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Introduction and Background

Peptide research has experienced considerable development during the past few
decades. The progress in this important discipline of natural product chemistry is
reflected in a flood of scientific data. The number of scientific publications per year
increased from about 10 000 in the year 1980 to presently more than 20 000 papers.
The introduction of new international scientific journals in this research area reflects
this remarkable development.
A very useful bibliography on peptide research was published by John H.

Jones [1]. The Houben-Weyl sampler volume E 22 �Synthesis of Peptides and
Peptidomimetics� edited by Murray Goodman (Editor-in-Chief), Arthur Felix, Luis
Moroder and Claudio Toniolo [2] represents the most comprehensive general
treatise in this field. This work is a tribute to the 100th aniversary of Emil Fischer�s
first synthesis of peptides and is the successor of two Houben-Weyl volumes, in
German, edited by Erich W€unsch in 1974 [3].
A number of very important physiological and biochemical functions of life are

influenced by peptides. Peptides are involved as neurotransmitters, neuromodula-
tors, and hormones in receptor-mediated signal transduction. More than 100
peptides with functions in the central and peripheral nervous systems, in immuno-
logical processes, in the cardiovascular system, and in the intestine are known.
Peptides influence cell–cell communication upon interaction with receptors, and are
involved in a number of biochemical processes, for example metabolism, pain,
reproduction, and immune response.
The increasing knowledge of the manifold modes of action of bioactive peptides

led to an increased interest of pharmacology and medical sciences in this class of
compounds. The isolation and targeted application of these endogenous substances
as potential intrinsic drugs are gaining importance for the treatment of pathologic
processes. New therapeutic methods based on peptides for a series of diseases give
rise to the hope that diseases, where peptides play a functional role, can be amenable
to therapy.
Peptide chemistry contributes considerably to research in the life science area.

Synthetic peptides serve as antigens to raise antibodies, as enzyme substrates to
map the active site requirements of an enzyme under investigation, or as enzyme
inhibitors to influence signaling pathways in biochemical research or pathologic
processes in medical research. Peptide ligands immobilized to a solid matrix may
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facilitate specific protein purification. Protein–protein interaction can be manipulat-
ed by small synthetic peptides. The �peptide dissection approach� uses relatively
short peptide fragments that are part of a protein sequence. The synthetic peptides
are investigated for their ability to fold independently, with the aim to improve the
knowledge on protein folding.
The isolation of peptides from natural sources, however, is often problematic. In

many cases, the concentration of peptide mediators ranges from 10�15 to 10�12mol
permg freshweight of tissue. Therefore, only highly sensitive assaymethods, such as
immunohistochemical techniques, render cellular localization possible. Although
not all relevant bioactive peptides occur in such low concentrations, isolation
methods generally suffer from disadvantages, such as the limited availability of
human tissue sources. Complicated logistics during collection or storage of the
corresponding organs, e.g., porcine or bovine pancreas for insulin production,
additionally impose difficulties on the utilization of natural sources. Possible
contamination of tissue used for the isolation of therapeutic peptides and proteins
with pathogenic viruses is an enormous health hazard. Factor VIII preparations for
treatment of hemophilia patients, isolated from natural sources, have been contami-
nated with human immunodeficiency virus (HIV), while impure growth hormone
preparations isolated from human hypophyses after autopsy have led to the trans-
mission of central nerve system diseases (Creutzfeld–Jacob disease). Nowadays,
many therapeutic peptides and proteins are produced by recombinant techniques.
Immunological incompatibilities of peptide drugs obtained from animal sources
have also been observed. Consequently, the development of processes for the
synthesis of peptide drugs must be pursued with high priority.
Chemical peptide synthesis is the classical method which has been mainly

developed during the past four decades, although the foundations were laid in the
early 20th century by TheodorCurtius and Emil Fischer. Synthesis has often been the
final structural proof ofmany peptides isolated only inminute amounts fromnatural
sources.
The production of polypeptides and proteins by recombinant techniques has also

contributed important progress in terms of methodology. Genetically engineered
pharmaproteins verify the concept of therapy with endogenous protein drugs
(endopharmaceuticals). Cardiovascular diseases, tumors, auto-immune diseases
and infectious diseases are the most important indications. Classical peptide
synthesis has, however, not been questioned by the emergence of these techniques.
Small peptides, like the artificial sweetener aspartame (which has an annual pro-
duction of more than 5000 tons), and peptides of medium size remain the objectives
of classical synthesis, not to mention derivatives with nonproteinogenic amino acids
or selectively labeled ð13C; 15NÞ amino acid residues for structural investigations
using nuclear magnetic resonance (NMR).
The demand for synthetic peptides in biological applications is steadily increasing.

At present, following the sequencing of the human genome, peptides have become a
focus of biotechnological research. Their importance is growing as they represent the
essential bioactive molecules inside the biological systems. The research fields of
genomics and proteomics generate a huge number of new peptide targets which can
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help combat diseases and strengthen the immune resistance. The new targets do not
allow for an isolated position of peptide chemistry exclusively oriented toward
synthesis. Modern interdisciplinary science and research require synthesis, analysis,
isolation, structure determination, conformational analysis andmolecular modeling
as integrated components of a cooperation between biologists, biochemists, phar-
macologists, medical scientists, biophysicists, and bioinformaticians. Studies on
structure–activity relationships (SAR) involve a large number of synthetic peptide
analogues with sequence variation and the introduction of nonproteinogenic build-
ings blocks. The ingenious concept of solid-phase peptide synthesis has exerted
considerable impact on the life sciences, whilst methods of combinatorial peptide
synthesis allow the simultaneous creation of peptide libraries which contain at least
several hundred different peptides. The high yields and purities enable both in vitro
and in vivo screening of biological activity to be carried out. Special techniques enable
the creation of peptide libraries that contain several hundred thousand peptides;
these techniques offer an interesting approach in the screening of new lead
structures in pharmaceutical developments.
Peptide drugs, however, can be applied therapeutically only to a limited extent

because of their chemical and enzymatic labilities. Many peptides are inactive when
applied orally, and even parenteral application (intravenous or subcutaneous injec-
tion) is often not efficient because proteolytic degradation occurs on the locus of the
application. However, sophisticated formulation techniques are very encouraging as
they are capable of significantly enhancing the oral bioavailability of discovered active
peptides. Application via mucous membranes (e.g., nasal) is promising. Despite the
utilization of special depot formulations and new applications systems (computer-
programmed minipump implants, iontophoretic methods, etc.) a major strategy in
peptide chemistry is directed towards chemical modification in order to increase its
chemical and enzymatic stability, to prolong the timeof action, and to increase activity
and selectivity towards the receptor.
The synthesis of analogues of bioactive peptides with unusual amino acid building

blocks, linker or spacermolecules andmodified peptide bonds is directed towards the
development of potent agonists and antagonists of endogenous peptides. Once the
amino acids of a protein that are essential for the specific biological mode of action
have been revealed, these pharmacophoric groups may be incorporated into a small
peptide. The development of orally active drugs is an important target. Rational drug
design has contributed extensively in the development of protease-resistant struc-
tural variants of endogenous peptides, and in this context the incorporation of
D-amino acids, the modification of covalent bonds, and the formation of ring
structures (cyclopeptides) must be mentioned.
Peptidomimetics imitate bioactive peptides. The original peptide structure can

hardly be recognized in these molecules, which induce a physiological effect by
specific interaction with the corresponding receptor. Hence, a peptide structure may
be transformed into a nonpeptide drug. This task is another timely challenge for
peptide chemists, because only sufficient knowledge of the biologically active
conformation of a peptide drug and of the interaction with the specific receptor
enable the rational design of such peptide mimetics.
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Today nearly 300 new peptide-based drugs for broad indications like cardio-
vascular diseases, bone metabolism disorders, type II diabetes and viral infections
are at different stages of development. A breakthrough for peptides as important
pharmaceuticals was the discovery of the 36-peptide enfuvirtide (T20; Fuzeon�)
which is capable of docking on the surface of the AIDS virus and therefore blocking
the virus from entering into human blood cells. The discovery of T20 has initiated
research on viral entry inhibitors that form a new class of antiviral drugs.T20 is the
first peptide-based drug to be produced on ametric ton scale by solid-phase peptide
synthesis.
Interestingly, nanotubular structures based on cyclic tri-b-peptides have been

synthesized that could be used in molecular electronic devives. Functional material
from peptides promotes the development of nanotubular systems with interior and
exterior functionalization whichwill widen the scope of these nanotubular structures
to medical chemistry.
The variety of the tasks described herein renders peptide research an important

and attractive discipline of modern life sciences. Despite the development of gene
technology, peptide chemistry will have excellent future prospects because gene
technology and peptide chemistry are complementary approaches.
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