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Papain can attack a Z-dipeptide], in the presence of a nucleophile such as NHzPh or
NHZNHPh, either at the carboxyl terminal to yield a Z-dipeptide anilide or phenylhydrazide, or
else at the peptide carbonyl, -CO-NH-, with resultant formation of the anilide or phenylhydrazide
of a Z-amino acid. An attack at the carbonyl of an L residue is preferred to an attack at a D
residue. For the current research, Z-dipeptides were deliberately prepared2 with an Ala residue
at the N-blocked amino terminal and a Gly residue at the carboxyl terminal, for papain3 catalysis
with these two nucleophiles.

When Z-DL-Ala-Gly-OH was the reactant, Z-L-Ala-Gly-NHR was the early reaction product.
On the other hand, only Z-D-Ala-Gly-NHR was formed during the late, prolonged incubation period.
For intermediate periods, papain made concurrent attacks at both the peptide carbonyl and the
terminal carboxyl, thereby producing a mixture of reaction products.

Early Period > Z-L-Ata-Gly-NHR
NH,R
-DL-ATa-Gly-04 2 Intermediate Period:;, Z—A]a-fly-NHR
bapain Z-L-Ala-NHR

Late Period  ~, 7.p_Aja-Gly-NHR

This stepwise production of enantiomers, at appropriately different incubation periods,
was a consequence of the special design of the racemic Z-dipeptide. The D enantiomer was unable
to compete successfully for a catalytic site, until the Z-L-Ala-Gly-OH had been sufficiently de-
pleted through attacks on the Gly and the L-Ala residues. Although the D residue of Z-D-Ala-Gly-
OH impeded the reaction velocity of this remnant enantiomer, nevertheless, catalysis advantageously
proceeded slowly but continuously at the available Gly residue. Interruption of incubation for
sampling established that the uncleaved Z-D-Ala-Gly-NHR was always the singular, insoluble product.
Subjection of racemic Z-amino acids to papain cata]ysis4’5’6’7 has never permitted an optically
pure Z-D-a.a.-NHR to be obtained in such a direct manner.
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Isolation of separate enantiomeric products in the current research was merely a matter
of judgment of spacing the incubation periods at satisfactory time intervals. A better under-
standing of such spacing was secured by an independent examination of Z-D-Ala-Gly-OH and Z-L-Ala-
Gly-OH under similar catalytic conditions. When uninhibited by the presence of the L enantiomer,
papain very slowly attacked Z-D-Ala-Gly-OH from the very start of incubation. By comparison,
independent Z-L-Ala-Gly-OH reacted far more rapidly, with maintenance of the peptide structure at
the onset. Then, both cleaved and intact peptide structures were involved within an intermediate
incubation period. However, only cleavage of the peptide structure was encountered during the
final phase of catalysis. Early, intermediate and late periods were all confined to a very short
duration of time for the L reactant, compared to an extended period when the D enantiomer was
utilized. Important details of these experiments are summarized in Table I.

Detection of the cleaved or unsplit nature of the products by means of TLC was reported
previouslya. Identical solvent systems8 were now employed for thick layer chromatography on
ChromAR, after TLC had demonstrated that cleaved and unsplit products actually were both present.
Such a mixture was streaked on appropriate sheets of ChromAR, then dried and placed between two
glass plates. Following chromatography, the separated bands were located on a dried sheet by
means of a short wave length UV lamp. A cleaved product showed a higher Rf value than did a
corresponding product that retained the peptide structure. Each separated band was cut into
fragments and thoroughly extracted with chloroform. The product was isolated by filtration and
removal of the solvent.

When attention was turned to Z-Gly-L-Ala-OH, Z-Gly-DL-Ala-OH and Z-G]y—D-A]a—OHZ, only
cleavage of the peptide structure was observed. Z-Gly—NHR7’9’]0 was the sole, insoluble reaction
product.

NHZR

Z-G1y-Ala-OH (L, DL, or D) ——> Z-Gly-NHR + Ata-OH (L, L > D, or D)
papain

Relative rates of reactions of these substrates were in the order L > DL > D, thus implying that
a partial resolution of the racemic residue had taken place. Table II itemizes significant fea-
tures of this study.
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Table II
Products Formed through Reactions between the Z-Glycylalanines
and Aniline or Pheny]hydrazinea
Z-Dipeptide Product Yield in Grams, Melting

Reactant Formed 0-24 Hrs at 40° Point, °C

1. Aniline as the Nucleophile
9,10

Z-Gly-L-Ala-OH Z-Gly-NHPh™’ 0.374 142-144
Z-Gly-D-Ala-0H Z-Gly~NHPh 0.116 143.5-144
Z-Gly-DL-Ala-0H Z-Gly~NHPh 0.332 143.5-144

2. Phenylhydrazine as the Nucleophile

7-Gly-L-ATa-OH  Z-Gly-NHNHPh’ 10 0.436 139.5-144

Z-Gly-D-Ala-OH Z-G1y~NHNHPh 0.243 139.5-140.5
Z-Gly-DL-Ala-0H Z-G1y-NHNHPh 0.365 138-140

@Each
0.1000 g L-
hexamethy1p

1.
2.

solution contained 0.5000 g Z-dipeptide, 0.26 ml aniline or 0.30 m1 phenylhydrazine,
Cysteine-HC]-HZO, 0.1000 g activated papain3, 18 m1 0.50 M buffer pH 4.5 and 2 ml
hosphoramide.
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