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The power and promise of therapeutic peptides

Therapeutic peptides fill the molecular space between small 
drug molecules and proteins such as antibodies. Peptides 

have high activity, great chemical and biological diversity, and low 
toxicity making them attractive targets for development. They are 
also easier and cheaper to produce than protein-based drugs and 
as a result, therapeutic peptides are being used to treat a range 
of conditions, including metabolic diseases, cancer, cardiovascular 
and infectious diseases, pain and hematology. By 2017 over 60 
peptide drugs had been approved in the United States, Europe, 
and Japan, with over 150 in active clinical development, and an 
additional 260 undergoing human clinical trials (Figure1) (1). 
One of the most exciting breakthroughs in oncology has been 
the development of neoantigen vaccines that have shown great 
promise in the treatment of cancers such as melanoma (2). Even 
more recently, the role of peptides is being investigated as a 
vaccine and immunotherapy for COVID-19. 
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Figure 1. Peptides approved in major pharmaceutical markets or entering clinical 
development. From Figure 2 (1).

Modern peptide production generally involves 
recombinant technology or synthesis. While 
many therapeutic peptides are variants of 
natural peptides, advances in solid-phase 
peptide synthesis (SPPS) has enabled the 
design of more refined molecules that are more 
readily able to penetrate the cell membrane, 
more stable, and resistant to degradation. As 
we will see here, the demand for increasingly 
complex therapeutic peptides has resulted in 
the development of robust, efficient, and rapid 
synthesis protocols and instrumentation that 
can meet the demands of GxP and regulatory 
authorities.
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https://www.precisionvaccinations.com/vaxil-bio-covid19-vaccine-candidate-based-patent-protected-signal-peptide-technology
https://www.biopharminternational.com/cel-sci-begins-development-immunotherapy-covid-19-0
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What is a complex peptide?

Complexity can have many forms:

• Longer peptides, for example >30 amino acids, in itself is 
a challenge to synthesize, for example when synthesizing 
chemokines or histones. 

• Highly hydrophobic peptides such as beta-amyloids 
involved in Alzheimer’s disease and extensively used in 
research. 

• Cyclic peptides, in efforts to improve the rigidity, stability 
and resistance to degradation of therapeutic peptides. 
These are stapled, disulfide-bridged, bicyclic, or cyclized 
head-to-tail. Cyclotides, for example, are stable to 
proteolytic attack and have high thermal stability due to 
their highly constrained structure created by a head-to-
tail cyclic backbone and three disulfide bonds that form a 
cystine-knotted core (Figure 2). 

• Peptides can be branched, include side-chain modifications, 
phospho-peptides or be cysteine rich. 

• Post-translational modifications (PTMs) of native peptides 
may need to be mimicked to achieve maximum effect, for 
example in the case of neoantigens. 

Figure 2. Cyclotides are promising therapeutic peptides due to 
their highly constrained structure. Kalata B1 has been found to 
inhibit the proliferation of human peripheral blood mononuclear 
cells. From Figure 1, Gründemann et al, 2013 (ref 3)

Meeting the synthesis challenge

There are several key challenges that peptide chemists are 
faced with especially in regard to complex peptides and the 
choice of peptide synthesizer:

The toxicity of additives and activators

All peptide-coupling agents are designed to facilitate amide 
bond formation, which means that they can covalently modify 
human proteins and are therefore prime candidates for 
immune sensitization. One study has shown that exposure to 
the uronium coupling reagents, HATU, HBTU, and HCTU can 
lead to serious effects on the health of laboratory personnel, 
who should take great care to minimize exposure to such 
coupling agents (4). 

These coupling reagents are especially problematic when 
in solid form, so it is important that general precautions are 
taken to avoid exposure (4, Supporting information). Once 
dissolved and placed in pressurized bottles, these agents 
pose less of a threat, but it is important that the peptide 
synthesizer is designed to protect the operator. This can 
include a design that is closed under nitrogen, and one that 
offers multiple dedicated positions for activators to reduce 
handling and increase flexibility.

Racemization that can reduce or even eliminate the 
function of the peptide

Stereochemistry is a critical aspect of drug development (5), 
as seen in the case of thalidomide, and is an important issue 
in peptide synthesis. Peptides are assembled by amide bond 
formation between optically active monomers. The quality of 
the reagents used is very important since the L- and D form 
of the amino acids have identical physicochemical properties, 
and it is not possible to purify the material by HPLC in order 
to separate the two.

The risk of racemization can be increased by (a) raising 
reaction temperatures to reduce cycle time and reagent 
consumption, and (b) choice of reagents. For example, 
racemization can be reduced or avoided with ‘racemization 
suppressing’ additives such as the triazoles 1-hydroxy-
benzotriazole (HOBt), 6-Cl-HOBt, and 1-hydroxy-7-aza-
benzotriazole (HOAt). HOBt and HOAt have proved to be 
dangerously unstable and ethyl cyanohydroxyiminoacetate 
(OxymaPure®) has been developed as a safer alternative to 
HOAt, followed by the improved variant, Oxyma-B. Modified 
monomers to reduce racemization are available and, if the 
peptide synthesizer has the functionality, can be added 
as single shots that eliminate waste with no priming – for 
example, the use of Fmoc-Asp(OtBu)-(Dmb)Gly-OH building 
block to suppress Asp-Gly rearrangements, and Fmoc-
His(MBom)-OH to eliminate Histidine racemization. 

Cooling the heated debate on the intrinsic value of 
microwave irradiation

The drive to reduce coupling times through increased 
reaction temperature has led to the development of peptide 
synthesizers employing different heating methods. One 
approach, using microwave irradiation, has also been claimed 
to have additional properties, but these claims have been 
effectively debunked by a number of studies. For example, 
one study showed that conventional heating and microwave 
heating gave almost identical results in terms of purity and 
racemization of three peptides (6), while another showed no 
evidence for localized superheating, an often-cited specific 
microwave effect (7). Claims of the microwave field affecting 
the rotation of peptides in concentrated solution has also 
been countered (8). 

https://www.gyrosproteintechnologies.com/coupling-agents-peptide-synthesis-protein-technologies
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PurePep Chorus
All-in-one, scalable peptide 
synthesizer that can grow with 
your chemistry needs.

DownloaD ProDuct Info. Sheet 

With this in mind, the most important factor in a peptide 
synthesizer is having the flexibility, be that to choose room 
temperature or heated protocols, and also the ability to 
screen both in the same run in parallel. 

Monitoring synthesis in real time

Synthesis setup is not always a case of “press the button 
and walk away”. Being able to monitor the efficiency of, 
for example, the deprotection step during the run can be 
important in optimizing protocols.

A peptide synthesizer that handles complexity

PurePrep™ Chorus meets many of the demands made in the 
synthesis of complex peptides. The proprietary PurePep™ 

Pathway comprises proprietary fluidics that minimize cross-
contamination, dead volumes, and reagent carryover. This 
is especially crucial for the synthesis of long sequences, in 
which even small amounts of impurities, side products, and 
incomplete reactions over many cycles can drastically reduce 
the final purity and yield of desired peptides.

Aggregation, secondary structure, steric hindrance, and 
conformational effects can still pose challenges in synthesis, 
and PurePep Chorus features enabling technologies that 
aid the synthesis of complex peptides and peptidomimetic 
sequences. Intellisynth™ real-time UV monitoring optimizes 
reaction times to ensure complete deprotection. By 
monitoring at 301 nm, the instrument measures the progress 
of the reaction – avoiding guesswork that can lead to 
incomplete deprotections, deletions, and side reactions. 
This feature is available on all reaction vessels, providing UV 
monitoring on up to six peptides in a single synthesis.

Other features include:

• A modular peptide synthesizer that is in-lab upgradeable, 
from 2 to 4 to 6 reaction vessels to meet productivity needs

• Independent induction heating, simultaneous and 
configurable to multiple vessels, and the ability to 
run multiple conditions in one run speeds up method 
development 

• Icon-driven intuitive software platform with pre- 
programmed methods, ability to import sequences and 
reagent preparation calculators 

• Designed for 21 CFR part 11 compliance, together with 
IQ/OQ support and PQ guidance are available to support 
work in regulated environments

Neoantigen vaccines promise to bring 
personalized cancer therapy to a new level

Cancer is characterized by a high frequency of genetic 
mutations that result in mutated proteins that can be 
processed into peptides and presented as immune signals on 
the surface of cancer cells. It is these peptides that are called 
neoantigens, which can be targeted by T cells as foreign, 
leading to cancer cell death.

While neoantigens can be shared amongst certain tumor 
types or patients, they can also be specific to the tumor in 
an individual patient, which makes them a highly promising 
target for individualized immunotherapy using cancer 
vaccines. Certain cancers, such as melanoma, result in more 
mutations than others, making the production of neoantigens 
more likely.

The preparation of neoantigen peptide vaccines involves the 
following critical steps:

1. Isolating a patient’s tumor tissue
2. Genome sequencing and mutation analysis
3. Computational analysis of the mutation spectrum
4. Synthesis and pooling of key peptide mutants
5. Final preparation of vaccine ready for patient treatment

https://www.gyrosproteintechnologies.com/hubfs/1-PTI/Product%20Information%20Sheets/D0034136%20%20PurePep%20Chorus%20PIS%20webb.pdf
https://www.gyrosproteintechnologies.com/purepep-chorus-peptide-synthesizer-modular-design-that-can-grow-with-your-chemistry-needs
https://s3m.io/ulIbO
https://s3m.io/ulIbO
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Challenges in the synthesis of neoantigens

Because of the dynamics of antigen presentation by the 
tumor cells, the generation of neoantigen vaccines demands 
not only high purity and yield but also rapid parallel peptide 
synthesis to prepare the pool of neoantigens needed. Speed 
is vital, since treatment involves hitting a moving target 
consisting of a changeable surface antigen population on 
the tumor cells.

Peptides for personalized therapy have synthetic challenges 
because each patient requires a unique set of peptides that 
have varying amino acid composition and physiochemical 
properties. This demands constant rapid and robust 
manufacturing based on small-scale synthesis of different 
sequences. And purification is no trivial task when dealing 
with different sequences of varying hydrophobicity (9).

Neoantigens may be further altered through PTM that 
occur in malignant but not healthy cells and are therefore 
an additional source of unique antigens that are specific to 
the individual patient. Such modified neoantigens have been 
isolated from a number of blood cancers and research clearly 
shows that PTM-neoantigens make promising targets for 
immunotherapy (10). Mass spectrometry analysis has helped 
in the discovery of a large range of attractive target antigen 
candidates, such as phosphopeptides (11), that may be used 
for immunotherapy.

The neoantigens requiring modifications may present 
challenges in synthesis and handling depending on the 
modification itself and the peptide sequence being 
synthesized. Generating phosphorylated peptides can be 
quite straightforward but requires specialized amino acids 
such as pTyr, pSer, or pThr, which means that access to 
single-shot, no prime capabilities on a peptide synthesizer 
can be a particular advantage. Synthesis with modified 
amino acids still needs much work. Currently, there are only 
mimics of pHis and introducing Lys(Me)2 or Lys(Me)3 can be 
difficult and may reduce the overall quality of synthesized 
peptides (12). Heating during a deprotection step can result 
in dephosphorylating the amino acids during synthesis and 
pSer and pThr can require extra base and longer coupling 
times (12). 

How to deliver personalized medicine overnight

Conclusions

Realizing the full potential of therapeutic peptides builds on 
effective methods for peptide synthesis that can streamline 
method development and can also handle sequence 
complexity and rapid parallel synthesis. Peptide synthesizers 
from Gyros Protein Technologies are ready to meet this 
challenge.

Meeting the demands for neoantigen vaccines requires 
a lot from a peptide synthesizer. Symphony® X peptide 
synthesizer incorporates the proprietary PurePep™ Pathway, 
and the ability to run 12 independent reaction vessels and 
24 reaction vessels overall, which is often desirable when 
dealing with neoantigen vaccines that can be made up of 
ten or more different peptides.

Symphony X is particularly suitable for the synthesis of 
neoantigen vaccines:

• Speed – able to synthesize 24 ‘epitope-type’ peptides 
in 12 hours (15–20mers), or produce one patient’s 
neoantigen peptides overnight

• Purity is ensured due to the focus on ‘right first 
time’ methodology, with no reagent or resin cross-
contamination, and minimizes the risk of resynthesis.

• Unique in providing multi-channel synthesis under inert 
atmosphere and with no cross contamination 

• Supports GMP manufacture, software designed for 21 CFR 
part 11 compliance, together with IQ/OQ support and 
PQ guidance are available to support work in regulated 
environments

Symphony X
 
Multiplex Peptide Synthesizer

Maximizes throughput and high 
quality crude purity

DownloaD ProDuct Brochure

Symphony X
Software designed for 21CFR part 
11 compliance

Software includes features that 
enable traceability via the following 
functions: user management, audit 
trail, data integrity, electronic 
signatures

DownloaD ProDuct Brochure

https://www.gyrosproteintechnologies.com/pti-symphony-x
https://www.gyrosproteintechnologies.com/pti-symphony-x
https://www.gyrosproteintechnologies.com/hubfs/1-PTI/Product%20brochures/Symphony%20X%20Brochure%20FULL.pdf
https://www.gyrosproteintechnologies.com/hubfs/1-PTI/Product%20brochures/D0035494%20Symphony%20X%2021%20CFR%20Brochure.pdf
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