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Noncanonical amino acids (ncAAs) can be used to create
fluorescent proteins that glow in unnatural colors, like infrared or
near-UV, expanding the palette of markers for biological imaging
[1-2]. Researchers can "hack" the genetic code of an organism to
incorporate ncAAs, enabling entirely new functionalities in
proteins. For instance, some ncAAs allow proteins to form
chemical bonds under UV light, a tool used to study protein
interactions dynamically [3]. Of course, canonical amino acids
can also be used for imaging with clever labeling strategies like
BenzoTag [4] (cover art by Bernadette Mary Dineen [5]). 
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(JNJ-2113) oral peptide selectively
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2. PN-881 Il-11 (Protagonist): A
potential oral peptide antagonist
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3. Viking Therapeutics- VK2735 oral
formulation for obesity from Venture
phase 2 study (Nov. 2024)

4. Exclusive RF-Diffusion license
agreement with Vilya for macrocyclic
peptide development (Nov. 2024)

5. Circle Pharma: First-in-class oral macrocycle Cyclin A/B RxL Inhibitor CID-078 (Dec. 2024)
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This does not mean the industry does not have layoffs in research. A summary of
layoffs in 2024 is nicely tracked by Fierce Biotech. 

Several large investments were made from 2023-2024 as outlined and compared
by Pharmaceutical Technology. Artificial intelligence accounted for 11
pharmaceutical deals announced in Q3 2024, worth a total value of $1.7bn. Some
peptide-based companies have truncated research to invest in development, but
there are new VC stealth-backed companies and a host of biotech in series A-B
funding.

Peptide drug discovery
efforts saw substantial
growth in 2024, driven by
the success of GLP-1
agonists for diabetes and
obesity. 

Additionally, despite some
setbacks to the general
biotech industry, peptide-
based technology
companies are making   
progress in the clinic, and AI-driven technology is making a big impact on the
promise and investment in peptide medicines. 

Industry Update
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ONE-POT CHEMOENZYMATIC SYNTHESES OF NONCANONICAL AMINO ACIDS
Tsung-Han Chao, Xiangyu Wu, Hans Renata
Journal of Industrial Microbiology and Biotechnology, Volume 51, 2024, kuae005

This mini-review highlights several recent case studies that feature the synergistic
use of chemical and enzymatic transformations in one pot to synthesize novel
noncanonical amino acids. The authors discuss methods of ncAA incorporation via
soild-phase peptide synthesis, cell-free protein synthesis, and side-chain modification
for application to protein-based materials, therapeutics, vaccines and probes.

ADVANCES IN BIOSYNTHESIS OF NONCANONICAL AMINO ACIDS (NCAAS) AND
THE METHODS OF NCAAS INCORPORATION INTO PROTEINS
Chen, L.; Xin, X.; Zhang, Y.; Li, S.; Zhao, X.; Li, S.; Xu, Z.
Molecules 2023, 28, 6745

This study overviews biosynthesis methods for ncAAs and analyzes the difficulties
related to biosynthesis. Genetic code expansion (GCE) methods are analyzed for
their advantages and disadvantages, followed by a review of the application
progress of ncAAs and opportunities for development directions of ncAAs.

EXPLORING FDA-APPROVED FRONTIERS: INSIGHTS INTO NATURAL AND
ENGINEERED PEPTIDE ANALOGUES IN THE GLP-1, GIP, GHRH, CCK, ACTH, AND
ALPHA-MSH REALMS
Othman Al Musaimi
Biomolecules 2024, 14(3), 264

In this article focused around  glucagon-like peptide-1 (GLP-1), growth-hormone-
releasing hormone (GHRH), cholecystokinin (CCK), adrenocorticotropic hormone
(ACTH), and α-melanocyte stimulating hormone (α-MSH), Dr. Al Musami reviews the
discovery, development, and approval of natural and engineered peptides.  The
biology, chemistry, and history of each peptide therapeutic is summarized along
with the approved indications. 
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Peptide Presence at JPM 2025

Bicycle Therapeutics showcased their peptide platform and
presented data from the Duravelo-1 Phase 1 clinical trial
studying zelenectide to treat Nectin-4 driven tumors.

MBX Biosciences, a clinical-stage company with a peptide
delivery platform, Precision Endocrine Peptides (PEPs),
presented their pipeline including peptides under
investigation to treat obesity, hypoparathyroidism, and post-

AstraZeneca presented data from the Phase II Calypso study
of eneboparatide in patients with hypoparathyroidism.

Innovent Biologics highlighted mazdutide, a GLP-1 and
glucagon receptor dual agonist under investigation for
the treatment of obesity, type 2 diabetes, and
obstructive sleep apnea.

Protagonist Therapeutics presented data from Phase II
trials of hepcidin mimetic, rusfertide, in polycythemia
vera and Phase III results of the orally available IL-23R
antagonist, icotrokinra. 

bariatric hypoglycemia. 

Nimble Therapeutics’ platform harnesses light-directed chemical synthesis to construct
massively parallel peptide libraries that exploit vast amino acid chemical space for the
discovery of novel peptide therapeutics. AbbVie’s acquisition strengthens the
company’s capability to discover and develop oral peptides. In addition to the platform,
the deal includes Nimble’s orally available IL-23R inhibitor targeting autoimmune
disease.

News Bite: AbbVie Acquires Nimble
Therapeutics’ Massively Parallel Peptide
Platform and Immunology Asset

http://www.bicycletherapeutics.com/
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Indole is a privileged structure [1], and nature has encoded tryptophan, a 3 substituted
indole ring system as one of the 20 canonical alpha amino acid building blocks for
incorporation into proteins. There is only one codon (UGG), so, on average, only 1.1% of
amino acids in proteins are tryptophan. Despite its low frequency in proteins, tryptophan is
often involved in key interactions and ligand binding sites. The indole ring of Trp can
participate in a wide-range of interactions that stabilize structure and peptide-protein
interfaces including hydrophobic, pi-stacking, hydrogen-bonding, and pi-cation interactions
among others [2-5].

Aralez Bio has recognized the value of tryptophan and has developed an enzyme
technology platform to provide a variety of noncanonical amino acids (ncAAs) in a
sustainable and scalable manner. In fact, the Aralez catalog has more than just tryptophan-
substituted ncAAs. Peptide drug hunters can take advantage of ncAAs to optimize their
peptides and peptidomimetics. The properties of the Trp can be tuned to enhance existing
interactions or create additional interactions not available with natural Trp [6,7]. These
ncAAs can be protected to be compatible with commonly employed automated Fmoc-solid-
phase peptide synthesis (SPPS) and other synthesis techniques. 
This short insight will be a brief overview of the general considerations to incorporate
tryptophan and other noncanonical indole-privileged structures into peptide drugs. 

General:
Every atom of the indole ring system of tryptophan is capable of reacting selectively under
appropriate conditions and is sensitive to oxidation and photodegradation. An awareness of
this reactivity during synthesis and storage will help to diagnose and circumvent unwanted
side reactions. While the indole of Trp is often Boc-protected to avoid side reactions, a
common side reaction is incomplete deprotection of the indole nitrogen [8]. Fortunately,
unprotected Trp can be incorporated into peptides without a loss in purity due to side
reactions but must be carefully optimized for scale and depends on SPPS coupling
conditions (vide infra). A detailed discussion of protecting group strategies is described by
Yang and team listing non-essential (Nδ,Nω,Nω′-Arg, the carboxamide group from Asn/Gln,
Oβ-Ser/Thr, the phenolic group from Tyr, N(im)-His, and N(indole)-Trp) and essential
protecting groups (-Nα, Lys-Nε,Orn-Nδ, Dab (2,4-diaminobutyric acid)-Nγ, Dap (2,3-
diaminopropionic acid)-Nβ, COOHβ-Asp, COOHγ-Glu, Sβ-Cys, and COOH-C-terminal in the
case of amino acid side-chain immobilization) [9]. Cabri and team have also demonstrated
successful minimal-protection SPPS with unprotected Tyr, His, and Arg which ultimately
leads to improved atom economy [10]. 

Synthesis:
Incorporation of tryptophan can be challenging due to steric hindrance and the possibility of
side reactions, including racemization, especially when adjacent to other bulky amino acids. 

The Case for Noncanonical Tryptophan

Noncanonical Insights
| THE NONCANONICAL CHRONICLE 
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L-tryptophan
cLogP: 1.12

PSA: 79.11 Å²

N-methyl-L-tryptophan
cLogP: 1.38

PSA: 65.12 Å²

N-methyl-4-aza-L-tryptophan 
cLogP: 0.78

PSA: 78.01 Å²

4-aza-L-tryptophan
cLogP: 0.52
PSA: 92 Å²

Using highly efficient coupling reagents like HATU or PyBOP can improve the coupling
efficiency. There are a number of useful reviews on the vast arsenal of coupling reagents, but
Fernando Albericio’s detailed paper in Chemical Reviews is a good option [11]. To control
racemization, low temperatures and buffering to control pH can help. Specific optimized
conditions should be developed.

Cleavage:
Upon cleavage, acidic cleavage conditions using TFA (trifluoroacetic acid) are typical, but
the presence of antioxidant scavengers like thioanisole or ethanedithiol can help protect
tryptophan from oxidation and alkylation. Inert atmospheres can also avoid unwanted
oxidation.

Purification:
Tryptophan is a very bulky and hydrophobic amino acid that increases hydrophobicity,
resulting in a tendency to aggregate and making purification difficult. Another analytical
challenge to be aware of is the inherent fluorescence and absorbance. Fortunately, several
noncanonicals modifications, such as azatryptophans and indazole rings, have been
developed and are available in the Aralez catalog. In our list, we have calculated* the
hydrophobicity of our ncAAs to help you with tuning your peptide.

*cLogP and PSA calculated using RDKit

In conclusion, tryptophan is a privileged structure selected by evolution to achieve specific
biological roles, but it creates several synthetic challenges. To improve peptide
therapeutics, Aralez Bio has harnessed directed evolution to expand the noncanonical
toolbox to mine the chemical space of peptide therapeutics and overcome synthesis issues.
Much of the work on the specific conditions for protection of amino acids during SPPS has
been done with canonical Tryptophan. Collectively, we should remain aware of the effects
on noncanonical Tryptophan analogs and share our collective insights on the impact of our
traditional know-how in SPPS. Aralez provides both protected and non-protected
noncanonical analogs to help enable novel medicines and greener processes.

Charles Johannes, Ph.D., is currently Chief Scientist at EPOC Scientific LLC and former
VP of Exploratory Chemistry at Fog Pharma (now Parabilis Medicines). Charles has
deep expertise in peptides, small molecules, and chemistry platforms in biotech and
pharma and has applied over 25 years of experience in the development of new
modalities with an interest in targeted protein degradation, molecular glues, and
ML/AI. 

About the Author
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For more contemporary and detailed issues with the incorporation of
ncAAs and peptide synthesis technologies, we encourage you to
explore the Peptide Drug Hunting Consortium (PDHC) initiatives and
engage with the Entrepreneurial Advisory Board and Leadership Team.
Aralez Bio is a proud member of the PDHC Entrepreneurial Business
Network.

Did you know that Aralez Bio has an e-store?

https://www.linkedin.com/company/peptide-drug-hunting/
https://aralezbio-store.com/
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MBX Biosciences. A clinical stage company with a peptide delivery platform, Precision
Endocrine Peptides (PEPs), presented their pipeline including peptides under
investigation to treat obesity, hypoparathyroidism, and post-bariatric hypoglycemia. 
 
AstraZeneca presented data from the Phase II Calypso study eneboparatide in patients
with hypoparathyroidism.
 
Innovent Biologics highlighted mazdutide, a GLP-1 and glucagon receptor dual agonist
under investigation for the treatment of obesity, type 2 diabetes, and obstructive sleep
apnea.
 
Protagonist Therapeutics presented data from Phase II trials of hepcidin mimetic,
rusfertide, in polycythemia vera and Phase III results of the orally available IL-23R
antagonist, icotrokinra.
 
AbbVie Acquires Nimble Therapeutics
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