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or ki, with little or no effect on the value of Ks', or 
Ki. It is unfortunate that the insolubility of cal
cium sulfate does permit observations of the ex
pected increase in rate arising from an increase in 
&s and a decrease in Kt. 

While it is tempting to speculate about the results 
obtained with lithium, sodium, potassium and tetra-
methylammonium chlorides and with sodium chlo
ride, bromide, iodide, nitrate and acetate, cf., Table 
III, it is clear that such speculation must be deferred 
until comparisons can be made of systems possessing 
uniform mean ion activities. Such systems and 
those involving binary mixtures of constant mean 
ion activity are being investigated. 

I t is appropriate that some reference be made to 
the possible nature of the species E'. It is known 
that a-chymotrypsin may associate to form a 
dimer at high ionic strengths or a polymer at low 
ionic strengths.19-27 In view of the fact that 
all studies were conducted at pR 7.90 ± 0.01 and 
at enzyme concentrations in the range from 0.035 
to 0.15 mg. protein-nitrogen per ml., it is unlikely 
that a significant amount of dimer was present and 
we can exclude the possibility that in the transforma
tion E + M *± E', E is the dimer and E ' the mono
mer. The absence of any information relative to 
the catalytic properties of a-chymotrypsin poly
mer does not permit us to be as positive about re
jecting E as a-chymotrypsin polymer. However, 
since the experiments with the exception of two 
points in the case of methyl hippurate-sodium chlo
ride were conducted at values of M > 0.10, it does 

(19) G. W. Schwert, J. Biol. Chem., 179, 655 (1949). 
(20) G. W. Schwert and S. Kaufman, ibid., 190, 807 (1951). 
(21) E. L. Smith and D. M. Brown, ibid., 195, 525 (1952). 
(22) R. F. Steiner, Arch. Biochem. Biophys., 53, 457 (1954). 
(23) R. Egan, H. O. Michel, R. Schlueter and B. T. Jandorf, ibid., 

66, 366 (1957). 
(24) K. A. Booman and C. Niemann, Biochem. Biophys. 26, 439 

(1957). 
(25) R. B. Martin and C. Niemann, T H I S JOURNAL, 80, 1473 (1958). 
(26) V. Massey, W. F. Harington and B. S. Hartley, Disc. Faraday 

Soc, 20, 24 (1955). 
(27) I. Tinoco, Jr., Arch. Biochem. Biophys., 68, 367 (1957). 

not appear likely that the reaction E -f- M ^ E ' 
can be interpreted as a transformation of polymer 
to monomer. The two remaining alternatives are 
that E ' is actually EM or that E and E ' are dif
ferent forms of monomeric a-chymotrypsin. The 
lack of dependence of Ki upon the nature of the salt 
suggests that EM is not involved but that in pro
ceeding from an environment of low mean ion ac
tivity the conformation of monomeric E is altered 
to produce new conformational species E' that are 
more effective catalysts than is E. 

Experimental 
The general procedure has been described previously.5 

The two specific substrates were prepared as before.6'8 

All experiments were performed in chemically unbuffered 
solutions using a pH- Stat which poised the reaction systems 
at pH 7.90 ± 0.01 at 25.0°. The enzyme preparation was 
Armour no. 234. The concentration of enzyme was varied 
from 0.035 to 0.15 mg. protein-nitrogen per ml., the lower 
concentrations of enzyme being employed at the higher salt 
concentration and vice versa. This was done to limit pos
sible consequences of dimerization at the higher salt con
centrations. Other pertinent details are given in Table I. 
The upper limits used for calcium chloride and magnesium 
chloride were determined by the precipitation of enzyme 
at higher concentrations. Both the calcium and magne
sium chlorides were reagent samples stated to contain 99% 
calcium or magnesium chloride. I t was necessary to use 
mean ion activities in order to interpret the data meaning
fully. The values of the activity coefficients of sodium and 
potassium chloride were interpolated from those given by 
Stokes and Levien.28 The activity coefficients of calcium 
and magnesium chlorides and of sodium sulfate were inter
polated from those reported by Stokes.28 Those of sodium 
bromide and sodium nitrate were interpolated from the data 
given by Harned and Owen.30 The observed initial ve
locities were corrected for an enzyme blank, evaluated for 
each salt concentration, and for a blank arising from the 
hydrolysis of the specific substrate in the absence of enzyme, 
which also was evaluated for each salt concentration. 

(28) R. H. Stokes and B. J. Levien, T H I S JOURNAL, 68, 337 (1946). 
(29) R. H. Stokes, Trans. Faraday Soc, Ii, 295 (1948). 
(30) H. S. Harned and B. B. Owen, "The Physical Chemistry of 

Electrolyte Solutions," 2nd Ed., Reinhoid Publ. Corp., New York, 
N. Y., 1950. 
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A synthesis of the pentapeptide histidylphenylalanylarginyltryptophylglycine (L,L,L,L) is described. The synthetic 
product behaved as a single component when analyzed by paper chromatography in two different solvent systems. The 
behavior of the pentapeptide toward leucine aminopeptidase and trypsin, respectively, was investigated. The former 
enzyme converted the peptide into an equimolar mixture of the constituent amino acids, and the latter cleaved the arginine-
tryptophan bond with the formation of histidylphenylalanylarginine and tryptophylglycine. These results provided con
clusive evidence for the stereochemical homogeneity of the synthetic product. 
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melanocyte stimulating hormones (a- and /3-
M.S.H.),3-6 we have now completed a synthesis of the 
pentapeptide L-histidyl-L-phenylalanyl-L-arginyl-L-
tryptophylglycine. The sequence corresponding 
to this peptide occupies positions 6 to 10 in cortico
tropin7-10 and a-M.S.H.11 and is located at posi
tions 9 to 13 in (3-M.S.H.12-13 

Carbobenzoxy-L-tryptophan14 was coupled (by 
the use of N,N'-dicyclohexylcarbodiimide)15 with 
methyl glycinate to give methyl carbobenzoxy-L-
tryptophylglycinate. Saponification converted the 
acylated dipeptide ester into carbobenzoxy-L-tryp-
tophylglycine, which had been prepared previously 
by treating the acid chloride of carbobenzoxy-L-
tryptophan with sodium glycinate.14 Catalytic 
hydrogenation converted the acylated dipeptide 
into L-tryptophylglycine. The optical rotation 
and melting point of our product were in agreement 
with values given in the older literature.16 The 
dipeptide behaved as a single component when ana
lyzed by paper chromatography, exhibiting an R[ 
value of 0.59 in the Partridge system17 and travel
ing somewhat faster than methionine in 2-butanol-
ammonia.18 A similar chromatographic behavior 
was observed regardless of whether the papers were 
sprayed with ninhydrin or with p-dimethylamino-
benzaldehyde (Ehrlich reagent). Leucine amino-
peptidase19 converted the peptide into an equimolar 
mixture of tryptophan and glycine, demonstrat
ing that no racemization had taken place during the 
various steps in its synthesis. Unhydrolyzed di
peptide was not seen on the chromatograms. 

Treatment with benzyl alcohol and hydrogen 
chloride converted the dipeptide into its benzyl 
ester hydrochloride. The free benzyl ester (liber
ated from the hydrochloride with triethylamine) 
was then coupled in N,N-dimethylformamide solu
tion with carbobenzoxy-L histidyl L-phenylalanyl-
nitro-L-arginine6; N,N'-dicyclohexylcarbodiimide 
served as the condensing agent. The reaction 
product (carbobenzoxyhistidylphenylalanylnitro 
arginyltryptophylglycine benzyl ester) was ob 
tained in the form of a pale yellow powder by pre
cipitation from ethanol solution with ether. The 
yield varied between 80 to 85% in a series of ex-

(3) K Hofmann and A. J6hl, T H I S JOURNAL, 77, 2014 (1955). 
(4) K. Hofmann, W. D. Peckham and A. Rheiner. ibid., 78, 238 

(1956). 
(5) K. Hofmann, A. Johl, A. E. Furlenmeier and H. Kappeler, ibid., 

79, 1636 (1957), 
(6) K. Hofmann, H1 Kappeler, A. E. Furlenmeier, M. E. Woolner, 

E. T. Schwartz and T. A. Thompson, ibid., 79, 1641 (1957). 
(7) P. H. Bell, ibid., 76, 5565 (1954). 
(8) W. F White and W. A. Landmann, ibid., 77, 1711 (1955). 
(9) R. G. Shepherd, S. D. Willson, K. S. Howard, P. H. Bell, D. S. 

Davies, S. B. Davis, E. A. Eigner and N. E. Shakespeare, ibid., 78, 
5067 (1956). 

(10) C. H. Li, I. I. Geschwind, R. D. Cole, 1. D. Raacke, J. I. 
Harris and J. S. Dixon, Nature, 176, 687 (1955). 

( I l l J. I. Harris and A. B. Lerner, ibid., 179, 1346 (1957). 
(12) J. 1. Harris and P. Roos, ibid., 178, 00 (1956). 
(13) I. I. Geschwind, C. H. Li and L. Barnari, T H I S JOURNAL, 78, 

4494 (1956). 
(14) E. L. Smith, J. Biol. Chem., 178, 39 (1948). 
(15) J. C. Sheehan and G. P. Hess, T H I S JOURNAL, 77, 1067 (1955). 
(16) E. Abderhalden and M. Kempe, Ber., 40, 2737 (1907). 
(17) S. M. Partridge, Biorhem. J.. 42, 238 (1948). 
(18) J. F. Roland, Jr., and A. M. Gmss, Anal. Client., 26, 502 

(1954). 
(19) D. H. Spackman, E. L. Smith and D. M. Brown, J. Biol. 

Chem., 212, 255 (1955). 

periments. The analysis of this substance by pa
per chromatography in two different solvent sys
tems revealed the presence of one major compo
nent with an R\ value of 0.89 in the Partridge sys
tem. The compound was located below phenylala
nine in the 2-butanol-ammonia chromatograms. 
The material was ninhydrin-negative but was read
ily identified on the papers by its positive reaction 
with the Pauly and the Ehrlich reagents; the color 
spots with both these reagents exhibited identical 
Ri values. Samples of this material were sub
jected to hydrogenation over palladium in acetic 
acid, and the corresponding pentapeptide acetates 
were isolated in the form of pink powders by freeze-
drying. Paper chromatography of these products 
revealed the presence of one major component 
which reacted positively with the ninhydrin, 
Pauly, Ehrlich and Sakaguchi reagents. The ma
terial had an Ri value of 0.51 in the Partridge sys
tem and migrated at the rate of phenylalanine in 2-
butanol-ammonia. In addition to the main prod
uct, several minor impurities also were present. 
Samples of the crude pentapeptide were hydrolyzed 
with acid, and the hydrolyzates were subjected to 
quantitative amino acid analyses on paper. Histi-
dine, phenylalanine, arginine and glycine were 
present in molar ratios of 1:1:1:0.9; tryptophan 
was absent. The destruction of this amino acid 
during acid hydrolysis of peptides and proteins is 
well substantiated. These results indicated that 
the product contained, as the main component, a 
pentapeptide possessing the sequence his-phe-arg-
try-gly, but they provided no information regard
ing the stereochemical purity of the substance. In 
order to gain information on this crucial point, the 
behavior of the product toward trypsin and leucine 
aminopeptidase, respectively, was investigated. 
Trypsin was expected to hydrolyze the arginine-
tryptophan bond with formation of histidylphen-
ylalanylarginine and of tryptophylglycine. Both 
these peptides were available to us, and prelimi
nary experiments demonstrated that they are read
ily separable by paper chromatography. The analy
sis of a tryptic digest of the pentapeptide, of ap
proximate enzyme-substrate ratio 1:100, showed 
the presence of these peptides, but much unhydro
lyzed material was also seen on the chromatograms. 
By the use of a standard curve, prepared with pure 
histidylphenylalanylarginine acetate,6 it was possi
ble to evaluate quantitatively the degree of splitting 
of our peptide. Only 37% of the expected quantity 
of the tripeptide was found. Increasing the en
zyme concentration or extending the incubation 
time did not alter these results. Obviously, the 
crude pentapeptide was not homogeneous. Experi
ments with leucine aminopeptidase led to similar 
conclusions. The molar ratios of histidine, phen
ylalanine, arginine, tryptophan and glycine in the 
enzymatic digests were 1:1:0.4:0.4:0.4, a finding 
which is in good agreement with the trypsin results. 
Both techniques demonstrated that the pentapep
tide contained only some 40% of the desired all-L 
isomer 20 

(20) Using the techniques described in this paper, we have also 
prepared the acetate salts of histidylphenylalanylarfiinyltryptophan; 
Rt17 •» 0.51, Rf1' «= phe, and of phenylalanylarginyltryptophan; 
Rt17 «" 0.66, Rtlt " phe*. The former compound exhibited positive 
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Since the pentapeptide his-phe-arg-try-gly repre
sents an important intermediate for the prepara
tion of certain pituitary hormones, it became of 
prime importance to have available for further 
work a method for the preparation of its all-L form. 
Stereochemically homogeneous samples of the pep
tide were prepared by the following reproducible 
procedure. The crude carbobenzoxyhistidylphen-
ylalanylnitroarginyltryptophylglycine benzyl ester 
was dissolved in absolute ethanol at 50° and the 
solution was kept at room temperature for one 
week, when a fraction of the material (19%) had 
precipitated in crystalline form. The crystals 
were collected and were recrystallized to constant 
rotation from absolute ethanol. The crystalline 
material exhibited a sharp melting point of 183-
185° and had a more negative rotation than the 
starting material. The elementary composition 
was in good agreement with that expected, and 
the paper chromatographic evaluation demon
strated the presence of a single component exhibit
ing a negative ninhydrin but positive Pauly and 
Ehrlich reactions. Hydrogenation over palladium 
in acetic acid, followed by freeze-drying, gave a 
pink powder of the acetate dihydrate of L-histidyl-
L-phenylalanyl-L-arginyl-L-tryptophylglycine. This 
pentapeptide behaved as a single component in 
both the Partridge and the 2-butanol-ammonia 
systems regardless of whether the ninhydrin, the 
Pauly, the Ehrlich or the Sakaguchi test was used 
for its localization on the papers. On tryptic di
gestion, this material liberated 95% of the expected 
quantity of histidylphenylalanylarginine; and leu
cine aminopeptidase converted the substance into 
an equimolar mixture of the constituent amino ac
ids. Unhydrolyzed material could not be demon
strated on the chromatograms from either digest. 
These findings establish beyond doubt the stereo
chemical homogeneity of this pentapeptide. 

The experiments which are presented in this 
communication demonstrate that the coupling 
(by means of N,N'-dicyclohexylcarbodiimide) of 
carbobenzoxy-L-histidyl-L-phenylalanylnitro-L-argi-
nine with the benzyl ester of L-tryptophylglycine 
affords a carbobenzoxyhistidylphenylalanylnitro-
arginyltryptophylglycine benzyl ester which is not 
homogeneous. This follows from the observation 
that the material resulting from the hydrogenation 
of the blocked pentapeptide ester was only par
tially hydrolyzed by two proteolytic enzymes. The 
results with both enzymes point to racemization of 
the arginine-tryptophan bond in the crude penta
peptide, but further studies will be necessary to es
tablish this point. One may conclude, however, 
that caution is indicated in accepting the homo
geneity of complex polypeptides which are prepared 
by the carbodiimide method21 until their all-L con
figuration is conclusively demonstrated. Enzy
matic techniques, such as the ones described in this 
communication, are valuable tools for this purpose. 
reactions with the ninhydrin, Pauly, Sakaguchi and Ehrlich reagents, 
the latter, with the ninhydrin, Sakaguchi and Ehrlich reagents only. 
Enzymatic studies with trypsin and leucine aminopeptidase, respec
tively, indicated that these products contained only some 40% uf the 
all-L isomers. The preparation of homogeneous samples of these com
pounds has not yet been accomplished. 

(21) R. A. Boissonas, St. Guttman, J. P. Waller and P. A. Jaque-
noud, Exferientia, 12, 446 (1956). 

Experimental22 

Methyl Carbobenzoxy-L-tryptophylglycinate.—Glycine 
methyl ester hydrochloride (0.413 g.) was dissolved in 
methanol (5 ml.) and 0.5 N sodium methoxide in methanol 
(5.92 ml.) was added. The methanol was evaporated, 
dioxane (10 ml.) was added to the residue and the suspen
sion was mixed with a solution of carbobenzoxy-L-trypto-
phan (1 g.) (m.p. 127-129°)" in dioxane (5 ml.) . N , N ' -
Dicyclohexylcarbodiimide (0.618 g.) was added, and the 
mixture was kept at room temperature for 6 hr. The sus
pension was filtered, the filtrate was evaporated to dryness 
in vacuo at 40° (bath temperature) and the oily residue was 
dissolved in ethyl acetate. The solution was washed in 
the usual manner with 2 N hydrochloric acid, water, satu
rated sodium bicarbonate and water and dried over anhy
drous sodium sulfate. Evaporation of the ethyl acetate 
gave a yellow oil which was triturated with ether. The 
white solid thus obtained was washed with ether, recrys
tallized from a mixture of ethanol and water (1:2), and 
dried; yield 0.71 g. (59%); m.p. 158-159°; [a]27D - 1 1 . 0 ° 
c 2.0, in glacial acetic acid). 

Anal. Calcd. for C22H23O5N3: C, 64.5; H, 5.7; N, 10.3. 
Found: C, 64.6; H, 5.7; N, 9.9. 

Carbobenzoxy-L-tryptophylglycine.—Methyl carbobenz-
oxy-L-tryptophylglycinate (0.4 g.) was dissolved in meth
anol (10 ml.) and N sodium hydroxide (1.2 ml.) was added. 
The mixture was shaken at room temperature for 1 hr., 
when the bulk of the methanol was removed in vacuo (bath 
temperature, 20°). The resulting solution was extracted 
with three portions of ethyl acetate, and the aqueous phase 
was acidified to congo red with 2 N hydrochloric acid. 
The acylated dipeptide was extracted with ethyl acetate, 
the ethyl acetate extracts were washed with saturated so
dium chloride solution, dried over anhydrous sodium sulfate 
and the solvent evaporated in vacuo. The ensuing white 
foam was dissolved in a small quantity of ethyl acetate and 
petroleum ether (b.p. 30-60°) was added until the solution 
became cloudy. On standing, the carbobenzoxy-L-trypto-
phylglycine separated as a white solid; yield 0.32 g. (82%); 
m.p. 158-159° (lit.14 m.p. 156°). 

L-Tryptophylglycine.—Carbobenzoxy-L-tryptophylgly-
cine (0.5 g.) was hydrogenated over a palladium catalyst, 
in 15 ml. of methanol containing 10% of acetic acid (v . /v . ) , 
until the evolution of carbon dioxide had ceased. The 
catalyst was removed by filtration, the solvent was evapo
rated in vacuo and absolute ethanol was added to the residue. 
The resulting solid was recrvstallized from a mixture of 
water and ethanol (1:20); yield 0.26 g. (79%); m.p. 176-
178° (lit.16 m.p . 180°); [a]26D +81.7° (c 1.74, in water) 
(lit.16 [ « ] D +78.5° in water); R,l\ = 0.59, Rtls = met"1; 
Try:GIy ratio in leucine aminopeptidase digest 1:1. 

Anal. Calcd. for Ci3H15O3N3: NH2-N, 5.4. Found: 
XH2-N, 5.3. 

L-Tryptophylglycine Benzyl Ester Hydrochloride.—!.-
Tryptophylglycine (3 g.) was suspended in benzyl alcohol 
(60 ml.), and the solution was saturated with hydrogen 
chloride while being cooled in an ice-salt bath. Dry ben
zene (20 ml.) was then added and the water was removed 
by azeotropic distillation in vacuo (bath temperature, 50°). 
Saturation with hydrogen chloride and removal of the water 
by azeotropic distillation with benzene was repeated twice, 
and the solution was subsequently evaporated (bath tem
perature, 75-80°) at a pressure of 1 mm. The ensuing oil 
was triturated in a mortar with ether until crystallization 
occurred. The material was recrystallized twice from ab
solute ethanol by the addition of ether. Colored impurities 
were removed by treatment with Norit A; vield 3.2 g. 
(72%); m.p. 172-174°; [a]2SD +27.0° (c 1.2, in absolute 
ethanol). 

Anal. Calcd. for C20H22O3N3Cl: N, 10.8; Cl, 9.2. 
Found: N. 10.7; Cl, 9.4. 

Carbobenzoxyhistidylphenylalanylnitroarginyltryptophyl-
glycine Benzyl Ester.—a. Crude Product.—The prepara
tion of this product was repeated several times with com
parable results. A typical experiment was performed as 
follows: L-Tryptophylglycine benzyl ester hydrochloride 
(2.52 g.) was dissolved in dry methanol (10 ml.) and tri-

(1:2) The melting points are uncorrected. Optical rotations were 
determined with a Rudolph precision polarimeter, model 80, with 
model 200 photoelectric attachment. 
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ethylamine (0.90 ml.) was added. The solution was 
evaporated to dryness in vacuo at a bath temperature of 
30°, and the residue was dissolved in N,N-dimethylform-
amide (20 ml.) . To this solution was added carbobenzoxy-. 
L-histidyl-L-phenylalanylnitro-L-arginine6 (4.14 g.) dis
solved in N,N-dimethylformamide (30 ml.) and then N ,N ' -
dicyclohexylcarbodiimide (1.61 g.). The reaction mixture 
was kept at room temperature for 16 hr. , a few drops of gla
cial acetic acid were then added and the N,N'-dicyclohexyl-
urea was removed by filtration. The filtrate was evapo
rated to dryness at 1 mm. pressure (bath temperature, 50°) 
and the remaining yellow sirup was dissolved in ethyl ace
tate by the addition of saturated sodium bicarbonate. The 
ethyl acetate solution was washed successively with water, 
5 % aqueous acetic acid, water, saturated sodium bicarbon
ate and water and was dried over anhydrous sodium sulfate. 
The ethyl acetate was removed in vacuo, leaving a yellow 
sirup which was dissolved in absolute ethanol (30 ml.) . 
The product was precipitated by the addition of ether and 
was dried in vacuo at room temperature over phosphorus 
pentoxide. A pale-yellow powder was obtained; yield 5.4 
S- (86%); [<*]28D - 2 3 . 2 (c 1, in N,N-dimethylformamide); 
Ri17 = 0.89, Rils = phe + , ninhydrin reaction negative, 
Pauly and Ehrlich reactions positive. A sample for analysis 
was precipitated three times from ethanol with ether and 
dried in vacuo at 80° for 12 hr. 

-4raoi. Calcd. for C49H54O10N12: C, 60.5; H , 5.6; N , 
17.3. Found: C, 59.6; H, 5.9; N, 17.2. 

b . AIl-L Form.—A sample of the above crude material 
(4.9 g.) was dissolved at 50° in absolute ethanol (40 ml.), 
and the mixture was kept at room temperature for one week, 
when crystallization occurred. With the availability of 
seed crystals, the crystallization was usually complete after 
40 hr. The crystals were collected, washed with ice-cold 
ethanol and recrystallized to constant rotation from abso
lute ethanol; yield 0.95 g. (19%); m.p . 183-185°; M27D 
- 2 9 . 0 ° (c 0.89, in N,N-dimethylformamide); Rt" = 0.89, 
Ri1* = p h e + , ninhydrin reaction negative, Pauly and Ehr
lich reactions positive. A sample for analysis was twice 
recrystallized from ethanol and dried at 80° in vacuo for 6 
hr. 

Anal. Calcd. for C49H64O10Ni2: C, 60.5; H, 5.6; N, 
17.3. Found: C, 60.1; H, 5.7; N, 17.3. 

Histidylphenylalanylarginyltryptophylglycine Monoace-
tate Dihydrate.—a. Crude Product.—Several batches of 
crude carbobenzoxypentapeptide benzyl ester were con
verted to the pentapeptide acetate for enzymatic studies. 
A typical experiment was performed as follows. A sample 
of the benzyl ester (500 mg.) was dissolved in 20 ml. of 90% 
acetic acid (v. /v .) and hydrogenated over a palladium cata
lyst for 8 hr. Fresh catalyst was added after 4 hr. of hydro-
genation. The catalyst was removed by filtration, and the 
filtrate was evaporated to dryness in vacuo. The pink 
residue was dissolved in water (5 ml.) and the solution Iy-
ophilized over potassium hydroxide pellets. The ensuing 
pink powder was employed for analysis of the amino acid 
composition and for enzymatic studies with trypsin and wiJi 
leucine aminopeptidase; yield 370 mg. (90%); Rf" = 0.51, 
Rt1" = phe, ninhydrin, Pauly, Sakaguchi and Ehrlich posi
tive. AU samples contained several minor impurities. 
Amino acid ratios in acid hydrolyzate: his, 1; phe, 1; 
arg, 1; try, 0; gly, 0.9. Trypsin released 37% of the ex
pected quantity of his-phe-arg. Amino acid ratios in the 
leucine aminopeptidase digest: his, 1; phe, 1; arg, 0.4; 
try, 0.4; gly, 0.4. 

b. AH-L Form.—AU-L carbobenzoxypentapeptide ben
zyl ester (500 mg.; was dissolved in 90% acetic acid (v. /v .) 
and hydrogenated over palladium. The product was iso
lated in the manner described for the racemized form, dis
solved in water, the solution decolorized with Norit-A and 
the solvent removed by lyophilization over potassium hy
droxide pellets; yield 385 mg. (94%); [«]2 7D - 1 0 . 0 ° (c 
0.85, in N HCl); R," = 0.51 (single spot), i?f

18 = phe 
(single spot). Trypsin released 9 5 % of the expected quan
tity of his-phe-arg. Leucine aminopeptidase released 
equimolar proportions of his, phe, arg, try and gly. Un-
hydrolyzed pentapeptide was not seen on the chromato-
grarns.23 A sample for analysis was dried in vacuo at 80° 
for S lir. 

(23) A sample of the pentapeptide acetate was kindly analyzed by 
Dr. W. F. White of the Armour Laboratories with the following results; 
Rf" - 0.53 (single spot), R;i> = phe + (single spot). The peptide 

Anal. Calcd. for C36H5iOi0Nu: C, 54.2; H, 6.4; N , 
19.3; NH2-N, 1.8. Found: C, 54.3; H, 6.5; N , 19.5; 
NH2-N, 2 .1 . 

Enzymatic Procedures.—Partially purified (through a 
second ammonium sulfate fractionation) leucine amino-
peptidase was prepared from swine kidneys according to the 
procedure of Spackman, Smith and Brown19 and was di-
alyzed against 0.005 M " t r i s " buffer at pH 8 for 12 hr. 
The solution had a Ci of 7.2 and contained 0.6 mg. of pro
tein per ml. The enzyme solution was stored in the frozen 
state in a refrigerator and was preserved by the addition of 
toluene.24 For activation, an 0.3-ml. aliquot of thawed 
enzyme solution was incubated for 3.25 hr. at 40° with 0.25 
ml. of 0.01 M magnesium chloride, 0.05 ml. of 0.1 N am
monium acetate buffer (pB. 8.5) and 0.4 ml. of water. An 
0.2-ml. aliquot of this solution was then added to a solution 
containing the peptide (approximately 10 nM) in water 
(0.56 ml.) , 0.01 M magnesium chloride (0.20 ml.) and 0.1 
N ammonium acetate buffer of pH 8.5 (0.04 ml.) . One 
drop of toluene was added and the mixture was incubated 
for 24 hr. at 40°. The enzyme was then denatured by im
mersing the digestion mixture in a boiling water-bath for one 
minute, and the coagulum was removed by centrifugation. 
The coagulum was washed with a 0.3-ml. portion of water, 
and the supernatant liquor and washings were combined 
and evaporated to dryness in vacuo at room temperature 
over phosphorus pentoxide. The dry residue was dissolved 
in water (0.1 ml.), and aliquots of this solution were used 
for quantitative paper chromatography. Trypsin (Armour, 
containing 50% of magnesium sulfate) was employed for the 
tryptic digestions. The peptide (approximately 10 nM) 
was dissolved in water (0.85 ml.) and 0.1 N ammonium 
acetate buffer of pH 8.5 (0.05 ml.), and 0.1 ml. of a trypsin 
solution (15 mg. of enzyme in 10 ml. of water) was added. 
The mixture was incubated at 37° for 4 hr., heated for one 
minute in a boiling-water bath and evaporated to dryness 
in vacuo at room temperature over phosphorus pentoxide. 
The residue was dissolved in water (0.1 ml.) and aliquots of 
this solution were employed for paper chromatography. 

Analytical Procedures.—The paper chromatograms were 
prepared by the descending technique on Whatman No. 1-
papers. Amino acids and peptides were located by spray
ing the papers with a dilute ninhydrin solution.25 The 
following qualitative tests were employed to detect the 
presence of certain amino acids; the Pauly test for histi-
dine,26 the Sakaguchi test for arginine26 and the Ehrlich test 
for tryptophan.2 ' Fowden's quantitative photometric nin
hydrin technique28 was employed for amino acid and pep
tide determinations using the Moore and Stein ninhydrin 
reagent.29 Standard amino acid (or peptide) curves were 
prepared by spotting various concentrations of the desired 
compound (0.2-0.6 y,M) on paper. The chromatograms 
were developed with 2-butanol-ammonia,18 the spots were 
cut from the papers and eluted and their color intensities 
were determined photometrically with a Klett-Summcrson 
colorimeter using a No. 540 filter. Two-dimensional chro
matograms were employed for analysis of more complex 
amino acid mixtures. These chromatograms were first 
developed with the 2-butanol-ammonia system18; they 
were then carefully dried and developed in the second di
mension with the 2-butanol-formic acid system of Haus-
mann.30 Peptides (2-5 mg.) were hydrolyzed with double-
distilled (from glass) 6 N hydrochloric acid in sealed tubes 
for 20 hr. at 110°. The hydrolyzates were evaporated to 
dryness in vacuo at room temperature over phosphorus pent
oxide and potassium hydroxide pellets, and the residues 
were dissolved in water. Aliquots of these solutions were 
used for quantitative amino acid analyses. 

was completely digestible by leucine aminopeptidase. We wish to 
thank Dr. White for these determinations. 

(24) We wish to express our appreciation to Dr. Harold L. Segal 
and to Mr. David M. Glick for preparing and assaying the enzyme. 
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Physiol., 33, 416 (1955). 

(26) R. J. Block, "Paper Chromatography," Academic Press, Inc., 
New York, N. Y., 1952, pp. 63 and 64. 

(27) I. Smith, Nature, 171, 43 (1953). 
(28) L. Fowden, Biochem. J., 48, 327 (1951). 
(29) S. Moore and W. H. Stein, J. Biol. Chem., 211, 907 (1954). 
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