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cation No. 88303803.6 ("Anyloid Peptides”). Cooper also determ ned that
anylin has ects on carbohydrate netabolism See, e. et
al., Proc. ﬁgbﬁsﬂEﬁ%{ Scﬁ. USA 84: 8628-8632 (1987). Various pa éH$E5W§%4
applications 15 relating to uses of anylin, anylin agonists, and anylin
antagoni sts for the treatnent of certain disorders, such as di abetes, have
been prepared. European Patent Appli- cation No. 88307927.9 ("Use of Anylin
or CGRP for the Treatnent of Diabetes Mellitus"); International Appli- 20
cation No. PCT/ US89/ 00049 ("Treatnent I abetes Mellitus").
commonl y assigned and co-pendi ng pate§%5€$?5$%ﬂf1on US S N 667,040 is
directed to the synthesis

Production of Peptide Amides

Related Applications

This application is a continuation-in-~part of U.s.
patent application Serial Nos. 07/742,768 filed August 8,

1991 and 07/742,769 filed August 8, 1991.

5 Background of the Invention

Oonly small quantities of certain peptides, including

human amylin, are available from procedures which involve
natural isolation. Amylin is a 37 amino acid peptide
hormone which was recently discovered, isclated and

10 purified by Cooper and Willis. European Patent Appli-
cation No. 88303803.6 (“Amyloid Peptides"). Cooper also
determined that amylin has marked effects on carbohydrate
metabolism. See, e.g9., Cooper et al., Proc. Nat. Acad.
Sci. USA 84:8628-8632 (1987). Various patent applications

15 relating to uses of amylin, amylin agonists, and amylin
antagonists for the treatment of certain disorders, such

as diabetes, have been prepared. European Patent Appli-
cation No. 88307927.9 ("Use of Amylin or CGRP for the
Treatment of Diabetes Mellitus"); International Appli-

20 cation No. PCT/US89/00049 ("Treatmeht of Type 2 Diabetes
Mellitus"). Commonly assigned and co-pending patent
application U.S.S.N. 667,040 is directed to the synthesis

of this amylin using a solid phase resin synthetic method.

The application describes the synthesis of this hormone
—_—
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of this anylin using a solid phase resin synthetic nethod. The application --
Whi oh nakecWDISSHAEP abi o i n groater  duantities fon  extonbrCUSRReN ch
including anticipated clinical trials. However, even conservative ;
estimates as to the 5 commercial requirements of anylin lead to the
concl usion that about 5u to 500 kg wi |l bezneeded annual ly. The
using solid phase methods which makes it available in
greater quantities for extensive research, including
anticipated clinical trials.
However, even conservative estimates as to the
5 commercial requirements of amylin lead to the conclusion
that about 5u to 500 kg will be needed annually. The
largest protein to date made commercially by solid phase
resin synthesis is salmon calcitonin which has 32 amino
acids and which is synthesized on a scale of about 10
10 Xxg/year. The labors of synthesis increase geometfically
with increased amino acid chain length; thus, synthesis of
a 37 amino acid peptide is more formidable than a 32 amino
acid peptide. Also the particular amino acid residue con-
tent of amylin may increase the burdens of synthesis using
15 solid-phase methods. For the above reasons, options other
than resin synthesis may be of value for larger scale
synthesis of more complex proteins like amylin. as the
requirements for larger and larger amounts of end product
grow, eguipment limitations and costs of amino acids and
20 other reagents, along with waste disposal can make such
synthesis procedures technically difficult and prohibi-
tively expensive.
Recombinant DNA techniques may provide an attractive
approach to the synthesis of amylin in commercial amounts.
25 Some large proteins are now made commercially by this
methodology (e.g., a-interferon, interleukin-2, <tissue

plasminogen activator, Factor VIII:C, erythropoietin).

However, high levels of expression of these proteins by
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I'argest protein to date nmade commercially by solid phase resin synthesis is
saj'mon cal cm@gs/0268hi ch has 32 anmino aci ds and whi ch) I S synt REBIUSHA/06604a
scal e of about 10 10 kg/year. The labors of synthesis increase
geonetrically with increased am no acid chain length; thus, synthesis of a
37 am no acid peptide is nore form dable than a 32 am no aci d peptide. Al so
the particular amino acid residue con- tentg of anylin may increase the
burdens of synthesis using 15 solid-phase nethods. For the above reasons,
options other thauch edioleyithesi systamse are vakgeifed |tar gemakecakbeir

synthesis of nore conplex proteins like anylin. As the requirenments for
| arger and | ar geragfRAGHTepf ds@lptdemctand purification commercially
feasible. E. coli and yeast eXpression systems are

capable of providing high yields of proteins by recombi-

5 nant technology; however, these systems are not capable of

performing certain post~translation modifications. For

example, they do not construct or express peptide amides,

only peptide acids. Amylin is a peptide amide that is

much less biologically active in its peptide acid form.

10 A few recombinant expression systems have been repofted to

provide the amide form of a precursor peptide acid; how-

ever, the recombinant expression systems that do provide

the amide form of proteins, such as mammalian cells and

the baculovirus expression vector system, do so in low

15 yields. These yields would be too low to efficiently and

economically provide the commercial quantities of amylin
that would be reguired.

Several methods of enzymatic transformation of “pro-

tein précursor acids" to give a peptide amide have been

20 described. Use of an a-amidating enzyme system isolated

from rat medullary thyroid carcinomas to prepare an a-

amidated polypeptide from a polypeptide substrate having

a C-terminal glycine residue has been reported by one

group. See Beaudfy, G.A. et al., Journal of Biological

25 Ch=mistry 265:(29):17694-17699 (1990); and U.S. Patent

4,708,934. The amide function is reportedly donated to

the polypeptide by cleavage from the a—-amino group of the

terminal glycine residue of a precursor polypeptide acid.

SUBST‘TUTE SHEET This Sheet Has Been Reﬂlaced

ARRAREEAW




-
-

grow, equipment limtations and costs of am no acids and 20 other reagents, -

algng with wasnmzsb';sposaj can make such synthesis pr)ocedurel?Cl‘mS!mml y
difficult and prohibi- tively expensive. Reconbi nant DNA techni ques may
provi de an attractive approach to the synthesis of anylin in comerci al
amounts. 25 Some | arge proteins are now nade commercially by this

met hodol ogy (e.g., a-interferon, interleukign-2, tissue plasm nogen
activator, Factor VIII:C, erythropoietin). However, high |evels of
expressi on of tmee yusuildiing byamidated peptide has one less amino acid

residue, the glycine residue having been eliminated.
This enzymatic amidation has proved difficult to
reproduce and yields of product decrease exponentially as
5 the size of the protein to be amidated is increased. The
cost of the enzyme by natural extraction renders this pro-
cess economically unacceptable on commercial scale, and
the co-amidating enzyme has now been cloned, expressed,
synthesized, and isolated by recombinant technigues. How-
10 ever, the use of the recombinantly synthesized enz.yme on
a precursor polypeptide 'having a C-terminal glycine acid
added to the seguence which itself has been made by recom-
binant technologies would make the resulting process still
unacceptably expensive for. very large scale production of
15 amylin (i.e., in the 500 kilogram per year synthesis

scale). |

Other enzymatic transformations reported to give pro-
tein amides involve proteases. One such method was said
to convert small peptides to peptide amides using carboxy-
20 peptidase II. Klaus Breddam, Carlsberg, Res. Comm. Vol
50, p. 209 (1985). Another method was reported to gener-
ate peptides having a C-~terminal amide using carboxy-
peptidase ¥ and small peptides, and in one case, human
calcitonin-Leu. Most yields with <this method were
25 reported to be less than 25% (see U.S. Patent 4,709,014,
assigned to Sankyo Company Limited), and yields of peptide

amides using such enzyme systems have been reported to
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3 such biological systens are required to make their manufacture, isolation

systens areWQPHER®70f priovi ding high yields of proteéins by

and purification commercial ly feasible. E. coli and yeast '
pELMgReR

t echnol ogy; however, these systens are not capabl e of

post-transl ation nodifications. For exanple, they dq| A6iS edEat HAEBEEN
express peptide am des, only peptide acids. Anylin is de t hat
is much less biologically active in its peptide acid form 10 A Tew
reconbi nant expressi on systens have been rgpgrted to
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decrease as the complexity o ength of the peptide chain
increases.

Aside from amylin, other peptide amides having bio-
logical activity include thyrotropin releasing hormone
(TRH) , oxytocin, vasopressin, luteinizing hormone releas-
ing hormone, melanocyte stimulating hormone (MSH},
gastrin, CGRP-1, CGRP-2, Substance P, secretin, the cal-
citonins, growth hormone releasing hormone, and vasoactive
intestinal peptide (VIP).

Thus, it is important to provide an economically
attractive and technically simple route to transform
protein acids to amides. Unfortunately, while simple
chemical transformations of carboxylic acids to carbox-
amides are known, the reagents usually involved in such
reactions may destroy the sensitive protein backbone. In
addition, as the complexity of the peptide seguence and
structure increases, competing reactions with other
reactive groups in the amino acid side chains increase,
and such side reactions may drastically reduce the yield

of the desired peptide amide.

Summary of the Invention -

The present invention provides methods of preparing
a peptide having a C-terminal amide group (“peptide
amide") from the corresponding peptide having a C-terminal
carboxyl group ("peptide acid"). Thus, according to one
aspect of the present invention a solution of a peptide

acid is treated with a carboxyl activating agent to give
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provi de the am de form of a precursor peptide acid; how ever, the

reconbinangwgpghﬂﬁaion'systens that do provide the~am de fQﬁﬁh@Emﬂb&kﬁi“SJ-"

an cells and the bacul ovirus expression vector system do so

stich as mama

in low 15 yields. These yields would be too | ow t Q.-g =

econom cally provide the commercial quantities of &
required. Several nethods of enzymatic trapsformatij
precursor acids" to give a peptide am de have been L&
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agents include carbodiimide compounds. The reactive
intermediate is then treated with a trapping agent and an
amine source (which is the donor -NH,) to give the peptide
amide. According to a second, preferred, aspect of the
invention, the peptide acid is treated with an alcohol in
the presence of an acid to give a reactive intermediate
different from that referred to above. This intermediate
is then treated with an amine source to yield the peptide
amide.

The methods of the present invention may be used to
prepare a peptide amide from their corresponding peptide
acids. Such peptide amides include amylin, such as human
amylin, and amylin derivatives and analogs (whether full
length or less than thirty-seven amino acids in length)
which are amidated at their carboxy termini. They also
include thyrotropin releasing hormone, oxytocin, vaso-
pressin, luteinizing hormone releasing hormone, melanocyte
stimulating hormone, gastrin, CGRP-1, CGRP-2, secretin,
calcitonins (especially salmon, chicken, eel and human
calcitonin), growth hormone, releasing hormone, vasoactive
intestinal peptide, as well as analogs {(including active

analogs) of those peptide amides which will generally

contain C-terminal fragments of not less than three amino

acids.
According to the first aspect of the present inven-
tion described above, free amine groups of the peptide

acid may be reversibly blocked using an amine-blocking

of an
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a.-Ctermnal glycine residue has been reported by one group. See Beaudry,

-

GA et al Journal of Blologlcal 25 Chem stry 265: 29) 17
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donated to the poI ypeptide by cl eavage fromthe a-a

terminal glycine residue of a precursor polypeptide aq‘%SHEE'ﬂHﬂiﬁ@EEN

resulting a-am dated peptide has one | ess am no acid
resi due havi ng been el i m nated. 7
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reagent prior to treatment with the carboxyl activating
agent. According to one preferred aspect, the free amines
on the side chains of amino acids, such as lysine, are so
protected by blocking groups, and if desired, the N-
terminal e-amino group may also be protected.

According to another aspect.of the present invention
a peptide acid fragment (having n minus m amino acid
residues, wherein the complete peptide amide has n amino
acids) is coupled to a peptide amide fragment (having m
amino acid residues and a C-terminal amide group). This
method is similar to the above method in that the reaction
is carried out under coupling conditions in the presence
of (1) a carboxyl activating agent and a trapping agent or
(2) an acidic alcohol so that the peptide acid fragment
and the peptide amide fragment are coupled to give the
peptide amide.

According to another aspect of the present invention,
a peptide amide is prepared from the corresponding peptide
acid by esterifying all free acid groups (i.e., carboxyl
groups), followed by specific conversion of the C-terminal
carboxyl to an amide, and by hydrolysis or de-esterifi-
cation (deprotection) of the side chain esters to acids.
In one preferred aspect, where the starting peptide acid
contains side chain carboxyl groups, the conversion of C-
terminal ester to amide is accomplished using an enzyme
selective for the C-terminal ester and an NH, source such
as an amine or amino acid-amide. Useful enzymes for the

preparation of amylin by this method include chymotrypsin,

—
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This enzymatic am dation has proved difficult to reproduce and yields of .-

product decrease exponentially as 5 the size of t prot ei | dat.ed --
i 5 increa¥@93/M&7cost of the enzyme by natural e';?r actionBFynbdégri/s “ﬁ s )

pro- cess econom cally unacceptable on commercial scale, and the
o e e o g ey

[err]-amidating enzyme has now been cloned, expresged v nd
i sol at gad by reconbi nant techni ques. How 10 ever, "%’ . .
reconbi nantly synthesized enzyme on a prefursor pollypeptTHe Naviig-e

C-termnal glycine acid.added tpo the ' I de b
recom binant  t'BRETRAISGEs Rﬁﬁ?h”h’éﬁ;e (uée ggﬂ#&#’ﬁb ;?P%ggggggts??&&m =
unaccept ably exgeng| oo QpetetYc! 6% rths cPRATHS AU

According to a preferred aspect of the present inven-

tion, amylin, a protein hormone containing a C-terminal
5 amide (and which has also been referred to in the litera-
ture as amylin amide), is prepared from the corresponding
amylin acid precursor. The present invention provides
methods which result in the economical synthesis of
amylin. Thus, an amylin precursor acid may be madg by a

10 high yielding yeast or E. coli recombinant expression '
system. The amylin acid is then used according to the
methods of the present invention to yield the desired
amylin. Thus, by using the methods of the present inven-
tion one can take advantage of the advantageous economics
15 of such recombinant technology expression systems and then
convert the peptide acid produced thereby to the

corresponding amide.

Definitions
As used herein, the following terms have the follow-
20 ing meanings, unless expressly stated to the contrary.
The term “peptide acid" refers to an oligopeptide,
polypeptide or protein which has a C-terminal carboxyl
group.
The term “peptide amide" refers to an oligopeptide,
25 a polypeptide or a protein which has a C-terminal amide

group.
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swsrmorestest [N




15 anylin (i.e.

, in the 500 kil ogram per year synthesis scale). Oher

enzynmatic transformations reported to give pro- tein amdes involve
( _ §¢y met hod was said to convert snal I pepti deeTrossRAmEee
am des using carboxy- 20 peptidase |Il. Kl aus Breddam Carlsberg, Res.
Vol 50, p. 209 (1985). Another nmethod was reported to gener- ate pepti
having a C-term nal am de using carboxy- peptidase Y and small peptides,

and in one case, human cal citonin-Leu. st yields with this nmethod
were 25 reported to be less than 25% (see "U. S. Patent 4,709,014, assig

to Sankyo Conpany Ljfﬂée@érmamgmyhﬁﬁdSCQﬁ"DQEEEQQ to an amylin poly-
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peptide having a C-terminal carboxyl group (e.d., the
amino acid sequence shown in Figure 1 for human amylin
where X is a C-terminal carboxyl group).

The term "“amylin" refers to the amidated form of a
species of amylin acid, for example, a polypeptide having
the amino acid sequence of human amylin shown in Figure 1

where X is a C-terminal amide group.

Brief Description of the Drawings

Figure 1 depicts the amino acid sequence of human
amylin.
Figure 2 depicts a comparison of amino acid sequences

of amylins isolated from several different mammals.

Detailed Description of the Invention

This invention provides methods by which a peptide
acid, such as an amylin acid, can be converted to its

corresponding amide form, i.e., amylin. Thus, according

to a preferred aspect, the present invention provides
methods to chemically prepare an amylin from an amylin
acid. In general, one aspect of the present invention
provides the protection of the free amine group(s) amylin
acid by reversible blocking of those free amine group(s)
before the actual coupling/amidation reaction takes place.
An alternate aspect involves performing the coupling/

ar..da: .on reaction without the protection’' of the amylin

Comm
des

ned

acid. 1In another aspect the present invention provides

eplaced
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am des using such enzyne systens have been reported to 5 decrease as the -
conpl exity W of the peptide chain increases: Aside S@Q)ﬂ Ll *
ot her peptiﬁrgs‘& s having bio- logical activity include t 5/:?0 ropldrsl&

rel easing hornone 5 (TRH), oxytocin, vasopressin, |uteinizi
rel eas- ing hornone, nelanocyte stimulating hor
CGRP-1, CGRP-2, Substance P, secretin, themcal-

for the activation of the C~terminal carboxylate before
amidation takes place. An alternate aspect involves
performing the amidation without activation. Another
aspect couples a peptide acid fragment and an amidated
S peptide fragment such as an amidated amino acid to give a

peptide amide.

A. Direct Preparation of Peptide Amide from Peptide Acid

In one aspect, the present invention provides methods

for preparing a peptide amide directly from a peptide

10 acid. According to this aspect of the present invention

a solution of peptide acid is treated with a serine

hydrolase enzyme and an amine source. Suitéble enzynes

include carboxypeptidase Y or carboxypeptidase P. Suit-

able solvents include those solvents used traditionally

15 with enzyme assisted reactions such as agqueous-organic

mixture adjusted to apparent pHs. Suitable amine sources
include previously amidated amino acids.

In another aspect, the invention provides methods for

preparing a peptide amide directly from a peptide acid

20 without requiring free amine protection where the peptide

contains no acidic amino acid residues. If the peptide

acid contains acidic amino acid residues, it is preferred

that those residues be protected. According to this

aspect of the present invention a solution of peptide acid

25 in solvent is treated with a carboxyl activating agent to

give a reactive intermediate. Suitable carboxyl activa-

ting agents include carbodiimides such as 1-(3-dimethy-

—_—

\
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citonins, growh hornone rel easi ng hornone, and vasoactive intestinal

pept.i de (VIP). 10 Thus, it is inportant to provide an economcally
attractive anobseobedrcal |y sinple route to transform protei n RCTHISH 06604
am des. Unfortunately, while sinple chem cal transformations of

carboxylic acids to carbox- am des are known, the reagents usually involved
I n such 15 reactions nay destroy the sensitive protein backbone. In
addition, as the conplexity of the peptidé $gquence and structure
i ncreases, conpeting reactions with other reactive groups in the amno acid
side chai ns i ncr ekse naprépyl s h3sethylamdiodinnidey drdisisopaidpylcedboéiihe
yleld. mide, and carbonyldiimidazole, as well as dicychlohexyl-
carbodiimide. Suitable sclvents include solvents such as
those conventionally used in peptide synthesis and
5 solvents tﬁat tend to disrupt secondary structural
elements and minimize formation of intramolecular and
intermolecular hydroéen bonds. Suitable solvents include
dimethylformamide (DMF), dimethylsulfoxide, tetrahydro-
furan, N-methylpyrrolidone, and the like. The reactive
10 intermediate which is an imide after treating with the
carbodiimide is treated with a trapping agent and an amine
source. Suitable trapping agents include N-hydroxybenzo-
triazole, N-hydroxysuccinimide, N-hydroxyphthalimide, N-
hydroxyglutarimide, benzhydroxamic acid and hydroxypiperi-
15 dine. Suitable amine sources include ammonia and hydrated
forms of ammonia. According to a preferred aspect of the

present invention, reagents are provided which act both as

a trapping agent and as an amine source.

B. Preparation of Peptide Amides Using Protected Peptide

20 cids
In one embodiment the methods of the present inven-
tion include a first step in which the solution of peptide
acid is treated with an amino-blocking reagent which
reversibly blocks free amine groups to give a protected
25 peptide acid. In one preferred aspect, free amine groups
on the side chains of amino acids such as lysine are

blocked. If desired the N-terminal e-amino group may also

SUBSTITUTE SHEET  This Sheet Has Been Rm‘d
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20 of the desired peptide amde. Summary of the Invention The present
I nventi on provides net h’ops of preparing a peptidetgving a C-termnal

group (" pepWOf8/@69He")- from t he correspondi ng peptide havi RETAIII2(A6604 nal
25 carboxyl group ("peptide acid"). Thus, ‘according to one aspect of
present invention a solution of a peptide acid is treated with a carboxyl
activating agent to give 6
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be blocked. Suitable blocking groups include t-butoxy-
carbonyl (“"t-Boc" or "Boc'"), N-fluorenylmethoxycarbonyl
(Fmoc), acetyl, pivalloyl, butyl, benzoyl and benzyl.
Where the blocking group employed is Boc, the protected
peptide acid may be conveniently prepared using di-tert-
butylcarbonate. Optionally, a step may be included
wherein protected beptide acids are separated from
unprotected peptide acids and/or side chain protected
peptide acids are separated from fully protected peptide
acids.

After protection of the free amines, the protected
peptide acid is treated with a carboxyl activating agent,
and, then, a trapping agent including the amine source as
described in Section A herein above to give a protected
peptide amide. The blocking groups are removed by
conventional deblocking reagents and methods such as
treatment with trifluoroacetic acid (TFA) to give the
peptide amide. Optionally, the protected peptide amides
may be separated from unamidated protected peptide acids

prior to deprotection.

C. Preparation of Peptide Amide Via an Ester Intermediate

An alternate aspect of the present invention is
directed to preparation of a peptide amide using an ester
intermediate.

The peptide acid is treated with anhydrous or.aqueous
acid and alcohol to esterify all carboxylic acid groups.

Suitable alcohols include short chain aliphatic alcohols

ami.de ..

t he
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a reactive internedi ate. Sui tabl e carboxyl activating agents include
car bodii m de conmpounds..  The .reactive internediate is then treated with a

trappl ng agwoniesgadenn anitne source (which is the donbr -NH RAIYUS2506604
the peptide 5 am de. According to a second, preferred, aspect of the

i nvention, the peptide acid is treated with an al cohol in t he presence of
an acid to give a reactive internediate different fromthat referred to
above. This internediate is then treated wsth an am ne source to yield the
pepti de 10 am de. The methods of the present invention may be used to
prepare a pepti dgacanagdembthandhei ethzorales picrudiutgnpépt prepanol, isopro-

pancl, n-butancl or t-butanol to give the corresponding
methyl, ethyl, isobutyl, propyl, isopropyl, n-butyl or t-
butyl esters. The ester intermediate is then treated with
5 an amine, such as ammonia, and a selective amidation
reagent, preferably as an enzyme such as chymotrypsin to
specifically (and selectively) convert the C-terminal
ester group to an amide. Alternatively the ester inter-
mediate is treated with an amino acid amide (-NH,) and
10 carboxypeptidase Y.

The side chain ester groups are removed by hydrolysis
or deprotection (by a reagent such as TFA for t-butyl
esters) to give the C-terminally amidated protein.

Alternatively, where the peptide acid has no

15 carboxylic acid side chains, i.e., where the only carboxyl
group of the peptide acid is the C-terminal carboxyl, the
ester intermediate may be converted to the corresponding
peptide amide by treatment with ammonium hydroxide,

ammonia in methanol, or liguid ammonia. (see Example 9).

20 D. Preparation of Peptide Amide by Cougling a Peptide

Ester termediate to a Peptide Amide Fragment
According to this aspect of the present invention, a
peptide amide (having n amino acid residues) is prepared
by coupling a peptide ester fragment (having n minus m
25 amino acid residues) to a peptide amide fragment (having
m amino acid residues). This method is similar to those

described herein above, however, the peptide ester

This Sheet Has Been R
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acids. Such peptide am des include anylin, such as human anylin, and anylin
derivatives and anal ogs (whether full 15 Ilength or-less than thirty-seven
arii no aci ds WO9382697h) whi ch are anidated at their carboxy tRETAUSP2/06504 y

al so include thyrotropin rel easi ng hornone, oxytocin, vaso- pressin,

| ut ei ni zi ng hornone rel easi ng hornone, nel anocyte stinulating hornone,
gastrin, CGRP-1, CCGRP-2, secretin, 20 calcitonins (especially sal non,

chi cken, eel and human cal citonin), growthi#ornone, releasing hornone,

vasoactive intestinal peptide, as well as anal ogs (including active.
anal ogs) of thos&XpERENtdamifever \ARERC \f3id Ferdfups ythamtdien TestdEihgal

fragments of not plaséfdé hﬂ‘iég"aer?d a{Qen Opeptide amide fragment acts as an

amine source. Preferred peptide amide fragments are
amidated amino acids or amidated oligopeptides having up
5 to about 15 to about 20 amino acid residues, more

preferably about 1 to about 5 amino acid residues.

E. Preparation of Amvylin Amide

In a first method according to the present invéntion,
amylin acid may be converted to amylin by a one step.
10 reaction that does not include any type of protecting
groups, that is, the free amines of the amylin acid are
left exposed. This reaction comprises the chemical
conversion of the amylin acid to amylin using the
1-(3~-dimethylaminopropyl)-3-ethylcarbodiimide as the
15 carboxyl activating agent and a trapping agent/amine
source reagent in DMF. This feaction gave a yield of
about 16% with the nonprotected amylin acid (see Exaﬁple

7).
According to a second aspect of the present inven-
20 tion, there is provided a first step in which accessible
free amines in the amylin acid are blocked using a block-
ing reagent such as di-tert-butyl dicarbonate. This
reaction may proceed with an overall yield of >90%. A
second step comprises the activation of the C-terminal
25 carkonyl of the resulting protected amylin acid with a
carboxyl activating agent such as 1-(3-dimethylami-

nopropyl)-3—-ethylcarbodiimide and then an amidation step

mUTE SﬂEET This Sheet Has Been Replaced
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25 acids. According to the first aspect of the present inven- tion
S free am ne groups of the peptide ac;d may be_reversibly
bl ocked usi W@ %8/02697 ne- bl ocki ng 7 reagent prior to treat RGHU

carboxyl activating agent. According to one preferred aspect, the free
am nes on the side chains of amno acids, such as lysine, are so protected
by bl ocking groups, and if desired, the N

descri bed above,

10

15

20

25

15

using amidation reagents which comérises a trapping rea-
gent such as N-hydroxybenzotriazole (HOBt) along with .an
amine source such as ammonia; alternatively the trapping
agent and amine source may be combined as one amidation
reagent such as ammonium N-hydroxysuccinimide, ammonjium N-
hydroxyphthalimide, ammonium N-hydroxyglutarimide, ammon-
ium benzhydroxamic aéid, or ammonium N-hydroxypiperidine.
The activation and amidation reagents may be conveniently
delivered to the reaction mixture at the same time. This
reaction proceeds with about an 86% yield using the
Boc-amylin acid as the starting peptide, and a 20% yield
with the Boc,-amylin acid. A third step comprises the
deblocking of the Boc-amylin with TFA. This deblocking
reaction can be carried out on either the isolated
Boc-amylins or with the nonpurified crude Boc-amylins
(Boc-amylin and Boc,-amylin). The TFA-treatment of crude
Boc-amylin did completely deblock the amylin. This was
confirmed by reverse phase HPLC using an amylin standard
coinjection.

Although the above method may include the step of
separating the two Boc-amylin acids (i.e., Boc-amylin acid
and Boc,-amylin acid), this separation step is not neces-
sary. Both protected peptide acids will be exposed to the
same reagents for coupling and deprotection, and there is
no need to isolate th: individual protected peptide acids.
Although some of intermediate products may be different,
the last step from both routes (t-Boc deprotection)‘

produces the same amylin peptide, thus eliminating

e
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5 termnal [err]-amno group may al so be protected. According to another

aspect of t r t invention a peptide acid fr; nt (hayl 1 NUS .m
anfno acid g@?@’uegf wherein the conpl ete peptide -afhi de has¥%ﬂgwgﬁ_ ds)
is coupled to a peptide am de fragment (having m 10 amino acid residues and
a CGtermnal amde group). This nethod is simlar to the above nethod in
that the reaction is carried out under coupling conditions in the presence
of (1) a carboxyl activating agent and a t¥%appi ng agent or (2) an acidic

al cohol so that {1 R9BhI A aghd LhANIRALaTSpaPL:4Le. PeRk IR 3FLde flaoment

are coupled to give the peptide am

Boc-peptide acids can be combined and the reactions
carried out together, saving both time and chemicals.

A third method according to the present invention is

5 similar to the previously described procedures, except the

nucleophile (or amine source) will be slightly larger

(e-g., Tyr-NH,-versus NH;) and the corresponding starting

peptide acid will have fewer amino acid residues (e.q.,

amylin'3¢ versus amylin'3). According to this exempli-

10 fication, first, amylin'* acid is Boc-protected using

methods such as those used for the protection of amylin

acid described above. Then, the Boc-amylin'3 is coupled

to Tyr-NH, using i-(3-dimethyl- aminopropyl)-3-ethylcarbo-

diimide and HOBt in DMF._ Finally the Boc-amylin is

15 deprotected with TFA treatment (see Example 8). According

to this aspect of the present invention, .amylin can be

synthesized in many ways just by coupling one of any

number of different peptide acid fragments with the

appropriate peptide amide fragment.

20 Some of the above procedures utilize protocols
involved in synthetic peptide chemistry. See, e.q.,

Bodanszky and Bodanszky, The Practice of Peptide Syn-
thesis, (Springer-Verlag, 1984); The Peptides Analysis,
Synthesis, Biology, Vol.l, (Eds. Gross and Meienhofer,
25 Academic Press, Inc., 1979). Activation and trapping
reactions are used in solution phase as well as solid
phase peptide chemistry. Suitable carboxyl activating

agents include 1,3-dicyclohexylcarbodiimide {bccy,

This Sheet Has Been Replaoed
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Accordi ng to anot her aspect of the present invention, a peptide anide']s

prepared fromthe corresponding peptide acid by esterifying al
gr"oups_ (i - ewo ex20389%y|. 207°groups), foll owed by speciflic conVRCHIUSH2/06608 he
C-term nal carboxyl to an am de, and by hydrolysis or de-esterifi- cation
(deprotection) of the side chain esters to acids.

where the starting peptide acid contains side chain carboxyl groups, the
conversion of G 25 termnal ester to amdg,is acconplished using an enzynme

sel ective for the C-term nal

nmet hod i nclude chynotrypsin,

10

i5

20

25

Suitable trapping agents include N-hydroxysuccinimide;
N-hydroxyphthalimide; N-hydroxyglutarimide. Other common
carboxyl activating agents and trapping agents are
described in the above-noted references, the disclosures
of which are incorporated herein by reference. Other
suitable amine protecting groups which include chemically
labile moieties such as a Fmoc protecting group may be
used, along with the appropriate deprotection prqtocols
and reagents conventionally used with those protecting
groups. '

To assist in understanding the present invention, the
following examples are included which describe the results
of a series of experiments.' The following examples rela-
ting to this invention should not, of course, be construed
as specifically limiting the invention, and such varia-
tions of the invention, now Xknown or 1later developed,
which would be within the purview of one skilled in the
art are considered to fall within the scope of the

invention as described herein and hereinafter claimed.

Examples

211 materials used for these preparations were used
as received, and no further purification was done. All
water used for these experiments were purified through the
Millipore "Milli-Q Water Purification System" (5 cartridge
model). Fast atom bombardment analysis was carried.out by

M-Scan, Incorporated (West Chester, PA}. Mass calibration

free acid
In one preferred aspect,

_ ( : ester and an NH err] source such as an am ne
or am no aci d- am de.aideRfpiopgieurbsainiiddle paapar atdraonyliddiplidazbyet his

|

[
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8 thernol ysin, papain, pepsin, bronelain, and other enzymes which are
speci fic forygoggageyC am no acids. Accordlng to a pseferred ﬁéﬁ@ﬁﬁygapk
na

present inven- tion, anylin, a protein hornobne containing a CGterm

am de (and which has al so been referred to in the litera- ture as anylin
anm de), is prepared fromthe corresponding anylin acid precursor. The
present invention provides nethods which rg§ult I n the econom cal synthesis

of
was performed using cesium iodide or cesium iodide/

glycerol.

Example 1

Preparation of Amylin from Amylin Acid

5 First, 250 ug of human amylin acid was dissolved in
60 ul of 0.4 M tyrosine amide with 5mM EDTA at pH 5.5.
Then 12 ug of carboxypeptidase Y was added and the
reaction proceeded at room temperature. The react?on was

monitored by HPLC to 15% yield of amylin.

10 Example 2

reparation of Amylin from a Peptide Acid
First, 250 ug of amylin'3® Ala-OH was dissolved in 60
-#1 of 0.4 M with 5 mM EDTA of tyrosine amide already
adjusted to pH 6.5. Then 12ug of carboxypeptidase Y was
15 introduced and the transamidation was allowed to proceed
at room temperature. Amylin formation was monitored by

HPLC in excess of 15%.

Example 3

eparation of Boc-Amylin Acid
20 One milligram of amylin acid (Bachem Bioscience, Lot
# ZH714) was dissolved in 0.5 mL of water (in a 1.5 mL
eppendorf tube, as glass is to be avoided). To this
solution, 0.5 mL of dimethylformamide ("“DMF," American
Burdick & Jackson, High Purity Solvent grade) was

25 introduced. Then to this mixture was added approximately

| eSS i
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anylin. Thus, an anylin precursor acid may be nmade by a 10 hi gh yielding
reconbi nant expression system The ﬁnylin acid is then
to yi ACA/USR/E84 r ed

yeast or E. col

used accor di W@ 93¢0269% met hods of the present inventi.o

-

anylin. Thus, by using the nethods of the present inven- tion one can take
advant age of the advantageous econom cs 15 of such reconbi nant technol ogy

expression systens and then convert the peptide acid produced thereby to
t he corresponding am de. Definitions As usetb herein, the follow ng terns

have the follow 20 ing neanings, unless expressly stated to the contrary.

10

15

20

25

200 mg of di-tert-butyl dicarbonate (Aldrich Chemical Co.)
and the resulting mixture was stirred at room temperature.
The reaction progress was monitored by reverse-phase high
performance liquid chromatography (HPLC) using a Waters
625 LC with a 486 Waters detector and a 712 Waters
Intelligent Sample Processor (WISP). The mobile phases
were 0.1% trifluoroécetic acid (TFA) in water (solvent A)
and 0.1% TFA in acetonitrile (solvent D). The reverse-
phase column was a Poros R/H column (4.6 mm x 100 mm).
The gradient used was a 20 to 40% solvent B in 15 minutes
with flow rate of 3.0 mL/min. The acid starting material
eluted at 7.34 minutes, the Boc-amylin acid eluted at 8.52
minutes, and the Boc,-amylin acid eluted at 11.3 minutes.

The products were collected and dried using a Savant

‘Speedvac Concentrator. Mass spectral analysis suggested

the two products formed were the Boc-amylin acid and

Boc,~amylin acid.)

Example 4
Preparation of Boc-Amylin

The Boc-amylin acids prepared according to Example 3
are used as the starting material for the preparation of
Boc-amylin.

First, the Boc-amylin acid (about 50ug) is dissolved
in 200 ¢l of DMF, then 200 mg of 1-(3-dimethylaminopropyl)
-3-ethylcarbodiimide (Aldrich Chemical Co. 98%) and 200 mg
of a trapping agent/ammonium source is added. After all

three components are combined, and the mixture is allowed
\_

———
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The term "peptide acid"-refers to an oligopeptide ol ypeptide or protein
whi ch has awobssaégral carboxyl group. The term' p"é

an ol i gopepti de,
group. 9 The term"anylin acid"

a C-term nal

25 a pol ypeptide or a protein whi

carboxyl group (e.g., the

10

15

20

25

20
to stir at room temperature. The reaction is carried out
in a 1.5 ml eppendorf tube. This reaction is monitored by
reverse-phase HPLC using the Waters system described in
Example 3 but using a different column and solvent system.
A Vydac C4-protein column (0.46 mm x 25 mm) is used. The
mobile phase is a 2% acetic acid/3.3% triethylamine (TERX)
in water, pH 5.0 (solvent C) and 2% acetic acid/3.3% TEA
in acetonitrile (solvent D). The gradient used for these

analyses is 28 to 38% solvent- D in 30 minutes at 1.0

nL/min. The starting material elutes at 20.5 minutes and-

the product Boc-amylin elutes at 22.3 minutes. After
isolating (by HPLC collection) and drying the product
(using a Speedvac Concentrator), mass spectral analysis is
conducted to ensure that the product has the M+ ion

expected for Boc-amylin.

Example 5
Preparation of Boc,-Amylin

The Boc-amylin acids prepared according to Example 3
are used as the starting material for the preparation of
Boc,—amylin.

In a 1.5 mL eppendorf tube, 50ug of Boc,-amylin acid
is dissolved with 200 uL of DMF. Then 200 mg of both
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide and a

trapping agent/amine source are added. The resulting

"mixture is allowed to stir at room temperature. The

reactions are monitored by HPLC as described in Example 4,

except the gradient is 28 to 43% solvent D in 45 minutes.

SUBSTITUTE SHEET This Sheet Has Been Repla
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am no acid sequence shown in Figure 1 for human anylin where X is a
C-.term nal carboxyl group). 5 The term"anylin" refers to the
ami dat ed f orWOIB/@6%¥eci ed of anylin acid, for exanplé, a poP$FEYTI24604
havi ng the am no acid sequence of human anylin shown in Figure 1 where X is
a CGtermnal am de group. Brief Description of the Drawi ngs 10 Fi gure
1 depicts the am no acid sequence of human anylin. Figure 2 depicts a
conpari son of am no acid sequences of anyli2k isolated from several
different manmal s. Detail ed Description of the Invention

' The Boc,~amylin aci”® starting material elutes at 34.5

minutes and the product Boc,-amylin elutes at 37.0 minutes.

Example 6
Preparation of Amvlin from Boc-Amvlin and Boc,-Amylin

5 The reactions described in Examples 4 and 5 were
stopped and the solvents were removed by high vacuum.
Then in small glass flask, 0.5 mL of 100% TFA was added
and the solution vortexed for 5 minutes. Afterward, the
TFA was pulled off and the reaction checked for deprotec-

10 .tion. The solid@ was reconstituted in 6 M guanidine
hydrochloride; then reverse-phase HPLC was used to monitor
progress. The mobile phase used for this analysis was the
same as described in Example 4 (used for the analysis of
the Boc-amylin formation), along with the same gradient

15 and column. The Boc-amylin had an elution time of 22.5
minutes whereas the amylin product had an elution of 19.8
minutes. Product verification was carried out by spiking
the sample with an amylin standard and observing coelution
at 19.8 minutes. The amylin acid elution t:_i.me was 16.6

20 minutes and some amylin acid was observed due to unreacted
Boc-amylin acid present in Boc-amylin. Similar conditions

were used for the deprotection of the Boc,~amylin.

Example 7
Preparation of Amylin from Amylin Acid

25 The conversion of acid to amide may be performed as
one step, that is without protection of free amine groups.

—_—
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15 This in
an anylin acid

I n general, one

am ne group(s) b
An al'ternate asp
Wi t hout the prot
I nvention provid

10

15

20

25

vention h}ovides met hods by which a peptide acid, such

as

can be converted to its correspond1ng am de
anyl i n. Thu§w)§¥@3palng to a- preferred aspect, the’ pr esent %#ﬁéﬁ##QWﬁM

provi des nethods to chem cally prepare an anylin froman anylin 20 acid.
aspect of the present invention provides the protection of
the free am ne group(s) anylin acid by reversible blocking of those free
ef ore the actual coupllng/&ﬁ1dat|on reaction-takes place.

I f | / 25 t
Bt poReartinn dhpi FAEBLSh, S0 oot 9npars°pee&t4dh%%ﬁ382nl >

@e¢id according to the following procedure:

First 0.8 mg of amylin acid was dissolved in 1.0 mL
of DMF. Then, 200 mg each of 1-(3-dimethylaminopropyl)-3-
ethylcarbodiimide and a trapping agent/amine source were
introduced. The resulting mixture was allowed to stir at
room temperature. The progress of the reaction was moni-
tored using reverse-phase HPLC. The mobile phases were

solvents C and D as described in Example 4 above. The

‘'gradient was 28 to 38 percent solvent D in 30 minutes at

1 mL/minute. The amylin retention time was 19.8 minutes
and the amylin acid elution time was 16.6 minutes. Amylin

formation was confirmed using mass spectral analysis.

Exanple 8

eparation of Amvlin via Peptide Couplin

First, the N-terminal peptide is protected by
dissolving 1 mg of, for example, amylin'3® acid in 1 mL of
a 1:1 mixture of water:DMF. To that mixture, 200 mg of
di-tert~butyl dicarbonate is added and' the reaction is
allowed to stir at room temperature. The mono- and
di-protected peptides are separated by reverse-phase HPLC
methods similar to those used with the previously men-
tioned tBoc-protected peptides (see Examples 2 and 3).
Then, 200 mg of 1-(3-dimethylaminopropyl)}-3-ethylcarbo-
diimide and HOBt along with 0.5 g of Tyr-NH, are added and
the reaction mixture is allowed to stir at room tempera-

ture. The reaction is monitored using HPLC as described
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10 for the activation of the Ctermnm nal

pl.ace. An alternate aspect involves performng the am dation w thout

activati on.

wWOA3M269T aspect coupl es a peptide acid. fit agnent PEIAUSH?/06604

am dated 5 peptide fragnent such as an am dated amno acid to give a
pepti de am de.
the present invention provides nethods

one aspect,

10

15

20

25

23
for the previous couplings (see Examples 4 and 5). The

Boc—amylin is then deprotected as described in Example 6.

Example ©

Preparation of Amylin

A. Preparation of Amylin Meth ster

1. Hydrochloric acid (0.15 N} in Methanol Treatment

A 0.15 N solution of HCl in methanol was prepared by
adding 10.5 mL of acetyl chloride (Aldrich Chemical Co.)
to 1.0 mL of methanol (99.9% - Aldrich Chemical Co.). The
solution is prepared only minutes befcre the
esterification reaction.

A 19 mg aliquot of amylin acid was treated with 35 mL
of the above 0.15 N HCl solution. The mixture was allowed
to stir at room temperature for 6 hours. After 5.75
hours, 59% of the amylin acid had converted to the
corresponding methylester as determined by reverse-phase
HPLC. After 14 additional hours of stirring, the reaction
had gone to 66% methyl ester. After an additional 2
hours, the reaction had gone to 68% methyl ester and the
mixture was worked up. The mixture was cooled down with
ice and neutralized using N-methylmorpholine. The
methanol was removed using high wvacuum. The resulting
solid was purified using reverse-phase HPLC to give 6-7 mg
of a 99% pure amylin methyl ester, as confirmed with mass

spectral analysis.

_
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car boxyl ate before anmi dation takes

A. Direct Preparation of Peptide Amide from Peptide Acid In
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fﬁr preparing a peptide _amde directly froma peptide 10 acid. According to
this aspect resent invention a solution of peptide gdtfhussroé@at €d
wi'th a seri ﬁgéﬂ%/g%(g?ase enzyme and an ami ne source. U2

Sui t abl e enzynes

i ncl ude carboxypeptidase Y or carboxypeptidase P. Suit- able solvents
I ncl ude those solvents used traditionally 15 with enzyne assi sted reactions
such as aqueous-organic m xture adjusted tg apparent pHs. Suitable am ne

sources include
i nvention provid
peptide acid 20

10

15

20

previ ousl y ani dated ami no 4éi ds. In anot her aspect, the

63 MeLYRASHAL, DL CRRL NG PRALKAS: AN HPafhiffdiiad ol 2
| ere e peptide

Methanol Treatment

First, 250 ug of amylin acid was dissolved in 250 ul
of 0.13N HCl and 4 M guanidine hydrochloride in methanol.
As shown by HPLC this reaction had a yield of amylin acid
of 90% in 160 minutes. This reaction was allowed to
proceed at room temperature.

In either case, molecular sieves may be added to the

reaction mixture to assist in removing water generated by

the reaction or HC1l which improves the percent of ester -

formed.

B. Conversion of Amylin Methvl Ester to Amyliin
1. Ammonium Hydroxide Treatment

A 100 mL aliquot of the esterification reaction
mixture from step A was removed. The HC1l and methanol
were blown off using UHP argon gas. The resulting
ester/acid solid mixture was dissolved in 100 mL water;
then 500 uL of 28-30% ammonium hydroxide (Aldrich Chemical
Co.) was added and the mixture was allowed to sit at room

temperature. After three hours, HPLC indicated amylin

. formation, which was confirmed by mass spectral analysis.

25

Another reaction was carried out using 240 ug of
purified amylin methyl ester which was treated with 500 uL
of cold 28-30% ammonium hydroxide. After thirty minutes
at room temperature, HPLC analysis of the mixture

indicated amylin formation. After 300 minutes, nearly all
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contains no acidic amno acid residues. |If the peptide acid contains acidic
amno acid residues, it 4s preferred that those resjdues be protected.
Accordi ng towa:-,goﬁypect df the present invention aishplution FET/08p1/06604
acid 25 in solvent is treated with a carboxyl activating agent to give a
reactive internediate. Suitable carboxyl activa- ting agents include
carbodii m des such as 1-(3-dinethy- 11

| am nopr opyl ) - 3- et hyl car bodi i m de, diisopﬁgpylcarbodii-

of the amylin methyl ester had disappeared, as determined

by reverse phase HPLC.

2. Ammonia in Methanol Treatment
Purified amylin methyl ester, 240 ug was combined
S with 500 L of 2 N ammonia in methanol (Aldrich Chemical
Co.). After 20 hours, amylin formation was observed, as
indicated by reverse-phase HPLC, with very little peptide

degradation.

3. Ligquid Ammonia Treatment

10 Crude amylin methylester from above esterification
(Example S5), 250 ug was combined with approximately 1 mL
of liquid ammonia at =-200°C. Then the peptide solution
was allowed to reach room temperature for 20 minutes. The
solution was then recooled to -200°C then aliowed to reach

15 room temperature again but while the ammonia allowed to
evaporate. By HPLC the ester was converted to the amylin

amide in greater than 95% yield.

Example 10
Conversation of Amylin Methyl Ester to Amylin Using
20 Chymotryps in

Purified amylin methyl ester was prepared as
described in Example 9, Step A above.

Amylin methyl ester is treated with a nucleophile
solution such as 0.57 M ammonium acetate at a pH of

25 between 4.8 and 6 in the presence of chymotrypsin.
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m de, and carbonyl diim dazole, as well as dicychl ohexyl - carbodiim de.

Suj tabl e solv od&;ude solvents such as those conventionally used in
peptide synthesrSTand’5 solvents that tend to disrupt secondarpCRuUsSsEbéboa!
el ements and m nimze formation of intranol ecul ar and i nternol ecul ar

hydr ogen bonds. Suitable solvents include di nethylformam de (DW),

di nmet hyl sul f oxi de, tetrahydro- furan, N-nethylpyrrolidone, and the I|ike.

The reactive 10 internediate which is an imz& after treating with the

carbodiimde is trg ith a trapping agent and an am ne source. Suitable
trappi ng agents i nc%%%ﬂ%’ya‘?%x?ﬂgﬁi’b- 1fr imonditeret aimgx yisercatst Npigkase
N- hydr oxypht hal i m gieLec N

- This Sheet Has Been RTilaced
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hydrexygl utarim de, benzhydroxam c acid and hya“oxypl per| - 15 di ne

Suitable am i ngl ude ammoni a and hydrated fornms of 4
Accordi ng t‘p(g S&gfyérred aspect of the present invention, reagen S are

provi ded which act both as a trapping agent and as an_ani.ne.source. B.
Preparation of Peptide Am des Using Protected Peptlde 20 Acids In |E|§ﬁ
pin

enbodi mrent the nmethods of the present inven- tion mHIH mﬁlnl&

whi ch the solution of peptide acid is treat®d with a

reagent which reversibly blocks free anmine groups to gi ve a prot ected 25
peptide acid. In eferred aspect, free am ne groups

1. A method of preparing a peptide having a C-
terminal amide which comprises:
(a) treating a peptide acid form of the peptide with
S5 an esterifying reagent to esterify free carboxyl groups of
the peptide acid to give a peptide ester; and
(b) treating the peptide ester of step (a) with an
NH, source and an amidation reagent which selectively
converts the C-terminal ester group of the peptide ester
10 to an amide group to give the peptide having a C-terminal

amide group.

2. A method according to claim 1 further compris-
ing:
(c) removing ester groups from side chain carboxyl

15 groups to give said peptide having a C-terminal amide.

3. 2 method according to claim 2 wherein said
amidation reagent comprises an enzyme which selectively
converts the C-terminal ester group of the peptide ester

to a C-terminal amide group.

20 4. A method according to claim 3 wherein said NH,

source is an amine and said enzyme is chymotrypsin.

5. A method according to claim 3 wherein said NH,

source is an amine and said enzyme is selected from the

SUBSTITUTE SHEET  This Sheet Has Been Repl
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on the side chains of am no acids such as lysine are.blocked. If desired

t he N-term nWO9/66ho group may also 12 be bl oc_k_é_d_._ Sui t BETEUSA20A6P4 g
groups include t-butoxy- carbonyl ("t-Boc" or "Boc"), T

N-f | uor enyl net hoxycar bonyl (Fnoc), acetyl, pivall oymmu” I and
benzyl . Where the bl ocking group enployed is Boc, t rmuu ﬂa eptide
acid may be conveniently prepared using di-2&rt- butyl carbontites '+
a step may be included

Optional |y,

10

15

20

group consisting of thermolysin, papain, pepsin, and

bromelain.

6. A method according to claim 3 wherein said NH,
source is an amino acid-amide and said enzyme is carboxy-

peptidase Y.

7. A method according to any of claims 1, 3, 4, or
5 wherein said esterification reagent comprises an alcohol

and acid.

8. A method according to any of claims 1, 3, 4, or
5 wherein said peptide having a C-terminal amide is selec-
ted from thyrotropin releasing hormone, oxytocin, vaso-
pressin, luteinizing hormone releasing hormone, melanocyte
stimulating hormone, gastrin, CGRP-1, CGRP-2, substance P,
secretin, salmon calcitonin, eel calcitonin, chicken cal-
citonin, human calcitonin, growth hormone releasing hor-
mone, vasoactive intestinal peptide, and analogs of any of
the above peptides having a C-terminal fragment of not

less than three amino acids.

9. A method according to any of claims 1, 3, 4, or
5 wherein said peptide having a C-terminal amide is an

amylin peptide.

10. The method according to claim 39 wmerein said

amylin peptide is human amylin.
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wher ei n protected pepfide acids are separated from unprotected peptide

acids and/or side chain protected peptide acids are_separated fromfully

prot ect ed PR

pr ot ect ed p 9

2& aci ds. After protection of the ifree anmpePUSIR604

e dacid is treated with a carboxyl act.ivating agent and,
then, a trappi ng agent including the am ne source-as descrl be ion A
herei n above to give a protected 15 peptide am de. B

groups are renoved by conventional debl ockin reagent

treatment with trifluoroacetic acid (TFA) t’tfgg

ive the peptlde am de.

optionally, the prot eC.'I.thd Reﬁg{:ﬁi&i aég&%ing to claim 9 wherein said amy-

10

15

20

lin peptide is a derivative or analog of human amylin and

contains a C~terminal amide group.

12. A method of preparing a peptide having a C-ter-
minal amide wherein said peptide has no side chain car-
boxyl groups which comprises:

(a) treating a peptide acid form of the peptide with
an esterifying reagent to esterify the C-terminal carboxyl
group to give a peptide ester; and

(b) treating the i;eptide ester of step (a) with an
amine and amidation reagent whereby the C-terminal ester
group is converted to a C-terminal amide group to give the

peptide having a C-terminal amide group.

13. A method according to claim 12 wherein said

esterifying reagent comprises an alcohol and acid.

14. A method according to claim 12 or 13 wherein
said amine and amidation reagent comprises ammonia in

methanol.

15. A method according to claim 12 or 13 wherein
se¢ 1 amine and amidation reagent comprises ammonium

hydroxide.

16. A method according to claim 12 or 13 wherein

said amine and amidation reagent comprises liguid ammonia.

h as
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may be separated from unam dated protected peptide acids 20 prior to

St e T

deprotectio
alternate a

pepti de am de using an ester internedi

treated with anhydrous or aqueous acid and afcoholsto esterify al

carboxylic acid groups.

al cohol s
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17. A method according to any of claims 12 to 16
wherein said peptide having a C-terminal amide group is an

amylin peptide.

18. A method according to claim 17 wherein said

anylin peptide is human amylin.

19. A method according to claim 17 wherein said
amylin peptide is a derivative ‘or analog of human amylin

and contains a C-terminal amide group.

20. A mnethod according to claim 19 wherein said
derivative or analog is a derivative or analog of human
amylin and is less than thirty-seven amino acids in

length.

21. A method according to claim 19 wherein said
derivative or analog is a derivative or analog of human

amylin and is thirty-seven amino acids in length.

22. A method according to claim 6 wherein said

1-36,

peptide acid form is amylin’"°gly-COOH.

23. A method according to claim € wherein said

peptide acid form is amylin'3%ala-COOH.

24. A method of preparing a peptide having a C-

terminal amide which comprises:

peptide acid is

Sui tabl e al cohols i nclude short chain aliphatic

-

- | SUBSTITUTE SHEET  This Sheat Has Been R- laced
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13 such as net hanol, ethanol, |sob nol, isopro- panol,

n-butanol or t-butanol to give th ‘@ﬂ@ ﬁ thyl, ethyl, |sobutyl
priopyl , i sopvom®slezesr butyl or t- egter |ntecmaamamnmws
then treated with 5 an am ne, such as ammnl a, and a selective am dation
reagent, preferably as an enzynme such as chynotrypsin to specifically (and
sel ectively) convert the Ctermnal ester group to an amde. Alternatively
the ester inter- nediate is treated with angamno acid amde (-NHerr]) and
10 carboxypepti dase Y. The side chain ester groups are renoved by

hydrol ysis (a) treating a solution of peptide having a C-

terminal carboxyl group with a carboxyl-activating agent
to give a reactive intermediate; and

(b) contacting the reactive intermediate of step (a)

5 with an amidation reagent which comprises a trapping agent

and an amine source under coupling conditions.

25. A method according to claim 24 wherein said

activating agent comprises a carbodiimide.

26. A method according to claim 24 wherein said
10 activating agent is selected from 1-(3-dimethylamino-
propyl)-3-ethylcarbodiimide; 1,3-dicyclohexylcarbodiimide;

1,3-diisopropylcarbodiimide and carbonyldiimidazole.

27. A2 metheod acéording to claim 24 wherein said
amidation reagent comprises an ammonium salt selected from

15 ammonium N-hydroxy- succinimide, ammonium N-hydroxyphtha-
limide, ammonium N-hydroxyglutarimide, ammonium benzhy-

droxamic acid, and ammonium N-hydroxypiperidine.

28. A method according to claim 27 wherein said
carboxyl activating agent is i-(3-dimethylaminopropyl)-3-

20 ethylcarbodiimide.

29. A method according to claim 28 wherein said

peptide having a C-terminal amide is an amylin peptide.

SUBSTITUTE SHEET )
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or deprotection (by a reagent such as TFA for t-butyl esters) to give the

C-term nal d pratein. Alte where the peptlde cid has.no’ %
15 car boxyl &8%&8&9& de dhains, i myiél"}tﬂ,ﬂﬂ,ﬂ car boxy CH ff the
y .

peptide acid is the Cterm nal carbox nt er nedi ate may be
converted to the correspondi ng peptide anm de by treatment with amoni um
hydr oxi de, anmonia in nethanol, or liquid ammonia. (see Exanple 9). 20 D
Preparati on of Peptide Am de by Coupl i ng a3Peptide Ester Internediate to a

Pepti de Am de Fragnment_ Accqrdi to this ect of_ the present jnventlon a
peptide am de (having :bdb\ n?‘n %gﬁ g raé's‘i°d’ it S wherein said

amylin peptide is human amylin.

31. 2 method according to claim 29 wherein said
amylin peptide is a derivative or analog of amylin and

S contains a C-terminal amide.

32. A method according to claim 31 wherein said
derivative or analog of amylin is less than or equal to

thirty-seven amino acids in length.

33. A method according to either of claims 31 or 32

10 wherein said amylin is human amylin.

34. A method of preparing a peptide having a C-
terminal amide which comﬁrises:

(a) treating a solution of peptide having a C-
terminal carboxyl group with an amine-blocking reagent

15 which reversibly blocks free amine-groups to give an
amine~blocked peptide;

(b) contacting the amine-blocked peptide of step (a)
with a carboxyl activating agent to. give a reactive
intermediate;

20 (c) contacting the reactive intermediate of step (b)
with an amidation reagent which comprises a trapping agent

and an amine source under coupling conditions.

This Sheet Has Bee
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by coupling a peptide ester fragment (having n mnus m25 amno acid

re.srdues) to eamdefra no aci d r gsc¢8e/

met hod is m”&’%?ﬁfg thosé descri mm]lumgm‘ m)w hS)V\/ever the pegitl
ester 14 fragnment has fewer am=*nocact ess dues than the resul ting
pepti de am de and the peptide am de fragnent acts as an am ne source.
Preferred peptide am de fragnents are am dat3§d am no acids or am dated

ol i gopepti des having up
3s. A method according to claim 34 wherein said

amidation reagent comprises an ammonium salt selected from
ammonium N-hydroxysuccinimide, ammonium N-hydroxyphtha-
limide, ammonium N-hydroxyglutarimide, ammonium

5 benzhydroxamic acid, and ammonium N-hydroxypiperidine.

36. A method according to either of claims 34 or 35
wherein said blocking group is selected from t-butoxy-

carbonyl, Fmoc, benzoyl and acetyl.

37. A method according to claim 36 wherein said

10 carboxyl activating group is selected from 1-{3-dimethy-
laminopropyl)-3-ethylcarbodiimide, dicyclohexylcarbo-
diimide, 1,3-disopropylcarbodiimide, and carbonyldiimi-

dazole.

38. A method according to either of claims 34 or 35
15 wherein said peptide having a C-terminal amide is an

amylin.

39. A method according to claim 36 wherein said
carboxyl activating group is 1-(3-dimethylaminopropyl)-3-

ethylcarbodiimide.

20 40. A method according to claim 34 wherein said

peptide having a C-terminal amide is an amylin peptide.
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5 to about 15 to about 20 am no aci

ahout 5 am WO 9360269% esi dpes. E. Pr$EMGB“E

net hod according to the present in

anylin by a one step 10 reaction that does not include any type of

protecting groups, that is, the free amnes of the anylin acid are |eft

exposed.

i n DVF.

preferably about 1 to
Nﬁﬁumin Ani de RGI/4S92/06604
r amyls n*acid may be converted to

This reaction conprises the &sem cal conversion of the anylin
acid to anylin using the 1-(3-dinethyl am nopropyl)-3-ethyl carbodiini de
the 15 carboxyl acti #dti n@ A§ERed P BFRAIPENG RGEREAGNPARIRD R A Magent

Thi s reacﬁﬁg

10

15

20

av:mgI el(g-termlnal amide which comprises:

(a) treating a solution of peptide fragment having
n minus m amino acids and having a blocked N-terminal
amino group with a carboxyl-activating agent and a
trapping agent; and

(b) contacting the solution of step (a) with a
peptide amide fragment having m amino acids under coupling

conditions to give a peptide amide having n amino acids.

42, A method according to claim 41 wherein said

peptide amide fragment has up to about 20 amino acids.

43. A method according to claim 41 wherein said

peptide amide fragment has from 1 to about 5 amino acids.

44. The method according to any of claims 25, .37, 39
or 43 wherein said peptide having a C-terminal amide is
selected from thyrotropin releasing hormone, oxytocin,
vasopressin, luetinizing hormone releasing hormone,
melanocyte stimulating hormone, gastrin, CGRP-1, CGRP-2,
substance P, secretion, salmon calcitonin, eel calcitonin,
chicken calcitonin, human calcitonin, growth hormone
releasing hormone, vasoactive intestinal peptide, and
analogs of any of the above peptides having C-terminal

fragments of not less than three amino acids.

as

swsmoeseer T



about 16%with the nonprotected anylin acid (see Exanple 7).

According to a

second aspe present Um g ere is, provi d%g:ﬁll | tep
i n which acce??%ng ree am ne , Hﬂ cid ar'xe bl ocke usiégn%
onat e. This reaction may

bl ock- ing reagent such as di-tert® but yi sca

proceed with an overall yield of >90% A second step conprises the .
activation of the Ctermnal 25 carbonyl of the resulting protected anylin
acid with a carboxyl activating agent such as 1- (3-di nethyl am - -

nopropyl) - 3-ethyl car boﬁiﬁl m qxe :@é’&xé&eé‘c@é}ﬁrﬂgdaéd 08121:fP43 wherein said

10

i5

20

pepﬁide having a C-terminal amide is an amylin peptide.

46. A method according to claim 41 wherein said

amylin peptide is human amylin.

47. A method according to claim 45 wherein said
amylin peptide is a derivative or analog of an amylin and

contains a C-terminal amide.

48. A method of preparing an amylin peptide which
comprises:

(a) treating a solution of amylin acid with a
carboxyl-activating agent to give a reactive intermediate;
and

(b) contacting the reactive intermediate of step (a)
with an amidation reagent which comprises a trapping agent

and an amine source under coupling conditions.

49. A method of preparing an amylin peptide which
comprises:

{a) treating a solution of amylin acid with an amine-
blocking reagent which reversibly blocks free amine-groups
to give an amine-blocked peptide;

(b) contacting the amine-blocked peptide of step (a)
with a carboxyl activating agent to give a reactive

intermediate;

SUBSTITUT E SHEET This Sheet Has Been Replaced
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15 usi ng am dation reagents which conprlses a trapplng rea- gent such as

N hydr oxybetggbi ?Lspfﬁssziuulﬂﬂﬂmmunnmm e el )

am dation 5 reagent such as amo |uh1h¥hyﬁroxySUCC|n|n1de ammoni um N-
hydr oxypht hal i m de, ammoni um N- hydr oxygl utari m de, ammon- ium
benzhydroxam ¢ acid, or annnniunlN-hydroxyglperldlne The activation and
am dation reagents may be.conveniently del

the same tinme. This {c) contacting the reactive intermediate of step (b)

with an amidation reagent which comprises a trapping agent

and an amine source under coupling conditions.

50. A method according to either of claims 48 or 49

5 wherein said amylin peptide is human amylin.
51. A method according to either of claims 48 or 49

wherein said amylin peptide is a derivative or analog of

amylin and contains a C-terminal amide.

This Sheet Has Been Repla ced
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10 reaction proceeds with about an 86% yield using the Boc-anylin acid as
the starting peptide, and a 20%yield with the Boc2- ﬁrryl in acid. Athird
step conprises the debl ocking of the Boc-anylin with TFA This debl ocking
reaction can be carried out on either the isolated 15 Boc-anylins or with
the nonpurified crude Boc-anylins (Boc-anylin and Boc[err]-amylin). The
TFA-treat mnent of crude Boc-anylin did conpletely deblock the anylin. This
was confirmed by reverse phase HPLC using an anylin standard coi njection.

20 Al t hough the abo t hod may _jncl t tep of separating the
two Boc-anylin acids (ie. \-@ : iy 158 JdfkE

Methods of preparing a peptide having a C-terminal amide

group from peptides having a C-terminal carboxyl group are

provided.

—_—

-
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Boc- peptide acids can be conbined and the reactions carried out together,

saving both tine and chemcals. A third nethod R%Pmm

i
invention is 5 simlar to the previously describp e{;‘age&xcietgt Q@az?
nucl eophi l e 1 - e)..wi || be slightly !2 4o ¢ 43¢
Tyr-NH err] - @FBHEEE d the correspondih Ed\%@ pPaé? G faged =2
will have fe am no acranedi dues (e.g.. anyl A s iR B288q e
According tq tihi Beeyg olfication, ftrst I|n & & to paged .....

10

15

20

d jusi ng net

ch as lgg !FE@% or the Erot ech;@opfquﬁwl in

elated A ications

This application is a continuation-in-part of U.s.
patent application Serial Nos. 07/742,768 filed August 8,

1991 and 07/742,769 filed August 8, 1991.

Background of the Invention.

Only small quantities of certain peptides, including
human amylin, are available from procedures which involve
natural isolation. Anylin is a 37 amino acid peptide
hormone which was recently discovered, isolated and
purified by Cooper and Willis. European Patent Appli-
cation No. 88303803.6 (*Anyloid Peptides%"). <Cooper also
determined that amylin has marked effects on carbohydrate
metabolism. See, e.g., Cooper et al., oc. Nat. Acad.
Sci. USS 84:8628-8632 (1987). Various patent applications
relating to uses of amylin, amylin agonists, and amylin
antagonists for the treatment of certain disorders, such
as diabetes, have been prepared. European Patent Appli-
cation No. 88307927.9 (“Use of Amylin or CGRP for the
Treatment of Diabeteé Mellitus®"); International Appli-
cation No. PCT/US89/0004S% ("Treatment of Type 2 Diabetes
Mellitus"). commonly assigned and co-pending patent
application U.S.S.N. 667,040 is directed to the synthesis
of this amylin using a solid phase regin synthetic method.

The application describes the synthesis of this hormone




dii mde and HOBt

i the Boc-anylin is 15 deprotected with
TFA treat nent (sde WNE)MET% rding to this aspect of the present

i nvention, anylin clan be synt hesijzgd i n many ways just by coupling one of
any nunber of dif}elets dodk198é dcijd fragments with the appropriate peptide
am de fragnent. 2 Sonme _of} tlhe above procedures utilize

prot ocol s invol ve t—syntheti c .pepti de ¢hem stry. See, e.g., Bodanszky
and Bodanszky, The Practi de Syn- thesis, (Springer-Verlag,

1984); The Pepesind Aniigspbasey metbeps “highogipkesy ity avgylabls od8 and

Mei enhof er, 259réb\act?gre chualramrt? ?Lés | Pgi' ! ejig'.?e%)s'ive Aﬁééé’ﬁcihqn %@ﬁﬁi‘RBi ng

anticipated clinical trials.

However, even conservative estimates as to the
5 commercial requirements of amylin lead to the conclusion
that about 5u to 500 kg will be needed annually. The
largest protein to date made commercially by solid phase
resin synthesis is salmon calcitonin which has 32 amino
acids and which is synthesized on a scale of about 10
10 kg/year. The labors of synthesis increase geometrically
with increased amino acid chain length; thus, synthesis of
a 37 amino acid peptide is more formidable than a 32 amino
acid peptide. Also the particular amino acid residue con-
tent of amylin may increase the burdens of synthesis using
15 solid-phase methods. For the above reasons, options other
than resin synthesis may be of value for larger scale
synthesis of more complex proteins like amylin. As the
requirements for larger and larger amounts of end product
grow, equipment limitations and .costs of amino acids and
20 other reagents, along with waste disposal can make such
synthesis procedures technically difficult and prohibi-
tively expensive.
Recombinant DNA techniques may provide an attractive
approach to the synthesis of amylin in commercial amounts.
25 Some large proteins are now made commercially by this
methodology (e.g., ca—interferon, in}:erleukin-z, tissue
plasminogen activator, Factor VIII:C, erythropeoietin).

However, high levels of expression of these proteins by



AT LAGENICHRTD ORCEN

reactions are used ifn sol ution phas
chem stry. Sui t dblle D& JANYW9RCTi Yating agents  include

1, 3-di cycl ohexyl cgr 4odi i m de ( , 17 1, 3-dii sopropyl carbodiim de,
and car bonyl di i fi dazorTe€. eltrappi ng agents incl ude

N- hydr oxysucci ni mlde; N hydr oxypht hal i m de; N hydroxyglutarimde. O her
common car boxyl activating agents and trapping agents are 5 described in
t he above-noted references, the disclosures

such biological systems are reguired to make their

as well as solid phase peptide

manufacture, isolation and purification commercially

feasible. E. coli and yeast expression systems are

capable of providing high yields of proteins by recombi-

5 nant technology; however, these systems are not capable of

performing certain post-translation modifications. For

exanple, they do not construct or express peptide amides,

only peptide acids. Amylin is a peptide amide that is

much less biologically active in its peptide acid form.

10 A few recombinant expression systems have been repofted to

provide the amide form of a precursor peptide acid; how-

ever, the recombinant expression systems that do . provide

the amide form of proteins, such as mammalian cells and

the baculovirus expression vector system, do so in low

15 yields. These yields would be too low to efficiently and

economically provide the commercial quantities of amylin
that would be required.

Several methods of enzymatic transformation of “pro-

tein pfecursor acids" to give a peptide amide have been

20 described. Use of an a-amidating enzyme system isolated

from rat medullary thyroid carcinomas‘to prepare an oa-

amidated polypeptide from a polypeptide ;ubstrate having

a2 C-terminal glycine residue has been reported by one

group. See Beaudfy, G.A. et al., Journal of Biological

25 Ch=mistry 265:(29):17694-17699 (1990); and U.S. Patent

4,708,934. The amide function is reportedly donated to

the polypeptide by cleavage from the a-amino group of the

terminal glycine residue of a precursor polypeptide acid.



of- which are incorporated herein by reference. G h
protecting groups which include chemcally | abile noi
protecting group may be used, along with the appropri
protocols 10 and reagents conventionally used with th
To assist in understanding the present invention, thg
are included which describe the results of a series ¢

foll owing exanples rela- 15 ting to this 4 nvention sh

—h

oul d not,

09e QECIARIRYE

ffol  owm ng exanpl

of course,

be construed ag,spggell
of the inventidn, now

10

15

20

25

residue, the glycine residue having been eliminated.

This enzymatic amidation has proved difficult to

reproduce and yields of product decrease exponentially as -

the size of the proteih to be amidated is increased. The
cost of the enzyme by natural extraction renders this pro-
cess economically unacceptable on commercial scale, and
the o-amidating enzyme has now been cloned, expressed,
synthesized, and isolated by recombinant techniques. How-
ever, the use of the recombinantly synthesized enz'yme on
2 precursor polypeptide 'having a C-terminal glycine acid
added to the sequence which itself ‘has been made by recom-
binant technologies would make the resulting process still
unacceptaﬁly expensive for. very large scale production of
amylin (j.e., in the 500 kilogram per year synthesis
ecale). |

Other enzymatic transformations reported to give pro-
tein amides involve proteases. One such method was said
to convert small peptides to peptide amides using carboxy-
peptidase II. Klaus Breddam, Carlsberg, Res. Comm. Vol
50, p. 209 (1985). Another method was reported to gener-
ate peptides having a C-terminal amide using carboxy-
peptidase Y and small peptides, and in  one case, human
calcitonin-Leu. Most yields with this method were
reported to be less than 25% (gee U.S. Patent 4,709,014,
assigned to Sankyo Company Limited), and yields of peptide

amides using such enzyme systems have been reported to

JEBY Vo ldnflidalcdd bREE LAY CRAL OBne e hlint i T ONS



whi ch woul d be mﬁthlﬁﬁﬁﬁﬂQEM@NKusﬁﬁEBf one skilled in the art are considered

to fall within the] scope of the 2 nventi on as described herein and
herei nafter clai nef. | | jmaterials used for | i

were used as receipjed, and no Turtihdgr purification
for these experi ment s—were—pt++++ed jt hr ough the 25 ' ‘ '
Water Purification System (5 cartrijdge nodel ). Fast at om bonbar dnent

anal ysis was carried. out by MFScam ™I ncorporated (West Chester, PA). Mss
calibration

decrease as the complexity or length of the peptide chain
increases.
Aside from amylin, other peptide amides having bio-
logical activity include thyrotropin releasing hormone
S (TRH), oxytocin, vasopressin, luteinizing hormone releas-
ing hormone, melanocyte stimulating hormone (MSH),
gastrin, CGRP-1, CGRP-2, Substance P, secretin, the cal-
citonins, growth hormone releasing hormone, and vasoactive
intestinal peptide (VIP).

1o Thus, it is important to provide an economically
attractive and technicdlly siﬁple route to transform
protein acids to amides. Unfortunately, while simple
chemical transformations of carboxylic acids to carbox-
amides are known, the reagents usually involved in such

15 reactions may destroy the sensitive protein backbone. 1In
addition, as the complexity of the peptide sequence and
structure increases, competing reactions with other
react;ve groups in the amino acid side chains increase,
and such side reactions way drastically reduce the yield

20 of the desired peptide amide.

Summary of the Inveption
The present invention provides methods of preparing
a peptide having a C-terminal amide group ("“peptide
amide") from the corresponding peptide having a C-terminal
25 carboxyl group (“peptide acid"). Thus, according to one
aspect of the present invention a solution of a peptide

acid is treated with a carboxyl activating agent to give

Tl



18 was perforned s+hg-cesium i odi de or cesiumiodide/ glycerol. Exanple 1

Preparation of Af REPLA‘OEMENW‘SU E

anylin acid was
EDTA at pH 5. 5.
reacti on proceed
to 15%vyield of

10
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ture. The reactlonm DL bfed. by

Exanplile 2 ¢

a reac r—intermediate. Suitable carboxyl activating
agents include carbodiimide compounds. The reactive
intermediate is then treated with a trapping agent and an
amine source (which is the donor -NH,) to give the peptide
amide. According to a second, preferred, aspect of the
invention, the peptide acid is treated with an alcohsl in
the presence of an acid to give a reactive intermediate
different from that referred to above. This intermediate
is then treated with an amine source to yield the peptide
amide.

The methods of the present invention may be used to
prepare a peptide amide from their corresponding peptide
acids. Such peptide amides include amylin, such as human
amylin, and amylin derivatives and analogs (whether full
length or less than thirty-seven amino acids in length)
which are amidated at their carboxy termini. They also
include thyrotropin releasing hormone, oxytocin, vaso-
pressin, luteinizing hormone releasing hormone, melanocyte
stimulating hormone, gastrin, CGRP-1, CGRP-2, secretin,
calcitonins (especially salmon, chicken, eel and human
calcitonin), growth hormone, releasing hormone, vasoactive

intestinal peptide, as well as analogs (including active

analogs) of those peptide amides which will generally

contain C-terminal fragments of not less than thrée anino
acids.

According to the first aspect of the present inven-
tion described above, free amine groups of the peptide

acid may be reversibly blocked using an amine-blocking

—_—
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Preparati on of ArpH- —Hem—a—Pe;]m-rde Acid First, 250 [err]g of anylin[err]
Al a- OH was di ssol{v8aPLACEMENTeBHEET ¢f 0.4 Mwith 5 nM EDT

al ready adj usted tq pH 6.5. 1Then}l2[err]g. of carboxypept q‘g@sNEE\HBASEEEN
I ntroduced and tHhe ﬁgFN 7or was all owed to proceed] at I GEPLACED
for I'on

tenperature. Anyljin wag nonitored by HPLC i n execess—oF5%

Exanpl e 3 Prepar &t i lor—atBoe—Aryti 3 Acid 20 One mlligramof anylin
acid (Bachem Bi oslci ence, Lot # ZH734) wa® dissolved in 0.5 nL of water (in
a 1.5 nlL eppendorf=TUbE,as glrass is to be avoi ded). To this

reagent prior to treatment with the carboxyl activating

agent. According to one preferred aspect, the free amines

on the side chains of amino acids, such as lysine, are so

protected by blocking groups, and if desired, the N-

5 terminal a-amino group may also be protected.

According to another aspect.of the present invention

a peptide acid fragment (having n_minus m amino acid

residues, wherein the complete peptide amide has n amino

acids) is coupled to a peptide amide fragment (hgving m

10 amino acid residues and a C-terminal amide group). This

method is similér to the above methcd in that the reaction

is carried out under coupling conditions in the presence

of (1) a carboxyl activating agent and a trapping agent or

(2) an acidic alcohol so that the peptide acid fragment

15 and the peptide amide fragment are coupled to give the
peptide amide.

According to another aspect of the present invention,

a peptide amide is prepared from the corresponding peptide

acid by esterifying all free acid groups (i+gL, carboxyl

20 groups), followed by specific conversion of the C-terminal

carboxyl to an amide, and by hydrolysis or de-esterifi-

cation (deprotection) of the side chain esters to acids.

In one preferred aspect, where the starting peptide acid

contains side chain carboxyl groups, the conversion of C-

25 terminal ester to amide is accomplished using an enzyme

selective for the C-terminal ester and an NH, source such

as an amine or amino acid-amide. Useful enzymes for the

preparation of amylin by this method include chymotrypsin,

This Sheet Has Been R
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CEMENT CHEET :
lolution, 0.5 nL (fgﬁi’?f'atfﬁ 1I A &e ("DVF," Anerican

H gh Purity Sol vent lgrade) was 25 I mt roduced. Then to th ¥

added approxi matelly { OBOSANGI®f di {tert-butyl dicarbong eHEEAiSH%%ELﬁg SBEEN _
Chem cal Co.) andjthe resulting mixgure was stirred at roocmtesps --~-----
The reaction progriess was noni toredjby reverse-phase high perfornance

| i qui d chromat ogra Wateers 5 625 LC with a 486 Waters

detector and a 712 Waters Intelligent Sanple Processor (WSP). The nobile
phases thermolysin, papain, pepsin, bromelain, and other enzymes

which are specific for aromatic amino acids.
According to a preferred aspect of the present inven-
tion, amylin, a protein hormone containing a C-terminal
5 amide (and which has also been referred to in the litera-
ture as amylin amide), is prepared from the corresponding
amylin acid precursor. The present invention provides
methods which result in the economical synfhesis of
amylin. Thus, an amylin precursor acid may be madg by a
10 high yielding yeast or E. coli recombinant expression
system. The amylin acid is then used according to the
methods of the present invention to yield the desired
amylin. Thus, by using the methods of the present inven-
tion one can take advantage of the advantageous economics
15 of such recombinant technology expression systems and then
convert the peptide acid produced thereby to the

corresponding amide.

As used herein, the following terms have the follow-
20 ing meanings,.unless expressly stated to the contrary.
The term %peptide acid" refers to an oligopeptide,
polypeptide or protein which has a C-terminal carboxyl
group.
The term "peptide amide" refers to an oligopeptide,
25 a polypeptide or a protein which has a C-terminal amide

group.

This Sheet Has Been Replaced
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were 0.1%triflu rgg L'I’FNE 4_' ‘T’FA) in water (solvent A) and 0.1% TFA in
acetonitrile (sol vdnt D D) The revelse- phase colum was a Poros R'H col um
(4.6 nm x 100 nmj. j100EhgANreelT ent jused was a 20 to 40% solvent B in 15
mnutes with flow rjate of 3.0 nmLAm{n. The acid starting material eluted at
7.34 mnutes, thg B ¢l uted at 8.52 mnutes, and the
Boc[err]-anylin gcid eI uted at_11.3 minutes. The products were coll ected
and dried using a Savant 15 Speedvac Congentrator. Mass spectral analysis
suggested the two products fornmed were the Boc-anylin acid and
Boc[err]-anylin actbe Eezmpl‘®amylin acid" refers to an amylin poly-

peptide having a C-terminal carboxyl group (e.g., the
amino acid sequence shown in Figure 1 for human amylin
where X is a C-terminal carboxyl group).

5 The term "“amylin" refers to the amidated form of a
species of amylin acid, for example, a polypeptide having
the amino acid seguence of human amylin shown in Figure 1

where X is a C-terminal amide group.

Brief Description of the Drawings
10 Figure 1 depicts the amino acid sequence of human
amylin.
Figure 2 depicts a comparison of amino acid ‘sequences

of amylins isolated from several different mammals.

etajiled Des tion of the vent

15 . This invention provides methods by which a peptide
acid, such as an anmylin acid, can be converted to its
corresponding amide form, i.e., amylin. Thus, according
to a preferred aspect, the present invention provides
methods to chemically prepare an amylin from an amylin

20 acid. In general, one aspect of the present invention
provides the protection of the free amine group(s) amylin
acid by reversible blocking of those free amine group(s)
before the actual coupling/amidation reaction takes place.
An alternate aspect involves performing the coupling/

25 ar.ida: .on reaction without the protection' of the amylin

acid. In another aspect the present invention provides
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Preparati on of Ho Itn 0 - The Boc-anylin acids prepared accord| ng
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for the activation of the C-terminal carboxylate before
amidation takes place. An alternate aspect involves
performing the amidation without activation. Another
aspect couples a peptide acid fragment and an amidated
peptide fragment such as an amidated amino acid to give a

peptide amide.

A. Direct Preparation of Peptide Amide from Peptide Acid

In one aspect, the present invention provides methods
for preparing a peptide amide directly from a peptide
acid. According to this aspect of the present invention
a solution of peptide acid is treated with a serine
hydrolase enzyme and an amine source. Suitable enzymes
include carboxypeptidase Y or carboxypeptidase P. Suit-
able solvents include those solvents used traditionally
vith enzyme assisted reactions such as agueous-organic
mixture adjusted to apparent pHs. Suitable amine sources
include previously amidated amino acids.

In another aspect, the invention provides methods for
preparing a peptide amide directly from a peptide acid
without requiring free amine protection where the éeptide
contains no acidic amino acid residues. If the peptide
acid contains acidic amino acid résidues, it is preferred
that those residues be protected. According to this
aspect of the present invention a solution of peptide acid
in solvent is treated with a carboxyl activating agent to
give a reactive intermediate. Suitable carboxyl activa-

ting agents include carbodiimides such as 1-(3-dimethy-

is Sheet Has Been Reilaced
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20 to stir at roomit Afast‘wng.sg'ﬂﬁr eaction is carried out ina 1.5 nL
eppendorf tube. Thils on..i.5.Imnilt ored by reverse-phase HPLC using the
Wat ers system descrj bed i n Exanpl e{3{but using a different colum and

sol vent system 5 d8é& GANP8T eiln {col utm (0.46 nmx 25 mm) is used. The
nmobi | e phase is a Z%jcetic acid/ 3.|13% triethylam ne (TEA) in water, pH 5.0
(solvent C) and 2%lacet1c acrd/ 3.3% TEA in acetonitrile (solvent D). The
gradi ent used for these analyses is 48 tq,38% solvent Din 30 minutes at
1.0 10 nL/mn. The starting material el ut'ds at 20.5 ninutes and the pr oduct

Boc-anylin el uiga;RopRdpy fliUt8 1 carBoli®inide, diisopropylcarbodii-

mide, and carbonyldiimidazole, as well as dicychlohexyl-

carbodiimide. Suitable solvents include solvents such as
those conventionally used in peptide synthesis and

5 solvents that tend to disrupt secondary structural
elements and minimize formation of intramolecular and
intermolecular hydrogen bonds. Suitable solvents include
dimethylformamide (DMF), dimethylsulfoxide, tetrahydro-
furan, N-methylpyrrolidone, and the like. The reactive

10 intermediate which is an imide after treating with the
carbodiimide is treated with a trapping agent and an amine
source. Suitable trapping agents include N-hydroxybenzo-
triazole, N-hydroxysuccinimide, N-hydroxyphthalimide, N-
hydroxyglutarimide, benzhydroxamic acid and hydroxypiperi-

15 dine. Suitable amine sources include ammonia and hydrated
forms of ammonia. According to a preferred aspect of the
present invention, reagents are provided which act both as

a trapping agent and ‘as an amine source.

aration of Peptide ides Usi Protected Peptide

20 Acids
In one embodiment the methods of the present inven-
tion include a first step in which the solution of peptide
acid is treated with an amino-blocking reagent which
reversibly blocks free amine groups to give a protected
25 peptide acid. 1In one preferred aspect, free amine groups
on the side chains of amino acids such as 1lysine are

blocked. If desired the N-terminal a-amino group mey also
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& RLAGEMENR SHEEYi hg the product (using a Speedvac
s conducted to ensure that the

product has the M- iop L5(nggﬁg¢ﬁﬂwf Boc- anylin. Exanple 5 Preparation of

Boc[err]-Anylin The Bpc}anylin acids Jpriepared according to Exanple 3 are
used as the starting Ef ertat—for—the fgreparati on of 20 Boc[err]-anmylin.
a 1.5 nL eppendorf tupe

200 [err]L of DM Then 200 ng of _bott

1- (3- di met hyl apd nePsSRYd ) - 3s€i fath Lar stk i &groupdtinclude t-butoxy-
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carbonyl (“t-Boc" or %Boc"), N-fluorenylmethoxycarbonyl
(Fmoc), acetyl, pivalloyl, butyl, benzoyl and benzyl.
Where the blocking group employed is Boc, the protected
peptide acid may be conveniently prepared using di-tert-
butylcarbonate. Optionally, a step may be included
wherein protected peptide acids are separated from
unprotected peptide acids and/or side chain protected
peptide acids are separated from fully protected peptide
acids.

After protection of the free amines, the protected
peptide acid is treated with a carboxyl activating agent,
and, then, a trapping agent including the amine source as
described in Section A herein above to give a protected
peptide amide. The blocking groups are removed by
conventional deblocking reagents and methods such as
treatment with trifluorocacetic acid (TFA) to give the
peptide amide. Optionally, the protected peptide amides
may be separated from unamidated protected peptide acids

prior to deprotection.

C. e a n of Peptide Amide Via an Este terme te

An alternate aspect of the present invention is

directed to preparation of a peptide amide using an ester
intermediate.

The peptide acid is treated with anhydrous or-aqueous
acid and alcohol to esterify all carboxylic acid groups.

Suitable alcohols include short chain aliphatic alcohols

In

20[err]g of Bgcjgrr]-anylin acid is dissolved wth



trappi ng agent/ grrae; ce-ar ;aeded. The resulting 25 mxture is
allowed to stir a@»tﬁﬁﬁ%%ﬁpéf%&ure. The reactions are nonitored by HPLC
as described in Exﬁﬁble 4, except jthe gradient is 28 to 43% solvent Din 45

m nut es. 21 The nggjéﬂyggﬂ dcif starting material elutes at 34.5
m nut es and t he jprjoduct Boc2-amjl ijn elutes at 37.0 m nutes. Exanple 6

Preparati on of trm~from-Bee~—Amyl i n and Boc[err]-Anmylin
13

such as methanol, ethanol, isobutanol, preopanol, isopro-
panoi, n-butanol or t-butanol to give the corresponding
methyl, ethyl, isobutyl, propyl, isopropyl, n-butyl or t-
butyl esters. The ester intermediate is then treated with
5 an amine, such as ammonia, and a selective. amidation
reagent, preferably as an enzyme such as chymotrypsin to
specifically (and selectively) convert the C-terminal
ester group to an amide. Alternatively the ester inter-
mediate is treated with an amino acid amide (-NH,) and
10 carboxypeptidase Y.

The side chain ester groups are removed by hydrolysis
or deprotection (by a reagent such as TFA for t;butyl
esters) to give the C-terminally amidated protein.

"Alternatively, where the peptide acid has no

15 carboxylic acid side chains, i.e., where the only carboxyl
group of the peptide acid is the C-terminal carboxyl, the
ester intermediate may be converted to the corresponding
peptide amide by treatment with ammonium hydroxide,

ammonia in methanol, or liquid ammonia. (see Example 9).

20 eparat of P de Amide Coup] j a Peptide
ste termedjate_to a Peptide id agmen

According to this aspect of the present invention, a

peptide amide (having n amino acid residues) is prepared

by coupling a peptide ester fragment (having n minus m

25 amino acid residues) to a peptide amide fragment (having

m amino acid residues). This method is similar to those

described herein above, however, the peptide ester
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pgfntwe amide and the peptide amide fragment acts as an
amine source. Preferred peptide amide fragments are
amidated amino acids or amidated oligopeptides having up
to about 15 to about 20 amino acid residues, more

preferably about 1 to about 5 amino acid residues.

E. Preparation of Amylin Amide

In a first method according to the present invention,
amylin acid may be converted to amylin by a one step
reaction that does not include any type of protecting
groups, that is, the free amines of the amylin acid are
left exposed. This reaction comprises the chemical
conversion of the amylin acid to amylin using the
1-(3-dimethylaminopropyl)-3-ethylcarbodiimide as the
carboxyl activating agent and a trapping agent/amine
source reagent in DMF. This reaction gave a yield of
about 16% with the nonprotected amylin acid (see Example
7).

According to a second aspect of the present inven-
tion, there is provided a first step in which accessible
free amines in the amylin acid are blocked using a block-
ing reagent such as di-tert-butyl dicarbonate. This
reaction may proceed with an overall yield of >90%. A
second step comprises the activation of the C-terminal
carkonyl of the resulting protected amylin acid with a
carboxyl activating agent such as 1-(3-dimethylami-

nopropyl)-3-ethylcarbodiimide and then an amidation step



m nutes. Product (& o Tarried out by spiking the sanple with an
anylin standard ardhg Q@ﬁ%ﬂﬁﬁ %ﬁu ilon at 19.8 mnutes. The anylin acid

elution time was 16.{6 20 m nutes ang sonme anylin acid was observed due to
unreacted Boc-anyllin aBgdjaResent ;i m Boc-anylin. Simlar conditions were
used for the deprdqtgction of thefﬁg[err]-anylin. Exanpl e 7 Preparation of

Anylin fromAnylin ACTO™ 25— he conversion of acid to am de may be
performed as one gtep, that is wtheut p{gtection of free am ne groups.

using amidation reagents which comprises a trapping rea-
gent such as N-hydroxybenzotriazole (HOBt) along with an
amine source such as ammonia; alternatively the trapping
agent and amine source may be combined as one amidation
$ reagent such as ammonium N-hydroxysuccinimide, ammonium N-
hydroxyphthalimide, ammonium N-~hydroxyglutarimide, ammon-
ium benzhydroxamic acid, or ammonium N-hydroxypiperidine.
The activation and amidation reagents may be conveniently
delivered to the reaction mixture at the same time. This
10 reaction proceeds with about an 86% yield using the
Boc-amylin acid as the starting peptide, and a 20% yield
with the Boc,~amylin acid. A third step comprises the
deblocking of the Boc-amylin with TFA. This deblocking
reaction can be carried out on either the isolated
15 Boc-amylins or with the nonpurified crude Boc-amylins
(Boc-amylin and Boc,-amylin). The ‘TFA-treatment of crude
Boc-amylin did completely deblock the amylin. This was

confirmed by reverse phase HPLC using an amylin standard

coinjection.

20 Although the above method may include the step of
separating the two Boc-amylin acids (f.e., Boc-amylin acid
and Boc,-amylin acid), this separation step is not neces-
sary. Both protected peptide acids will be exposed to the
same reagents for coupling and deprotection, and there is

25 no need to isolate tr: individual protected peptide acids.
Although some of intermediate products may be different,
the last step from both routes (t-Boc deprotection)

produces the same amylin peptide, <thus eliminating



22 This reaction Lng nonprotected anylin acid according
to the following p oBEBM’rCéMENTr&iEEG’ B my of amylin acid was di ssolved in
1.0 nL of DMF. Then, [Z00 ng edachof - (3-di methyl am nopropyl)-3- 5

et hyl car bodi i m de a(?brml,@g agept/ am ne source were introduced. The
resulting m xture 9 0 I f at roomtenperature. The progress of
ni—-t-gr-ed-usi-ngi r pver se- phase HPLC.  The nobil e phases

the reacti on was
were solvents C andl D as described ih Exdifple 4 above. The 10 gradi ent was

28 to 38 percenso g[t\i(exq[ ol‘f 'ghéj Ulﬂhl‘v.xgéaf‘ t peptides. Therefore, the

Boc-peptide acids can be combined and the reactions
carried out together, saving both time and chemicals.
A third method according to the present invention is
5 similar to the previously described procedures, except the
nucleophile (or amine source) will be slightly 1larger
(e.g9., Tyr-NH,-versus NH,;) and the corresponding starting
peptide acid will have fewer amino acid residues (e.q.,
amylin''* versus amylin'*’). According to this exempli-
10 fication, first, amylin'*® acid is Boc-protected using
methods such as those used for the protection of amylin
acid described above. Then, the Boc-amylin!% is coupled
to Tyr-NH, using 1-(3-dimethyl- aminopropyl)-3-ethylcarbo-
diimide and HOBt in DMF. Finally the Boc-amylin is
15 deprotected with TFA treatment (see Example 8). According
to this aspect of the present invention, 'amylin can be
synthesized in many ways Jjust by coupling one of .any
number of different peptide acid fragments with the
appropriate peptide amide fragment.

20 Some of the above procedures utilize protocols
involved in synthetic peptide chemistry. See, e.d.,
Bodanszky and Bodanszky, he actice o eptide -

thegis, (Springer-Verlag, 1984); e Peptides a s
Synthesje, Biology, Vol.l, (Eds. Gross and Meienhofer,
25 Academic Press, Inc., 1979). Activation and trapping
reactions are used in solution phase as well as solid
phase peptide chemistry. Suitable carboxyl activating

agents include 1,3-dicyclohexylcarbodiimide (bcc),



spectral anal ysi
First, the N-ter
exanpl e, anylin|
m xture, 200 ngy
20 allowed to stir

.6_m nutes. lfi n fornatlon was confirmed using nmass

Eﬂ&ﬁm&kﬁ&p@ﬁ Pieparation of Anylin via Peptide Coupling
al

eptide isfpfotected by - dissolving 1 ng of, for
a 1:1 mxture of water:DW. To t hat

dy carbonate is added and the reaction is
at roomtéenperature.;7 The nono- and di-protected

pepti des are separated by reverse-phase HPLC nethods simlar to those used

with the previlodsidjisepropylcarbodiimide, and carbonyldiimidazole.

Suitable trapping agents include N-hydfoxysuccinimide;
N-hydroxyphthaiimide; ﬁ-hydroxyglutarimide. Other common
carboxyl activating agents and trapping agents are
described in the above-noted references, the disclosures
of which are incorporated herein by reference. Other
suitable amine protecting groups which include chemically
labile moieties such as a Fmoc protecting group may be
used, along with the appropriate deprotection protocols

and reagents conventionally used with those protecting

To assist in understanding the present invention, the
following examples are included which describe the results
of a series of experimentst The following examples rela-
ting to this invention should not, of course, be construed
as specifically limiting the invention, and such varia-
tions of the invention, now known or later developed,
which would be within the purview of one skilled in the
art are cdngidered to fall within the scope of the

invention as described herein and hereinafter claimed.

A1l materials used for these preparations were used
as received, and no further purification was done. Aall

water used for these experiments were purified through the

5
10
groups.
1s
20
Examples
25

Millipore "Milli-Q Water Purification System®" (5 cartridge
model). Fast atom bombardment analysis was carried,out by

M-Scan, Incorporated (West Chester, PA). Mass calibration
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for the previous coyplé=sgs.(.see Exa plies 4 and 5). The Boc-anylin is then
deprotected as descri bed in Exanple 6} Exanple 9
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vﬁx nples 2 and 3). Then, 200 ng of
O_

riegction mxture is allowed to stir

Aded and the
Thie &%%3 ¥s Imdni tored using HPLC as descri bed

was performed using cesium diodide or cesium iodide/

glycerol.

Example 1

reparation Amy]a om _Amyli id
First, 250 pg of human amylin acid was dissolved in
60 ul of 0.4 M tyrosine amide with 5mM EDTA at pH 5.5.
Then 12 ug of carboxypeptidase Y was added and the
reaction proceeded at room temperature. The react?on was

monitored by HPLC to 15% yield of amylin.

Example 2

Preparation of Amylin from a Peptide Acid
First, 250 pug of amylin'*® Ala-OH was dissolved in 60

#1 Oof 0.4 M with 5§ mM EDTA of tyrosine amide already

adjusted to pH 6.5. Then 12ug of carboxypeptidase Y was
introduced and the transamidation was allowed to proceed
at room temperature. Amylin formation was monitored by

HPLC in excess of 15%.

Example 3
e ati o oc=2myli cid

One milligram of amylin acid (Bachem Bioscience, Lot
# ZH714) was dissol#ed in 0.5 mL of water (in a 1.5 mL
eppendorf tube, as glass is to be avoided). To this
solution, 0.5 mL of dimethyltormamide {“DMF,*" American
Burdick & Jackson, High Purity Solvent grade) was

introduced. Then to this mixture was added approximately

at

25 diimde and HOBt along with 0.5

23



Preparation of Anylin 5 A __ Preparation of Anylin Methyl Ester 1.

Hydr ochl ori c aciﬂd#@tggf T8 anol Treatnent A 0.15 N solution of HC

i n met hanol was {pr, ng 10.5 nL of acetyl chloride (A drich
Chemcal Co.) td 14 0 nmL of nethgndl (99.9% - Aldrich Chem cal Co.). The 10
solution is jpriep@&edAN T7y ! Ininutes before the esterification

reaction. A 19 hliquot of amjlijn acid was treated with 35 nL of the
above 0.15 N HO{ solution. The m Xture 9aIIowed to stir at room
tenperature for hour.s Al.ter.3. 75 15 hours, 59% of the anylin acid had

converted to tBQo mg of di-tert-butyl dicarbonate (Aldrich Chemical Co.)
and the resulting mixture was stirred at room temperature.

The reaction progress was monitored by reverse-phase high
performance liquid chromatography (HPLC) using a Waters

5 625 I1C with a 486 Waters detector and a 712 Waters
Intelligent Sample Processor (WISP). The mobile phases
were 0.1% trifluoroacetic acid (‘fFA) in water (solvent Aa)
and 0.1% TFA in acetonitrile (solvent D). The reverse-
phase column was a Poros R/H column (4.6 mm x 100 mm).

10 The gradient used was a 20 to 40% solvent B in 15 minutes
with flow rate of 3.0 mL/min. The acid starting material
eluted at 7.34 minutes, the Boc—amylin acid eluted at 8.52
minutes, and the Boc,-amylin acid eluted at 11.3 minutes.
The products were collected and dried using a Savant

15 Speedvac Concentrator. Mass spectral analysis suggested
the two products formed were the Boc-amylin acid and

Boc,-amylin acid.}

Example 4
e ation o —Am n
20 The Boc—-amylin acids prepared according to Example 3

are used as the starting material for the preparation of
Boc-amylin.

First, the Boc-amylin acid (about 50ug) is dissolved

in 200 gL of DMF, theri 200 mg of 1-(3-dimethylaminopropyl)

25 -3-ethylcarbodiimide (Aldrich Chemical Co. 98%) and 200 mg

of a trapping agent/ammonium source is added. After all

three components are combined, and the mixture is allowed
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4 HfP’ApZMENT SHEET
ned by reverse-phase HPLC. After

hour

14

hours ofj stipr, 93 ﬁ%e riegcti on had gone to 66% net hyl ester.
Nt agtion had gone to 68% net hyl ester

I Xture was cool ed dowmn with ice and

usi ng __N-net hyl nor phol i pe. The net hanol was renoved using

and

The resultTTMg—sotkdab purified using reverse-phase HPLC to
give 6-7 ng of a 99% pure anylin nmethyl ester, as confirned with mass 25
anal ysi s.

to stir at room temperature. The reaction is carried out
in a 1.5 nL eppendorf tube. This reaction is monitored by
reverse-phase HPLC using the Waters system described in
Exanple 3 but using a different column and solvent system.
A Vydac C4-protein column (0.46 mm x 25 mm) is used. The
mobile phase is a 2% acetic acid/3.3% triethylamine (TEA)
in water, pH 5.0 (solvent C) and 2% acetic acid/3.3% TEA
in acetonitrile (solvent D). The gradient used for these
analyses is 28 to 38% solvent:- D in 30 minutes at 1.0
mL/min. The starting material elutes at 20.5 minutes and
the product Boc-amylin elutes at 22.3 minutes. ° After
isolating (by HPLC collection) and drying the product
(using a Speedvac Concentrator), mass spectral analysis is
conducted to ensure that the product has the M+ ion

expected for Boc-amylin.

Exanple 5
eparation of Boc,—Am)

The Boc-amylin acids prepared according to Example 3
are used as the starting material for the preparation of
Boc,~amylin.

In a 1.5 nL eppendorf tube, 50ug of Boc,~amylin acid
is dissolved with 200 uL of DMF. Then 200 mg of both
1-(3-dimethylaminopropyl}-3-ethylcarbodiimide and a
trapping agent/amine source are added. The resulting
mixture is allowed to stir at room temperature. The
reactions are monitored by HPLC as described in Example 4,

except the gradient is 28 to 43% solvent D in 45 minutes.



24 2. Hydr ochl and Quani di ne Hydrochloride in Methanol Treatnent
First, 250 [err]§ BEPL&IU’EMENT%(I»! Tvhs dissolved in 250 [err]l of 0.13N HJ

and 4 M guani di n¢ nj met hanol. 5 As shown by HPLC this
reaction had a y|e f arR/I i n id of 90% in 160 m nutes. This reaction
was allowed to p'oce tieniperature. In either case, nolecul ar
sieves nmay be added.tao_fhe reactiign m xture to assist in renoving water

generated by 10 khe reaction or H§ whichyi nproves the percent of ester

The Boc,-amylin aci® starting material elutes at 34.5

minutes and the product Boc,-amylin elutes at 37.0 minutes.

Example 6
’reparation o my) i om_Boc=- and Bocz-Amzlin
s The reactions described in Examples 4 and 5 were

stopped and the solvents were removed by high vacuunm.
Then in small glass flask, 0.5 mL of 100% TFA was added
and the solution vortexed for 5 minutes. Afterward, the
TFA was pulled off and the reaction checked for deprotec-
10 .tion. The so0lid was reconstituted in 6 M guanidine
hydrochloride; then reverse-phase HPLC was used to monitor
progress. The mobile phase used for this analysis was the
same as described in Example 4 (used .for the analysis of
the Boc-amylin formation), along with the same gradient
15 and column.  The Boc-amylin had an elution time of 22.5
minutes whereas tﬁe amylin product had an elution of 19.8
minutes. Product verification was carried out by spiking
the sample with an amylin standard and observing coelution
at 19.8 minutes.. The amylin acid elution time was 16.6
20 minutes and some amylin acid was observed due to unreacted
Boc-amylin acid present in Boc-amylin. Similar conditions

were used for the deprotection of the Boc,-amylin.

Xa e 7
eparation i om_Amyl ci
25 The conversion of acid to amide may be performed as

one step, that is without protection of free amine groups.



hyl Ester to Anylin 1. Ammoni um

t of the esterification reaction 15

m xture fromsteg A was renpv he HCl and net hanol were bl own off using
UHP argon gas. The 08 SJMH?@;G ter/acid solid mxture was di ssolved in
100 nmL water; then}500 [err] oflz - 30% amoni um hydr oxi de (Al drich

Chem cal Co.) wa$ ture was allowed to sit at room 20

t enper at ure. ALter three hours, HPLC i fdi cated anylin fornation, which

O [oe iR etk Was Bt kA of0ObOEhg " RBADEOLLES: igd out
using 240 [err]g

aczd according to the following procedure:

f d. B. Co 8 Pl Ay
thrjggxi dg Tr egrﬁéﬁlﬁ%&ﬁ%’ SHE&Tu

First 0.8 mg of amylin acid was dissolved in 1.0 =mL

of DMF. Then, 200 mg each of 1-(3-dimethylaminopropyl)-3-

5 ethylcarbodiimide and a trapping agent/amine source were
introduced. The resulting mixture was allowed to stir at

room temperature. The progress of the reaction was moni-
tored using reverse-phase HPLC. The mobile phases were
solvents C and D as described in Example 4 above. The

. 10 gradient was 28 to 38 percent solvent D in 30 minutes at
1 nmL/minute. The amylin retention time was 19.8 minutes

and the amylin acid elution time was 16.6 minutes. Amylin

formation was confirmed using mass spectral analysis.

Exanple 8
15 eparation o mylin via Peptide Cou
First, the N-terminal peptide is protected by
dissoiving 1 mg of, for example, amylin'3 acid in 1 mL of
a 1:1 mixture of water:DMF. To that mixture, 200 mg of
di-tert-butyl dicarbonate is added and the reaction is
20 allowed to stir at room temperature. The mono- and
di-protected peptides are separated by reverse-phase HPLC
methods similar to those used with the previously men-
tioned tBoc-protected peptides (see Examples 2 and 3).
Then, 200 mg of 1i-(3-dimethylaminopropyl)-3-ethylcarbo-
25 diimide and HOBt along with 0.5 g of Tyr-NH, are added and
the reaction mixture is allowed to stir at room tempera-

ture. The reaction is monitored using HPLC as described



,was treated with 500 [err]L of cold

28- 30% amoni um hyp s - .\ T ¢ irty mnutes 25 at room tenperature,
HPLC anal ysis off the,mi xture indi dgated anylin formation. After 300 m nutes,
nearly all 2 ptféJéNym]n ptfhyl ester had di sappeared, as determ ned
by reverse phas 2. Amonifafi n Met hanol Treatnent Purified anylin

met hyl ester, 240 [err]g wasS ned
23

for the previous couplings (see Examples 4 and 5). The

Boc—amylin is then deprotected as described in Example 6.

Example 9
e ati mylin
S A. Preparation of Amylin Methyl Ester

1. Hvdrochloric acjd (0.15 N} in Methanol Treatment
A 0.15 N solution of HCl in methanol was prepared by
adding 10.5 mlL of acetyl chloride (Aldrich Chemiqal Co.)
to 1.0 nmL of methanol (99.9% - Aldrich Chemical Co.). The
10 solution is prepared only minutes befcré the
esterification reaction.
A 19 mg aliquot of amylin acid was treated with 35 mL
of the above 0.15 N HCl solution. The mixture was allowed
to stir at room temperature for 6 hours. After 5.75
1S hours, 59% of the amylir; acid had converﬁed to the
corresponding methylester as determined by reverse-phase
HPLC. After 14 additional hours of stirring, the reaction
had gone to 66% methyl ester. After an additional 2
hours, the reaction had gone to 68% methyl ester and the
20 mixture was worked up. The mixture was cooled down with
ice and neutralized using N-methylmorpholine. The
methanol was removed using high wvacuum. The resulting
solid was purified using reverse-phase HPLC to give 6-7 mg

of a 99% pure amylin methyl ester, as confirmed with mass

25 spectral analysis.
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Methanol Treatment

First, 250 pug of amylin acid was dissolved in 250 ul
of 0.13N HCl and 4 M guanidine hydrochloride in methanol.
As shown by HPLC this reaction had a yield of amylin acid
of 90% in 160 minutes. This reaction was allowed to
proceed at room temperature.

In either case, molecular sieves may be added to the
reaction mixture to assist in removing water generated by
the reaction or HCl1l which improves the percent of ester

formed.

B. Conversion of Amylin Methyl Ester to Amvylin
1. 2wmonium Hydroxide Treatment

A 100 mL aliguot of the esterification reaction
mixture from step A was removed. The HCl and methanol
were blown off using UHP argon gas. The resulting
ester/acid solid mixture was dissolved in 100 mL water;
then 500 4L of 28-30% ammonium hydroxide (Aldrich Chemical
Co.) was added and the mixture was allowed to sit at room
temperature. After three hours, HPLC indicated amylin
formation, which was confirmed by mass spectral analysis.

Another reaction was carried out using 240 ug of
purified amylin meﬁhyl ester which was treated with 500 uL
of cold 28-30% ammonium hydroxide. After thirty minutes
at room temperature, HPLC analysis of the mixture

indicated amylin formation. After 300 minutes, nearly all

After
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nt 10

err]g

Then
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anpl e 10 Conversation of Anylin Methyl
psin Purif ied anylin nethyl ester was

, Step A above. Anylin nmethyl ester is

n such as 0.57 M ammoni um acetate at a pH
sence of chynotrypsin.

25

of the amylin methyl ester had disappeared, as determined

by reverse phase HPLC.

2. Ammonia in Methanol Treatment
Purified amylin methyl ester, 240 ug was combined
5 with 500 gL of 2 N ammonia in methanol (Aldrich Chemical
Co.). After 20 hours, amylin formation was observed, as

indicated by reverse-phase HPLC, with very little peptide

degradation.

3. Liguid Ammonia Treatment

10 Crude amylin methylester from above esterification
(Example 5), 250 pg was combined with approximately 1 mL
of ligquid ammonia at -200°C. Then the peptide solution
was allowed to reach room temperature for 20 minutes. The
solution was then recooled to -200°C then allowed to reach

15 room temperature again but while the ammonia allowed to
evaporate. By HPLC the ester was converted to the amylin

amide in greater than 95% yield.

Example 10
Conversation o Amylin et ster to Amylin Usi_
20 Chymotrypsin
Purified amylin methyl ester was prepared as
described in Example 9} Step A above.
Amylin methyl ester is treated with a nucleophile
solution such as 0.57 M ammonium acetate at a pH of

25 between 4.8 and 6 in the presence of chymotrypsin.

’y



26 Generation of anylin is nonitored using reverse phase HPLC -27-
CLAI M5 1. A nethod of preparing a peptide having a C term nal am de
whi ch conprises: (a) treating a peptide acid formof the peptlde with an
esterifying reagent to esterify free carboxyl

26
Generation of amylin is monitored using reverse phase

HPLC.




groups of the peptide acid to give a peptide ester;

peptide ester of st d : [
sel ectively convertaﬁﬁ@% :@tma%ﬁaﬁstsglr” S?oﬁg o?nt jeTﬂéﬁ)SHEET HAS®EENO(jan
am de group to give {the¢ peptide havipgla C-termnal '
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1. A method of preparing a peptide having a C-

10

15

20

terminal amide which comprises:

(a) treating a peptide acid form of the peptide with
an esterifying reagent to esterify free carboxyl groups of
the peptide acid to give a peptide ester; and

(b) treating the peptide ester of step (a) with an
NH, source and an amidation reagent which selectively
converts the C-terminal ester group of the peptide ester
to an amide group to give the peptide having a C-terminal

amide group.

2. A method according to claim 1 further compris-
ing:
(c) removing ester groups from side chain carboxyl

groups to give said peptide having a C-terminal amide.

3. A method according to claim 2 wherein said
amidation reagent comprises an enzyme which selectively
converts the C-terminal ester group of the peptide ester

to a C-terminal amide group.

4. A method according to claim 3 wherein said NH,

source is an amine and said enzyme is chymotrypsin.

S. 2 method according to claim 3 wherein said NH,

source is an amine and said enzyme is selected from the

eet Has Been Reﬁaced
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trypsin, thejnmlysin, papa| n, pepsiig

bromelain.

6. A method according to claim 3 wherein said NH,
source is an amino acid-amide and said enzyme is carboxy-

peptidase Y.

7. A method according to any of claims 1, 3, 4, or
5 wherein said esterification reagent comprises an alcohol

and acid.

8. A method according to any of claims 1, 3, 4, or
5 vherein said peptide having a C-terminal amide is selec-
ted from thyrotropin releasing hormone, oxytocin, vaso-
pressin, luteinizing hormone releasing hormone, melanocyte
stimulating hormone, gastrin, CGRP-1, CGRP-2, substance P,
secretin, salmon calcitonin, eel calcitonin, chicken cal-
citonin, human calcitonin, growth hormone releasing hor-
mone, vasoactive intestinal peptide, and analogs of any of
the above peptides having a C-terminal fragment of not

less than three amino acids.:

9. A method according to any of claims 1, 3, 4, or
5 wherein said peptide having a C-terminal amide is an

amylin peptide.

10. The method according to claim 9 wherein said

amylin peptide is human amylin.

herein said NH2 source is an amno acid-am de
i dase Y. #8 A method according to any one

yiheis.carboxypepd .
of the precedi rg:u%l al rs_ e{n%l n°§al‘8‘eersn'{ ri f¥‘| ngp gaaﬂ\w‘nt pEBIRLI SEFAN
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7. A met hod accordi
pepti de has no side

7 wherein the NH2 so
hydr oxi de or anmoni a
one of the preceding

he preceding cl ains wherein the
REPLAGEMENT SHEEDUps. 8. A rret hod “accor di-ng-to claim

cEant n jr eagent |s a, anmoni um
h -28- 9. A ‘%!ﬂw of/any
amb%ﬁgwﬁ tihg peptide is an @ HQJH e/or an

29

11. A method according to claim 9 wherein said amy-
lin peptide is a derivative or analog of human amylin and

contains a C-terminal amide group.

12. A method of preparing a peptide having a C-ter-
$ mninal amide wherein said peptide has no side chain car-
boxyl groups which comprises:

(a) treating a peptide acid form of the peptide with
an esterifying reagent to esterify the C-terminal carboxyl
group to give a peptide ester; and

10 (b) treating the ;;eptide ester of step (a) with an
amine and amidation reagent whereby the C-terminal ester
group is converted to a C-~terminal amide group to give the

peptide having a C-terminal amide group.

13. A method according to claim 12 wherein said

15 esterifying reagent comprises an alcohol and acid.

14. A method according to claim 12 or 13 vherein
said amine and amidation reagent comprises ammonia in

methanol.

1S. A method according to claim 12 or 13 wherein
20 sz 4 amine and amidation reagent comprises ammonium

hydroxide.

16. A method according to claim 12 or 13 wherein

said amine and amidation reagent comprises liquid ammonia.
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anylin derivative or

preparing a peptide ' ' vid'n peptide or anTaRY: . or
anal og having a Cteknin am i ¢hjconpri ses a) trégléﬁm S5 uff i on
of peptide having a ' 19 bpxyl group V\nthacarbogg activating
agent to give a reacfi | ' ;j and (b) con i ve

I nternedi ate of ste I on reagent Im“plmmnﬁ mam
trapping agent and an er Xoupling condititony. $1.* hod

of preparing a pepti de haV| ng
17 hod accordlng to any of claims 12 to 16
wherein said peptide having a C-terminal amide group is an

amylin peptide.

18. A method according to claim 17 wherein said

5 amylin peptide is human amjrlin.

12. A method according to claim 17 wherein said
amylin peptide is a derivative ‘or analog of human amylin

and contains a C-terminal amide group.

20. A method according to claim 19 wherein said
10 derivative or analog is a derivative or analog of human
amylin and is 1less than thirty-seven amino acids in

length.

21. A method according to claim 19 wherein said
derivative or analog is a derivative or analog of human

15 amylin and is thirty-seven amino acids in length.

22. A method according to claim 6 wherein said

peptide acid form is amyl' n'-3¢g1y-COOH.

23. A method according to claim €6 wherein said

peptide acid form is amylin'¢ala-COOH.

20 24. A method of preparing a peptide having a C-

terminal amide which comprises:

This Sheet Has Been Rzlilace
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(a) treating a solution of peptide having a C-

terminal carboxyl group with a carboxyl-activating agent
to give a reactive intermediate; and

(b) contacting the reactive intermediate of step (a)

$ with an amidation reagent which comprises a trapping agent

and an amine source under coupling conditions.

25. A method according to claim 24 wherein saia

activating agent comprises a carbodiimide.

26. A method according to claim 24 wherein said
10 activating agent is selected from 1-(3-dimethylamino-
propyl)-3-ethylcarbodiimide; 1,3-dicyclohexylcarbodiimide;

1,3~-diisopropylcarbodiimide and carbonyldiimidazole.

27. A method aoéording to claim 24 wherein said
amidation reagent comprises an ammonium salt selected from

15 ammonium N-hydroxy- succinimide, ammonium N-hydroxyphtha-
limide, ammonium N-hydroxyglutarimide, ammonium benzhy-

droxamic acid, and ammonium N-hydroxypiperidine.

28. A method according to claim 27 wherein said
carboxyl activating agent is 1-(3-dimethylaminopropyl)-3-
20 ethylcarbodiimide.

29. A method according to claim 28 wherein said

peptide having a C-terminal amide is an amylin peptide.
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12. A method accofdi REPLROERERT BHEET vher ei n t he pepts

or an anylin deri '~t-ve-0r~—aﬁaiﬁg—~h! ing a Cterm pal ' ) hod
according to claimfg 1L 85 b@%el h isai d bl ocki nglm,ﬁmi rom

t - but oxy- car bonyl .7} Ffo /o and acetyl. 14 ﬁ% o any
one of clains 10 t d {anmi dation reagent coh’pr#ses armoni um

salt selected fronf ammoni um N- hydr oxdysucgi ni m de, anmoni um N-

-

30. A method according to claim 29 wherein said

amylin peptide is human amylin.

31. A method according to claim 29 wherein said
amylin peptide is a derivative or analog of amylin and

5 contains a C-terminal amide.

32. A method according to claim 31 wherein said
derivative or analog of amylin is less than or equal to

thirty-seven amino acids in length.

33. A method according to either of claims 31 or 32

10 vherein said amylin is human amylin.

34. A method of preparing a peptide having a C-
terminal amide which comﬁrises:

(a) treating a solution of peptide having a cC-
terminal carboxyl group with an amine-blocking reagent

15 which reversibly blocks free amine-groups to give an
amine~-blocked peptide;

{b) contacting the amine-blocked péptide of step (a)
with a carboxyl activating agent to. give a reactive
intermediate;

20 (c) contacting the reactive intermediate of step (b)
with an amidation reagent which comprises a trapping agent

and an amine source under coupling conditions.
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t?@ ydr oxygl utar ammoni um benzhydr oxam ¢
crrdiine. 15, A nmethod-aecording to any one

aC|d and anmmoni um
of claims 10 to 14}

ﬁ rein said actfi ating agent ses a carbodiim de.
16. A met hod accor g ﬂbQWN W95 twHerein said: aﬁWHﬂ ""HW
1- (3-di met hyl am no-gpr pyl ) - 3- et hyljcgr bodi i m de, ,'

*

=—di}i sopropyl car bod| i mide"ors
carbonyl diim dazolg 17. A rret hod_of prepdfing a peptide having:n anino

acids and having a C_;’g er rrhn t%rgddeat\:@l Célnc;gor@g ! éfgim 34 where:.n said

amidation reagent comprises an ammonium salt selected from

ammonium N-hydroxysuccinimide, ammonium N-hydroxyphtha-
limide, ammonium N-hydroxyglutarimide, amnmonium

5 benzhydroxamic acid, and ammonium N-hydroxypiperidine.

36. A method according to either of claims 34 or 35
wherein said blocking group is selected from t-butoxy-

carbonyl, Fmoc, benzoyl and acetyl.

37. A method according to claim 36 wherein said

10 carboxyl activating group is selected from 1-(3-dimethy-
lanminopropyl)-3-ethylcarbodiimide, dicyclohexylcarbo-
diimide, 1,3-disopropylcarbodiimide, and carbonyldiimi-

dazole.

38. A method according to either of claims 34 or 35

15 wherein said peptide having a C-términal amide is an
amylin.

39. A method according to claim 36 wherein said
carboxyl activating group is 1-(3—dimethylaminopropyl)-3-
ethylcarbodiimide.

20 40. A method according to claim 34 wherein said

peptide having a C-terminal amide is an amylin peptide.
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(a) treating a s}

fragnent having n mnus_m am no acids
W th an am ne- bl

ofels h reversibly blocks free ami no-groups to
gi ve an am ne- blfbc

%g tide; )} cont acti ng theiﬂﬂﬂ "ﬁmn E tide of
step (a) with aftapo Mot i agent and a tr ﬂ ﬂ i th an
esterifying agef ; C cont ctfing the solution “of stlap'(b)s wi*t h a
peptide am de ffagnent havi 1 N0 a4 ds under coupling conditions to

gi ve a peptide n_am po acids. 18. A nmethod according to claim

17 wherein the pepti.dea mezho8NyTl premutirge 0 peptidey havider hvarine or

acids and having a C-terminal amide which comprises:

(a) treating a solution of peptide fragment having

n minus m amino acids and having a blocked N-terminal

5 amino group with a carboxyl-activating agent and a
trapping agent; and

(b) contacting the solution of step (a) with a

peptide amide fragment having m amino acids under coupling

conditions to give a peptide amide having n amino acids.

10 42. A method according to claim 41 wherein said

peptide amide fragment has up to about 20 amino acids.

43. A method according to claim 41 wherein said

peptide amide fragment has from 1 to about 5 amino acids.

44. The method according to any of claims Zé, 37, 39

15 or 43 wherein said peptide having a C-terminal amide is
selected from thyrotropin releasing hormone, oxytdcin,
vasopressin, luetinizing hormone releasing h_ormone,
melanocyte stimulating hormone, gastrin, CGRP-1l, CGRP-2,
substance P, secretion, salmon calcitonin, eel calcitonin,

20 chicken calcitonin, human calcitonin, growth hormone
releasing hormone, vasoactive intestinal peptide, and
analogs of any of the above peptides having C-terminal

fragments of not less than three amino acids.
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anal og having a G
wherein said pept§j
according to cl ail
am no acids. 21.
to 17, 19 or 20

i¢e~—1Q9 A nmethod according to claim17 or 18
'-’WG§HEEI has up to 20 amino -acids. 20. A method

dept i de am'def l1to5
to any one of mmmguﬂ”ﬂ , 11, 13
gHe ¢ having a Ctermnal amwes s~sel ect ed
fromthyrotropinjq oxyt OCI n, vasopressi n—huteini=zi-ng

hor mone rel easi ng nmel anocyje sti®®l ati ng hornone, gastrin, CGRP-1,
CGRP- 2, substance P, secr et n, bn cal citonin, eel calcitonin, chicken
calcitonin, hunan 45. A method according to claim 43 wherein said

peptide having a C-terminal amide is an amylin peptide.

46. A method according to claim 41 wherein said

amylin peptide is human amylin.

S 47. A method according to qlaim 45 wherein said
amylin peptide is a derivative or analog of an amylin and

contains a C-terminal amide.

48. A method of preparing an amylin peptide which
comprises:

10 (a) treating a solution of amylin acid with a
carboxyl-activating agent to give a reactive intermediate;
and

(b) contacting the reactive intermediate of step (a)
with an amidation reagent which comprises a trapping agent

1S and an amine source under coupling conditions.

49. A method of preparing an amylin peptide which
comprises:
(a) treating a solution of amylin acid with an amine-
blocking reagent which reversibly blocks free amine-groups
20 to give an amine-blocked peptide;
(b) contacting the amine-blocked peptide of step (a)
with a carboxyl activating agent to give a reactive

intermediate;
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bepti de, and anall e {fabove pepti des | nm
fragnent of not I¥s amlno acids. 22. A to any
one of clainms 1 tp Ow\ﬁg&wﬁzai d lpeptide is human’ arryl [ n A et hod
according to any pn | td 20 wherein said peptide |s a derivative
or anal og of hunqn*anylin and contdi ns a3&-term nal am de group.

{(c) contacting the reactive intermediate of step (b)
with an amidation reagent which comprises a trapping agent

and an amine source under coupling conditions.

50. A method according to either of claims 48 or 49

5 wherein said amylin peptide is human amylin.

51. A method according to either of claims 48 or 49
vherein said amylin peptide is a derivative or analog of

amylin and contains a C-terminal amide.
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24. A nethod according to claim23 wherein said de s a
derivative or anal og Iess than or equal to thirty- W’éﬁ%‘i’ﬁﬂd"ﬁ% 5

| engt h. ding to claim23 whereinjsaid orm
is anyl anylin[err] a&&- COOH — 3T (a treatlnga
sol uti a G termnal carboxyl group with a

car boxyii-

Production of Peptide ides
" ABSTRACT OF THE DISCLOSURE

Methods of preparing a peptide having a C-terminal amide group from peptides
having a C-terminal carboxyl group are provided.

FIGURE 1
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15 ‘ammoni um N-hydroxy- succi nimde, amoni um N hydr ox
éhnnniun1N-hydL9xygfutaYinide ammoni um benzhy- dra
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P ACEMENT

N-hydr oxypi peri di od according to cl an whetrermsqi (
actival ml ﬁﬂ“ 3-di et hyl am noproplyl} - 3- 20
néthbd accordi Rf-to clainf 28 HeFEBn98&i d depti de
having a Cterm nal an1de I's an anylin peptide. B30 A net haod car di ng
to claim29 wherein said CLAIMS
1. A method of preparing a peptid& Hhaving a C-

terminal amide which comprises:

{a} treating a peptide acid form of the peptide
with an esterifying reagent to esterify free carboxyl
groups of the peptide acid to give a peptide ester; and

(b) treating the peptide ester of step (a) with
an NH, source and an amidation reagent which selectively
converts the C-terminal ester group of the peptide ester
to an amide group to give the peptide having a C-terminal
amide group.

2. A method according to claim 1 further
comprising:

{c) removing ester groups from side chain
carboxyl groups to give said peptide having a C-terminal
amide.

3. A method according to claim 1 or 2 wherein said
amidation reagent comprises an enzyme which selectively
converts the C-terminal ester group of the peptide ester
to a C-terminal amide group.

4. A method according to claim 3 wherein said NH,
source is an amide and said enzyme is chymotrypsin,
thermolysin, papain, pepsin or bromelain.

5. A method according to claim 3 wherein said NH,
source 1s an amino acid-amide and said enzyme is
carboxypeptidase Y.

6. A method according to any one of the preceding
claims wherein said esterifying reagent comprises an
alcohol and acid.

7. A method according to any one of the pré&eding
claims wherein the peptide has no side chain carboxyl
groups.

8. A method according to claim 7 wherein the NH,
source and amidation reagent is liquid ammonia, ammonium

hydroxide or ammonia in methanol.
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peptide havi g & wherein the peptide is an amylin peptide or an

amylin derivative or analog having a C-terminal amide.

10. A method of preparing a peptide which is an
amylin peptide or an amylin derivative or analog having a
C-terminal amide which comprises:

(a) treating a solution of peptide having a C-
terminal carboxyl group with a carboxyl-activating agent
to give a reactive intermediate; and

{b) contacting the reactive intermediate of
step (a) with an amidation reagent which comprises a
trapping agent and an amine source under coupling
conditions.

11. A method of preparing a peptide having a C-
terminal amide which comprises:

(a) treating a solution of peptide having a C-
terminal carboxyl group with an amine-blocking reagent
which reversibly blocks free amine-groups to give an
amine-blocked peptide;

{b) contacting the amine-blocked peptide of
step (a) with a carboxyl activating agent to give a
reactive intermediate; and

{c) contacting the reactive intermediate of
step (b} with an amidation reagent which comprises a
trapping agent and an amine source under coupling
conditions. '

12. A method according to claim 11 wherein the
peptide is an amylin peptide or an amylin derivative or
analog having a C-terminal amide.

13. A method according to claim 11 or 12 whéfein
said blocking group is selected from t-butoxy-carbonyl,
Fmoc, benzoyl and acetyl.

14. A method according to any one of claims 10 to 13
wherein said amidation reagent comprises an ammonium salt

selected from ammonium N-hydroxysuccinimide, ammonium N-
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I nternmedi ate of step (b) w't h* an amdat| “reagent which pobprises a

trappi ng agent and an am ne_ source under coupl i ng conditins,

hydroxyphthalimide, ammonium N-hydroXyglutarimide,

ammonium benzhydroxamic acid, and ammonium N-
hydroxypiperidine.

15. A method according to any one of claims 10 to 14
wherein said actibating agent comprises a carbodiimide.

16. A method according to claim 15 wherein said
activating agent is 1-(3-dimethylamino-propyl)-3-
ethylcarbodiimide; 1,3-dicyclohexylcarbodiimide; 1,3-
diisopropylcarbodiinide or carbonyldiimidazole.

17. A method of preparing a peptide having n amino
acids and having a C-terminal amide which comprises:

(a) treating a solution of peptide fragment
having n minus m amino acids with an amine-blocking
reagent which reversibly blocks free amino-groups to give
an amine-blocked peptide;

{(b) contacting the amino-blocked peptide of
step (a) with a caboxyl-activating agent and a trapping
agent or with an esterifying agent; and

(c} contacting the solution of step (b) with a
peptide amide fragment having m amino acids under coupling
conditions to give a peptide amide having n amino acids.

18. A method according to claim 17 wherein the
peptide is an amylin peptide or an amylin derivative or
analog having a C~terminal amide.

19. A method according to claim 17 or 18 wherein
said peptide amide fragment has up to 20 amino acids.

20. A method according to claim 19 wherein said
peptide amide fragment has from 1 to 5 amino acids.

21. A method according to any one of claims 1 to 6,
10, 11, 13 to 17, 19 or 20 wherein said peptide héving a
C-terminal amide is selected from thyrotropin releasing
hormone, oxytocin, vasopressin, luteinizing hormone
releasing hormone, melanocyte stimulating hormone,
gastrin, CGRP-1, CGRP-2, substance P, secretin, salmon

calcitonin, eel calcitonin, chicken calcitonin, human
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peptides having a C-terminal fragment of not less than

three amino acids.

22. A method according to any one of claims 1 to 20

wherein said peptide is human amylin.

23. A method according to any one of claims 1 to 20

wherein said peptide is a derivative or analog of human

amylin and contains' a C-terminal amide group.

24. A method according to claim 23 wherein said

derivative or analog is a derivative or analog less than

or equal to thirty-seven amino acids in length.

25. A method according to claim 23 wherein said

peptide acid form is amylin !7%gly-COOH or amylin'~3¢ala-

COOH.
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Production of Péptide Amides

ABSTRACT OF THE DISCLOSURE

rd

Methods of preparing a peptide having a2 C-terminal amide group from peptides

having a C-terminal carboxyl group are provided.

FIGURE 1
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34%41. A net hod preparing a peptide having n am no jaqras—are—Hav
“C-termnal am de which conprises: (a) treating a sol utfign af Qﬁﬁt'de
fragnent having n mnus mam no acids and having a bIccked_ﬁ= ﬂhﬁ&l
 ami de fragment

amno group with a carboxyl-activating agent and a tfra
(b) contacting the solution of- step (a) with a peptid
havi ng m am no aci ds under coupling conditidns to giv

Qg?lldng N amno a&'egrséas];'g as the42dompl%x1 tyhgg ?888&9'3@ t:.[}Pe (ialealtnl]dAélc ae:r.rneI n

increases.

The use of carboxypeptidase Y as a catalyst in the

formation of peptide bonds and in the C-terminal

s modification of peptides has been reported by Breddam et
al (Carlsbexrg Res. Comm, 1981, vol. 46, pp 121-128),
Widmer et al (Carlsberg Res. Comm, 1979, vol. 44, pp 34-
46} and Widmer et al (Carlsberg Res Comm, 1980, vol 45,
pp 453-463). '

10 Aside from amylin, other peptide amides having
biological activity include thyrotropin releasing hormone
{TRH) , oxytocin, vasopressin, luteinizing hormone
releasing hormone, melanocyte stimulating hormone (MSH),
gastrin, CGRP-1, CGRP-2, Substance P, secretin, the

15 calcitonins, growth hormone releasing hormone, and
vasoactive intestinal pepfide (VIP) .

Thus, it is important to provide an economically
attractive and technically simple route to transform
protein acids to amides. Unfortunately, while simple

20 chemical transformations of carboxylic acids to
carboxyamides are known, the reagents usually involved in
.such reactions may destroy the sensitive protein
backbone. In addition, as the complexity of the peptide
sequence and structure increases, competing reactions

25 with other reactive groups in the amino acid side chains
increase, and such side reactions may drastically reduce
the yield of the desired peptide amide.

Summary of the Invention

30 The present invention provides methods of preparing
a peptide having a C-terminal amide group {“peptide
amide”) from the corresponding peptide having a C-
terminal carboxyl group {(“peptide acid”).

Thus, according to one aspect the present invention

35 provides a method of preparing a C-terminal amide which
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terminal carboxyl group with an amine-blocking reagent
which reversibly blocks free amine-groups to give an
amine-blocked peptide; '

(b) contacting the amine-blocked peptide of
step (a) with a carboxyl activating agent to give a
reactive intermediate; and

(¢} contacting the reactive intermediate of
step (b) with an -amidation reagent which comprises a
trapping agent and an amine source under coupling
conditions.

Suitable carboxyl activating agents include
carbodiimide compounds. The reactive intermediate is
then treated with a trapping agent and an amine source
(which is the donor -NH,} to give the peptide amide.
Alternatively, the peptide acid is treated with an
alcohol in the presence of an acid to give a peptide
ester intermediate as explained below. This intermediate
is then treated with an amine source to yield the peptide
amide.

The methods &f the present invention may be used to
prepare a peptide amide from their corresponding peptide
acids. Such peptide amides include amylin, such as human
amylin, and amylin derivatives and analogs (whether full
length or less than thirty-seven amino acids in
length)which are amidated at their carboxy texrmini. They
also include thyrotropin releasing hormone, oxytocin,
vasopressin, luteinizing hormone releasing hormone,
melanocyte stimulating hormone, gastrin, CGRP-1, CGRP-2,
secretin, calcitonins {especially salmon, chicken, eel
and human calcitonin), growth hormone releasing hormone,
vasoactive intestinal peptide, as well as analogs °
(including active analogs) of those peptide amides which
will generally contain C-terminal fragments of not less

than three amino acids.
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saccording to claim43 wherein said peptide having a C
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According to the first aspect of t
invention described above, free amine g
peptide acid are reversibly blocked usi

blocking reagent prior to treatment wit

5 activating agent. According to one preferred aspect, the

free amines on the side chains of amino

he present
roups of the
ng an amine-
h the carboxyl

acids, such as

lysine, are so protected by blocking groups, and if
desired, the N-terminal o-amino group may also be

protected.

10 According to another aspect the present invention
provides a method of preparing a peptide having n amino
acids and having a C-terminal amide which comprises:

(a) treating a solution of peptide fragment

having n minus m amino acids with an am

15 reagent which reversibly blocks free amino-groups to give

an amine-blocked peptide;

ine-blocking

{(b) contacting the amino-blocked peptide of

step (a) with a caboxyl-activating agen
agent or with an esterifying agent; and

20 : {c) contacting the gsolution of step (b) with a

t and a trapping

peptide amide fragment having m amino acids under

coupling conditions to give a peptide amide having n

amino acids.

This method is similar to the above method in that

25 the reaction is carried out under coupl

ing conditions in

the presence of (1) a carboxyl activating agent such as

carbodiimide and a trapping agent or (2

the presence of an acid so that the peptide acid fragment

and the peptide amide fragment are coup
30 peptide amide.

According to another aspect the pr
provides a method of preparing a peptid
terminal amide which comprises:

{(a) treating a peptide acid
35 peptide with an ésterifying reagent to

) an alcohol in
led to give the

esent invention,

e having a C-

form of the

esterify free

carboxyl groups of the peptide acid to give a peptide

an



48. A nethod of preparing an anylin peptide which conprisesi—108 1(a)
.treating a solution of anylin acid wwth a carboxyl - @HEET
give a reactive internediate; and (b) contacting the ;
of step (a) with an am dation reagent which conprise 13 tra
and an am ne source under coupling conditiong. 49. Alngt L. Iing an
anylin peptide which conprises: (a) treating a solutgo dwth
an am ne- bl ocki ngs¢Hagenia whi ch reversibly blocks free am ne-groups MY

(b} treating the peptide ester of step (a)

nti 15

with an NH, source and an amidation reagent which

selectively converts the C-terminal ester group of the
5 peptide ester to an amide group to give the peptide

having a C-terminal amide group. -

In one preferred aspect, the starting peptide acid
contains side chain carboxyl groups and the conversion of
C-terminal ester to amide is accomplished using an enzyme

10 selective-for the C-terminal ester and an NH, source such
as an amine or amino acid amide. Useful enzymes for the
preparation of amylin by this method include
chymotrypsin, thermolysin, papain, pepsin, bromelain, and
other enzymes which are specific for aromatic amino

i5 acids.

According to a preferred aspect of the present
invention, amylin, a protein hormone containing a C-
terminal amide (and which has also been referred to in
the literature as amylin amide), is prepared from the

20 corresponding amylin acid precursor. The present
invention provides methods which result in the economical
synthesis of amylin. Thus, an amylin precursor acid may
be made by a high yielding yeast or E. coli recombinant
expression system. The amylin acid is then used

-25 according to the methods of the present invention to
vield the desired amylin. Thus, by using the methods of
the present invention one can take advantage of the
advantageous economics of such recombinant technology
expression systems and then convert the peptide acid

30 produced thereby to the corresponding amide.

The invention also provides a method of preparing a
peptide which is an amylin peptide or an amylin
derivative or analog having a C-terminal amide which
comprises:

35 (a) treating a solution of peptide having a C-

terminal carboxyl group with a carboxyl-activating agent
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20°to give an am ne-bl ocked peptide; (b) contacting the am ne-bl ocked
-peptide of step (a) with a carboxyl activating agent t ' Emwmfﬁ
i ntermedi ate; This Sheet Has Been Repl aced 36 (c) c of :
reactive internediate of step (b) with an am dation r ent which comjrifses
a trapping agent and an anmine source under coupling condit QoAJuUN 1998
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to give a reactive intermediate; and

(b} contacting the reactive intermediate of
step (a) with an amidation reagent which comprises a
trapping agent and an amine source under coupling

5 conditions.

Definitions
As used herein, the following terms have the
following meanings, unless expressly stated to the

10 contrary.
The term “peptide acid” refers to an oligopeptide,

polypeptide or protein which has a C-terminal carboxyl
group.
The texrm “peptide amide” refers to an oligopeptide,

15 a polypeptide or a protein which has a C-terminal amide

group.
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for the activation of the C-terminal carboxylate before

amidation takes place. An alternate

aspect involves

performing the amidation without activation. Another

aspect couples a peptide acid fragment

and an amidated

5 peptide fragment such as an amidated amino acid to give a

peptide amide.

A. Direct Preparation of Pentide Amide from Pentide Acid

In one aspect, the present invention

provides methods

for preparing a peptide amide directly from a peptide

10 acid. According to this aspect of the present invention

a solution of peptide acid is treated with a serine

hydrolase enzyme and an amine source.

Suitable enzymes

include carboxj;pepg;ida_s_e Y or, carboxypeptidase P. Suit-

-able solvents ihclude those solvents used traditionally

15 with enzyme assisted reactions such as

aqueous-organic

mixture adjusted to apparent pHs. Suitable amine sources

include previously amidated amino acids.

According to thig aspect of the present invention a

solution of peptide acid in solvent is treated with a

20 carboxyl activating agent to give a reactive intermediate.

Suitable carboxyl activating agents include carbodiimides

such as 1-(3-dimethy-



