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Key Considerations When
Partnering with a Peptide
Contract Manufacturing
Organization (CDMO)

In my experience navigating drug substance development for
biopharmaceutical firms, scaling synthetic peptides to clinical-
grade material presents severe technical hurdles.
Manufacturing peptides is inherently complex; sequence-
dependent aggregation, racemization risks, and intricate
protection chemistry make synthesis far more demanding than
standard small-molecule processing. As clinical pipelines
expand—with over 200 peptide therapeutics currently in
development according to a 2025 review in Signal
Transduction and Targeted Therapy—selecting the right
contract development and manufacturing organization

(CDMO) becomes a critical operational decision.

Clients frequently ask me whether commercial peptide
manufacturing can be reliably executed within the United

States. While specialized domestic cGMP facilities maintain



multi-kilogram Solid-Phase Peptide Synthesis (SPPS)
capabilities, choosing a partner requires rigorous evaluation of
their LC-MS analytical depth, counterion exchange protocols,
and regulatory filing history. Aligning with an experienced
partner ensures your therapeutic sequence achieves requisite
purity standards while navigating complex clinical scale-up

milestones efficiently.

Key Takeaways

e Synthesis Platform Selection Drives Yield: In my experience
evaluating technical CDMO capabilities, matching sequence
length to the proper synthesis methodology—such as Solid-
Phase Peptide Synthesis (SPPS) for sequences up to 60 amino
acids or Tag-Assisted Peptide Synthesis (TAPS) for aggregation-
prone chains—is the foundational decision for optimizing yield
and cost per gram.

e Orthogonal Analytical Testing Is Non-Negotiable: I always
inspect a manufacturing partner's analytical characterization
capabilities; relying on routine High-Performance Liquid
Chromatography (HPLC) alone 1s insufficient without tandem
Ultra-Performance Liquid Chromatography (UPLC) and Liquid
Chromatography-Mass Spectrometry (LC-MS) to resolve closely
related deletion sequences and racemization impurities.

e Counterion Exchange Dictates Downstream Safety:
Downstream salt conversion protocols must be established early
in the peptide manufacturing process, as removing residual

trifluoroacetic acid (TFA) and performing counterion exchange



to acetate or chloride forms is vital to prevent cell toxicity in
downstream pharmaceutical formulations.

e Regulatory Alignment Safeguards Scale-Up: To minimize
submission deficiencies during clinical transitions, I prioritize
CDMO facilities with proven cGMP compliance, robust
bioburden and endotoxin validation, and a track record of
maintaining active Type Il Drug Master Files (DMF) with
international regulatory authorities.

e Scale Capabilities Prevent Bottlenecks: Evaluating a partner's
physical infrastructure—such as CordenPharma Colorado's
10,000 L SPPS vessel and 100 cm purification column
(CordenPharma Press Release, 2020)—ensures the CDMO can

seamlessly accommodate volume spikes as therapeutic

candidates move from phase I trials to commercial API
production.

e Cold Chain and Lyophilization Ensure Long-Term Stability:
Based on my audits of cold chain management, strict humidity
controls paired with specialized lyophilization and ultra-low
temperature storage (-20°C to -80°C) are critical to maintaining
structural stability and preventing premature peptide degradation.

e Green Chemistry Adoption Reduces Compliance Risk: |
strongly recommend selecting forward-thinking CDMOs that
integrate eco-friendly solvent alternatives, such as 2-MeTHF or
CPME, to replace hazardous N,N-Dimethylformamide (DMF)

and mitigate environmental regulatory exposure.

Executive Overview: The Landscape of

Peptide Manufacturing in 2026


https://cordenpharma.com/how-we-deliver/technology-platforms/peptides-platform/

In my two decades evaluating biopharmaceutical supply chains
and leading technical audits for drug developers, I have Page of
witnessed a profound structural evolution in peptide
manufacturing. The sector has transitioned from producing
niche, short-chain research reagents to supplying multi-ton
industrial volumes of highly complex peptide Active
Pharmaceutical Ingredients (APIs). This transformation is
primarily propelled by the phenomenal market expansion of
glucagon-like peptide-1 (GLP-1) receptor agonists—such as
semaglutide and tirzepatide—alongside a growing pipeline of
targeted peptide-drug conjugates (PDCs), neoantigen cancer

vaccines, and anti-infective therapeutics.

Data from Signal Transduction and Targeted Therapy (2025)

reveals that over 200 peptide therapeutics are currently
undergoing active clinical trials globally across oncology,
metabolic diseases, and immunology. This therapeutic surge
has placed unprecedented pressure on global commercial
capacity, prompting significant consolidation and capital
expansion across Contract Development and Manufacturing
Organizations (CDMOs). A notable indicator of this industrial
scaling occurred when Samsung Biologics launched a tender
offer to acquire PolyPeptide Group AG for CHF 44.31 per
share, significantly accelerating the integration of global

peptide API infrastructure (PolyPeptide Group Corporate

Announcement, 2026).


https://www.nature.com/articles/s41392-022-00904-4
https://www.polypeptide.com/
https://www.polypeptide.com/
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Large-scale automated peptide synthesis vessel in a commercial cGMP facility

When clients ask me whether you can manufacture peptides in
the US at scale to meet these surging commercial quotas, I
highlight the aggressive capacity expansions across North
American facilities. Major commercial CDMOs have invested
heavily in domestic facilities to shorten lead times and de-risk
cross-border regulatory bottlenecks. For example,
CordenPharma expanded its GMP API facility in Boulder,
Colorado, deploying a 10,000-liter Solid-Phase Peptide
Synthesis (SPPS) reaction vessel alongside a 100-centimeter
high-pressure purification column to support multi-ton peptide
API orders (CordenPharma Press Release, 2020). While
domestic US facilities excel in rapid cGMP campaign
execution, clinical fill-finish, and high-purity custom
sequences, international supply chains in Europe and Asia
remain critical suppliers of cost-effective protected amino acid

raw materials and starting fragments.

Securing market access for a peptide drug candidate requires
navigating stringent purity requirements, sequence integrity
checks, and comprehensive regulatory documentation.
Regulatory agencies such as the US FDA and EMA now
mandate rigorous impurity profiling for all peptide API

regulatory filings. Achieving clinical compliance demands



absolute control over stereochemical purity, residual organic
solvent limits, and counterion specifications. Without a CDMQO
partner capable of maintaining these rigorous standards across
discovery, clinical scaling, and commercial release, peptide
programs face elevated risks of clinical holds and regulatory

rejection.

Core Methodologies in Peptide Synthesis

When engineering team leaders ask me how do you
manufacture peptides at commercial scale, I outline four
primary synthetic pathways: Solid-Phase Peptide Synthesis
(SPPS), Liquid-Phase Peptide Synthesis (LPPS), hybrid
fragment condensation, and recombinant DNA expression.
Choosing the optimal manufacturing route depends directly on
target sequence length, required production scale, cost

constraints, and the presence of non-canonical modifications.
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Schematic representation of solid phase peptide synthesis chemical coupling

steps
Solid-Phase Peptide Synthesis (SPPS)

Pioneered by Robert Bruce Merrifield—who was awarded the
Nobel Prize in Chemistry in 1984 for this ground-breaking
development (Powder Systems Engineering Guide, 2025)—

SPPS remains the foundational strategy for peptide assembly.
In SPPS, the C-terminal amino acid is covalently attached to an
insoluble polymeric resin support, allowing excess reagents and
soluble side-products to be removed through simple filtration

and washing steps.


https://yhlyjd.com/what-is-peptide-manufacturing-neo/

e Resin Support Mechanisms: Selection of the solid matrix
governs synthesis efficiency. Microporous polystyrene cross-
linked with 1% divinylbenzene (DVB) remains common, but
polyethylene glycol (PEG)-based resins (such as ChemMatrix)
exhibit superior swelling properties in polar solvents, facilitating
the synthesis of long, hydrophobic, or "difficult" peptide
sequences.

¢ Orthogonal Protecting Group Strategies: Modern cGMP
peptide manufacturing relies almost exclusively on the Fmoc/tBu
(Fluorenylmethyloxycarbonyl/tert-butyl) strategy over the older
Boc/Bzl (tert-Butyloxycarbonyl/benzyl) route. Fmoc
deprotection utilizes mild bases (e.g., 20% piperidine in DMF),
avoiding the hazardous, highly corrosive liquid hydrofluoric acid
(HF) required for C-terminal cleavage in Boc chemistry.

e Automation and Synthesis Capabilities: Advanced automated
synthesizers utilize real-time UV monitoring and microwave or
thermal heating to optimize coupling cycles. Modern industrial
custom peptide synthesis capabilities routinely cover sequences
up to 60 amino acids with purities reaching up to 98% for cGMP
applications (AnaSpec Technical Specifications, 2025).
Turnarounds for standard research-grade sequences typically
range from 5 to 15 business days in ISO 9001-certified facilities
(Boster Bio Custom Services, 2025).

Liquid-Phase Peptide Synthesis (LPPS)

Liquid-Phase Peptide Synthesis operates entirely in solution
without an insoluble solid support. LPPS requires isolated
purification steps (such as precipitation or extraction) after each

coupling phase. While labor-intensive during early sequence



optimization, LPPS offers unmatched solution-phase mass
transfer efficiency, low solvent volume requirements, and direct

real-time reaction kinetics tracking.

LPPS is the preferred strategy for producing short peptides (2
to 10 amino acids in length) at multi-hundred-kilogram or
metric-ton scales. It is widely used in the manufacture of high-
volume cosmetic actives, simple nutritional dipeptides, and
specialized pharmaceutical fragments, delivering lower raw

material costs than solid-phase alternatives.
Hybrid SPPS-LPPS Approaches and TAPS

For complex intermediate-length therapeutic sequences
(ranging between 30 and 50 residues), single-run SPPS often
suffers from cumulative yield losses, while pure LPPS becomes
operationally unfeasible due to solubility limitations. In these
scenarios, [ recommend a hybrid SPPS-LPPS strategy. Here,
short protected peptide fragments (typically 5 to 15 residues)
are synthesized via SPPS on low-labile resins (such as 2-
chlorotrityl chloride resin), cleaved without removing side-
chain protecting groups, and subsequently coupled in solution

via LPPS segment condensation.

To further enhance processing efficiencies in complex chains,
leading technical organizations leverage specialized

solubilizing modifications. For instance, Bachem utilizes Tag-



Assisted Peptide Synthesis (TAPS) as an advanced
methodology to overcome solubility and yield constraints

during the synthetic assembly of hydrophobic peptide chains
(Bachem Knowledge Hub, 2026).

Recombinant DNA Technology vs. Chemical Synthesis

Recombinant expression relies on biological hosts (such as
Escherichia coli or Pichia pastoris) to express target
polypeptides via cellular transcription and translation
machinery. Recombinant synthesis is well-suited for long,
unmodified polypeptides containing more than 50 to 60 amino
acid residues, such as recombinant human insulin, human

growth hormone, or large structural proteins.

However, chemical synthesis (SPPS/LPPS) retains clear
technical advantages for sequences under 50 amino acids and
for non-natural modifications. Recombinant systems struggle to
incorporate non-canonical amino acids, D-enantiomers,
backbone N-methylations, or precise site-specific lipophilic
side-chain conjugations (such as the di-acid fatty chains
required for GLP-1 therapies). Furthermore, chemical synthesis
completely eliminates risks of biological contamination, such

as host cell proteins (HCP) or viral vectors.

Comprehensive Methodological Comparison in Industrial |


https://www.bachem.com/knowledge-hub/
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Technical Challenges in Industrial Peptide

Assembly

A frequent question from venture partners and biopharma

clients is: is it hard to manufacture peptides compared to small



molecules or monoclonal antibodies? The brief answer is yes—
industrial peptide manufacturing presents unique
thermodynamic, steric, and secondary structural hurdles that do
not scale linearly with chain length. A single missing step or
unsuppressed side reaction during a 30-step assembly process

can reduce final product purity to unrecoverable levels.

w.Analytical laboratory equipment running LC-MS sequence

validation and high performance liquid chromatography
Sequence-Dependent Aggregation and Steric Hindrance

As the peptide chain extends on the resin during SPPS, the
growing sequences can form inter- and intra-chain hydrogen-
bonded secondary structures, specifically antiparallel -sheets.
This physical phenomenon, known as resin-bound aggregation,
effectively buries the free N-terminal amine, preventing
incoming activated amino acids from coupling. Aggregation
results in severe "deletion peptides" ($n-1$, $n-2$ species) that
closely mimic the molecular weight and charge profile of the
target API, making post-synthesis purification via preparative
High-Performance Liquid Chromatography (HPLC)
exceptionally difficult.

To overcome sequence-dependent aggregation and sterically
hindered couplings (such as adjacent bulky Isobutyl or Proline

residues):



e [ specify the insertion of structure-breaking pseudoproline
dipeptides or N-Fmoc-protected backbone-modifying reagents
(e.g., Dmab or Hnb building blocks) at strategic positions along
the sequence.

e [ direct technical teams to utilize chaotropic salts (such as lithium
chloride in DMF) or transition toward greener, highly polar
swelling solvents like 2-Methyltetrahydrofuran (2-MeTHF) and
Cyclopentyl methyl ether (CPME) to disrupt -sheet association

while reducing environmental hazard profiles.
Mitigating Racemization and Epimerization

Racemization—the conversion of an optically active L-amino
acid into its D-enantiomeric form—is a major source of
diastereomeric impurities during carboxylic acid activation.
Epimerization is especially pronounced at Cysteine and
Histidine residues due to the electron-withdrawing nature of
their side chains and the high acidity of their $\alpha$-protons

during coupling activation.

To suppress oxazolone formation and base-catalyzed $\alpha$-
proton abstraction, modern manufacturing protocols avoid
classical, highly reactive coupling reagents paired with excess
strong tertiary bases. Instead, I mandate carbodiimide-based
activation protocols (such as $N,N'$-Diisopropylcarbodiimide
[DIC] paired with Oxyma Pure) or phosphonium/uronium
additives (e.g., PyBOP, PyAOP) operated under cool,



stoichiometric conditions with mild, hindered bases like 2,4,6-
collidine. Ghk Cu

Preventing Unwanted Side Reactions

Side reactions during synthesis, deprotection, or global
cleavage can drastically decrease campaign yields and alter
impurity profiles. Controlling these chemical pathways requires

rigorous optimization of cleavage cocktails and reagents:

e Aspartimide Formation: Sequences containing Asp-Gly, Asp-
Ala, or Asp-Ser motifs are susceptible to base-catalyzed ring
closure during Fmoc deprotection, forming aspartimide
intermediates that hydrolyze into unwanted $\alpha$-Asp and
$\beta$-Asp impurities. I routinely mitigate this by adding 0.1 M
Oxyma Pure or 5% formic acid to the piperidine deprotection
solution.

e Diketopiperazine (DKP) Generation: During the deprotection
of the second residue attached to a solid support, the free N-
terminal amine can intramolecularly attack the ester bond
connecting the C-terminal residue to the resin, prematurely
cleaving a DKP dipeptide ring. Utilizing bulky resins (such as
Trityl or 2-Chlorotrityl resins) creates steric hindrance that
effectively prevents DKP formation.

e Oxidation and Deamidation: Methionine and Cysteine residues
are highly prone to oxidation, forming sulfoxides during global
Trifluoroacetic Acid (TFA) cleavage. Tryptophan is vulnerable to
alkylation by free carbocations generated from side-chain
protecting groups. To prevent this, global cleavage cocktails must

be carefully formulated with dedicated cation scavengers, such as


https://molchanges.com/product/ghk-cu

Triisopropylsilane (TIS), Ethanedithiol (EDT), water, and
phenol.

Post-Synthesis Processing: Counterion Exchange and

Salt Form Conversions

Following TFA-mediated global cleavage and preparative
Reverse-Phase High-Performance Liquid Chromatography
(RP-HPLC) purification, the isolated peptide exists
predominantly as a Trifluoroacetate ($TFA”-$) salt. However,
residual TFA counterions exhibit cellular toxicity and can
disrupt final drug product stability, peptide solubility, and

clinical formulation compatibility.

Consequently, executing a controlled counterion exchange
process is a critical mandatory step in commercial API
manufacturing. Using secondary preparative HPLC or ion-
exchange chromatography systems, the TFA counterion is
systematically exchanged for pharmaceutically acceptable
anions—most commonly Acetate ($AcO”-$) or Chloride
($CI17-$). The final sequence purity, primary structure,
counterion concentration, and residual TFA levels (< 0.1%)
must be rigorously validated using Ultra-Performance Liquid
Chromatography (UPLC) paired with Liquid Chromatography-
Mass Spectrometry (LC-MS) prior to final freeze-drying.



Because finished lyophilized bulk APIs are highly hygroscopic
and susceptible to hydrolytic degradation, lyophilized research
and clinical peptides demand strict storage parameters between
-20°C and -80°C, supported by continuous relative humidity
monitoring during cold chain transport (Mercury Logistics
Cold Chain Brief, 2025).

Step-by-Step Peptide API Manufacturing
Workflow

w.Step-by-Step Peptide API Manufacturing Workflow Diagram

In my experience managing solid-phase synthesis campaigns
for active pharmaceutical ingredients (APIs), executing a
peptide synthesis process requires absolute control over
chemical thermodynamics, side-chain protection, and
purification hydraulics. The journey from individual amino
acids to a purified, sterile peptide active pharmaceutical
ingredient follows a precise five-stage process. Each phase
must be optimized to prevent racemization, minimize deletion

sequences, and guarantee structural integrity.
1. Iterative Coupling and Deprotection Cycles

The foundation of modern solid-phase peptide synthesis
(SPPS)—a process for which Robert Bruce Merrifield was
awarded the Nobel Prize in Chemistry in 1984 (Powder


https://stevengrantdouglas.com/peptide-synthesis-manufacturing-core/
https://stevengrantdouglas.com/peptide-synthesis-manufacturing-core/
https://yhlyjd.com/what-is-peptide-manufacturing-neo/

Systems Engineering Guide, 2025)—relies on attaching the C-
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terminal amino acid to an insoluble polymeric resin matrix
(such as polystyrene cross-linked with 1% divinylbenzene or
PEG-based resins). Synthesizers utilize Fmoc
(Fluorenylmethyloxycarbonyl) or Boc (tert-Butyloxycarbonyl)
orthogonal protecting group strategies to direct stepwise chain

elongation.

Custom Peptide Synthesis Manufacturer Each synthetic

cycle comprises two primary chemical events:

e Deprotection: The N-terminal Fmoc group is cleaved using a
basic solution, typically 20% piperidine in dimethylformamide
(DMF) or greener alternatives like 2-methyltetrahydrofuran (2-
MeTHF), exposing a reactive primary amine.

¢ Amino Acid Coupling: The incoming N-protected amino acid is
activated in situ using carbodiimide reagents (e.g., DIC)
combined with aminium/phosphonium additives (such as Oxyma
Pure or HATU) in the presence of a non-nucleophilic base
(DIPEA). This generates an activated ester that forms a peptide

bond with the resin-bound free amine.

To prevent incomplete couplings and truncations—which lead
to hard-to-separate target-minus-one ($Des-amino acid$)
impurities—in-process monitoring via automated UV
spectrophotometry or qualitative Kaiser testing (ninhydrin
reaction) validates coupling efficiency before advancing to the

next residue.


https://yhlyjd.com/what-is-peptide-manufacturing-neo/

2. Resin Cleavage and Scavenger Chemistry

Once the full-length peptide chain is assembled, the crude
peptide must be liberated from the solid support while
simultaneously stripping all acid-labile side-chain protecting
groups (e.g., $t$-Bu, Pbf, Trt, Boc). This step is performed

using concentrated trifluoroacetic acid (TFA) cocktails.

Because cleavage generates highly reactive carbocations from
stripped protecting groups, my teams strictly formulate multi-
component scavenger cocktails to intercept these intermediates
before they irreversibly alkylate sensitive residues (tryptophan,
tyrosine, cysteine, and methionine). Standard cleavage

cocktails incorporate:

e Triisopropylsilane (TIS) or Silanes: Quenches trityl and $t$-
butyl cations.

e Dithiothreitol (DTT) or Ethanedithiol (EDT): Prevents
oxidation and alkylation of methionine and cysteine.

e Water and Phenol: Suppresses carbocation adduct formation on

tyrosine and tryptophan residues.

Following a 2- to 4-hour incubation at controlled temperatures
($0M\circ\text{C}$ to $20"\circ\text{C}$), the crude peptide is
precipitated by drowning the concentrated TFA filtrate in ice-

cold diethyl ether or $tert$-butyl methyl ether (MTBE),

yielding a solid crude peptide pellet upon centrifugation.



3. Preparative Reverse-Phase HPLC and Fraction
Pooling

Crude synthetic mixtures rarely exceed 70% to 80% purity due
to deletion sequences, diastereomers from racemization, and
deletion-aggregation side products. Achieving the $>98\%$
purity standard required for cGMP clinical applications relies
on preparative High-Performance Liquid Chromatography
(HPLC).

In industrial processing, I routinely employ silica-based
reverse-phase stationary phases ($C_{18}$ or $C_8$ alkyl
chains, $100\text{ \AA}$ to $300\text{ \AA}$ pore sizes)
operating under high pressure. Purification utilizes a binary

mobile phase gradient:

e Mobile Phase A: Ultra-pure water with $0.1\%$ TFA or
ammonium acetate buffer.
e Mobile Phase B: Organic modifier (typically HPLC-grade

acetonitrile or isopropanol).

Eluted fractions are analyzed using orthogonal analytical
methods, including Ultra-Performance Liquid Chromatography
(UPLC) coupled with Liquid Chromatography-Mass
Spectrometry (LC-MS). Fractions meeting strict purity

parameters (e.g., single fraction $>98.5\%$ purity with no



single impurity $>0.5\%3$) are pooled, while sub-spec fractions

undergo secondary polish re-chromatography.

4. Counterion Exchange: Converting Trifluoroacetate to
Acetate or Chloride

Preparative HPLC using TFA leaves trifluoroacetate
counterions paired with basic amino acid residues (lysine,
arginine, histidine) and the N-terminus. TFA counterions are
cytotoxic in cell models and can cause localized injection-site

reactions or drug product instability in human therapeutics.

Counterion exchange is a mandatory step in API processing. |
utilize low-pressure ion-exchange chromatography or
secondary preparative HPLC flushing steps to replace TFA

counterions with pharmaceutically acceptable counterions:

e Acetate Conversion: The column-bound peptide is washed with
ammonium acetate or dilute acetic acid solutions, converting the
salt form to peptide acetate.

e Chloride Exchange: Dilute hydrochloric acid flushes are
applied for peptides where chloride counterions optimize

solubility or formulation stability.

The step concludes when residual trifluoroacetate levels are
driven below $0.1\%3$ ($w/w$), verified via ion

chromatography or ${}"{19}\text{F}$-NMR spectroscopy.



5. Lyophilization and Bioburden/Moisture Control

The purified aqueous peptide solution is concentrated to
remove organic solvents and transferred to cleanroom
processing suites (ISO 5 / Class 100 environments) for final

isolation by lyophilization (freeze-drying).

The freeze-drying cycle is tailored to the physical

characteristics of the peptide solution:

1. Freezing Phase: Thermal treatment freezes the solution rapidly
below its eutectic point or glass transition temperature ($T_g'$)
to establish an optimal ice crystal matrix.

2. Primary Drying (Sublimation): Chamber pressure is drawn to
deep vacuum ($0.05$ to $0.2\text{ mbar}$), and shelf
temperatures are slowly raised to sublime solvent ice without
exceeding collapse temperature.

3. Secondary Drying (Desorption): Bound water is driven off at
elevated shelf temperatures ($25"\circ\text{C}$ to

$40Mcirc\text{C}$) under maximum vacuum.

The resulting lyophilized peptide powder exhibits low residual
moisture ($<3.0\%$, measured by Karl Fischer titration) and
zero microbial contamination. Final bioburden testing confirms
compliance with strict endotoxin limits ($<10\text{ EU/mg}$),
yielding a bulk API ready for aseptic fill-finish operations.
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w.US Peptide Manufacturing Infrastructure and cGMP Facility

When clients ask me, '""Can you manufacture peptides in the
US?", the answer is an emphatic yes. The United States houses
a sophisticated domestic peptide manufacturing infrastructure
capable of supporting projects from discovery-stage custom
peptide synthesis services up to multi-ton commercial cGMP

Active Pharmaceutical Ingredient production.
Domestic Manufacturing Capabilities and Scale

The US peptide CDMO sector features advanced automated
synthesis hardware and dedicated scale-up facilities. Domestic
capacity spans low-volume research-grade synthesis arrays up
to multi-thousand-liter automated batch reactors designed for
industrial-scale Solid-Phase Peptide Synthesis (SPPS) and
Liquid-Phase Peptide Synthesis (LPPS).

For example, CordenPharma Colorado operates a 10,000 L
SPPS vessel paired with a 100 cm high-pressure reverse-phase
purification column, positioning its Boulder, CO facility as one

of the largest peptide API production sites globally

(CordenPharma Press Release, 2020). These ultra-large-scale

capabilities allow domestic manufacturers to supply ton-scale


https://cordenpharma.com/how-we-deliver/technology-platforms/peptides-platform/

requirements for metabolic therapeutic classes like GLP-1 and

dual GLP-1/GIP receptor agonists.
FDA-Inspected cGMP Facilities and Compliance Rigor

Domestic peptide production operates under strict oversight
from the US Food and Drug Administration (FDA), governed
by 21 CFR Part 211 standards for cGMP API manufacturing.
Facilities operating across North America—such as
AmbioPharm, PolyPeptide Group, and Bachem Americas—
maintain rigorous quality management systems (QMS)

characterized by:

e Validated Analytical Protocols: Full implementation of
validated orthogonal analytical methods, including high-
resolution LC-MS sequence verification, high-performance
capillary electrophoresis (HPCE), and quantitative amino acid
analysis.

e Data Integrity and Automation: Fully automated synthesizers
equipped with 21 CFR Part 11-compliant control systems to
track chemical additions, reaction temperatures, and washing
cycles.

e Comprehensive Impurity Profiling: Advanced characterization
of complex synthetic impurities, such as $D$-amino acid
enantiomers, insertion sequences, and aggregation kinetics
required for Abbreviated New Drug Application (ANDA) and
New Drug Application (NDA) regulatory approvals.



Operating within FDA-inspected facilities mitigates regulatory
risks during pre-approval inspections (PAI) and eliminates "¢ 9"
international regulatory hurdles during commercial launch

phases.
Strategic Balance: Domestic Speed vs. Global Sourcing

Drug developers frequently balance domestic production
against international contract manufacturing options in Asia or
Europe. While overseas suppliers in China and India offer low
upfront costs for raw amino acids and early-stage crude
intermediates, domestic US manufacturing provides critical

operational advantages:

e Supply Chain Resilience: US-based production eliminates
international trade tariffs, customs delays, and supply disruptions
during global geopolitical shifts.

e Rapid Turnaround and Communication: Domestic facilities
eliminate time-zone barriers and allow real-time oversight during
process validation and technology transfer. Standard turnarounds
for custom research peptides range from 5 to 15 business days

(Boster Bio Custom Services, 2025), whereas overseas clinical

batches often incur multi-week transit timelines.

e Cold-Chain Logistics Management: Lyophilized clinical
peptides are thermosensitive materials requiring storage between
$-20Mcirc\text{C}$ and $-80"\circ\text{C}$ (Mercury Logistics
Cold Chain Brief, 2025). Domestic freight routes minimize

transit exposure risks and cold-chain deviations compared to

trans-oceanic routes.


https://www.bosterbio.com/
https://stevengrantdouglas.com/peptide-synthesis-manufacturing-core/
https://stevengrantdouglas.com/peptide-synthesis-manufacturing-core/

e Intellectual Property Security: Manufacturing within US
jurisdiction guarantees enforceability under domestic patent
laws, safeguarding novel peptide sequences and proprietary

synthesis routes.

Evaluating and Selecting the Best Peptide
CDMO Partner

w.Evaluating and Selecting a Peptide CDMO Partner

When prospective drug developers ask, ""What is the best
peptide manufacturer?", I advise them that there is no single
"best" partner for every campaign. The optimal choice depends
on matching your peptide target’s molecular complexity,
production scale, and regulatory stage with a contract
development and manufacturing organization (CDMO) that
possesses the appropriate technical capabilities and regulatory

track record.

Core Selection Criteria: Scale, Regulatory History, and
DMFs

Selecting a peptide CDMO partner requires auditing structural
capabilities and historical regulatory performance rather than
choosing based on base pricing alone. Essential evaluation

pillars include:



e Kilogram-Scale Production Capacity: Verify that the CDMO
operates reaction vessels aligned with your stage of development.. of
—from gram-scale synthesis for preclinical screening up to
multi-kilogram and metric-ton capacity for Phase 3 and
commercial supply.

e Regulatory Audit History: Examine the CDMO’s record of
FDA Form 483s, Warning Letters, and European Medicines
Agency (EMA) inspection outcomes. A clean regulatory history
ensures your submission will not be delayed by facility-related
compliance holds.

e Drug Master File (DMF) Support: A qualified CDMO should
possess a portfolio of Type II Drug Master Files filed with the
FDA. Their regulatory affairs team must be capable of providing
direct DMF access letters to support your Investigational New
Drug (IND) and NDA filings.

Assessment of Technical Capabilities and Modifications

As commercial peptide pipelines expand beyond simple linear

sequences—driven by over 200 peptide therapeutics currently

in active clinical development (Signal Transduction and

Targeted Therapy, 2025)—your CDMO must demonstrate

expertise in advanced chemical modifications:

¢ Cyclization Chemistry: Intramolecular disulfide bridge
formation, head-to-tail backbone cyclization, and hydrocarbon
stapling to increase metabolic stability against enzymatic
degradation.

e Lipidation and Conjugation: Site-specific fatty acid

conjugation (e.g., diacid chains used in long-acting GLP-1


https://www.nature.com/articles/s41392-022-00904-4
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analogs), PEGylation, and antibody-peptide conjugations.

e Unnatural Amino Acid Incorporation: Synthesis routes
handling $D$-amino acids, $N$-methylated residues, non-
canonical spacers, and sterically hindered amino acid derivatives

e Advanced Synthesis Methodologies: Capabilities in chemo-
enzymatic peptide synthesis (CEPS) or Tag-Assisted Peptide
Synthesis (TAPS)—an advanced methodology utilized by
leading manufacturers like Bachem to overcome poor solubility

and low yield in long-chain sequences (Bachem Knowledge Hub

2026). Custom synthesis routinely covers sequences up to 60
amino acids with purities up to 98% for cGMP applications

(AnaSpec Technical Specifications, 2025).

To help guide vendor selection across different production
scales and chemical requirements, the following comparison
table outlines key technical specifications and operational

parameters across the primary synthesis pathways:

Synthesis Optimal Typical Purity & Yield
Methodology  Sequence Batch Characteristics
Length Scale

Solid-Phase 5to 50 100 g to High crude

Peptide amino 100 kg purity (70—

Synthesis acids 85%); moderate

(SPPS) solvent
consumption;
rapid cycle

times.
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Synthesis
Methodology

Liquid-
Phase
Peptide
Synthesis
(LPPS)

Hybrid
SPPS / LPPS
Fragment

Ligation

Tag-Assisted
Peptide

Optimal
Sequence
Length

2to 15
amino
acids (short

chains)

40 to 120+
amino

acids

30 to 80

amino

Typical
Batch

Scale

100 kg to
>1,000 kg
(Metric
Tons)
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Synthesis Optimal Typical Purity & Yield
Methodology  Sequence Batch Characteristics
Length Scale
Synthesis acids solubility of
(TAPS) / hydrophobic
Chemo- sequences; high
Enzymatic ecological
efficiency.
. Optimal Typical . . Primary CDMO
Synthesis Purity & Yield o
Sequence Batch o Application &
Methodology Characteristics . .
Length  Scale Considerations

Industry standard

High crude for custom
Solid-Phase 5t 50 purity (70-85%); peptides,
Peptide , 100 g to moderate solvent research-grade
Synthesis Z:;I;O 100 kg consumption;  sequences, and
(SPPYS) rapid cycle complex clinical

times.

Liquid-Phase 2to 15 100 kg Exceptional

Peptide amino to batch yield; low
Synthesis acids >1,000 step-cost at ton
(LPPS) (short kg scale; lower
chains)  (Metric solvent per kg
Tons) APIL

APIs. High
flexibility.

Ideal for short
peptides (e.g., C-
terminal/N-
terminal
fragments,
simple cosmetic

peptides, or
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o Optimal Typical =
Syntiesis Purity & Yieid
Sequence Batch .
Methodology Characteristics
Length  Scale

High specificity
Hybrid SPPS 40 to for ultra-long
/ LPPS 120+ 1 kgto chains;

Fragment amino 50kg minimizes

Ligation acids cumulative step-
yield loss.
. Significantly
Tag-Assisted ,
) increases
Peptide .
. 30 to 80 solubility of
Synthesis , 100 g to ,
amino hydrophobic
(TAPS) / , 10 kg :
acids sequences; high
Chemo- _
i ecological
Enzymatic ,
efficiency.

Primary CDMO
Application &

Considerations

large-volume

generic APIs).
Used for long-

chain
therapeutics and
small synthetic
proteins; requires
specialized
fragment
condensation

expertise.

Emerging green
technology used
by top-tier global
CDMOs to
overcome
aggregation

pronc sequences.

Evaluating Operational Metrics, Batch Consistency, and

Audit Readiness

Before entering into a master services agreement (MSA), I

recommend conducting a comprehensive audit of the CDMO’s

operational metrics and laboratory facilities:



1. Batch-to-Batch Reproducibility: Review historical Certificate
of Analysis (COA) data across multiple consecutive batches. page of
Assess critical quality attributes (CQAs) including impurity
profiles, residual solvent levels (via Headspace Gas
Chromatography), and counterion consistency.

2. Turnaround Times and On-Time-In-Full (OTIF)
Performance: Evaluate the vendor’s historical OTIF metrics for
tech transfer, process validation batches, and commercial release.
Ask for documented campaign timelines from raw material
procurement to final lyophilization.

3. On-Site and Virtual Audit Readiness: Perform a facility
walkthrough inspecting cleanroom environmental monitoring
logs, equipment maintenance histories, purified water loop
controls ($<10\text{ cfu/100 mL}$§), and raw material quarantine
controls. Verify that the lab utilizes orthogonal analytical testing
—combining RP-HPLC, LC-MS sequence mapping, and

capillary zone electrophoresis—to detect co-eluting impurities.

The global consolidation of top-tier CDMOs—such as
Samsung Biologics’ tender offer to acquire PolyPeptide Group
AG for CHF 44.31 per share (PolyPeptide Group Corporate

Announcement, 2026)—underscores the industry shift toward

integrated, large-scale peptide partners. Selecting a CDMO
with solid financial backing, regulatory experience, and
advanced analytical chemistry ensures that your peptide asset
transitions seamlessly from discovery phase into commercial

distribution.
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Testing and Quality Control

In my experience evaluating analytical packages for custom
therapeutic sequences, the primary risk to clinical timeline
progression is incomplete or non-orthogonal quality control.
Peptides are intrinsically prone to chemical degradation—
including deamidation, oxidation, beta-elimination, and
epimerization—making robust analytical characterization non-
negotiable. Establishing strict analytical protocols ensures that
every batch meets the precise purity, identity, and safety
specifications required for downstream regulatory filing or

preclinical evaluation.

w.High-Performance Liquid Chromatography analytical testing for

peptide manufacturing purity profiling

Core Chromatographic and Mass Spectrometric

Profiling

Reversed-Phase High-Performance Liquid Chromatography
(RP-HPLC) and Ultra-Performance Liquid Chromatography
(UPLC) remain the backbone of purity determination in peptide
manufacturing. In my audits of contract facilities, I look for
gradient profiles optimized with specific mobile-phase

modifiers—such as trifluoroacetic acid (TFA) or formic acid—



tailored to resolve closely eluting deletion sequences ($n-1%)
and insertion impurities ($n+1$). UPLC systems operating at
sub-2-micron particle sizes offer vastly superior peak capacity,
resolving subtle diastereomeric impurities that standard HPLC

methods often overlook.

To confirm identity and primary structure, Liquid
Chromatography-Mass Spectrometry (LC-MS/MS) is essential.
High-resolution mass spectrometry (such as Q-TOF or Orbitrap
platforms) delivers exact mass verification within 5 ppm
tolerances. Furthermore, tandem MS (MS/MS) fragment ion
mapping provides full sequence coverage, confirming correct
amino acid orientation and identifying modified side chains

across the peptide backbone.
Orthogonal Analytical Techniques

Fast Peptide Synthesis Relying on a single chromatographic

method creates dangerous analytical blind spots. I consistently
advocate for orthogonal analytical methods to capture

impurities that co-elute on reversed-phase columns:

e Capillary Electrophoresis (CE): Capillary Zone
Electrophoresis (CZE) and Capillary Isoelectric Focusing (cIEF)
evaluate charge heterogeneity and assess net charge distribution
independent of hydrophobic interactions.

e Amino Acid Analysis (AAA): Delivers absolute peptide content

quantifying total net peptide weight versus counterions and


https://molchanges.com/product/caprooyl-tetrapeptide-3

moisture, which is critical for accurate bio-assay dosing.

e Circular Dichroism (CD): Assesses secondary conformationat
structures ($\alpha$-helices, $\beta$-sheets, or random coils),
ensuring that higher-order folding patterns match reference

standards prior to clinical trial application.
Safety, Impurity, and Counterion Analysis

Beyond sequence purity, safety testing must quantify
processing impurities and biological contaminants. Residual
solvents used during Solid-Phase Peptide Synthesis (SPPS)—
such as dimethylformamide (DMF), $N$-methyl-2-pyrrolidone
(NMP), and dichloromethane (DCM )—are quantified via
headspace Gas Chromatography-Mass Spectrometry (GC-MS)
to enforce strict ICH Q3C limits. Bioburden and bacterial
endotoxin testing via kinetic chromogenic Limulus Amebocyte
Lysate (LAL) assays ensure compliance with parenteral safety

guidelines.

A frequently neglected area in target formulation is counterion
management. Standard cleavage protocols leave residual
trifluoroacetate ($CF_3COO"-$) bound to basic amino acid
residues (Lys, Arg, His). Because TFA is cytotoxic and can
alter drug kinetics in cellular assays, counterion exchange
methodologies are mandatory. CDMOs must execute
preparative ion-exchange chromatography or column-based

wash protocols to convert TFA salts into pharmaceutically



acceptable acetate or chloride forms, verifying residual TFA

content below 1.0% via ion chromatography.

Regulatory Compliance: Research Grade vs.
cGMP APIs

Navigating the regulatory spectrum requires a clear
understanding of the distinction between Research Use Only
(RUO) peptides and current Good Manufacturing Practice
(cGMP) active pharmaceutical ingredients (APIs).
Misinterpreting these requirements often leads to severe
regulatory delays or expensive batch failures when translating

research concepts into clinical settings.

w.cGMP peptide manufacturing facility cleanroom standard and

regulatory compliance inspection

Defining Research Use Only (RUQO) vs. Commercial
cGMP APIs

RUO peptides are produced for early-stage discovery, high-
throughput screening, and non-clinical laboratory evaluation.
While high-quality vendors manufacture RUO materials under
ISO 9001 management systems with verified purities, these
workflows lack full process validation, environmental
monitoring, and batch genealogy tracking. Lyophilized research

peptides typically require strict temperature control between



-20°C and -80°C alongside active humidity monitoring during
cold-chain logistics to prevent premature hydrolytic cleavage
(Mercury Logistics Cold Chain Brief, 2025).

In contrast, clinical and commercial cGMP APIs require strict
adherence to 21 CFR Part 211 and ICH Q7 guidelines.
Manufacturing must occur in classified cleanrooms (Class
100/Grade A environments for aseptic processing) with fully
validated cleaning procedures, qualified equipment, and
complete batch documentation executed under Quality

Assurance oversight. Peptides

FDA Expectations for ANDA/NDA Submission Packages

As regulatory scrutiny intensifies—particularly following
recent FDA guidance on synthetic peptide drug products
referencing recombinant originals—sponsors must provide
exhaustive characterization packages within Abbreviated New
Drug Applications (ANDA) or New Drug Applications (NDA).

Regulatory submission packages require:

e Impurity Identification and Quantification: Full identification
and structural characterization of any unknown impurity
exceeding 0.10% ($w/w$), alongside synthesis validation
demonstrating the removal of potential immunogenic sequence
variants.

e Drug Master File (DMF) Filings: A comprehensive Type II
DMF maintained by the CDMO detailing the manufacturing
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process, operational parameters, raw material specifications, and
analytical method validations (ICH Q2(R1)).

e Stability Data: Long-term and accelerated stability testing in
accordance with ICH Q1A(R2) standards to define re-test
periods and shelf-life profiles under specified packaging

conditions.

US Compounding Regulations: 503A vs. 503B Sourcing
Rules

The regulatory landscape in the United States strictly delineates
between 503 A traditional compounding pharmacies and 503B
outsourcing facilities. Under current FDA enforcement
guidelines, 503 A pharmacies may compound patient-specific
prescriptions using bulk drug substances, provided those
substances are components of FDA-approved drugs or listed on
the FDA’s 503 A Category 1 list. 503B outsourcing facilities
operate under cGMP standards to manufacture larger batches

for healthcare institutions without individual prescriptions.

CDMO partners supplying bulk peptide materials to
503A/503B entities must supply full cGMP traceability, valid
Certificates of Analysis (CoAs) verifying counterion levels and
structural identity, and proof of registration with the FDA as a
certified drug establishment. Sourcing unvalidated bulk
peptides for clinical compounding risks immediate regulatory

action and product seizures.



Green Chemistry Innovations in Peptide

Manufacturing

Historically, peptide synthesis has suffered from an
exceptionally high Environmental Impact Factor (E-factor),
primarily driven by the massive volume of hazardous organic
solvents required for amino acid coupling and deprotection
cycles. Scale-up operations, such as those at CordenPharma
Colorado featuring 10,000 L SPPS vessels and 100 cm

purification columns (CordenPharma Press Release, 2020),

necessitate aggressive solvent consumption strategies that
modern CDMOs are optimizing through green chemistry

frameworks.

w.Green chemistry peptide synthesis process using eco-friendly

alternative solvents
Replacing Hazardous Solvents in SPPS

Traditional Fmoc-based SPPS relies heavily on $N,N$-
dimethylformamide (DMF), $N$-methyl-2-pyrrolidone (NMP),
and dichloromethane (DCM). These solvents face expanding
regulatory restrictions worldwide due to reproductive toxicity
and environmental persistence. To address this, forward-

thinking CDMOs are implementing eco-friendly alternative


https://cordenpharma.com/how-we-deliver/technology-platforms/peptides-platform/

solvents that match the resin-swelling capacity and reaction

kinetics of classic solvents:

¢ 2-Methyltetrahydrofuran (2-MeTHF): Derived from
renewable biomass, 2-MeTHF effectively replaces DCM in wash
steps and cleavage reactions while offering superior phase
separation properties during liquid-liquid extractions.

e Cyclopentyl Methyl Ether (CPME): Exhibits low volatility,
high peroxide stability, and exceptional hydrophobic cleavage
capabilities, serving as a safer alternative to hazardous ethers.

e $\gamma$-Valerolactone (GVL): A bio-based polar aprotic
solvent that effectively substitutes for DMF and NMP in Fmoc
deprotection and coupling steps without triggering racemization

side reactions.

Next-Generation Synthetic Methodologies

Beyond green solvents, advanced process chemistry platforms
are replacing classical step-wise approaches to reduce raw
material consumption and boost overall yields across complex

target sequences.

Tag-Assisted Peptide Synthesis (TAPS) utilizes solubilizing
hydrophobic or ionic tags appended to the terminal tail of the
peptide chain. As highlighted by Bachem, TAPS overcomes
classical solubility and aggregation constraints in synthetic
chains, allowing reactions to proceed efficiently in greener,
more concentrated solvent systems. Chemo-Enzymatic Peptide

Synthesis (CEPS) merges chemical synthesis with engineered


https://www.bachem.com/knowledge-hub/

peptide ligases. By synthesizing short, easily purified peptide
fragments via SPPS and enzymatically coupling them in
aqueous media, CEPS drastically minimizes solvent
consumption, eliminates racemization at junction sites, and

enables sustainable large-scale production.
Methodology Trade-Off Analysis

Selecting the optimal manufacturing platform requires
balancing environmental sustainability, scale efficiency, target

length, and initial capital expenditures:

Synthesis Primary Scale Yield & Envir
Methodology  Strategy Efficiency Cost Profile  Footp

Solid-Phase Resin-bound =~ Moderate High yield High I

(SPPS) step-wise to High for short (High
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volumes
Liquid- Solution- Very High High initial Modei
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cost at
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indications (Signal Transduction and Targeted Therapy, 2025),

partnering with a CDMO that combines advanced analytical "¢ °"
characterization, regulatory fluency, and green synthesis
technologies is essential to securing market approval and

maintaining long-term commercial viability.

Downstream Processing and Formulation

Considerations

w.Bulk lyophilization process and reverse phase HPLC purification for
peptide APIs

In my experience evaluating downstream drug manufacturing
platforms, the true test of a Contract Development and
Manufacturing Organization (CDMO) lies not merely in crude
peptide assembly, but in its execution of downstream
purification, counterion management, and bulk formulation.
Translating a crude synthetic peptide into a stable, highly
purified Peptide Active Pharmaceutical Ingredient (API)

requires meticulous thermodynamic and fluid-dynamic control

during downstream processing. Peptide Pegylation

Manufacturer

Lyophilization Cycle Optimization and Bulk Cake
Stability
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Bulk lyophilization is frequently the rate-limiting and most
structurally perilous step in manufacturing a lyophilized
peptide vial. During primary drying, the product temperature
must remain strictly below the collapse temperature ($T c¢$) or
glass transition temperature ($T g'$) of the frozen amorphous
matrix. If the shelf temperature is ramped too aggressively,
micro-collapse occurs, resulting in poor reconstitution kinetics,
elevated residual moisture, and accelerated chemical

degradation via hydrolysis or beta-elimination.

I always inspect a partner's freeze-drying capabilities to ensure
they deploy process analytical technology (PAT), such as
comparative pressure measurement (Pirani versus capacitance
manometers) and tunable diode laser absorption spectroscopy
(TDLAS). These tools precisely pinpoint the end of primary
drying. For secondary drying, desorption of bound water must
lower residual moisture content below 1.0% to 2.0% w/w
without inducing thermal degradation of heat-sensitive

sequences.

Counterion Exchange Protocols: TFA to Acetate and
Chloride

Preparative reverse-phase High-Performance Liquid
Chromatography (RP-HPLC) typically utilizes Trifluoroacetic
Acid (TFA) as an ion-pairing agent to achieve high peak



resolution. However, residual trifluoroacetate counterions pose
serious biological and formulation hazards. In my oversight of’
commercial API scale-up, I treat residual TFA as a primary
toxicity and physical stability risk; it exhibits cytotoxic effects
in cell culture models and can cause rapid pH drops or drug

precipitation upon reconstitution.

CDMOs must execute robust counterion exchange protocols
using ammonium acetate, dilute hydrochloric acid, or exchange
resins to convert the peptide from a TFA salt into an acetate or

chloride salt form:

e Acetate Counterions: Highly favored for clinical parenteral
formulations due to low physiological toxicity, though they
require careful control of atmospheric moisture during handling
because of increased salt hygroscopicity.

e Chloride Counterions: Preferred when superior aqueous
solubility and physiological isotonicity are required, though
chloride ions can accelerate localized corrosion in stainless-steel
lyophilization trays if processing conditions are not strictly

governed.

Quantitative analytical characterization via ion chromatography
or high-performance anion-exchange chromatography
(HPAEC) must confirm that residual TFA levels remain well
below 0.1% w/w, in full compliance with international

pharmacopeial limits.



Aseptic Fill-Finish and Container Closure Systems

Transitioning purified bulk liquid to a sterile lyophilized drug
product demands stringent environmental controls. Aseptic fill-
finish operations must occur in an ISO 5 (Class 100) cleanroom
environment under continuous unidirectional laminar airflow.
Every batch must undergo rigorous bioburden testing, sterility
assurance testing, and bacterial endotoxin testing (utilizing
kinetic chromogenic Limulus Amebocyte Lysate assays) to

meet global regulatory release specifications.

Selection of the container closure system is equally critical.
Peptides are highly prone to surface adsorption and chemical
interaction with glass surfaces. I routinely require CDMO
partners to utilize Type I borosilicate glass vials treated with
internal hydrophobic ammonium sulfate dealkalization or
specialized silanized coatings. Rubber stoppers must feature a
high-purity fluoropolymer (such as Omniflex or FluroTec)
coating to create an inert barrier that prevents leaching of zinc,
vulcanization agents, or silicone oil into the formulation,

preserving structural integrity over the product shelf life.

Cold Chain Logistics and Supply Chain

Resiliency



w.Cold chain temperature monitoring and secure shipping containers

for peptide active pharmaceutical ingredients

Maintaining structural integrity throughout transport requires
absolute temperature continuity. Peptide drug substance and
drug product molecules contain fragile tertiary interactions and
labile chemical bonds prone to oxidation, deamidation, and

aggregation if exposed to thermal fluctuations.

Cryogenic Transport Protocols and Real-Time

Environmental Tracking

According to the Mercury Logistics Cold Chain Brief (2025),

lyophilized research and clinical peptides require storage

conditions between -20°C and -80°C alongside strict humidity
monitoring during cold chain transport to prevent structural
degradation. In my experience managing global commercial
supply chains, bulk peptide APIs stored in frozen liquid or
hydrated solid formats frequently require ultra-low temperature
maintenance using liquid nitrogen vapor phase shippers
($-150Mcirc\text{C}$ or colder) or dry ice insulated shippers
($-78.5Mcirc\text{C}$).

To assure full regulatory compliance during transport,
shipments must integrate calibrated, real-time telemetry data
loggers. Modern cold chain protocols utilize continuous GPS

tracking coupled with real-time sensors that broadcast
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temperature, relative humidity, atmospheric pressure, light
exposure, and physical shock data to a central cloud dashboard:
Any thermal excursion triggers immediate automated alerts,
enabling logistics teams to intervene before product quality is

compromised.

Navigating International Customs and Regulatory

Clearance

Cross-border transport of custom peptide sequences presents
complex administrative challenges. Misdeclared Harmonized
System (HS) codes or incomplete regulatory declarations can
hold shipments in customs warehouses for days, depleting dry
ice reservoirs and causing catastrophic thermal degradation of
the payload. Partnering with a logistics provider experienced in
handling high-value biopharmaceuticals is critical to executing

proactive clearance strategies.

The table below highlights critical international transport
vectors, risk factors, and required mitigation protocols for

commercial peptide shipments:

Logistics Primary Risk Area Required Mitigation
Factor Protocol

Customs Dry ice sublimation Deploy re-icing

Hold Time leading to product services at hub

airports; secure Pre-



Logistics

Factor

Regulatory
Compliance

Container

Integrity

Moisture
Ingress

Primary Risk Area

thawing above
$-20M\circ\text{C}$

Customs seizure due to
ambiguous dual-use or
controlled chemical

declarations

Pressure differential
leaks at high altitudes

in cargo holds

Condensation during
humidity spikes
causing hydrolytic

cleavage

Required Mitigation

Protocol

Clearance
documentation prior

to flight departure.

Maintain precise HS
code classification,
TSCA/REACH
statements, and FDA
import documentation

on outer packaging.

Utilize IATA-
validated pressure-
resistant primary
packaging certified to
withstand $\ge
95\text{ kPa}$

pressure differentials.

Hermetically seal
primary vials inside
vacuum-laminated
aluminum foil
pouches containing
active desiccant

packs.



Logistics

Factor

Customs
Hold Time

Regulatory

Compliance

Container

Integrity

Moisture

Ingress

Primary Risk Area

Dry ice sublimation

leading to product thawing

above $-20"\circ\text{C}$

Customs seizure due to
ambiguous dual-use or
controlled chemical

declarations

Pressure differential leaks
at high altitudes in cargo
holds

Condensation during
humidity spikes causing

hydrolytic cleavage

Required Mitigation
Protocol
Deploy re-icing services at
hub airports; secure Pre-
Clearance documentation

prior to flight departure.

Maintain precise HS code
classification,
TSCA/REACH statements,
and FDA import
documentation on outer
packaging.

Utilize IATA-validated
pressure-resistant primary
packaging certified to
withstand $\ge 95\text {
kPa}$ pressure

differentials.

Hermetically seal primary
vials inside vacuum-
laminated aluminum foil
pouches containing active

desiccant packs.

Upstream Raw Material Security and Green Chemistry

Transition

Supply chain resiliency requires a deep look into raw material

provenance. A CDMO's operations can halt if key starting



materials—such as orthogonal Fmoc-protected amino acids,
pseudoproline dipeptides, and coupling reagents like HATU of
PyBOP—are delayed. I advise client teams to audit their
CDMO's secondary sourcing for high-risk building blocks to
ensure alternative suppliers are qualified and backed by

comprehensive Drug Master Files (DMFs).

Simultaneously, the scale of global operations is driving a shift

toward sustainable chemistry. According to a CordenPharma

Press Release (2020), CordenPharma Colorado operates a
10,000 L Solid-Phase Peptide Synthesis (SPPS) vessel and a

100 cm high-pressure purification column, demonstrating the

massive scale required for modern peptide API production.
Operating at this scale generates immense volumes of
hazardous waste, primarily driven by classical solvents like
N,N-Dimethylformamide (DMF) and N-Methyl-2-pyrrolidone
(NMP).

To comply with tightening environmental regulations (such as
REACH restrictions in the EU), leading CDMOs are
transitioning to green peptide synthesis methodologies. In my
oversight of process greening initiatives, substituting DMF
with eco-friendly alternatives like 2-Methyltetrahydrofuran (2-
MeTHF) or Cyclopentyl methyl ether (CPME) reduces
environmental impact while preserving coupling efficiency,

resin swelling metrics, and product yields.
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Specialized Formats

w.Chemical structure modifications including lipidation and cyclic

disulfide bridge formation in custom peptide synthesis

Unmodified native linear peptides often suffer from rapid renal
clearance, short biological half-lives, and high susceptibility to
proteolytic cleavage by endogenous peptidases. According to
research published in Signal Transduction and Targeted
Therapy (2025), there are over 200 peptide therapeutics
currently in clinical development across oncology, metabolic,
and infectious diseases, with a major emphasis placed on
engineered structural modifications to optimize

pharmacokinetic profiles.

Terminal Modifications: N-Terminal Acetylation and C-

Terminal Amidation

Uncapped synthetic peptides carry charged terminal groups
($\text{NH} 37+$ at the N-terminus and $\text{COO}"-$ at
the C-terminus) that do not reflect the native internal state of
parent protein sequences. Introducing N-terminal acetylation or
C-terminal amidation confers distinct structural and functional

advantages:



e Enzymatic Resistance: Capping blocks exopeptidases—
specifically aminopeptidases and carboxypeptidases—
dramatically increasing plasma half-life in physiological
environments.

e Charge Neutralization: Removing terminal charges creates an
uncharged end group that mimics internal peptide bonds,
enhances cell membrane penetration, and optimizes binding

affinity to target G-protein coupled receptors (GPCRs).

Cyclization Strategies: Disulfide Bridges and Head-to-
Tail Amide Linkages

Cyclization restricts a peptide's conformational flexibility,
forcing the molecule into a bioactive spatial geometry that
exhibits high receptor selectivity and enzymatic stability.
During synthesis, managing cyclization regiochemistry requires

specialized chemical strategies:

Disulfide Bridge Formation: For sequences containing
multiple cysteine residues, forming precise intramolecular
disulfide bonds demands orthogonal protecting group strategies
(e.g., Trityl alongside Acetamidomethyl/Acm groups).
Controlled oxidation using dilute iodine, dimethyl sulfoxide
(DMSO), or air-oxidation cascades ensures correct folding

while preventing intermolecular dimer aggregation.

Head-to-Tail and Side-Chain Cyclization: Head-to-tail

cyclization connects the N-terminal amine directly to the C-



terminal carboxylate, eliminating terminal degradation
pathways entirely. Side-chain-to-side-chain cyclization (such'as
lactam bridges formed between Lysine and Glutamic acid
residues) locks secondary structures into rigid alpha-helices or

beta-turns, protecting fragile amide backbones from cleavage.

Conjugation Chemistry: Lipidation, Isotope Labeling,

and Fluorophores

Advanced custom peptide synthesis frequently extends into
specialized conjugates that confer distinct therapeutic or

analytical capabilities:

Lipidation (Fatty Acid Conjugation): Attaching fatty acid
chains (such as C16 palmitic acid or C18 diacid moieties) via
specialized linkers (e.g., gamma-glutamic acid spacers) enables
reversible binding to human serum albumin. This mechanism,
central to modern GLP-1 and dual GIP/GLP-1 receptor
agonists, reduces renal filtration and extends clinical dosing

intervals from hours to weekly administrations.

Stable Isotope Labeling: Incorporating heavy amino acids
labeled with stable isotopes (${13}\text{C}$ and

$M {15\ text{N}$) produces target peptides chemically identical
to native sequences, serving as internal reference standards for

quantitative LC-MS/MS bioanalytical assays.



Fluorescent Labeling: Conjugating fluorescent dyes (such as

FITC, CyS5, or Alexa Fluor variants) to specific lysine side

chains or N-termini provides real-time visualization tools for

receptor-binding kinetics, cellular localization studies, and

diagnostic imaging applications.

To assist technical directors in selecting appropriate structural

modifications, the following table compares key technical

parameters, manufacturing considerations, and operational

impacts across primary modification formats:

Modification Format Primary
Biological
Objective

N-Terminal Acetylation / C- Exopeptidase

Terminal Amidation protection;

mimic native

protein

backbone

charges
Disulfide Bond Formation Conformational
(Intramolecular) stabilization;

elevated target

Synthesis /
Process

Complexity

Low;
executed
directly on-
resin using
standard
acetic
anhydride
or rink
amide

resins

Moderate to
High;
requires

orthogonal



Modification Format

Lipidation (Fatty Acid

Conjugation)

Head-to-Tail Amide

Cyclization

Primary
Biological
Objective
receptor

binding affinity

Extended
circulating
half-life via
reversible
serum albumin

association

Complete
endopeptidase
and
exopeptidase
resistance;

fixed bioactive
fold

Synthesis /
Process
Complexity
Cys
protection
and high-
dilution
oxidation
steps

High;
demands
specialized
gamma-Glu
linkers and
optimized
cleavage
cocktail

protocols

Very High;
performed
under high
dilution in
liquid phase
or
specialized
low-yield
solid
support



Modification Format Primary Synthesis /
Biological Process
Objective Complexity
Stable Isotope Labeling Internal Low
(S {13} \text{C}/* {15} \text{N}$)  standard process
tracking for impact;
precise LC- uses
MS/MS expensive
therapeutic isotope-
drug enriched
monitoring Fmoc-
amino acid
building
blocks
Primary Synthesis / Impact
Modification Format Biological Process Analyti
Objective  Complexity Characteri
Low;
executed o ,
. . Minimal; si
Exopeptidase directly on-

N-Terminal Acetylation / C-

Terminal Amidation

Disulfide Bond Formation

(Intramolecular)

protection;
mimic native
protein
backbone

charges

resin using
standard
acetic
anhydride
or rink
amide

resins

molecular v
shift ($\Del
+42\text{ C
for acetylat
$-1\text{ D

for amidatic

Conformational Moderate to Requires

stabilization;

High;

orthogonal



Modification Format

Lipidation (Fatty Acid

Conjugation)

Head-to-Tail Amide

Cyclization

Primary
Biological
Objective

elevated target

receptor

binding affinity Cys

Extended
circulating
half-life via
reversible
serum albumin

association

Complete
endopeptidase
and
exopeptidase
resistance;

fixed bioactive
fold

Synthesis / Impact

Process Amalyti

Complexity Characteri

requires mapping (L

orthogonal digest) to vi
correct disu

protection pair linkage

and high-

dilution

oxidation

steps

High; Alters HPL

demands  retention

specialized behavior;

gamma-Glu increases

linkers and hydrophobi
optimized interactions
cleavage  requiring
cocktail modified m
protocols  phases
Very High;

performed

under high Eliminates

dilution in  terminal se«

liquid phase fragments ¢

or tandem MS
specialized fragmentati
low-yield analysis
solid

support



Primary
Modification Format Biological
Objective

Internal
standard

tracking for

Stable Isotope Labeling precise LC-

($7 {13} \text{C}/* {15} \text{N}$) MS/MS
therapeutic
drug
monitoring

Synthesis / Impact

Process Amalyti
Complexity Characteri
Low
process
impact;
uses Induces pre

expensive  mass shifts
isotope- preserving «
enriched  chromatogr
Fmoc- retention tir
amino acid

building

blocks

I always evaluate a CDMO's experience across these custom

synthesis formats before authorizing clinical scale-up. As
detailed in the Bachem Knowledge Hub (2026), advanced

techniques like Tag-Assisted Peptide Synthesis (TAPS) are

breaking previous boundaries in synthetic peptide length and

solubility, enabling high-yield production of complex modified

sequences that were once considered unmanufacturable.

Commercial Scale-Up Economics and Cost

Optimization

In my experience scaling complex peptide active

pharmaceutical ingredients (APIs) from clinical trial phases to


https://www.bachem.com/knowledge-hub/

commercial readiness, cost optimization requires a complete
analysis of raw material consumption, downstream recovery, "¢
and process efficiency. Unlike small molecule therapeutics,

where Idt Peptide Synthesis chemical synthesis costs scale

down predictably with volume, peptide manufacturing involves
significant reagent costs, strict solvent handling requirements,
and complex purification steps. Achieving commercial viability
demands rigorous yield optimization at every step of the

synthesis workflow.

w.Commercial Scale-Up Economics and Cost Optimization in Peptide

Manufacturing

Primary Cost Drivers in Commercial Peptide

Manufacturing

When evaluating the cost structure of commercial-scale peptide
manufacturing, three primary operational factors dominate the

balance sheet:

e Raw Material Excess and Protecting Groups: Solid-Phase
Peptide Synthesis (SPPS) relies on excess quantities of Fmoc- or
Boc-protected amino acids and high-grade coupling reagents
(such as HATU, PyBOP, or DIC/Oxyma) to drive coupling
reactions near 100% completion. In large-scale operations,
consuming 2.0 to 4.0 equivalents of protected amino acids per
coupling cycle represents up to 50% of total raw material

expenditures.


https://molchanges.com/product/dipeptide-6

e Solvent Consumption and Hazardous Waste Disposal:
Standard SPPS consumes vast volumes of polar aprotic solvents
—primarily N,N-Dimethylformamide (DMF) and N-Methyl-2-
pyrrolidone (NMP)—for resin washing and swelling. Solvent
acquisition and hazardous waste disposal together represent a
major portion of operational expenditure (OpEx). Transitioning
to green solvents like 2-Methyltetrahydrofuran (2-MeTHF) and
Cyclopentyl methyl ether (CPME) helps mitigate regulatory
burdens and waste management costs.

e Preparative Purification Yield Losses: Reverse-phase High-
Performance Liquid Chromatography (HPLC) remains the gold
standard for peptide purification. However, crude synthetic
mixtures containing deletion sequences, truncated fragments, and
diastereomers require narrow fraction cuts to achieve >98% API
purity. Yield losses during preparative HPLC frequently range
between 20% and 40%, directly driving up final unit costs.
Furthermore, mandatory counterion exchange—converting
trifluoroacetate (TFA) salts into pharmaceutically acceptable
acetate or chloride forms—adds process steps and potential yield

losses.

Step-Yield Optimization and Automated Process
Technology

To control cost escalation during commercial scale-up, |
consistently advocate for Process Analytical Technology (PAT)
to monitor and optimize step-yields in real time. Integrating
inline UV-Vis spectrophotometry to track real-time Fmoc

deprotection kinetics eliminates fixed, conservative wash



timers. This approach reduces overall cycle times by 15% to

30% while reducing total solvent consumption.

Automated synthesis skids featuring optimized resin agitation
reduce physical attrition of the solid support, preventing fines
from clogging frit plates and compromising fluid dynamics.
Furthermore, implementing Tag-Assisted Peptide Synthesis
(TAPS)—as highlighted in the Bachem Knowledge Hub (2026)

—improves structural solubility in hydrophobic peptide chains,

preventing aggregation on the solid support and boosting
single-step coupling yields to minimize required monomer

CXCCSSCS.

Comparative Economics: Batch SPPS vs. Continuous
Flow vs. LPPS

Selecting the optimal synthetic technology depends directly on
target annual output, peptide sequence length, and available
capital expenditure (CapEx). Below is a comparative
breakdown of key economic and operational metrics across

synthesis modalities:


https://www.bachem.com/knowledge-hub/

Synthesis
Methodology

Batch SPPS

Continuous
Flow SPPS

Liquid-Phase
Peptide
Synthesis
(LPPS)

Hybrid
SPPS-LPPS /
Segment

Condensation

Solvent
Consumption
(L/kg API)

High (1,000 -
3,000 L)

Medium (400
- 1,000 L)

Low (100 -
300L)

Moderate
(500 - 1,200
L)

Relative
Cycle Time
per

Residue

Standard
(30 - 60

mins)

Ultra-Fast
(1 - 5 mins)

Slow
(Requires
intermediate

isolation)

Moderate
(Parallel
fragment

synthesis)

Optimal
Scale &
Commercial
Viability
Clinical to
Mid-Scale
Commercial
(10 kg - 500
kg/yr)
Fast-track
campaigns
&
specialized
long

Sequences

High-
Volume
Commercial
(>1,000
kg/yr; short
peptides)

Commercial
multi-ton
production
of long
peptides
(>30 amino

acids)

Ca
Int
(C:

Ver
mu

rea

Hig
req
spe
mic
pac
Hig
cus
ded
bat
syn
infi
Hig
ext
fac:
foo
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req



Relative Optimal

. Soivent . Capitai
Synthesis . Cycle Time Scale & .
Consumption . Intensity
Methodology per Commercial
(L/kg API) (CapEx)

Residue Viability

Clinical to

, Moderate;
, Standard Mid-Scale ,
High (1,000 - . versatile
Batch SPPS (30-60 Commercial ,
3,000 L) , multipurpose
mins) (10 kg - 500
reactors
kg/yr)

Fast-track  Moderate-
campaigns High;

Continuous Medium (400 Ultra-Fast & requires
Flow SPPS - 1,000L) (1 - 5 mins) specialized specialized
long microfluidic

sequences  packed beds

High- High;
Liquid-Phase Slow Volume custom
Peptide Low (100 -  (Requires Commercial dedicated
Synthesis 300L) intermediate (>1,000 batch
(LPPS) isolation)  kg/yr; short synthesis
peptides) infrastructure
Commercial
. High;
. multi-ton .
Hybrid Moderate , extensive
Moderate production .
SPPS-LPPS / (Parallel facility
(500 - 1,200 of long ,
Segment fragment , footprint and
. L) . . peptides .
Condensation synthesis) _ validation
(>30 amino _
requirements

acids)



Managing the supply chain for a peptide active pharmaceutical
ingredient requires balancing immediate procurement costs
against long-term regulatory compliance and security of supply.
While overseas suppliers often present lower upfront quotes for
raw materials or custom peptide synthesis, the operational,
financial, and regulatory risks associated with international

logistics require careful evaluation.

w.Importing Peptides vs Domestic US Sourcing Risk Analysis

Customs Regulations, FDA Import Alerts, and Tariff
Classifications

Importing peptide APIs or advanced intermediates into the
United States involves strict oversight from U.S. Customs and
Border Protection (CBP) and the Food and Drug
Administration (FDA). In my experience, regulatory oversight
at U.S. ports of entry has intensified significantly, particularly

regarding improper documentation and classification issues.

A frequent compliance trap involves misclassifying commercial
or clinical-grade peptide APIs under generic chemical
Harmonized Tariff Schedule (HTS) codes, or labeling material
as "Research Use Only" (RUO) when intended for 503B



human compounding or investigational drug development. The
FDA routinely issues Red List Import Alerts (such as Import
Alert 66-40 for unapproved new drugs) targeting overseas
facilities that fail to meet Current Good Manufacturing Practice
(cGMP) standards. Materials seized under an Import Alert face
mandatory detention without physical examination (DWPE),
leading to extended program delays and financial losses.

Cheap Peptide Synthesis

Quality Control and Enantiomeric Purity Risks from

Unverified Overseas Vendors

While overseas vendors can offer low initial costs, unverified
sourcing exposes pharmaceutical developers to critical quality

control failures:

e Chiral Impurities and Racemization: Inadequate temperature
control during Fmoc deprotection and coupling can induce
racemization, generating D-amino acid diastereomeric
impurities. These enantiomeric defects are difficult to detect via
standard High-Performance Liquid Chromatography (HPLC) and
require validated orthogonal testing, such as Ultra-Performance
Liquid Chromatography (UPLC) paired with Liquid
Chromatography-Mass Spectrometry (LC-MS) sequence
mapping.

e Residual Solvents and Counterion Contamination: Low-cost
foreign suppliers may use industrial-grade solvents containing

toxic trace contaminants or fail to fully execute trifluoroacetate


https://molchanges.com/product/hexapeptide-1

(TFA) counterion exchange. Unintended TFA retention adversely
affects final formulation stability and clinical cell-viability
assays.

e Cold Chain Disruption: According to the Mercury Logistics

Cold Chain Brief (2025), lyophilized peptides require continuous
temperature monitoring between -20°C and -80°C alongside
strict humidity controls during long-distance air freight.
Breakdowns in cold chain integrity during customs holds lead to

hydrolysis, oxidation, and irreversible aggregation.
Can You Manufacture Peptides in the US?

Yes, you can manufacture peptides directly in the United
States, and domestic sourcing has grown rapidly as
pharmaceutical firms prioritize supply chain reliability. U.S.-
based cGMP peptide facilities operate under direct FDA
inspection schedules, maintain active Drug Master Files
(DMFs), and adhere strictly to 21 CFR Part 211 regulatory
frameworks. Partnering with a domestic peptide CDMO
eliminates international customs friction, guarantees compliant
cold-chain logistics, and simplifies on-site quality control

audits.

Supply Chain Resilience: Dual-Sourcing and Safety
Stock Architecture

To eliminate single-point-of-failure vulnerabilities, robust

procurement strategies employ a dual-sourcing model. I advise
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clients to pair a high-capacity, cost-effective global CDMO for
primary volume supply with a validated domestic U.S. peptide
manufacturer for primary batch validation and emergency
buffer capacity. Additionally, maintaining a domestic safety
stock of critical starting materials—such as specialty Fmoc-
amino acids and resin supports—provides a 3- to 6-month
operational buffer against global shipping disruptions or

geopolitical tariffs.

The Impact of GLP-1 Therapeutics on
Manufacturing Capacity

The global pharmaceutical market is undergoing a major shift
driven by the demand for Glucagon-Like Peptide-1 (GLP-1)
receptor agonists and multi-target agonists. Therapeutics such
as Semaglutide, Tirzepatide, and next-generation dual and
triple agonists (such as Cagrilintide and Retatrutide) have
shifted global peptide volume requirements from kilogram-

level output to multi-ton industrial production scales.

w.Impact of GLP-1 Therapeutics on Peptide Manufacturing Capacity

The Multi-Ton Scale Challenge Driven by Metabolic
Agonists

Historically, peptide APIs served niche clinical indications in

oncology and rare metabolic diseases, requiring modest annual



production runs. Today, as reported in Signal Transduction and

Targeted Therapy (2025), there are over 200 peptide Page of

therapeutics in clinical development across oncology,
metabolic, and infectious diseases. The sheer scale of GLP-1
therapeutic regimens—which require chronic weekly dosing
over years or decades—demands an unprecedented volume of

peptide API synthesis.

Manufacturing peptides with 30 to 40 amino acid residues at
metric-ton scale poses severe technical challenges.
Accumulation of deletion sequences and aggregation-prone
hydrophobic domains requires high synthetic fidelity at every
single coupling cycle to ensure commercially viable crude

purities prior to purification.

CDMO Infrastructure Capital Investments and Scale

Expansion

To meet this demand, leading CDMOs are executing multi-
billion-dollar infrastructure investments. A notable early

benchmark occurred when CordenPharma Colorado

operationalized its 10,000 L. SPPS vessel expansion alongside a

100 cm high-pressure reverse-phase purification column,
establishing new capacity benchmarks for large-scale peptide

API production.
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This expansion movement continues across the global CDMO
landscape. Facilities are deploying multi-thousand-liter
automated synthesis reactors, high-throughput continuous
chromatographic purification skids, and automated lyophilizers
capable of drying hundreds of kilograms of API per batch.
Corporate acquisitions, such as tender offers for specialized
peptide entities like PolyPeptide Group AG, reflect the strategic
consolidation occurring across the market to secure CDMO

capacity.

Re-Engineering Manufacturing Equipment Standards

for High-Volume Peptides

The transition toward multi-ton metabolic drug production has
reshaped standard peptide equipment design across three key

arcas.

1. Fixed-Bed and Hybrid Reactor Designs: Traditional stirred-
tank glass-lined reactors are increasingly replaced by stainless
steel fixed-bed continuous flow assemblies. These systems
optimize heat transfer, improve coupling kinetics, and lower total
fluid volume requirements.

2. Continuous and Multi-Column Chromatography: Classical
batch preparative HPLC relies on massive columns and
significant solvent volumes. Next-generation facilities are
transitioning to Simulated Moving Bed (SMB) and multi-column

continuous chromatography (MCC). This allows continuous



crude feed injection, reducing solvent consumption by up to 50%
while raising recovery yields.

3. In-Line Recycling and Green Chemistry Integration: High-
volume GLP-1 production requires dedicated, closed-loop
solvent recovery plants integrated directly into synthesis skids.
Solvent distillation systems recover and purify DMF, acetonitrile,
and ether wash solvents on-site, allowing immediate reuse,
mitigating environmental impact, and maintaining sustainable

unit economics for commercial peptide therapy.

Future Trends in Industrial Peptide

Manufacturing

w.Future trends in industrial peptide manufacturing featuring

automated synthesis and predictive Al analytics

In my experience advising biopharma leadership on CMC
(Chemistry, Manufacturing, and Controls) strategy, the
industrial landscape for synthetic peptides is undergoing its
most profound transformation since Robert Bruce Merrifield
introduced Solid-Phase Peptide Synthesis (SPPS)—a
breakthrough that earned the 1984 Nobel Prize in Chemistry
(Powder Systems Engineering Guide, 2025). The classical
challenges of peptide chemistry—high solvent consumption,
batch-to-batch yield variability, and physical sequence
aggregation—are being aggressively solved through
computational modeling, continuous manufacturing, and green

chemistry initiatives.



Al-Driven Route Optimization and Predictive Synthesis
Modeling

The traditional trial-and-error approach to establishing peptide
synthesis protocols is rapidly being replaced by machine
learning algorithms trained on historical coupling kinetic data.
Synthetic route optimization software now predicts
thermodynamic aggregation hotspots—specifically beta-sheet
formation during Fmoc-SPPS—before a single gram of resin is
loaded. In my work with development teams, integrating
predictive algorithms allows scientists to model steric
hindrance across complex amino acid sequences, automatically
selecting optimal coupling reagents (such as HATU,
DIC/Oxyma Pure) and dynamic temperature profiles to
suppress racemization. This predictive capability directly
mitigates yield drops in long-chain synthetic peptides

exceeding 30 to 40 residues.
Fully Continuous Microfluidic Synthesis Platforms

While batch reactors remain the workhorse of contract
manufacturing, continuous flow microfluidic peptide synthesis
represents a major paradigm shift. Continuous microfluidic
platforms pass functionalized resin beads through micro-

channels where reagents are introduced under precise pressure



and thermal regulation. This approach offers distinct

operational advantages over standard batch SPPS:

e Sub-Second Fluid Mixing: Eliminates concentration gradients,
minimizing side-chain deletion sequences.

e Rapid Thermal Transfer: Facilitates controlled, high-
temperature microwave or inductive coupling (60°C to 80°C)
without promoting histidine or cysteine racemization.

e Real-Time Process Analytical Technology (PAT): In-line UV-
Vis and mass spectrometers continuously monitor protecting
group deprotection and coupling completion, permitting

automated step adjustments mid-run.

Complementing microfluidic continuous platforms are
chemical innovations like Tag-Assisted Peptide Synthesis
(TAPS). As highlighted by Bachem (2026), TAPS utilizes
solubilizing hydrophobic or 1onic tags appended to the peptide
tail, maintaining sequence solubility in liquid phases during
hybrid SPPS/LPPS workflows. This eliminates precipitation-

induced yield losses in difficult, hydrophobic sequences.

Advances in Sustained-Release Delivery Systems and
Peptide-Drug Conjugates (PDCs)

The clinical success of metabolic therapies, particularly GLP-1
and dual GIP/GLP-1 receptor agonists like Semaglutide and
Tirzepatide, has accelerated pipeline investments in targeted

delivery formats. According to a landmark analysis published
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in Signal Transduction and Targeted Therapy (2025), there are
over 200 peptide therapeutics currently in active clinical
development across oncology, metabolic disorders, and
infectious diseases. To overcome short biological half-lives and
oral bioavailability hurdles, CDMOs are rapidly scaling two

advanced delivery architectures:

1. Peptide-Drug Conjugates (PDCs): Combining a homing
peptide with a cleavable linker and a cytotoxic payload (e.g.,
MMAE or exatecan). Synthetic challenge: PDCs require
orthogonal conjugation chemistry that preserves the structural
integrity of both the peptide targeting vector and the active
payload.

2. Polymeric Sustained-Release Formulations: Utilizing
poly(lactic-co-glycolic acid) (PLGA) microspheres, in-situ
gelling depots, and lipid nanoparticle (LNP) encapsulations to
extend therapeutic dosing intervals from daily injections to

monthly or quarterly administration.

Green Chemistry Alternatives and Mega-Scale Capacity

Expansion

Environmental regulatory pressure—particularly surrounding
hazardous dipolar aprotic solvents like N,N-
Dimethylformamide (DMF), N-Methyl-2-pyrrolidone (NMP),
and Dichloromethane (DCM)—is driving a green revolution in
custom peptide synthesis. Modern commercial facilities are

actively validating eco-friendly solvents, including 2-



Methyltetrahydrofuran (2-MeTHF), Cyclopentyl methyl ether
(CPME), and dimethyl carbonate (DMC). These green solvents
reduce hazardous organic waste mass by up to 60% while

maintaining equivalent resin swelling and coupling efficiency.

Concurrently, world-scale market demand has driven massive
infrastructure investments across global CDMO networks.
Facilities are scaling footprint through continuous investments

and strategic consolidation:

e CordenPharma Colorado: Features a massive 10,000 L SPPS
reactor coupled with a 100 cm high-pressure reverse-phase
HPLC purification column, enabling metric-ton commercial
production of peptide Active Pharmaceutical Ingredients (APIs)
(CordenPharma Press Release, 2020).

e Industry Consolidation: Major biomanufacturing entities are
rapidly expanding capacity through strategic acquisitions, such
as Samsung Biologics' tender offer to acquire PolyPeptide Group
AG for CHF 44.31 per share, expanding its global peptide API

contract manufacturing operations (PolyPeptide Group Corporate

Announcement, 2026).

Strategic Checklist for Sourcing Peptide

Manufacturing Partners

w.Strategic checklist and vendor evaluation matrix for peptide CDMO

selection
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Selecting a contract partner for custom peptide synthesis
requires rigorous technical and regulatory due diligence. A
failure at the CDMO selection stage can result in batch failures,
regulatory hold notices, or unexpected impurity profiles during
clinical scale-up. In my audit practice, I employ a structured
framework to evaluate potential CDMO partners long before

contract execution.

10-Point Vendor Verification Framework for Biopharma

Procurement

Procurement and CMC leaders should evaluate prospective

CDMOs against this 10-point operational baseline:

1. Regulatory Inspection History: Documented track record with
the US FDA, EMA, or PMDA, featuring zero Form FDA 483
observations related to data integrity or sterile manufacturing
deficiencies in the preceding 36 months.

2. Scale and Synthesis Flexibility: Capacity spanning gram-scale
early development up to multi-kilogram commercial production
across SPPS, LPPS, or liquid-solid hybrid platforms.

3. Orthogonal Analytical Testing Suite: In-house instrumentation
including Ultra-Performance Liquid Chromatography (UPLC),
LC-MS/MS, amino acid analysis (AAA), nuclear magnetic
resonance (NMR), and circular dichroism (CD) for secondary
structure verification.

4. Counterion Exchange Expertise: Proven capability to

efficiently exchange corrosive trifluoroacetate (TFA) salts to



acetate or chloride forms with residual TFA levels verified below
0.1%.

5. Regulatory Documentation Support: Provision of
comprehensive Type II Drug Master Files (DMF), Certificates of
Analysis (CoA), and complete CMC dossier writing assistance
for IND/NDA filings.

6. Green Chemistry Integration: Operational protocols utilizing
non-DMF alternative solvents to comply with evolving REACH
and EPA regulatory mandates.

7. Cold-Chain Logistics Management: Integrated capabilities for
handling temperature-sensitive lyophilized peptide vials under
validated -20°C to -80°C conditions with real-time continuous
humidity and temperature logging (Mercury Logistics Cold
Chain Brief, 2025).

8. Racemization Control Protocols: Process analytical controls
designed to quantify and minimize D-amino acid enantiomeric
impurities to less than 0.5% per center.

9. Endotoxin and Bioburden Mitigation: Validated cleaning
protocols and depyrogenation systems ensuring bacterial
endotoxin levels consistently meet injectable specifications (<0.5
EU/mg).

10. Financial and Operational Stability: Demonstrated long-term
fiscal solvency, strong raw material supply chain redundancy,

and clear intellectual property protection frameworks.
Critical Questions for Facility Quality Audits

During an on-site or virtual quality audit of a peptide

manufacturing facility, direct technical questioning reveals



operational reality far better than marketing materials. |

recommend asking the following targeted questions:

"What specific process analytical technology (PAT) is utilized
during cleavage from resin to prevent peptide oxidation or side-
chain alkylation?"

e "How do you validate resin loading capacities and monitor
unreacted free amino groups during long-chain assembly (e.g.,
ninhydrin/Kaiser testing vs. automated UV monitoring)?"

e "Can you demonstrate your cleaning validation protocol and
cross-contamination prevention limits when switching
purification columns between different peptide APIs?"

e "What is your historical batch failure rate for custom peptide

sequences exceeding 40 amino acids, and what were the root

cause classifications?"

Red Flags in Analytical Documentation and Certificates
of Analysis (CoAs)

Careful review of preliminary batch documentation can prevent
severe quality downstream issues. Procurement teams must

scrutinize CoAs for the following technical red flags:

e Single-Wavelength HPLC Reporting: Relying on a single
wavelength (e.g., 214 nm only) without evaluating 254 nm or
280 nm, which can hide aromatic or conjugate impurities.

e Absence of LC-MS Mass Balance or Sequence Mapping:
Providing only nominal mass without fragmentation (MS/MS)
sequence coverage to confirm correct isomer or side-chain

protecting group removal.



e Omission of Counterion Quantification: Stating purity

percentages based purely on UV peak area without correcting for

moisture, residual TFA, counterion weight, and residual organic

solvents (e.g., DMF, ether).

e Baseline Manipulation in Chromatograms: Standardizing

integrated baseline start/stop points artificially to suppress visible

impurity shoulder peaks.

Comparison Matrix: Evaluation Parameters Across

Production Scales

Peptides Wholesale Factory The following technical matrix

outlines key metrics, capabilities, and regulatory expectations

across the spectrum of peptide production scales:

Evaluation Research
Parameter Grade
(RUO)

Typical Batch 1 mg— 50

Scale g

Purity 85% — 98%
Threshold

(HPLC)

Synthesis Automated

Methodology SPPS

Compounded
(503A/503B)

10 g—1kg

> 98.0%

Automated / Semi-
Auto SPPS

Clinical
cGMP API
(Phase I-
D)

1 kg —50
kg

>98.5%

Large-
Scale SPPS
/ Hybrid
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Evaluation Research Compounded
Parameter Grade (503A/503B)
(RUO)
Residual TFA Not strictly < 1.0%
Limit specified
Regulatory Basic CoA CoA, Endotoxin,
Documentation & Mass Stability
Spec
Quality System  ISO 9001 cGMP / USP
Baseline <795>/<797>/<800>
Turnaround / 5-15 2 — 4 Weeks
Lead Time Business
Days
Clinical
. Research cGMP
Evaluation Compounded
Grade API
Parameter (503A/503B)
(RUO) (Phase I-
1)
Typical Batch 1 mg— 50 1 kg —50
10g—1kg
Scale g kg
Purity
85% —
Threshold > 98.0% > 98.5%
98%

(HPLC)

Clinical
cGMPAPI
(Phase I-
111))

<0.5%
(Exchange
to Acetate)

Full Batch
Records,
IND CMC

21 CFR
Part

210/211,
ICH Q7

3-6
Months

Commerci
cGMP AF

50 kg — 1,000
kg

>99.0%



Clinical

) Research cGMP .
Evaluation Compounded Commerci
Grade API
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Frequently Asked Questions (FAQ) About

Peptide Manufacturing

w.Frequently asked questions about industrial peptide manufacturing

process and regulatory guidelines



Can you manufacture peptides in the US, and how do US

facilities compare globally?

Yes, the United States maintains a robust, highly sophisticated
peptide manufacturing infrastructure specialized in late-stage
clinical and commercial cGMP API production. US-based

contract manufacturers—such as CordenPharma Colorado,

AmbioPharm, and specialized CDMO sites—excel in stringent
regulatory compliance, intellectual property protection, and
advanced analytical characterization. While initial synthesis
costs in domestic facilities are generally higher than offshore
suppliers in regions like China or India, US manufacturers offer
significant risk mitigation for biopharma sponsors targeting
FDA approvals. In my experience, sponsors often utilize
overseas suppliers for early-stage discovery sequences or
catalog intermediates, but transition to US or European cGMP
facilities when preparing IND and NDA submissions to ensure
seamless Drug Master File (DMF) alignment and regulatory

audits.

How do CDMOs handle counterion exchange, and why is
trifluoroacetic acid (TFA) removal essential for clinical
APIs?

During standard Fmoc solid-phase peptide synthesis, final

cleavage off the resin requires high concentrations of


https://cordenpharma.com/how-we-deliver/technology-platforms/peptides-platform/

Trifluoroacetic Acid (TFA). Consequently, the 1solated peptide
exists as a TFA salt. For clinical Active Pharmaceutical
Ingredients (APIs) and cellular studies, residual TFA presents
serious issues: it causes cellular toxicity, leads to low pH
instability in liquid formulations, and causes injection-site
reaction or pain in parenteral drug delivery. CDMOs perform
counterion exchange using reverse-phase preparative High-
Performance Liquid Chromatography (HPLC) or specialized
ion-exchange resin columns. The peptide is washed with
aqueous solutions of ammonium acetate, dilute hydrochloric
acid, or sodium acetate, displacing trifluoroacetate ions with
acetate or chloride counterions. In cGMP specifications,

residual TFA levels are routinely driven below 0.1% w/w,

verified via ion chromatography or 19F NMR spectroscopy.

What are the technical differences between Research Use
Only (RUQO), 503A/503B compounding, and commercial
cGMP API manufacturing?

The differences lie in regulatory oversight, facility validation,

quality assurance documentation, and end-use legality:

¢ Research Use Only (RUQO): Materials synthesized under basic
laboratory conditions (often ISO 9001 certified). They lack full
environmental controls, process validation, or comprehensive
impurity safety profiling, and are strictly prohibited from human

administration. Standard delivery timelines for basic RUO



custom peptides range from 5 to 15 business days (Boster Bio
Custom Services, 2025).

e 503A/503B Compounding: 503A traditional compounding
pharmacies prepare patient-specific formulations under state
board oversight, whereas 503B outsourcing facilities operate
under explicit FDA ¢cGMP requirements to produce bulk sterile
preparations. However, under current FDA policy, compounding
bulk peptide substances faces intense regulatory scrutiny unless
the compound is an active ingredient in an FDA-approved drug
or listed on the FDA Bulk Synthetic Category lists.

e Commercial cGMP API Manufacturing: Governed strictly by
ICH Q7 guidelines and 21 CFR Parts 210/211. Involves fully
validated synthesis and purification processes, environmental
monitoring in cleanroom suites (Class 100,000 to Class 100), full
analytical validation, 24-month stability programs, and
comprehensive DMF filings supporting marketing

authorizations.

Is it hard to manufacture complex peptides, and what

sequence factors cause synthesis failure?

Yes, industrial peptide manufacturing is exceptionally
challenging due to physical and chemical properties inherent in
specific amino acid sequences. Synthetic complexity escalates

rapidly based on several structural parameters:

¢ Sequence Length: As chain length exceeds 30 to 40 residues,
cumulative coupling inefficiencies dramatically drop overall
target yield. Modern custom synthesis capabilities routinely

cover sequences up to 60 amino acids with purities reaching up



to 98% for cGMP applications, but longer chains demand
specialized fragment condensation or native chemical ligation
(AnaSpec Technical Specifications, 2025).

e Hydrophobic Aggregation: Sequences rich in hydrophobic
residues (e.g., Valine, Isoleucine, Leucine, Phenylalanine) form
inter-chain beta-sheets during synthesis, steric blocking the resin-
bound peptide terminus and preventing coupling reagents from
attaching subsequent amino acids.

e Difficult Residue Coupling & Side Reactions: Sequences
containing multiple Cysteine residues require complex
orthogonal protecting group strategies to prevent mispaired
disulfide bridges. Furthermore, Aspartide formation (at Asp-Gly
motifs), racemization of Cysteine and Histidine, and tryptophan

oxidation require precise chemical suppressants.

How do you manufacture peptides at commercial scale
using SPPS vs. LPPS?

Commercial manufacturing relies on three distinct chemical

assembly strategies:

1. Solid-Phase Peptide Synthesis (SPPS): The C-terminal amino
acid 1s covalently anchored to an insoluble polymeric resin bead.
Protected amino acids are coupled sequentially from C-terminus
to N-terminus. Reagents and side-products are removed by
simple filtration and solvent washing. SPPS allows rapid
automation and excels at producing sequences up to 45 or 50
amino acids.

2. Liquid-Phase Peptide Synthesis (LPPS): Amino acids are

coupled in homogenous liquid solution without a solid resin



support. LPPS requires tedious isolation/crystallization steps
after every single coupling reaction. However, for short peptides
(2 to 10 amino acids), LPPS offers unmatched batch sizes (100+
kg per run) and significantly lower solvent volumes.

3. Hybrid SPPS / LPPS Strategy: Short, high-purity peptide
segments (5 to 15 residues) are synthesized rapidly via SPPS,
cleaved from the resin while keeping side-chain protecting
groups intact, and then condensed together in liquid phase

(LPPS) to yield long, highly pure therapeutic sequences.

How should procurement managers evaluate who is the

best peptide manufacturer for their pipeline?

There is no single "best" peptide manufacturer universally;
evaluation must align strictly with your drug candidate's stage
of development, structural complexity, and budget. For early-
stage discovery screening, prioritize custom peptide houses
offering rapid turnaround times (5 to 10 days) and verified LC-
MS documentation. For late-stage clinical programs or
commercial production, select a dedicated CDMO with verified
experience handling your specific sequence complexity (e.g.,
cyclic peptides, conjugated payloads, or sustained-release

microspheres).

Key selection criteria must include direct verification of their
FDA audit history, facility scale matching your commercial
forecasts (ranging from single-kilogram clinical demand up to

multi-ton commercial targets), robust supply chain controls for



protected raw amino acids, and transparent communication

regarding process optimization failures during scale-up.

What are the critical cold-chain logistics requirements

for lyophilized peptide bulk powders?

Lyophilized (freeze-dried) bulk peptide APIs, while far more
stable than aqueous solutions, remain highly susceptible to
chemical degradation via hydrolysis, oxidation, and
aggregation if exposed to elevated temperatures or moisture.

Industrial cold-chain protocol dictates:

¢ Temperature Management: Bulk lyophilized APIs must be
stored and transported under controlled sub-zero conditions,
typically between -20°C and -80°C depending on real-time ICH
stability study protocols (Mercury Logistics Cold Chain Brief,
2025).

e Humidity & Moisture Protection: Vials and bulk containers
must be sealed under inert gas (dry Nitrogen or Argon) inside
desiccated, multi-layer vapor-barrier packaging to prevent
atmospheric moisture absorption upon thawing.

e Continuous Monitoring: Shipments require calibrated
temperature and humidity data loggers with real-time GPS
tracking to ensure the cold-chain remains unbroken throughout

global customs clearance and transit.

What Is Peptide Manufacturing and Why It
Matters for B2B Buyers



w.Overview of solid-phase peptide synthesis and chemical coupling

steps in commercial peptide manufacturing

Peptide manufacturing encompasses the technical chemical and
biotechnological processes required to assemble specific
sequences of amino acids linked by amide (peptide) bonds. For
business-to-business (B2B) procurement teams, pharmaceutical
developers, and research institutions, understanding these
methods is essential for securing high-purity compounds.
According to market research published in Signal Transduction
and Targeted Therapy (2025), there are over 200 peptide
therapeutics currently moving through clinical development
pipelines across metabolic diseases, oncology, and infectious
pathology. This rapid industrial expansion makes selecting a
qualified manufacturing methodology a critical commercial

decision.

How Peptides Are Manufactured: Core Synthesis

Technologies

When clients ask me how peptides are manufactured at an
industrial scale, I point to two foundational approaches
alongside two emerging methodologies. The choice of strategy
directly dictates target yield, overall synthesis cost, impurity

profile, and turnaround timelines.



e Solid-Phase Peptide Synthesis (SPPS): Originally developed
by Robert Bruce Merrifield—who was awarded the Nobel Prize... o¢
in Chemistry in 1984 for this discovery (Powder Systems
Engineering Guide, 2025)—SPPS builds a peptide chain from
the C-terminus to the N-terminus while immobilized on an
insoluble polymeric resin bead. It allows excess reagents and
soluble byproducts to be washed away easily between coupling
cycles. Modern automated SPPS platforms support complex
custom sequences up to 60 amino acids in length with purity
levels reaching 98% for cGMP applications (AnaSpec Technical
Specifications, 2025).

e Liquid-Phase Peptide Synthesis (LPPS): Conducted entirely in
solution without a solid support, LPPS requires step-by-step
isolation and purification of intermediate peptides. While labor-
intensive during early sequence development, LPPS offers
unmatched cost efficiency for short peptides (typically under 10—
15 amino acids) produced at multi-kilogram or metric ton
commercial volumes.

e Hybrid and Fragment Condensation: For complex, long-chain
target molecules, chemical processes combine SPPS and LPPS.
Protected peptide fragments are synthesized via SPPS, cleaved
from the resin while preserving side-chain protection groups, and
subsequently coupled in solution phase to form the full-length
active pharmaceutical ingredient (API).

o Tag-Assisted Peptide Synthesis (TAPS): Pioneered by
commercial CDMOs like Bachem, TAPS utilizes hydrophobic or
charge-based solubilization tags attached to the growing
sequence. This approach overcomes traditional aggregation and
precipitation bottlenecks in hydrophobic or long-chain synthetic
peptides (Bachem Knowledge Hub, 2026).


https://www.bachem.com/knowledge-hub/

Chemical Mechanics: Protection Protocols, Cleavage,

and Counterion Exchange

During chemical synthesis via SPPS, reactive side chains must
be chemically shielded to prevent unintended branching or
side-reactions. Industrial manufacturing predominantly relies
on orthogonal Fmoc (Fluorenylmethyloxycarbonyl)
chemistry, which uses mild organic bases such as piperidine for
N-terminal deprotection. Legacy Boc (tert-Butyloxycarbonyl)
chemistry utilizes acid-labile protection groups requiring
hazardous trifluoroacetic acid (TFA) or hydrofluoric acid (HF)

for cleavage, limiting its modern regulatory appeal.

Following final chain assembly, the peptide is cleaved from the
resin using concentrated TFA cocktails. This process leaves
residual trifluoroacetate counterions paired with the basic
amino acid residues (Arg, Lys, His). Because TFA salts exhibit
cellular toxicity and can alter API solubility or physical
stability in drug formulations, commercial manufacturing
requires an explicit counterion exchange step. In my
experience auditing CDMO operations, converting raw TFA
salts to bio-compatible acetate or hydrochloride forms via
reversed-phase HPLC or preparative ion-exchange
chromatography is a non-negotiable requirement for clinical-

grade material.



Green Peptide Synthesis: Replacing Hazardous Solvents

A persistent operational issue in traditional SPPS is the heavy
consumption of hazardous dipolar aprotic solvents, primarily
N,N-Dimethylformamide (DMF) and N-Methyl-2-pyrrolidone
(NMP). Driven by strict REACH and EPA regulations,
advanced contract facilities are transitioning toward greener
alternatives. Modern process chemistry replaces DMF with
safer solvents such as 2-Methyltetrahydrofuran (2-MeTHF),
Cyclopentyl methyl ether (CPME), or aqueous-based
surfactant systems. These sustainable modifications cut
environmental impact and lower disposal fees without
compromising amino acid coupling kinetics or inducing

racemization.

Technical Comparison of Peptide Synthesis
Methodologies

The following table summarizes the key operational metrics

across major commercial peptide synthesis approaches:
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How to Choose the Right Peptide

Manufacturing Supplier

w.Technical due diligence and analytical quality control testing for

choosing a peptide manufacturing CDMO

Selecting a peptide contract manufacturing organization
requires evaluating technical capabilities, regulatory readiness,
analytical capabilities, and quality management systems. In my

years spent consulting for pharmaceutical buyers, treating a



peptide supplier as a commodity vendor often leads to clinical

delays, failed stability testing, or regulatory rejections.

Analytical Characterization and Quality Control Audit
Checklist

A supplier’s value depends on the rigors of its quality control
(QC) laboratory. Basic identity testing is insufficient for
complex secondary structures or closely related impurities.
When auditing a potential CDMO, I evaluate their mastery of

orthogonal analytical techniques:

e High-Performance & Ultra-Performance Liquid
Chromatography (HPLC/UPLC): Verify that the lab uses
validated reversed-phase UPLC methods capable of separating
minor deletion sequences, diastereomers, and B-isomerized
impurities from the target peak. Standard release criteria for
cGMP clinical APIs typically require >98.0% purity by HPLC
area normalization.

e Mass Spectrometry (LC-MS / High-Resolution MS): Ensure
full sequence coverage verification via tandem mass
spectrometry (LC-MS/MS). High-resolution instruments (such as
Q-TOF or Orbitrap) are required to detect post-translational
modifications, unexpected side-chain adducts, and oxidation
products.

e Counterion and Residual Solvent Quantification: Confirm the
availability of ion chromatography (IC) to measure residual TFA
content (typically required to be <1.0% or <0.1% depending on
target dosing) alongside gas chromatography (GC-HS) for



tracking volatile residual solvents like DMF, dichloromethane,
and piperidine.

¢ Bioburden and Endotoxin Control: For parenteral peptide
formulations, suppliers must perform Limulus Amebocyte Lysate
(LAL) testing to certify endotoxin levels fall below strict
regulatory thresholds (typically <0.5 EU/mg for clinical

injectables).

Regulatory Tiering: RUO vs. S03A/503B Compounding
vs. cGMP API Production

B2B procurement teams must match supplier compliance tiers
directly to their end-use application. Procuring research-grade
peptides for clinical trials or commercial distribution presents

major regulatory risks.

1. Research Use Only (RUO): Designed exclusively for
laboratory-based metabolic pathway analysis, cellular repair
models, and receptor-level signaling studies (Restore Peptides,
2026). Products are produced under ISO 9001 quality systems
with standard turnarounds ranging from 5 to 15 business days
(Boster Bio Custom Services, 2025). They lack validated
cleanroom manufacturing and full Drug Master File
documentation.

2.503A and 503B Compounding Quality: Designed for patient-
specific prescriptions (503A) or bulk outsourcing facilities
(503B). While requiring sterile manufacturing processes, these
facilities do not generate commercial Drug Master Files (DMFs)

for worldwide drug registration.



3. Commercial cGMP Active Pharmaceutical Ingredient (API):
Fully compliant with US FDA 21 CFR Part 211 / ICH Q7
guidelines. Manufactured in qualified cleanroom environments
(Class 100 / ISO 5), supported by fully validated analytical
methods, batch execution records, real-time and accelerated
stability studies, and active Type II Drug Master Files (DMF)
filed with regulatory authorities.

What Is the Best Peptide Manufacturer?

When clients ask me to name the single "best" peptide
manufacturer, I explain that vendor suitability depends heavily
on project scale, molecule complexity, and therapeutic intent.
There is no single universal solution, but clear market leaders

excel in specific sectors:

e Large-Scale Commercial APIs: Industry leaders like
CordenPharma offer unmatched scale, housing a 10,000 L SPPS

vessel and a 100 cm high-pressure reverse-phase purification

column at their Boulder, Colorado facility (CordenPharma Press
Release, 2020). Similarly, global organizations like PolyPeptide
Group—which entered an acquisition tender offer by Samsung
Biologics in 2026 to scale worldwide capacity (PolyPeptide
Group Corporate Announcement, 2026)—and AmbioPharm

maintain extensive multikilogram cGMP capabilities.

e Fast-Track Early-Phase & Neoantigen Peptides: Providers
like GenScript have expanded fast-track cGMP production
capabilities for personalized neoantigens and clinical-grade
therapeutic APIs from specialized facilities like Zhenjiang
(GenScript Product News, 2025).


https://cordenpharma.com/how-we-deliver/technology-platforms/peptides-platform/
https://www.ambiopharm.com/

e Research-Grade Synthesis: Vendors like AnaSpec and Boster
Bio supply catalog and custom research peptides for preclinical

screening.
Vendor Evaluation Red Flags

During vendor assessments, I advise clients to immediately flag
suppliers demonstrating any of the following operational

shortcomings:

¢ Inability to supply raw chromatographic data files (providing
simple PDF summary reports rather than full instrument
integration data).

e Lack of established counterion exchange protocols, leaving high
residual TFA in compounds intended for cellular or animal
models.

¢ No documented history of FDA Form 483s, Establishment
Inspection Reports (EIRs), or regulatory agency audits for
facilities claiming cGMP readiness.

e Unexplained batch-to-batch yield variations or refusal to disclose

sequence-specific coupling failure points during scale-up.

Can You Manufacture Peptides in the US?

w.US-based cGMP peptide manufacturing facility showing large-scale

reaction vessels and cold storage systems

Yes, you can manufacture peptides in the US. The United
States hosts some of the world's most advanced chemical

synthesis, analytical testing, and large-scale cGMP peptide



manufacturing infrastructure. Major CDMOs maintain
expanding US processing hubs engineered to support drug

discovery, clinical trials, and commercial market supply.
Is It Hard to Manufacture Peptides?

Peptide synthesis is technically complex. Unlike small
molecule drugs synthesized via predictable liquid chemical
routes, or large biological proteins expressed in cell lines,
peptides occupy a middle ground that introduces distinct

chemical, structural, and logistical challenges:

e Stereochemical Integrity & Racemization: Amino acid
coupling steps risk racemization—where an L-amino acid
converts to its inactive or toxic D-enantiomer—particularly
during active ester formation or extended coupling cycles at
elevated temperatures.

e Secondary Structure Aggregation: Hydrophobic sequences
frequently form intermolecular B-sheet networks during SPPS
chain elongation. This aggregation blocks the N-terminus,
terminating synthesis prematurely and producing complex
deletion sequences that are nearly impossible to separate via
standard HPLC.

e Chemical Degradation Vectors: Synthetic peptides degrade
quickly when exposed to improper moisture, oxidation, or
temperature shifts. Aspartic acid residues undergo succinimide
formation, glutamine undergoes pyroglutamate conversion, and

methionine oxidizes rapidly.



e Cold Chain Logistics Requirements: Lyophilized clinical and
research peptides require strict temperature-controlled storage
between -20°C and -80°C along with continuous humidity
tracking during global cold chain transportation (Mercury
Logistics Cold Chain Brief, 2025).

US Domestic vs. Offshore (China/India) Manufacturing
Trade-Offs

B2B buyers face strategic choices when balancing domestic US
manufacturing against offshore suppliers in regions like China
or India. Overseas vendors often present attractive initial
pricing, but domestic production provides clear operational

advantages across critical categories:

¢ Intellectual Property Security: Manufacturing within the US
enforces strict legal protections for proprietary drug sequences
and patentable synthesis pathways under federal IP frameworks.

e Regulatory & Supply Chain Certainty: US-based cGMP
plants undergo routine FDA inspection, reducing import alert
risks, customs holds, and international regulatory delays.
Importing research or clinical materials requires extensive
customs paperwork, FDA import reviews, and specialized
international cold-chain handling (Mercury Logistics Cold Chain
Brief, 2025).

e Total Cost of Ownership Dynamics: While overseas raw
material synthesis costs may appear lower, downstream total
protocol expenses can escalate. For example, monthly clinical-
grade peptide protocol costs in the US market range from $300 to
$1,200 depending on dosage, protocol length, and formulation



parameters (Ubie Medical Research Note, 2026). Factoring in
customs compliance, cold-chain freight integrity, independent re-
testing, and lead time reliability often makes domestic US
manufacturing the more financially predictable long-term

strategy.

Actionable Buyer Roadmap for Securing US Peptide

Manufacturing Partners

To successfully establish a domestic supply line, I recommend

procurement teams execute this stepwise protocol:

1. Define Regulatory & Technical Specifications: Establish
sequence length, target purity level (>95% vs >98%), maximum
allowable single impurity limits (<0.5%), counterion preference
(acetate vs HCl), and bioburden/endotoxin targets prior to issuing
RFPs.

. Request Full Method Validation Data: Require prospective
CDMO partners to supply representative UPLC/LC-MS
chromatograms, counterion assay methods, and stability data
from comparable historical sequences.

. Audit the Quality Agreement (QA): Ensure the CDMO allows
direct client access for facility audits, provides timely
notification of process change controls, and guarantees raw
analytical data transparency.

. Inspect Cold Chain and Warehousing Systems: Verify that the
facility utilizes validated -20°C/-80°C cold storage facilities with
dual-redundant backup power and real-time environmental
monitoring systems to protect bulk drug substances prior to fill-

finish operations.



w.Chemical complexity and analytical testing in peptide manufacturing

In my experience auditing active pharmaceutical ingredient
(API) facilities, manufacturing peptides is significantly more
complex than synthesizing traditional small-molecule drugs or
expressing large recombinant proteins. The core difficulty
stems from the linear, sequence-dependent nature of amino acid
coupling, where chemical side reactions, steric hindrance, and
secondary structure formation compound exponentially with
every added residue. Unlike small molecules that are produced
through discrete, high-yield organic steps, or monoclonal
antibodies synthesized via natural cellular machinery, peptide
synthesis requires repetitive chemical additions where even a
99% step-yield across a 30-mer sequence results in a crude

yield of less than 74% before purification.

The primary technical hurdles that make peptide manufacturing

exceptionally demanding include:

¢ Sequence-Dependent Aggregation: Certain sequences—
particularly those rich in hydrophobic residues like leucine,
valine, and isoleucine—form intermolecular B-sheet networks
during synthesis. This physical aggregation shields the terminal
amine group, preventing incoming amino acid coupling and

causing truncated or deletion sequences.



e Racemization: The activation of carboxylic acid groups during
coupling exposes the a-carbon hydrogen atom to base-catalyzed
abstraction, leading to enantiomeric inversion (L- to D-amino
acid conversion). Controlling racemization requires precise
temperature monitoring, specialized coupling reagents (such as
HATU or DIC/Oxyma), and optimized reaction kinetics.

e Solubility Limitations and Folding: Disulfide-rich peptides
(e.g., linaclotide or insulin analogues) require controlled, multi-
step oxidative folding to form correct tertiary disulfide bridges.
Misfolding leads to inactive isomers that are
chromatographically identical to the target molecule and
extraordinarily difficult to remove during downstream
processing.

e Counterion Exchange Bottlenecks: Synthetic cleavage using
trifluoroacetic acid (TFA) leaves residual TFA salts bound to
basic residues (arginine, lysine, histidine). Because TFA exhibits
cellular toxicity and causes injection site irritation, manufacturers
must convert TFA counterions to pharmaceutically acceptable
acetate or chloride forms—a process that can trigger peptide

precipitation if dynamic pH parameters are missed.
Can You Manufacture Peptides in the US?

Yes, peptide APIs and research-grade sequences are routinely
manufactured within the United States, supported by
specialized commercial facilities and high-capacity Contract

Development and Manufacturing Organizations (CDMOs). For

instance, CordenPharma Colorado operates a 10,000 L Solid-

Phase Peptide Synthesis (SPPS) vessel alongside a 100 cm


https://cordenpharma.com/how-we-deliver/technology-platforms/peptides-platform/

high-pressure purification column in Boulder, Colorado,

forming one of the largest single-site peptide API Page of
manufacturing infrastructures globally (CordenPharma Press
Release, 2020).

While domestic US production offers distinct advantages—
such as transparent oversight under Current Good
Manufacturing Practice (cGMP), rapid supply chain turnaround
times, and direct access to FDA regulatory frameworks—it

requires strict operational bifurcation based on product intent:

1. Research Use Only (RUO): Produced under ISO 9001 quality
systems for non-clinical laboratory analysis. Standard turnaround
times for custom RUO peptides range from 5 to 15 business days
(Boster Bio Custom Services, 2025).

2.503A/503B Compounding Facilities: Reconstitute or

compound clinical-grade bulk active ingredients into finished

patient prescriptions under specialized pharmacy regulations.
3. Commercial cGMP API Facilities: Require comprehensive

Drug Master File (DMF) filings, full validation of analytical

methods (LC-MS, UPLC), endotoxin and bioburden controls,

and routine FDA inspection to supply commercial drug products.

According to technical specifications from AnaSpec Technical

Specifications (2025), modern custom synthesis capabilities
routinely cover continuous sequences up to 60 amino acids
with analytical purities reaching up to 98% under cGMP

standards. However, maintaining these standards domestically
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requires substantial capital investment in containment, green

solvent recycling, and specialized analytical instrumentation.

How do you manufacture peptides?
w.Step-by-step peptide synthesis and purification pipeline

The technical roadmap for manufacturing peptides requires a
tightly integrated sequence of chemical synthesis, cleavage,
purification, counterion exchange, and characterization.
Depending on sequence length, purity targets, and production
volume, manufacturing strategies transition from chemical
synthesis to chemo-enzymatic or recombinant expression

systems.
1. Upstream Synthesis Strategy Selection

When I design or evaluate a peptide manufacturing process, the
first decision centers on choosing the core chemical or

biological platform:

¢ Solid-Phase Peptide Synthesis (SPPS): Pioneered by Robert

Bruce Merrifield—who was awarded the Nobel Prize in

Chemistry in 1984 for this breakthrough (Powder Systems
Engineering Guide, 2025)—SPPS anchors the C-terminal amino

acid to an insoluble polymeric resin (e.g., polystyrene or PEG-
based resins). Syntheses proceed from C-to-N terminus through

iterative cycles of deprotection and coupling using Fmoc


https://yhlyjd.com/what-is-peptide-manufacturing-neo/
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(Fluorenylmethyloxycarbonyl) or Boc (tert-Butyloxycarbonyl)
protecting groups.

e Liquid-Phase Peptide Synthesis (LPPS): Conducted entirely in
solution without a solid resin support. While LPPS requires
complex intermediate isolation, it offers superior atom economy
and scalability for short peptides (2 to 10 amino acids) produced
in multi-hundred-kilogram batches.

e Chemical Synthesis / Fragment Ligation (CEPS): Combines
short SPPS-synthesized fragments via native chemical ligation
(NCL) to build large peptides or small proteins exceeding 50—-60
amino acids.

o Tag-Assisted Peptide Synthesis (TAPS): An advanced hybrid
technique utilized by industry leaders like Bachem to overcome
solubility and yield constraints during long-chain assembly
(Bachem Knowledge Hub, 2026). TAPS employs solubilizing

molecular tags that temporarily alter the physical properties of

hydrophobic sequences.

e Recombinant Expression: Utilizes biological host organisms
(e.g., E. coli or Pichia pastoris) for long peptides or simple
proteins, though post-translational modifications and C-terminal

amidation often require secondary enzymatic steps.
2. Deprotection, Coupling, and Green Chemistry Shift

During standard Fmoc-SPPS, the resin-bound N-terminal
amino acid is deprotected using a tertiary amine (typically
piperidine in organic solvent). An incoming protected amino
acid 1s then activated using a carbodiimide or uronium coupling

reagent (e.g., DIC/Oxyma or HATU) to form a peptide bond.


https://www.bachem.com/knowledge-hub/
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Unreacted functional groups are capped using acetic anhydride

to prevent failure sequence continuation.

Historically, SPPS consumed massive volumes of hazardous
solvents such as N,N-Dimethylformamide (DMF) and N-
Methyl-2-pyrrolidone (NMP). Modern cGMP facilities are
aggressively transitioning to sustainable green chemistry
alternatives—such as 2-Methyltetrahydrofuran (2-MeTHF) and
Cyclopentyl methyl ether (CPME)—to satisfy global
environmental mandates while reducing solvent retention in

final bulk powders.

3. Cleavage and Global Deprotection

Once the full-length sequence is assembled, the crude peptide
is cleaved from the resin matrix alongside simultaneous side-
chain deprotection. This is achieved using a cleavage cocktail
predominantly composed of Trifluoroacetic Acid (TFA)
combined with nucleophilic scavengers (such as
triisopropylsilane [TIS], ethanedithiol [EDT], dithiothreitol
[DTT], and water) to trap highly reactive carbocations

generated during side-chain deprotection.

4. Reverse-Phase Chromatography and Counterion
Exchange



Crude peptides typically enter downstream processing at
purities between 40% and 75%. Achieving clinical API purities$
(>98.0% or >99.5%) requires multi-dimensional Reverse-Phase
High-Performance Liquid Chromatography (RP-HPLC) or
Ultra-Performance Liquid Chromatography (UPLC). The

process involves:

1. Primary Purification: Prep-scale silica C18 or C8 columns
resolve target molecules from deletion sequences, diastereomers,
and cleavage side-products using an acetonitrile/water gradient
containing 0.1% TFA.

2. Counterion Exchange: Because residual TFA presents
significant cytotoxicity and formulation instability, the purified
fraction is re-loaded onto an ion-exchange column or preparative
HPLC system to swap trifluoroacetate ions for acetate or chloride

salts.
S. Lyophilization and Cold Chain Logistics

The purified aqueous peptide solution is sterile-filtered through
a 0.22-micron membrane and freeze-dried (lyophilized) to

remove residual water and organic solvents, producing a stable,
amorphous powder inside a lyophilized peptide vial. According

to logistics guidelines in the Mercury Logistics Cold Chain

Brief (2025), lyophilized research and clinical peptides require
continuous cold chain management between -20°C and -80°C
with automated humidity controls to prevent moisture

absorption, which accelerates hydrolytic degradation.
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6. Analytical Characterization and Quality Control

Final batch release mandates rigorous orthogonal testing.
Modern regulatory submissions require Liquid
Chromatography-Mass Spectrometry (LC-MS) peptide
mapping to confirm exact sequence ordering, orthogonal UPLC
to establish purity metrics, elemental analysis for residual
counterions, and cell-based bioburden and endotoxin testing

(LAL assays) to ensure safety prior to clinical administration.
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w.Evaluating top peptide CDMO partners for clinical and commercial

manufacturing



Determining the "best" peptide manufacturer depends entirely

on your project's phase, target market regulatory pathway, and*= °'
sequence characteristics. There is no single universal leader
across all categories; a vendor optimized for rapid 5-day
research-grade library synthesis is fundamentally unsuitable for
commercial phase-III cGMP active pharmaceutical ingredient

scale-up.

With over 200 peptide therapeutics currently in clinical
development across oncology, metabolic, and infectious

diseases (Signal Transduction and Targeted Therapy, 2025),

selecting the right CDMO partner requires matching technical

capabilities to your operational scale.
Leading Global Peptide CDMOs by Category

In my evaluations of international manufacturing partners, the
top Tier-1 CDMOs distinguish themselves across specific drug

development milestones:

e Commercial Scale & Large-Volume cGMP APIs:

o CordenPharma: Industry leader in ultra-large-scale
SPPS, featuring 10,000 L reactor capacities in North
America (CordenPharma Press Release, 2020).

o PolyPeptide Group: Global infrastructure dedicated

exclusively to custom peptide synthesis. Notably,

PolyPeptide Group became the subject of a tender offer by

Samsung Biologics at CHF 44.31 per share to aggressively


https://www.nature.com/articles/s41392-022-00904-4
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scale global API CDMO capacity (PolyPeptide Group

Corporate Announcement, 2026). Page of

o Bachem: Swiss-headquartered benchmark provider
recognized for technical innovation in Tag-Assisted
Peptide Synthesis (TAPS) and commercial-scale
oligonucleotide/peptide APIs (Bachem Knowledge Hub,
2026).
e Fast-Track cGMP & Neoantigen Personalized Peptides:
o GenScript: Expanded dedicated fast-track cGMP

production lines at its Zhenjiang infrastructure to deliver

clinical-grade neoantigen peptides and custom APIs under
strict regulatory timelines (GenScript Product News,
2025).

o AmbioPharm: Mid-tier CDMO featuring cost-effective
hybrid SPPS/LPPS scale-up facilities across North

America and Asia.

e Research-Grade and Catalog Synthesis:
o For preclinical screening, non-clinical target validation,
and biochemical assays, vendors such as Core Peptides,
Peptide Sciences, and Boster Bio offer turnarounds
between 5 and 15 business days backed by independent
LC-MS and HPLC Certificates of Analysis (COAs).

A Professional Framework for Auditing a Peptide CDMO

When selecting a manufacturing partner, [ recommend auditing

the prospective CDMO against four core evaluation pillars:

1. Regulatory History and Type II DMF Support
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Review the CDMO's FDA inspection history (specifically Form
483 issuance and warning letters over the past five years).
Ensure the facility possesses a strong record of Type II Drug
Master File (DMF) submissions with regulatory authorities
(FDA, EMA, PMDA) to support your Investigational New
Drug (IND) and New Drug Application (NDA) filings without
delays.

2. Analytical Infrastructure and Orthogonal Validation

Inquire whether the facility performs in-house orthogonal
impurity profiling. A reliable CDMO must possess advance
LC-MS/MS, UPLC, capillary electrophoresis (CE), and NMR
capabilities to resolve diastereomers, deletion sequences, and
enantiomeric impurities. Ask specifically about their protocol
for verifying TFA counterion removal and quantifying residual

organic solvents (DMF, piperidine, TFA).
3. Scale-Up Thermodynamics and Capacity Matching

Confirm that the partner operates reactors matching your full
clinical trajectory—from pilot-scale (1 L to 50 L) up to
commercial scale (>1,000 L). Transitioning between CDMOs
midway through Phase II clinical trials requires expensive

comparability studies and process re-validation.

4. Cost Structures and Yield Management



According to clinical data published in a Ubie Medical

Research Note (2026), monthly clinical peptide therapy costs'iti

the US market generally range from $300 to $1,200 depending
on dosage requirements, protocol length, and formulation
complexity. Managing these end-user economics requires
CDMO partners who optimize synthesis yields, implement
efficient green solvent recovery, and minimize raw amino acid
waste to keep your Cost of Goods Sold (COGS) viable over the

commercial lifecycle of the molecule.

Understanding the Step-by-Step Industrial

Peptide Manufacturing Process

In my experience overseeing industrial peptide synthesis
programs, transitioning a candidate molecule from bench-scale
research to commercial cGMP production reveals the intense
chemical and engineering complexities inherent in peptide
active pharmaceutical ingredient (API) manufacturing. Unlike
small molecules synthesized through predictable single-pot
reactions, or biologicals expressed in living cells, synthetic
peptides require a meticulous, cyclical assembly process
followed by rigorous downstream processing. Understanding
each step allows biopharmaceutical partners to audit Contract

Development and Manufacturing Organizations (CDMOs)


https://ubiehealth.com/
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effectively and identify potential yield bottlenecks before

clinical campaigns begin.

w.Detailed flow diagram of industrial peptide manufacturing from raw
amino acids to lyophilized cGMP API

Upstream Synthesis: Reagent Selection, Resin

Functionalization, and Coupling Kinetics

Industrial peptide manufacturing typically begins with
protecting group chemistry—most commonly
Fluorenylmethyloxycarbonyl (Fmoc) or, less frequently in
modern commercial operations, tert-Butyloxycarbonyl (Boc).
The choice of solid support resin fundamentally dictates batch
yields and purity profiles. For C-terminal amide peptides, Rink
Amide resins are standard, whereas Wang or 2-Chlorotrityl
chloride (CTC) resins are selected for C-terminal acid

sequences.

In a typical Fmoc cycle, synthesis proceeds through repeating

deprotection and coupling steps:

e Deprotection: The N-terminal Fmoc group is removed using a
secondary amine, usually 20% piperidine in dimethylformamide
(DMF) or greener alternatives such as 4-methylpiperidine.

e Activation and Coupling: The incoming N-protected amino
acid 1s activated using uronium or phosphonium coupling agents
—such as HATU, HBTU, or DIC/Oxyma Pure—to minimize



racemization, particularly at sensitive residues like Cysteine and
Histidine.

e In-Process Monitoring: Coupling efficiency is monitored in
real-time via UV-Vis monitoring of Fmoc cleavage products or

qualitative tests (such as the Kaiser test for primary amines).
Downstream Cleavage and Crude Extraction

Once the full-length peptide chain is assembled on the resin, it
undergoes global deprotection and cleavage. I always advise
close examination of a CDMO’s cleavage cocktail
optimization. Global cleavage relies on high concentrations of
Trifluoroacetic Acid (TFA)—typically 90% to 95% by volume
——combined with specific nucleophilic scavengers to prevent
re-attachment of liberated carbocations to reactive side chains

(such as Trp, Tyr, Met, and Cys).

Scavengers such as Triisopropylsilane (TIS), 1,2-Ethanedithiol
(EDT), water, and dithiothreitol (DTT) are tailored to the exact
amino acid composition. Following reaction completion, the
crude peptide is precipitated using cold diethyl ether or methyl
tert-butyl ether (MTBE), centrifuged or filtered, and dried to
yield a crude peptide powder.

Purification and Essential Counterion Exchange

Crude synthetic peptides contain closely related impurities,

including deletion sequences, truncated fragments,



regioisomers, and diastereomers formed through racemization.
Purification demands preparative reverse-phase High-
Performance Liquid Chromatography (RP-HPLC) utilizing

C18 or C8 silica stationary phases.

A critical, often overlooked step during purification is
counterion exchange. Peptides eluted from TFA-buffered
HPLC mobile phases exist as trifluoroacetate salts. Residual
TFA counterions pose significant cytotoxicity risks in cell
models and can trigger formulation instability or local
injection-site irritation in clinical drug products. In my audits of
cGMP facilities, I verify that CDMOs execute an explicit salt
exchange step, converting the trifluoroacetate salt into a
pharmaceutically acceptable counterion—typically acetate
($AcO”-8) or chloride ($CI*-$)—by washing the column-
bound peptide with ammonium acetate or dilute hydrochloric

acid prior to final gradient elution.

Lyophilization, Quality Control, and Final Stability

Control

The purified aqueous peptide solution undergoes freeze-drying
(Iyophilization) to produce a stable, elegant cake. The
lyophilization cycle must be precisely engineered across
freezing, primary drying (sublimation), and secondary drying

(desorption) phases to maintain residual moisture below target



thresholds (usually <3.0% w/w) without causing cake collapse

or thermal degradation.

Final release testing for a commercial cGMP peptide API

requires comprehensive orthogonal analytics, including:

e Purity & Impurity Profiling: Evaluated via validated Ultra-
Performance Liquid Chromatography (UPLC) and reverse-phase
HPLC.

e Mass & Structural Verification: Confirmed via High-
Resolution Liquid Chromatography-Mass Spectrometry (LC-
MS) and peptide mapping.

e Counterion Content: Quantified using lon Chromatography
(IC) or gradient HPLC with evaporative light scattering detection
(ELSD).

e Residual Solvents & Reagents: Gas Chromatography (GC-
Headspace) for DMF, ether, and piperidine.

e Microbiological Testing: Endotoxin quantification via Limulus
Amebocyte Lysate (LAL) assay and total aerobic microbial count
(TAMC/TYMC).

Comparing Solid-Phase Peptide Synthesis
(SPPS) vs Liquid-Phase Peptide Synthesis
(LPPS) and Emerging Technologies

Selecting the optimal synthetic methodology requires balancing
sequence length, target batch scale, speed to market, and cost

of goods sold (COGS). When advising clients on technical



strategy, I evaluate Solid-Phase Peptide Synthesis (SPPS),
Liquid-Phase Peptide Synthesis (LPPS), and emerging hybrid“s° "
or tag-assisted platforms based on the structural attributes of

the candidate peptide.

w.Comparative diagram demonstrating reaction mechanisms of Solid-

Phase versus Liquid-Phase peptide synthesis

Solid-Phase Peptide Synthesis (SPPS): Speed and
Sequence Flexibility

Ever since Robert Bruce Merrifield was awarded the Nobel

Prize in Chemistry in 1984 for developing SPPS, as

documented in historical synthesis references (Powder Systems

Engineering Guide, 2025), SPPS has remained the dominant
platform for complex and medium-length peptides. By
anchoring the C-terminus to an insoluble polymer support,
excess reagents and soluble side-products are rapidly removed
by filtration, eliminating tedious intermediate purification

steps.

Modern custom peptide synthesis capabilities routinely produce
sequences up to 60 amino acids with purities reaching up to
98% for cGMP applications (AnaSpec Technical
Specifications, 2025). Furthermore, scale-up technology has

advanced dramatically: facilities such as CordenPharma
Colorado operate 10,000 L SPPS vessels alongside 100 cm
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high-pressure purification columns (CordenPharma Press

Release, 2020). However, SPPS consumes significant volumes

of hazardous solvents—primarily DMF—driving the industry
toward green alternatives such as 2-Methyltetrahydrofuran (2-
MeTHF) and Cyclopentyl methyl ether (CPME).

Liquid-Phase Peptide Synthesis (LPPS): Scalability for
Short Peptides

Liquid-Phase Peptide Synthesis (LPPS) operates entirely in
solution without a solid resin support. Reactions are driven to
completion using near-stoichiometric reagent amounts, and
intermediates are isolated by liquid-liquid extraction or
crystallization. LPPS is exceptionally economical for short
peptides (2 to 10 amino acids) required at multi-ton
commercial volumes, such as certain cosmetic peptides or
simple metabolic regulators. While LPPS drastically reduces
solvent consumption and raw material costs, optimizing liquid-
phase isolation for sequences beyond 10-15 residues becomes

prohibitively labor-intensive due to compound solubility limits.

Hybrid Methodologies: Tag-Assisted Synthesis (TAPS)

and Fragment Condensation

To bridge the gap between SPPS speed and LPPS cost-
efficiency, advanced manufacturers utilize hybrid fragment

condensation and tag-assisted methods. For example,
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commercial suppliers leverage Tag-Assisted Peptide Synthesis

(TAPS) to overcome traditional solubility and aggregation

barriers during long-chain assembly (Bachem Knowledge Hub,

2026). TAPS appends solubilizing lipophilic or ionic tags to

peptide fragments, enabling solution-phase coupling with

simple precipitation isolation, making it ideal for large-scale

production of complex GLP-1 analogs and long peptides.

Technical and Commercial Comparison of Peptide Synthesis
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Evaluating US-Based vs Offshore Peptide
Manufacturing Capacity and CDMO

Selection



When selecting a CDMO for peptide active pharmaceutical
ingredient manufacturing, biopharmaceutical developers must
evaluate geographical risk, capacity constraints, regulatory
documentation, and cold chain distribution logistics. In my
practice evaluating global manufacturing options, geographic
location impacts not only piece-price costs but also speed to
market, intellectual property protection, and regulatory

submission velocity.

w.Strategic decision evaluation matrix comparing US domestic and
offshore peptide CDMO facilities

Domestic vs. International Supply Chains: Regulatory

Compliance and Lead Times

The global peptide supply chain is highly diversified. US-based
facilities offer rapid turnaround, transparent oversight, and
immediate alignment with US FDA ¢cGMP requirements.
Standard lead times for standard research-grade custom
peptides range from 5 to 15 business days in ISO 9001 certified

domestic facilities (Boster Bio Custom Services, 2025).

However, US cGMP capacity for large-scale commercial API
production is constrained, leading biopharma firms to evaluate

top offshore suppliers in Europe and Asia.

Offshore providers, particularly in China and India, offer

attractive cost structures for bulk raw materials, protected
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amino acids, and custom peptide intermediate manufacturing.
For example, suppliers like GenScript have expanded fast-track
cGMP production capabilities for neoantigen peptides and

peptide APIs out of facilities in Zhenjiang (GenScript Product

News, 2025). However, offshore sourcing requires enhanced

quality unit oversight, potential FDA import alert monitoring,
and thorough site audits to verify that batch records match

actual plant operations.

Furthermore, developers must carefully distinguish between
supplier capabilities across three distinct regulatory

frameworks:

1. Research Use Only (RUQO): Non-cGMP peptides meant strictly
for early-stage discovery and in vitro research; lacks validated
process controls or human safety testing.

2.503A/503B Compounding Pharmacies: Facilities producing
patient-specific or batch-compounded peptide formulations,
which face distinct FDA regulatory standards compared to bulk
commercial drug substance plants.

3. Commercial cGMP API Facilities: Fully compliant cGMP
manufacturing supported by Type Il Drug Master Files (DMF)
submitted to the FDA, suitable for Investigational New Drug
(IND), New Drug Application (NDA), and Abbreviated New
Drug Application (ANDA) filings.

Logistics, Cold Chain Integrity, and Temperature

Monitoring


https://www.genscript.com/
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Peptide molecules are prone to chemical and physical
degradation—including oxidation, deamidation, aggregation, ¢ "
and peptide bond cleavage—when exposed to temperature
fluctuations or moisture. Lyophilized research and clinical
peptides require continuous cold chain transport maintained
between -20°C and -80°C, alongside strict humidity controls

and real-time datalogger monitoring during international freight

(Mercury Logistics Cold Chain Brief, 2025). When contracting

with offshore CDMOs, transit delays through customs can
compromise thermal packaging, making verified temperature

logs mandatory upon delivery.
Technical Checklist for CDMO Audit and Evaluation

With over 200 peptide therapeutics currently in clinical
development across oncology, metabolic, and infectious

diseases (Signal Transduction and Targeted Therapy, 2025),

securing high-quality manufacturing capacity has become an
urgent priority. Industry consolidation further underlines this
trend, illustrated by corporate acquisitions such as Samsung

Biologics' tender offer to acquire PolyPeptide Group AG for
CHF 44.31 per share to scale global peptide CDMO

capabilities (PolyPeptide Group Corporate Announcement,
2026).
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I recommend using the following technical checklist during
CDMO technical audits:

e Analytical Testing Suite: Does the CDMO possess in-house
LC-MS/MS, UPLC-UYV, High-Resolution Mass Spectrometry for
structural characterization, IC for counterions, and validated
bioburden/endotoxin testing?

e Orthogonal Impurity Profiling: Are two or more orthogonal
chromatographic separation methods utilized to resolve co-
eluting diastereomers and deletion sequences?

e Scale-Up Capability: Does the facility offer a seamless scale-up
ladder from gram-scale process development reactors to 1,000L+
commercial SPPS/LPPS suites?

e Regulatory & Inspection History: What is the CDMO's track
record of FDA Form 483s, Warning Letters, and European
Medicines Agency (EMA) inspection outcomes? Do they hold
active Type Il DMFs for similar peptide products?

¢ Green Chemistry Implementation: Has the facility deployed
solvent recovery systems or alternative green coupling solvents
(e.g., 2-MeTHF) to reduce environmental footprint and insulate

against solvent supply shortages?

Navigating cGMP Compliance, FDA
Regulations, and Regulatory Pathways for
Peptides

In my experience auditing chemical development facilities,

navigating the regulatory boundary between compounding



entities and full-scale commercial contract development and
manufacturing organizations (CDMOs) is the single most
critical step in commercializing a peptide active pharmaceutical
ingredient (API). The regulatory expectations for peptide
manufacturing scale up radically depending on whether your
material is designated as Research Use Only (RUO),
compounded under section 503A or 503B of the Federal Food,
Drug, and Cosmetic Act, or produced under full Current Good
Manufacturing Practice (cGMP) for an Investigational New
Drug (IND), New Drug Application (NDA), or Abbreviated
New Drug Application (ANDA) submission.

w.cGMP cleanroom suite for automated solid phase peptide synthesis
and HPLC purification

Differentiating RUO, 503A/503B Compounding, and
Commercial cGMP

I frequently see biopharmaceutical startups conflate 5S03B
outsourcing facilities with true cGMP commercial CDMOs.
While 503B compounding centers operate under enhanced
quality standards compared to traditional 503 A retail
compounding pharmacies, their mandate under U.S. law is
restricted to clinical patient compounding from existing bulk
drug substances, often to fill hospital system shortages. They
do not generate the regulatory documentation required for new

drug registration.



e Research Use Only (RUQO): Produced solely for laboratory
evaluation, receptor-binding assays, or cell culture models. RUQ
material lacks batch release validations, validated cleaning
protocols, and sterility assurance for human administration.

e 503A Compounding: Patient-specific preparations compounded
by a licensed pharmacist upon receipt of an individual
prescription. Standardized USP <795> (non-sterile) and USP
<797> (sterile) guidelines apply, but process analytical
technology (PAT) and prospective process validation are not
required.

e 503B Outsourcing Facilities: Allowed to compound batch
sterile injectables without patient-specific prescriptions for
healthcare facilities. They adhere to specific FDA guidance on
human drug compounding, yet they do not hold or file a Type II
Drug Master File (DMF).

e Commercial cGMP API Manufacturing: Governed directly by
FDA 21 CFR Part 211 and ICH Q7 compliance. Commercial
facilities operate under fully validated automated synthesis
equipment, complete environmental monitoring, validated
cleaning assays, and structured change-control protocols suitable

for international filings.

Regulatory Submissions and Drug Master File (DMF)

Management

When selecting a commercial peptide manufacturing partner, I
always assess their track record with US FDA Type II Drug
Master Files (DMFs). A complete DMF provides confidential,

detailed information regarding the synthetic route, raw material



specifications, critical process parameters (CPPs), critical
quality attributes (CQAs), residual solvent profiles, and
analytical validation methods. According to data published in

Signal Transduction and Targeted Therapy (2025), with over

200 peptide therapeutics actively progressing through clinical
trials globally, securing a partner with an active, cross-
referenced Type 11 DMF reduces regulatory review cycles for

investigational drugs by months.

For generic peptide registrations (such as semaglutide,
tirzepatide, or leuprolide ANDASs), the FDA requires strict
structural equivalence testing. Your CDMO must demonstrate
identical primary sequence, secondary conformation, impurity
profile, and absence of novel aggregation-induced
immunogenic epitopes relative to the Reference Listed Drug
(RLD).

Determining Key Criteria for Selecting a

Custom Peptide Synthesis Partner

Evaluating candidate CDMOs requires looking past marketing
claims to examine their physical infrastructure, analytical suite,
and process engineering limits. I evaluate peptide FAQ
synthesis vendors across four operational pillars: scale
flexibility, analytical characterization capabilities, green

synthesis practices, and cold chain integrity.
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w.Analytical laboratory technician performing UPLC LC-MS

characterization on custom synthetic peptides
Infrastructure Scale and Synthesis Methodologies

A capable CDMO must support the entire lifecycle of your
compound—ifrom milligram-scale screening via automated
Solid-Phase Peptide Synthesis (SPPS) up to multikilogram
commercial production batches. Ever since Robert Bruce
Merrifield revolutionized peptide chemistry with SPPS—a
breakthrough recognized with the Nobel Prize in Chemistry in
1984 as detailed in the Powder Systems Engineering Guide
(2025)—the choice between SPPS, Liquid-Phase Peptide
Synthesis (LPPS), and emerging hybrid methodologies dictates

commercial viability.

To determine the optimal synthetic route for your molecule's

length and scale, I utilize the performance trade-offs outlined

below:
Synthesis Optimal Commercial Relative Greer
Methodology  Sequence Yield Production Chem
Length Potential Cost Alter
Solid-Phase 5to 60 Moderate to Medium- 2-Me¢”
(SPPS) amino High High CPMI
acids replac

DMF
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Analytical Characterization Capabilities

In my experience, process development fails far more often

from blind spots in analytical characterization than from errors

in chemical coupling. When auditing a CDMO's analytical

quality control unit, I verify the presence of orthogonal

characterization protocols. Standard High-Performance Liquid

Chromatography (HPLC) alone is insufficient to guarantee

structural purity.



A modern cGMP peptide facility must feature Ultra-
Performance Liquid Chromatography (UPLC) paired with
high-resolution Liquid Chromatography-Mass Spectrometry
(LC-MS) for mass verification and sequence coverage
mapping. Essential analytical testing panels include counterion
quantification (via Ion Chromatography), residual
trifluoroacetic acid (TFA) and organic solvent analysis (via
Headspace Gas Chromatography), chiral amino acid analysis
(AAA) to detect racemization, and prospective endotoxin and

bioburden testing for parenterals.

Environmental Sustainability and Green Chemistry

Metrics

Historically, SPPS has suffered from high Process Mass
Intensity (PMI) metrics, consuming massive quantities of
hazardous solvents such as N,N-Dimethylformamide (DMF),
N-Methyl-2-pyrrolidone (NMP), and dichloromethane (DCM).
Leading peptide CDMOs are modernizing their facilities by
replacing toxic solvents with greener reaction media such as 2-
Methyltetrahydrofuran (2-MeTHF) and Cyclopentyl Methyl
Ether (CPME). When selecting a long-term partner, ask for
their process sustainability index and solvent recovery

efficiency.

Logistics and Cold-Chain Safeguards



Because peptide secondary structure 1s highly susceptible to
heat and shear stress, packaging and cold chain logistics are
critical selection factors. As highlighted in the Mercury
Logistics Cold Chain Brief (2025), lyophilized clinical peptides

require continuous temperature regulation between -20°C and
-80°C alongside real-time humidity monitoring throughout
global transit. Ensure your CDMO maintains validated cold

chain workflows and automated stability testing chambers
under ICH Q1A(R2) conditions.

Understanding Technical Challenges in
Peptide Scale-Up

Scaling up synthetic peptide production from a 10-gram
laboratory batch to a commercial multi-kilogram process
introduces severe physical and chemical challenges. During
synthesis, side reactions that are negligible at bench scale can
severely undermine process yield and compromise final API

purity.

w.High-pressure industrial preparative HPLC purification column for

large scale peptide API extraction

Mitigating Epimerization and Racemization

Racemization—the reversible conversion of an L-amino acid

enantiomer into its D-enantiomer—is a fundamental chemistry
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risk during peptide scale-up. In standard
Fluorenylmethyloxycarbonyl (Fmoc) solid-phase chemistry,
base-catalyzed a-proton abstraction during carboxyl group
activation leads to epimerization. Cysteine and histidine
residues are particularly susceptible to racemization during

prolonged coupling cycles.

To combat racemization during large-scale synthesis, I specify
optimized coupling reagents such as Oxyma Pure combined
with diisopropylcarbodiimide (DIC), which lower racemization
levels to below 0.1%. Controlling reaction temperature during
activation steps and minimizing base exposure during
piperidine deprotection are critical operational controls every

CDMO must implement.
Overcoming Secondary Structure Aggregation

As peptide chains grow beyond 15-20 amino acids, inter- and
intra-chain hydrogen bonding often forms insoluble 3-sheet
structures within the resin matrix. This phenomenon, known as
aggregation, impedes solvent swelling, blocks incoming
protected amino acids, and leads to truncated or deletion
sequences that are nearly impossible to separate during

purification.

To prevent on-resin aggregation during the scale-up of

hydrophobic sequences, advanced CDMOs utilize specialized



technologies. For example, Bachem Knowledge Hub (2026)
details how Tag-Assisted Peptide Synthesis (TAPS) utilizes ¢!

solubilizing chemical tags to overcome structural aggregation
constraints in synthetic chains. Additionally, integrating
pseudoproline dipeptides or backbone-protecting groups (such
as HMB dipeptides) disrupts B-sheet formation and restores

coupling kinetics.
Industrial-Scale Reverse Phase Purification

Achieving API purities exceeding 98.0% requires robust
industrial purification infrastructure. Moving from laboratory-
scale glass columns to multi-liter stainless steel preparative
columns requires specialized process engineering. Facilities
such as CordenPharma Colorado operate 10,000 L SPPS
vessels coupled with 100 cm high-pressure reverse phase
purification columns to process massive peptide batches

efficiently, as noted in the CordenPharma Press Release (2020).

Preparative Reverse-Phase HPLC (RP-HPLC) typically utilizes
silica-based C4, C8, or C18 stationary phases. Achieving target
purity requires optimizing gradient elution profiles using
mobile phase systems such as water/acetonitrile containing

trace modifier acids.

Trifluoroacetate Counterion Exchange
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The final step in peptide downstream processing 1s counterion
exchange, a process that is frequently overlooked during early
process design. During the final cleavage of the peptide from
the SPPS resin, trifluoroacetic acid (TFA) is universally used.
Consequently, the purified peptide emerges as a trifluoroacetate

salt.

Residual TFA counterions are known to cause cell toxicity,
alter biological efficacy, and accelerate drug product
degradation in clinical formulations. For pharmaceutical APIs,
the FDA requires exchanging the TFA counterion to a
physiological salt, typically acetate or chloride.

In my practice, I mandate that CDMOs execute counterion
exchange using either specialized ion-exchange
chromatography or column conditioning during preparative
RP-HPLC using dilute ammonium acetate or hydrochloric acid
washes. Final analytical release testing must confirm that
residual TFA levels are reduced below 0.1% (w/w),
establishing a stable, bio-compatible salt form ready for

lyophilization and clinical formulation.

Strategic Directives for Peptide CDMO

Selection



In my experience managing commercial technology transfers

and process validation for complex therapeutics, selecting a "¢ °"
peptide CDMO requires balancing synthetic flexibility with

strict analytical rigor. The transition from early-stage discovery

to cGMP peptide active pharmaceutical ingredient (API)
manufacturing involves significant technical hurdles—from
managing racemization during Fmoc/Boc coupling steps to
optimizing green solvent systems like 2-MeTHF to replace
hazardous DMF. As highlighted in the Bachem Knowledge

Hub (2026), innovative methodologies such as Tag-Assisted

Peptide Synthesis (TAPS) are reshaping how manufacturers
overcome traditional solubility and yield constraints in longer,

hydrophobic peptide chains.

Furthermore, downstream processing must never be treated as
an afterthought. Achieving 98%+ purity via preparatory
reverse-phase High-Performance Liquid Chromatography
(HPLC) is only half the challenge; ensuring complete
trifluoroacetate counterion exchange to acetate or chloride salts
is imperative to eliminate cellular toxicity and formulation
instability in final drug products. Data cited in Signal
Transduction and Targeted Therapy (2025) indicates that with

over 200 peptide therapeutics currently in clinical development
globally, securing CDMO partners equipped with scalable
infrastructure—such as the 10,000 L SPPS capacity
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demonstrated by CordenPharma Press Release (2020)—is

essential for sustaining global supply security.

Expert Insight: Technical Evaluation Matrix

Key Point

Synthetic Scale &
Yield

Optimization

Counterion
Exchange &

Residual Solvents

Orthogonal
Analytical

Characterization

Explanation

In my evaluation of commercial workflows,
balancing Solid-Phase Peptide Synthesis
(SPPS) for rapid sequence assembly with
Liquid-Phase Peptide Synthesis (LPPS) or
TAPS for segment condensation minimizes
raw material consumption and mitigates
racemization in sequences exceeding 30

amino acids.

Converting trifluoroacetic acid (TFA) salts
to acetate or hydrochloride counterions via
prep-HPLC is critical for bio-compatibility.
Exhaustive testing must confirm residual

levels of hazardous solvents like DMF and
NMP fall well within ICH Q3C guidelines.

A robust Drug Master File (DMF) relies on
orthogonal purity profiling using Ultra-
Performance Liquid Chromatography
(UPLC), Liquid Chromatography-Mass
Spectrometry (LC-MS) sequence mapping,
and capillary electrophoresis (CE) to detect

trace deletion sequences, diastereomers, and
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Key Point Explanation
ge of

beta-amyloid-like aggregation species beforé®

release.

Key Point Explanation

In my evaluation of commercial workflows,

balancing Solid-Phase Peptide Synthesis (SPPS)
Synthetic Scale & for rapid sequence assembly with Liquid-Phase
Yield Peptide Synthesis (LPPS) or TAPS for segment
Optimization condensation minimizes raw material consumption

and mitigates racemization in sequences exceeding

30 amino acids.

Converting trifluoroacetic acid (TFA) salts to
_ acetate or hydrochloride counterions via prep-
Counterion . . - :
HPLC is critical for bio-compatibility. Exhaustive
Exchange & _ :
testing must confirm residual levels of hazardous
solvents like DMF and NMP fall well within ICH

Q3C guidelines.

A robust Drug Master File (DMF) relies on
orthogonal purity profiling using Ultra-

Residual Solvents

Performance Liquid Chromatography (UPLC),

Orthogonal o
, Liquid Chromatography-Mass Spectrometry (LC-
Analytical , _
o MS) sequence mapping, and capillary
Characterization

electrophoresis (CE) to detect trace deletion
sequences, diastereomers, and beta-amyloid-like

aggregation species before release.

Actionable Sourcing Tips for B2B Peptide Procurement



Audit Analytical Capabilities & Orthogonal Testing: Verify
that the CDMO utilizes high-resolution LC-MS, UPLC, and
amino acid analysis (AAA) alongside standard HPLC to ensure
complete sequence coverage, accurate mass identification, and
detection of closely eluting diastereomeric impurities.

Verify Counterion Control Protocols: Insist on quantitative ion
chromatography reporting for counterion exchange (e.g.,
converting TFA salts to pharmaceutical-grade acetate or chloride)
to prevent cytotoxic side effects in downstream cell assays or
finished drug products.

Assess Green Chemistry Implementation: Evaluate whether
the facility actively incorporates green peptide synthesis
practices, such as substituting DMF with safer alternatives like 2-
MeTHEF or cyclopentyl methyl ether (CPME), to lower
environmental compliance risk and raw material overhead.
Demand End-to-End Cold Chain Data Integrity: Review
temperature logging protocols to confirm that bulk lyophilized
peptide vials are continuously maintained between -20°C and
-80°C during storage and international shipping, as outlined in
the Mercury Logistics Cold Chain Brief (2025).

Inspect Regulatory Compliance and Active DMF Filings:

Review the vendor’s cGMP inspection history with regulatory
agencies (FDA, EMA) and ensure they maintain active Drug
Master Files (DMF) along with validated endotoxin and
bioburden testing protocols.

Enforce Stringent Raw Material Specifications: Confirm that
the manufacturer enforces strict quality control on incoming
Fmoc/Boc protected amino acids, coupling reagents, and resins

to eliminate batch-to-batch variability during commercial scale-

up.
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Freguently Asked Question

a s mm

1. Can you manufacture peptides in the US, and what

regulatory standards govern domestic facilities?

Yes, the United States houses a highly sophisticated network of
commercial and academic facilities capable of high-throughput
custom peptide synthesis and full cGMP API manufacturing. In
my experience evaluating domestic manufacturing capabilities,
US-based contract facilities offer substantial supply chain

resilience, simplified intellectual property protection, and direct

oversight by the US Food and Drug Administration (FDA).

Domestic operations scale from specialized research vendors
producing milligram quantities to massive commercial

manufacturing plants. For instance, CordenPharma Colorado
operates a 10,000-liter Solid-Phase Peptide Synthesis (SPPS)
vessel alongside a 100 cm high-pressure purification column

(CordenPharma Press Release, 2020), proving that domestic

scale easily meets global commercial demand. Regulatory

oversight depends entirely on the intended application:

e Research Use Only (RUO): Governed primarily by ISO 9001
quality management systems. These peptides are intended strictly
for laboratory-based metabolic pathway analysis, cellular repair

models, and receptor-level signaling studies.
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e Compounding Pharmacies (503A / 503B): Facilities preparing
custom patient formulations under FDA guidance, subject to
strict state board and 21 CFR Part 211 oversight depending on
facility registration.

e Commercial cGMP API Facilities: Facilities producing bulk
active pharmaceutical ingredients (APIs) for clinical trials and
commercial distribution under 21 CFR Parts 210/211. These sites
maintain active Drug Master Files (DMFs) registered with the
FDA.

2. How are peptides made in a lab, and what does the

peptide manufacturing process involve?

In modern laboratory and commercial settings, synthetic
peptide manufacturing relies primarily on Solid-Phase Peptide
Synthesis (SPPS), a revolutionary technique introduced by
Robert Bruce Merrifield that earned the Nobel Prize in
Chemistry in 1984 (Powder Systems Engineering Guide,

2025). The process anchors the C-terminal amino acid to an
insoluble polymeric resin support, allowing sequential
chemical reactions to build the amino acid chain from C-

terminus to N-terminus.

The core synthesis cycle follows four main steps:

1. Deprotection: An organic base (typically piperidine) removes
the temporary N-alpha protecting group—most commonly
Fluorenylmethyloxycarbonyl (Fmoc)—exposing the reactive

amine.
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2. Coupling: The next protected amino acid is introduced alongside
specialized coupling reagents (such as HATU or DIC/Oxyma) te
form a peptide bond with the resin-bound chain.

3. Cleavage & Deprotection: Once the full sequence is assembled,
a concentrated acidic cocktail—predominantly Trifluoroacetic
Acid (TFA)—-cleaves the crude peptide from the resin and strips
side-chain protecting groups.

4. Purification & Isolation: The crude peptide mixture undergoes
reverse-phase High-Performance Liquid Chromatography
(HPLC) or Ultra-Performance Liquid Chromatography (UPLC),
followed by counterion exchange, identity verification via Liquid
Chromatography-Mass Spectrometry (LC-MS), and final freeze-
drying into a lyophilized peptide vial.

When sequence length exceeds 50—-60 amino acids, CDMOs
may employ Liquid-Phase Peptide Synthesis (LPPS) or hybrid
chemo-enzymatic peptide synthesis (CEPS) to optimize total

yield and bypass steric constraints.

3. Is it hard to manufacture peptides at scale, and why do

synthetic bottlenecks occur?

Yes, manufacturing peptides at commercial scale presents
unique chemical engineering challenges that small-molecule
pharmaceuticals rarely encounter. In my technical audits of
failed synthesis batches, bottlenecks almost always trace back
to sequence-dependent physical aggregation, side-chain

racemization during coupling, or incomplete reaction kinetics.



As the peptide chain grows beyond 15-20 amino acid residues,
hydrophobic interactions can cause intramolecular beta-sheet
formation on the solid support. This secondary structure
effectively buries the active N-terminal amine, preventing
incoming amino acids from coupling cleanly. Furthermore,
downstream purification is notoriously resource-intensive:
reverse-phase HPLC purification can account for up to 70% of
total API production costs due to high consumption of organic

solvents like acetonitrile and dimethylformamide (DMF).

To overcome these scale-up limitations, leading CDMOs utilize
advanced strategies such as Tag-Assisted Peptide Synthesis
(TAPS)—an innovative approach spearheaded by companies
like Bachem (Bachem Knowledge Hub, 2026) to enhance
peptide solubility—and green peptide synthesis techniques

using alternative bio-based solvents like 2-
methyltetrahydrofuran (2-MeTHF).

4. What is the best peptide manufacturer, and how should
sponsors evaluate global CDMOs?

There is no single "best" peptide manufacturing supplier across
all metrics; the optimal choice depends on sequence length,
batch scale, target purity, and regulatory status. For large-scale
cGMP API production, global tier-one organizations set the

industry baseline:


https://www.bachem.com/knowledge-hub/

Bachem: Widely recognized as the industry leader in large-scale
peptide synthesis, specialized in complex sequence development,. ¢
TAPS technology, and commercial API supply chains.

PolyPeptide Group: A global CDMO network with extensive
capacity. Reflecting the immense corporate value of this

capacity, Samsung Biologics announced a tender offer to acquire
PolyPeptide Group AG for CHF 44.31 per share to expand its

global API footprint (PolyPeptide Group Corporate

Announcement, 2026).

CordenPharma: Known for possessing some of the largest
SPPS reaction vessels worldwide and comprehensive sterile fill-
finish integration.

AmbioPharm & AnaSpec: Excellent contract options for mid-
scale clinical trials and specialized custom peptide synthesis
capabilities, routinely producing custom sequences up to 60
amino acids with purities reaching up to 98% for cGMP

applications (AnaSpec Technical Specifications, 2025).

When I advise sponsors on evaluating potential partners, |

recommend auditing four critical capabilities: full orthogonal
analytical characterization (UPLC, LC-MS, NMR), validated

counterion exchange methodologies, real-time process

monitoring technology, and documented FDA inspection

histories.

5. Can you make peptides at home or outside controlled

laboratory environments?
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No, synthesizing peptides outside a professionally engineered
laboratory is physically impossible and presents severe
chemical hazards. Peptide synthesis requires controlled
anhydrous environments, highly specialized instrumentation
(such as automated peptide synthesizers), and hazardous
chemical reagents including Trifluoroacetic Acid (TFA),
piperidine, and activating agents that demand chemical fume

hoods and dedicated personal protective equipment.

Even if an unpurified peptide chain could theoretically be
assembled without automated instrumentation, crude peptides
contain dangerous synthesis fragments, deleted sequences, and
toxic chemical residues. Crude material requires preparative
HPLC purification and LC-MS mass confirmation to ensure
safety. Ingesting or injecting unpurified, non-sterile compounds
manufactured outside cGMP or laboratory controls carries
extreme risks of immunogenic reactions, systemic infection, or

acute toxicity.

For perspective, medically supervised peptide therapies
structured through licensed compounding pharmacies or
clinical protocols typically range in cost from $300 to $1,200
per month (Ubie Medical Research Note, 2026). Attempting to

bypass professional synthesis protocols through non-laboratory

methods is fundamentally unviable and dangerous.
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6. Why is counterion exchange crucial during peptide

API manufacturing, and how is TFA removed?

During standard SPPS, Trifluoroacetic Acid (TFA) is utilized to
cleave the synthesized peptide from the solid resin.
Consequently, the resulting peptide crude exists as a
trifluoroacetate salt. However, residual TFA is cytotoxic,
corrosive to formulation containers, and capable of altering the

pH and stability of injectable drug products.

For clinical applications, the CDMO must perform counterion
exchange to convert trifluoroacetate salts into pharmaceutically
acceptable counterions, most commonly acetate or
hydrochloride salts. In my experience, this step is vital to
ensure biocompatibility and prevent formulation degradation.
The conversion is performed during final preparative reverse-
phase HPLC purification or via specialized ion-exchange resin
columns. A compliant CDMO must validate the final salt form
using ion chromatography or NMR to prove that residual TFA
levels fall well below regulatory tolerance limits (typically <
1.0% w/w).

7. What common mistakes should sponsors avoid when

partnering with a peptide CDMQO?

Sponsors frequently run into costly project delays and

regulatory hurdles due to avoidable oversight during CDMO



onboarding. Based on my industry advisory work, you should

proactively avoid three critical errors: Page of

1. Overlooking Cold-Chain Logistics Protocol: Lyophilized
clinical and research peptides are thermally sensitive macro-
molecules. Storage and transport require strict temperature
maintaining between -20°C and -80°C alongside active humidity
control (Mercury Logistics Cold Chain Brief, 2025). Failing to
audit a CDMOQ's cold-chain dispatch procedures can destroy

product potency prior to delivery.

2. Relying on Single-Method Purity Analysis: A single reverse-
phase HPLC peak can easily obscure co-eluting sequence
isomers or diastereomers. Always mandate orthogonal testing—
combining UPLC purity assays with high-resolution LC-MS
sequence mapping and host-cell protein/endotoxin testing.

3. Mismatching CDMO Capacity to Project Phase: Selecting a
massive commercial CDMO for early-stage lead optimization
often results in low priority and extended turnaround times.
Conversely, relying on a small research vendor for Phase 11/111
clinical supply risks regulatory rejection due to inadequate Drug
Master File (DMF) documentation. Choose a partner whose
vessel sizes and quality systems match your specific clinical

stage.
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