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Recombinant technology has provided an alternative to 
chemical synthesis for the production of peptides.1 Although 
there are many peptide hormones with a C-terminal a-amide 
structure, which is usually essential for biological activity, peptidyl 
amides cannot be produced by the usual expression system because 
prokaryotes do not have the C-terminal amidating enzyme, 
peptidylglycine-amidating monooxygenase.2 The present com
munication describes a versatile method to yield peptidyl amides 
from recombinant products. 

Several groups3 have applied the amidating enzyme to the 
recombinant synthesis of a-amidated peptides, but the procedure 
requires the preparation of precursor peptides (glycine-extended 
objective peptide) and the enzyme is not readily available. 
Moreover, amidation of unprotected peptides by transacylation 
with amino acylamides or protected amine derivatives using 
proteases has been also tried.4 However, it has not yet been 
applied to recombinant peptides. 

Recombinant peptides are usually expressed as part of fusion 
proteins which protect them from endogenous enzymatic deg
radation.5 Various enzymatic or chemical methods for site-
specific cleavage of peptide bonds can be suitably employed to 
isolate the substrate peptides for amidation from the fusion 
proteins.5 However, these methods are not always applicable 
because there are various limitations arising from the sequence 
of the desired peptide. Moreover, amidation by either amidating 
enzymes or enzymatic transacylation may be restricted by the 
amino acid sequence of the C-terminal portion of the objective 
hormone and the specificity of the enzyme.4"1'6 
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" The amino acid sequence is written in single letter codes; those 
underlined are F, Phe; C, Cys. 

It has been known that proteins are cleaved site-specifically at 
the amine—peptide bond of S-cyanylated cysteine residues under 
mild alkaline conditions, giving a peptide with a carboxylic acid 
at the C-terminal and a peptide with a (2-iminothiazolin-4-yl)-
carbonyl residue at the N-terminal.7 

We anticipated that amines, better nucleophiles than hydroxyl 
anion, would facilitate the cleavage giving a-amidated peptides. 
In fact, after extensive examination, we optimized the reaction 
conditions: the cleavage-amidation reaction was accomplished 
by treatment with 3 M ammonia at 0 0C for 15 min. The short 
exposure to the moderate concentration of amines, not prolonged 
exposure to diluted amines, prevented alkali-induced damage of 
the products. Another feature of the present method is the ability 
to generate alkylamide derivatives8 which cannot be synthesized 
using the a-amidating enzyme. We applied this procedure to the 
synthesis of amide derivatives of human parathyroid hormone 
active fragment: hPTH(l-34)NH2 (I),

9 hPTH(l-34)NHC2H5 
(2), and hPTH(l-34)NH(CH2)5CH3 (3) (Scheme 1). 

Human parathyroid hormone, hPTH(l-84), is a peptide 
hormone consisting of 84 amino acid residues which regulates 
calcium and phosphate ion homeostasis. The N-terminal 34 amino 
acid fragment, hPTH( 1-34), is biologically active10 and thought 
to have promise in the treatment of bone diseases including 
osteoporosis.'' A derivative with a C-terminal amide, 1, has been 
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reported to be three times as active as the fragment with a 
C-terminal carboxylic acid.' These facts indicated that the 
a-amidation of hPTH(l-34) is a suitable target to show the 
usefulness of this reaction because the intact structure of the 
product can be evidenced by analytical methods used in peptide 
chemistry and by biological assays. Moreover, the fragment 
contains almost all protein-constituting amino acids, which also 
suggests the wide applicability of this synthetic method. 

As a fusion protein, [Cys35)hPTH(l-84) (4), in which VaP5 

of hPTH(l-84) is replaced with a Cys residue, was prepared by 
the recombinant procedure.78'12 The SH group of the Cys residue 
was site-specifically cy any la ted using 1 -cy ano-4- (dimethy lamino) -
pyridinium fluoroborate (CDAP)13 to give [Cys(CN)35]hPTH-
(1-84) (5).M The modified protein 5 was treated with ammonia 
under the conditions described above.'5 Analytical reverse phase 
HPLC of the reaction mixture showed a simple elution profile. 
The integration of the peaks indicated the generation of the desired 
peptide amide 1 at a rate of 80% (Figure 1). Product 1 was 
isolated by preparative HPLC in a yield of 62%.16 

The product 1 obtained showed a retention time identical to 
that of a chemically synthesized standard upon HPLC analysis, 
and it gave the expected results upon amino acid analysis and 
molecular weight measurement by fast atom bombardment mass 
spectrometry [MH+ (monoisotopic), mjz observed 4114.74 vs 
theoretical 4115.15]. Additionally, the tryptic hydrolysate of 1 
gave a peptide map on HPLC identical to that of the standard 
sample, The in vitro biological activity, stimulation of cAMP 
production in mouse MT-3T3 cells,12 was in good agreement 
with that of the chemically synthesized compound and 2.8 times 
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Figure 1. Reverse phase HPLC analysis of the reaction mixture of the 
cleavage-amidation reaction. The elution profile shown (—) is that for 
the reaction using ammonia. Eighty percent of the cyanylated protein 
was cleaved into (2-iminothiazolin-4-yl)carbonyl-hPTH (36-84) (peak 
a) and compound 1 (peak b), and 20% was converted to a-byproduct, 
[dehydroalanine35]hPTH(l-84) (peak c). HPLC analysis was ac
complished on a YMC C-18 reverse phase column eluting at 1 mL/min 
with a gradient of acetonitrile in 0.1% trifluoroacetic acid ( ). 

as potent as that of hPTH(l-34) with a C-terminal carboxylic 
acid as reported previously.10 These data confirmed that the 
a-amidated product 1 had the intended intact structure. 

The ethylamide derivative 2 was synthesized in a similar yield 
by treatment with 3 M ethylamine solution at 0 0C for 20 min, 
and the hexylamide derivative 3 was synthesized in a yield of 30% 
by treatment with 1-hexylamine in 25% acetonitrile at 0 0C for 
1 h. Derivatives 2 and 3 showed the same level and 60% of the 
in vitro biological activity of hPTH(l-34), respectively. 

Thus, the method described here is an alternative to enzymatic 
methods for the synthesis of a-amidated peptides via the 
recombinant products. It does not require the isolation of the 
"precursor" peptide. Moreover, the method is widely applicable 
without regard to the sequences of the objective peptides, except 
Cys-containing peptides. Furthermore, it may provide a new 
procedure to obtain peptides with a C-terminal alkylamide or 
hydrazide via cysteine-extended peptides synthesized by the solid-
phase method for which there is not yet generally applicable 
methodology. 
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