 4,5
22.1 18,9 1,278 1.1 L 2,6
853.% 175 1.238 B.7 10.2 21.9
170,0 15,2 1,121 6.8 54,3 61.1
40,0 1.8 40,0 1.602
12,8 350.8 1.5093 » 8 BT DD
23ed 38,2 1.582 1.8 6,0 7.8
46,0 3645 1.562 345 12,0 155
61.0 34,2 1,534 5.8 20,7 26.5
101.0 31.3 1.496 8,7 32.1 40.8
157,90 27,4 1.438 12,6 49,5 76,2
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K, = 28,2 (micromoles)

{ml)

-»88«

Table XII

Inhibition of Chymoirypsin Cabtalyzed Hydrolysis
of HeAcetyl-L-Tyrosinamide by 'D' Isomer (Cont.)

- .0 fmicromoles)
- .150 {mg. enzyme N)
& = +150 )

1 = 60,0 {micromoles)

(ml)}

K S % 8 Log s 8 =8 23(1eer log -0 *
I % : o (Legm)¥glog 2 F(s)
e — e S, i < T et tmio-eri >
12,0 16,0 Jlid T 98 « 999 + 02 o4 o4
11,6 9.81 « 9982 .19 345 37
30,3 9.40 973 « 60 105 31l
70.5 8,70 « 940 1,30 23.4 24,7
104.5 7,95 « 901 2205 38,6 40,7
132.2 7.45 «B75 2.54 43,5 52,0
#  ¥20,0 1.5 19.9 1,299 | .8 e
2.8 19,6 1.292 Y Sed 3.9
19.1 19.0 1.280 1.0 8.8 9.8
50.2 18,6 1,870 1.4 12,8 13,9
45,5 18.1 1.258 1.9 17.2 18.9
59,1 17.4 1.240 2.8 24,2 26,8
154,0 14,3 1.156 Bal 57,0 82,%

* Some solid phase separabted during this experiment.
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Table XII

The Hydrolysis of N-Acsiyl-LwTlyrosineamide by Chymotrypsin
in the Presence of N-Acetyl=D-Tyrosine Ethyl Ester

K, = 28,2 lmlcromoles)

{ml)
. (micromoles)
A b ek (al)
- (micromoles)
1 = 10,0 JECRONC
e = 150 (., enzyme N)
(ml)
_
Ky 8, t ) Log 8 8,=8 2.5(14%)1%11og =2 P(s)
5,20 10.0 1.5 9.94 «998 08 6 o7
Q.4 9.61 +983 059 Se4 3.8
18.2 9,33 « 970 « 87 5.9 6.6
27.7 8,96 « 963 1,04 9.1 10,1
371 8,62 . 936 1.38 12,4 13.8

81.4 7.16 « 356 2,84 27.6 30, 4
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Addendum

In the courss of the ressarch prozram, a number of compounds
and intermediates were prepared, purified, and analyzed, bub

were not mentioned in the maln boéy of this theslis. This
addendum 1ls added with the fHhought that this information mighd

prove useful to future workers in these laboratorlesg

N-Carbobenzoxy Glycyl-DL-Phenylalaninamide

7.50 gm. of Necarbobenzoxy glycinhydrazide was converted
to the azide in the usual manner., The azide was added to.
an ethyl acelate solution containing 14, gn., of DLephenylalanine
ethyl ester. After standing at room temperature for 24 hours,
the efhyl acetate solubtion was extracted with dilute HC1 and
washed with water., The ethyl acetate was evapora#ed under
vacuum, The residue was recrystallized from methancl, The
product was dissolved in 200 ml. of methanol and saturated
with NH; at 0% After 2 days at room temperature the solution
was evaporatsd under vacuum to dryness, The residue was re=-
crystallized from ethanol,
Melting Point: 164«165 {(Corr, )
Analysis: (CqgH,q0,Nz)
Calculated: C 64,3, H 5,98, N 11.8
Found? C 64,1, H 5,74, ¥ 11,8




-100=

DL=Phenylalaninaemide Acetate

1,00 gn, of N=carbobenzoxy-DL-phenylalaninamide was
dissolved in 100 ml, methanol, «30 gn, of acetic was addsed,
and the mixbture reduced with H at 1 atmosphere in the presence
of a palladium catalyst. Afbser the theoretical amount of CO
had evolved, the solution was filtered and evaporated %o dry=-
nessunder vacuum, The residue was rec¢rystallized from a
methanol ethyl acebtalte solvent,

Analysist (CqqH,g0sN5)

Calculateds C 58,9, H 7,20, ¥ 12,5
Found? C 58,9, H 7,54, ¥ 12,6

N-Carbobengoxy Glycinhydragide

140 gm, N-Carbobenzoxy glycine ethyl ester was dissolved
in 300 ml, methanol, 24 gm, of hydragine was added, and the
mixture held at room temperature for 24 hours, The hydrazide
geparated upon evaporating under vacuum. The product was |
recrystallized from water,

Melting Point: 114-115 (Corr,)

Analysis? (310513°5N3)
Caleculated: C 53,8, H 5,87, N 18.8

Found?s C 53,9, H 6,00, ¥ 18,7



4w{4 Aceboxy Benzal) 2 Phenyloxazolone-5

This compound was preparsd from p=hydroxybenzaldehyde and
hippuric acid by the method of Erlenmeyer and Halsey (27).
Melting Poink: 175-176 (Corr,)

Analysis: (013H1304N )
Caleculated: C 70.3, H 4,26, N 4,56

Found: C 70.5, H 4,41, N 4,74

N-Carbobengoxy=-Di«Phenylalaninemide

18.0 gm. of DLephenylalanine ethyl ester was dissolved in
50 ml of ethyl acetate, 4,0 gn. of Mg O was suspended in
the solution and 16,2 gm. of a 90 per cent solution of carboe
benzoxy chloride in.toluene wos added slowly to the well agibated
mixture, The solid phase was then filtered out, and the ethyl
acetate solutlon washed with dilute HC1l ard water. The ethyl
acebate was evaporalsd off under vacuum, and the regidue was
dissolved in methanol. The methanol solution was saturated
with KHz and held for %wo days at room temperature, The methanol
solutlion was evaporabted under vacuum to dryness. The residue
was recrystallized from agqueous ethanol,

Molting Point: 1824183 (Corr.)

Analysis: (01731803E2)

Caleulated: C 68,5, H 6,08, N 2,40

Found: C 68,5, H 6,38, N 9,76



=102«

Glyeyl-DL~Phenylalaninamide Acetate

2,00 gn. of Necarbobenzoxy glycyleDLephenylalaninamlde
was dlssolved in 100 ml, of methanol. 30 ml., of glacial acstic
aclid was added and the mixture treoated with Is at 1 atmosphere
pressure In the presence of a palladium catalyst for 12 hours.
The aolution wag flltered and evaporated under vacuum to a syrup
which erystalllized upon the addition of a small amount of ethyl
acetate, The product was reecrystallized from a methanolesthyl
acetate mixture,

Analysis: (015H1904H3)

Caleulated: C 55.5, H 6.80, ¥ 14.9

Found? ¢ 55,6, H 6,85, N 15,0





