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Abstract: Kinetically-controlled papain-catalyzed synthesis of carboxyglutamic acid containing
peptides is reported. The stereoselectivity of papain allowed to use the racemic Z-y ,y di-7ert-butyl-D,L-
Gla-OMe intermediate as acyl donor ester to obtain diasteromerically pure peptide derivatives. As
examples, several carboxyglutamic acid containing dipeptide derivatives were synthesized enzymatically
in high chemical and enantiomeric yields. Copyright © 1996 Elsevier Science Ltd

There is an increasing interest in peptides containing y -carboxyglutamic acid. y-Carboxyglutamic acid (Gla) is a
vitamin K-dependent post-translational modification of glutamate present in proteins of the coagulation cascade,
osteocalcins and conantokins.!™ Particularly, the conantokins are potent antagonists of the N-methyl-D-
aspartate (NMDA) receptor with potential application in both fundamental studies on cognitive function and
drug design of neuroprotective agents.6‘ 7

The solid-phase synthesis of Gla containing peptides is usually performed using Fmoc-y .,y -di-tert-butyl-L-Gla-
OH as building block under the Fmoc/terz-butyl pmtocol.z’ 57 Most of the syntheses of Gla derivatives are
based on the condensation of Z-O-tosyl-Ser-OMe with dialkyl-malonate.5' 8-10 The intermediate obtained after
the condensation reaction is Z-y,y'-di-zerr-butyl-D,L-Gla-OMe. This intermediate must be resolved, the Z
group removed and the Fmoc introduced. We have recently developed an advantageous enzymatic method to
resolve the enantiomers of Z-y,y'-di-tert-butyl-D,L-Gla-OMe in quantitative yields and enantiomeric excess
higher than 99.5% using the endoprotease papain as catalyst.!1 In this paper, we explore the ability of papain
to synthesize peptides directly from the racemic mixture of the intermediate. Under kinetic control, Z-y,y'-di-
tert-butyl-D,L-Gla-OMe was used as acyl donor ester and different amino acid amide and ester derivatives were
tested as nucleophiles using papain deposited on Celite as catalyst.!> When enzymes are used in organic media,
both solvent and water content have to be optimized regarding the product yield and enzymatic activity.13.14 In
first preliminary experiments acetonitrile and ethyl acetate were tested because they have been proved to be
suitable solvents for enzymatic peptide synthesis.!> 16 Using the synthesis of Z-y,y'-di-tert-butyl-L-Gla-L-
Leu-NH; as model reaction!”, several experiments were performed in these two solvents containing different
amounts (0% to 4%) of buffer. It is important, in this case, to carry out the reactions under inert atmosphere to
avoid deactivation of the papain that occurred even in the presence of g-mercaptoethanol. A typical time-course
reaction!8 for the synthesis of Z-y,y’-di-fert-butyl-L-Gla-L-Leu-NHj is presented in Figure 1. The enzyme
only recognized the enantiomer L of the carboxyglutamic acid derivative while the Z-y,y'-di-tert-butyl-D-Gla-
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OMe remained in the reaction medium. The stereoselectivity of the enzymatic reaction was determined

following a method described previously'! and it was found to be higher than 99.5%.
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Figure 1. Time-course reaction of the enzymatic synthesis of Z-y,y -di-fert-butyl-L-Gla-L-Leu-NH,. Donor ester Z-y,y di-fert-

butyl-D,L-Gla-OMe () the hydrotysis product Z-y,y di-terr-butyl-L-Gla-OH (O) and the dipeptide () were analyzed by HPLC.

The tremendous potential of enzymatic methods is displayed in this case. The estereoselectivity of
papain allowed us to use the racemic intermediate Z-y,y'-di-fert-butyl-D,L-Gla-OMe directly, without any
previous resolution, in the synthesis of diasteromerically pure carboxyglutamic acid containing peptide
derivatives. The influence of solvent and buffer content on both yield and enzymatic activity in the synthesis of
Z-y,y'-di-terz-butyl-L-Gla-L-Leu-NH> is presented in Figure 2. Acetonitrile always gave the best enzymatic
activity and yield.1% In this solvent, the activity of the enzyme increased until a maximum at 0.5% (v/v) of
buffer and then decreased. In ethyl acetate the activity was constant until 0.5% (v/v) of buffer and then
dropped. Dipeptide yields were less influenced by the buffer content between 0% and 0.5% (v/v), decreasing
with higher amount of buffer added. It is noteworthy that in both solvents the enzyme was active under
anhydrous conditions. The best reaction conditions considering the activity and yield were: acetonitrile with
0.5% (v/v) of buffer. They were used in the rest of experiments.

This methodology was extended to other amino acid amides and ester derivatives. The choice was made
according to the sequences of natural occurring carboxyglutamic acid containing proteins2- 20. Papain-catalyzed
synthesis of different dipeptide derivatives?! are presented in Table 1. All the dipeptides were synthesized in a
high yield respect to L isomer. It is noteworthy that amino acid C-a ester derivatives were also suitable
nucleophiles facilitating the direct enzymatic coupling of the subsequent amino acid or peptide fragment
residues. In Kinetically controlled enzymatic synthesis, the covalent complex formed between the enzyme and
the donor ester (acyl-enzyme) can be deacylated by water yielding the hydrolysis of the ester or by another
amino acid giving the product. The ratio between the initial reaction rate of hydrolysis and synthesis provides a
criterion of nucleophile efficiency and it was calculated for each amino acid tested (Table 1). The lowest values
of this ratio were obtained for leucine, tyrosine and phenylalanine derivatives, in agreement with the S' subsite

specificity of papain.?> Finally, as an example of the use of this methodology in peptide synthesis we have
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obtained the Z-y,y'-di-ter-butyl-L-Gla-L-Leu-OFEt derivative at a preparative scale.23 We are currently

preparing larger carboxyglutamic acid containing peptides using a combination of enzymatic and chemical

methods.
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Figure 2. Influence of buffer content on both enzymatic activity (a) and dipeptide yield at 24 h of reaction time (b) in papain

catalyzed synthesis of Z-y ,y di-fert-butyl-L-Gla-L-Leu-NH, in acetonitrile (Q) or ethyl acetate (Hl).

Table I. Dipeptide (Z-y ,y 'di-fert-butyl-L-Gla-L-XX-OR) and donor ester hydrolysis (Z-y ,y 'di-zert-butyl-1.-Gla-OH) yields in

papain-catalyzed synthesis of carboxyglutamic acid dipeptide derivatives in organic media.

Nucleophile Dipeptide Vpolvee B Capacity FAB-MS (M+H),
H-XX-OR Yield® % factors K' (M+H)4, calc.
24 h, 48h (dipeptide) obs.

H-L-Ala-NH,® 57, 56 0.10 2.7 508.3 508.3
H-L-lle-NH, 79, 89 0.11 3.0 550.4 550.3
H-L-Val-NH, 78, 81 0.16 25 536.3 536.3
H-L-Phe-NH, 89, 85 0.02 35 584.3 584.3
H-Gly-NH, 69, 73 0.15 1.4 4943 4943
H-L-Leu-NH, 96, 95 =104 3.6 550.4 550.3
H-L-Leu-OEt 93, 93 0.03 8.1 579.4 579.3
H-L-Tyr-OMe 890, 89 0.02 3.8 6153 615.3

* Yields, with respect to the L isomer, were calculated from the peak areas by the external method.

® vy,° is the initial donor ester hydrolysis ratc; v.° is the initial dipeptide synthesis rate.

¢ Capacity factor defined as (t,-15)/ty where 1, is the dead time and t, the retention time of the compound.

4 The product was characterized by fast atom bombardment mass spectrometry (FAB-MS) on the collected fractions from analytical

HPLC.

¢ In this case a new unidentified peak appeared in the HPLC chromatogram (28% of yield).
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