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Introduction

Volume 1: The COA Reality

- What Certificates of Analysis Actually Tell You (And What They Hide)

If you've ever looked at a peptide Certificate of Analysis (COA) and wondered whether those
numbers actually mean what you think they mean, this guide is for you.

COA:s are the primary quality documents in peptide research. They're supposed to tell you what's in
your vial: identity confirmed, purity measured, quantity verified. And they do, up to a point. But
here's what most researchers don't realize: COAs are method-specific snapshots showing results
from particular analytical conditions, not complete inventories of what's in your vial. That gap
between what COAs report and what researchers assume they report is where a lot of experimental
variability hides.

This is Volume 1 of a four-part series on peptide quality—what it actually means, how it's created,
and how to evaluate it objectively. Volume 1 focuses on COA interpretation: what those documents
actually measure, what they leave out, and why the numbers aren't always as comparable as they
look. Volume 2 covers manufacturing—how synthesis environment and process controls shape
quality before any test is run. Volume 3 provides a framework for evaluating suppliers. Volume 4
addresses long-term supplier relationships and troubleshooting.

This guide assumes you're comfortable with basic analytical chemistry—you know what HPLC is,
you've seen a mass spectrum. What it doesn't assume is manufacturing literacy. If terms like
"coupling efficiency" or "net peptide content" are new to you, that's exactly why this volume exists.
We'll define everything as we go, and Appendix B provides a glossary for quick reference.

A note on scope: everything here is written for research-use-only materials. We're covering
chemical quality, analytical interpretation, and manufacturing processes—not clinical applications.
You won't find dosing guidance, reconstitution protocols, or anything related to administration.

You can read this volume cover to cover—each chapter builds on the previous one. But it also works
as a reference. If you're troubleshooting concentration calculations, start with Chapter 2. If you're
comparing suppliers and purity numbers don't line up, Chapter 3 explains why. The goal isn't to make
you paranoid about COAs. It's to help you read them accurately—understanding what the data
means and what it doesn't.
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Chapter]

What a COA
Reallyls

Introduction

Let's talk about what you're actually getting when a peptide supplier hands you a Certificate of
Analysis (COA). On the surface, it looks comprehensive: there's a mass spec confirming identity, a
high-performance liquid chromatography (HPLC) chromatogram showing purity, maybe an
endotoxin test if you're lucky. The numbers look good. The peaks are clean. Everything seems
legitimate. But here's what most researchers don't realize: that COA is only telling you part of the
story.

In fact, some of the most critical quality factors—the ones that directly affect whether your
experiments will be reproducible—aren't mentioned at all. A COA isn't a complete inventory of
what's in your vial. It's a method-specific snapshot showing results from particular HPLC conditions,
detector settings, and integration rules.! Useful? Absolutely. But complete? Not even close.

This chapter examines what COAs actually measure versus what researchers often assume they
measure. You'll learn why two suppliers both reporting "95% pure" might be giving you very different
materials, why identity confirmation doesn't equal purity assessment, and why that fill weight on
the label rarely tells you how much actual peptide you're working with. By the end, you'll read COAs
the way analytical chemists do—uwith a clear understanding of what those numbers mean and, just
as importantly, what they don't.
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m Identity Confirmation — The Mass Spectrometry Reality

Mass spectrometry (MS) does one thing very well: it confirms you have the right molecular weight.?
If your COA shows a peak at m/z (mass-to-charge ratio) 1547.8 and your peptide's calculated mass
is 1547.3 dalton (Da), you can be confident the target peptide is present, at least at unit resolution,
where the tolerance is typically +0.5-1.0 Da.?2 High-resolution mass spectrometry tightens this
further, often achieving <5 parts per million (ppm) mass accuracy,?® which gives you even more
certainty that the molecular formula matches your expectations.

But here's the critical limitation: MS can't distinguish between sterecisomers—molecules with the
same mass but different spatial arrangements.24 The instrument sees mass-to-charge ratio, not
three-dimensional structure.* For the vast majority of research-grade peptide work, this isn't a
concern because reputable manufacturers control stereochemistry during synthesis. But it's worth
knowing what identity confirmation actually confirms: you have the right mass, not necessarily the
right structure in every positional and stereochemical detail.

Mass spec can also warn you about "invisible" salts that didn't get fully removed during purification.
If you see large peaks at +22 Da (sodium adduct) or +38 Da (potassium adduct) next to your main
peptide signal, it suggests the desalting process didn't fully remove inorganic buffer salts.> These
aren't dangerous contaminants, but they're part of the "dead weight" we'll discuss later—mass that
doesn't contribute to peptide activity but does affect your concentration calculations.

Here's another way to think about it. Reading a COA's mass spec result without understanding the
method is like reading an instrument readout without knowing the parameters. A unit-resolution
instrument tells you "yes, this mass is present." A high-resolution instrument tells you "yes, this exact
molecular formula is present." Neither tells you that this is the only thing present. Mass
spectrometry confirms presence of the target mass, not absence of other masses.? It's a yes/no
confirmation tool, not a purity assessment.2 That's a completely different measurement, and it
requires a completely different analytical method.

Figure 1.1: Mass
spectrometry identity

R— confirmation workflow.
'm/z Detected

1547.8 Da

MS confirms the presence of
dentity target molecular weight but

Qo does not verify absence of

other compounds or

impurities. This is a
[ty S qualitative yes/no

confirmation tool, not a

purity assessment.

SAMPLE

R;EI{'{O{U,E Volume 1: The COA Reality - What Certificates of Analysis Actually Tell You (And What They Hide)

RESEARCH




The Researcher’'s Guide to Peptides: What COAs Don’t Tell You

Chromatographic Purity — What The Numbers
Actually Mean

When you see ">95% purity" on a COA, what you're really seeing is a percentage of peak area at specific
HPLC detection conditions.! The supplier ran your peptide through a chromatography column, detected it at a
particular wavelength (often 214 nm or 220 nm),% 7 integrated the peaks according to specific rules, and
calculated the area of your target peak as a percentage of total detected area. That's chromatographic
purity—a ratio of detector signals, not a mass fraction of your powder." ° It's precise, it's reproducible under
those exact conditions, and it's incredibly useful for batch-to-batch comparisons if the method stays
constant.

But what happens when the method changes, even
. 5 .

sI.|ghtIy. The same pept|d.e sam.ple can show Chromatogranhic MethodInflaence

different chromatographic purity values under on Peptide Purity Assessment

different HPLC methods, and both results can be

technically accurate.®, ” Run a steep, fast gradient and
METHOD A 97%

you might see 97% purity because closely-eluting | Steep Gradient e
impurities are compressed and forced to co-elute Sy C
with the main peak—the method simply doesn't give

METHOD B 91%

them time to separate.® Run a shallow, focused Shallow Gradient === . = hic
o 9.2 9 ong Same Peptide 30 min runtime Purity
gradient optimized to resolve those same impurities el
and you might see 91% purity because now the
detector is spreading out the peaks and revealing
Steep Gradient Shallow Gradient

what was hidden before. Change the wavelength
from 214 nm to 220 nm and the ratio might shift
again because different chromophores absorb
differently.” Adjust the integration baseline or
change how you define peak boundaries, and the
number moves yet again."

UV Absorbance (a.u.)
UV Absorbance (a.u.)

0 2 - 6 8 10 0 5 10 15 20 25 30
Time (min) Time (min)

Reported Purity: 97% Reported Purity: 91%

This is chromatographic purity‘s fundamental Fast gradient compresses Slow gradient reveals impurities

impurities into main peak as separate peaks

characteristic: it's entirely method-dependent. The
column, gradient, wavelength, and integration rules
all shape the reported number.® 7 A peptide showing
95% chromatographic purity under one method
might show 89% under another, and both suppliers
would be accurately reporting what their specific

(Same sample, both results accurate—method determines the number)

Figure 1.2: Method dependence of chromatographic
purity values. The same peptide sample analyzed under
different HPLC gradient conditions yields different purity

method detected. The number tells you the detector percentages—both results are technically accurate
response ratio under defined conditions. It does not measurements under their respective methods. Steeper
tell you the powder composition in your vial—how gradients (faster elution) may co-elute impurities that
much is peptide versus counterions, water, and shallower gradients (slower elution) would resolve,
excipients.® That's a different question entirely, and it producing higher apparent purity. This conceptual
requires different data that most COAs don't diagram introduces method dependence; see Figure 3.1
c for detailed chromatogram comparison
provide.
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m Quantity Verification — Fill Weight vs. Actual Peptide

Most COAs list "quantity" as a fill weight—5 mg, 10 mg, whatever mass the supplier targeted when they
filled your vial. This number represents the total powder mass: peptide plus counterions plus residual
moisture plus any excipients.® Gravimetric verification confirms you received the labeled mass within
tolerance,’ but it doesn't tell you how much of that mass is actually peptide.1,6 When you see “5 mg” on
a certificate, you're seeing total powder, not peptide mass.

The actual peptide fraction - called net peptide content (NPC) - might be only 60-80% of fill weight,
depending on sequence, purification method, and salt form.1,7 The remaining 20-40% is counterions
(typically 10-30%),7 residual moisture (2-10%),2,7 and potentially excipients like mannitol. If you
assume fill weight equals peptide mass, your molar calculations carry that systematic error. A peptide
with 95% chromatographic purity and substantial counterion content might have NPC around 70% -
meaning nearly a third of what you're weighing isn't peptide at all.1 Chapter 2 explores NPC in detail; the
key point here is that it's usually not on standard COAs.’

Fill Weight: 5

@R  Excipients: 2%
' Moisture: 8%

Counterions (TFA): 20%

| ===— 58
Peptide: 70%
Net Peptide Content (NPC) = 70%
(Total Powder Mass) Only 70% of vial mass is actual peptide

lllustrative example—actual composition varies

Figure 1.3: Vial composition breakdown showing the difference between fill weight and net peptide
content (NPC). Fill weight represents total powder mass, not pure peptide. The actual peptide fraction
(NPC) accounts for counterions (10-30% of mass, shown here as 20%), residual moisture (2-10%, shown
as 8%), and any excipients (shown as 2%). In this illustrative example, NPC is 70%—meaning nearly a
third of the powder mass is non-peptide material that affects concentration calculations. These
proportions vary by peptide sequence, salt form, and manufacturing process.
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m What's Not Measured — The Invisible Factors

Beyond the purity percentage, there's a layer of composition data that most COAs simply don't
report.' Yes, you'll see a purity percentage and maybe a fill weight, but you typically won't see
counterion composition, residual moisture levels, excipient details, or any mention of the
manufacturing environment where the peptide was synthesized and filled. These aren't minor
details—they directly affect both material stability and experimental reproducibility.

The Counterion Question

Peptides are almost always isolated as salts, paired with counterions like acetate, trifluoroacetate
(TFA), or chloride that can account for 10-30% of total powder mass.>” Rather than contamination,
this is expected chemistry that affects your mass-based calculations. Chapter 2 breaks down what
counterions do to your quantitation and why most COAs don't report them.'

The Moisture Variable

Lyophilized peptides are hygroscopic — they absorb moisture from ambient air, typically containing
2-10% water by mass.2” This is normal chemistry, rather than a defect, but it shifts both apparent
purity and net peptide content. Most COAs don't report moisture,’ so batch-to-batch variability
could be real impurity changes or just moisture differences. Chapter 2 goes into this in more detail.

The Manufacturing Environment

Finally, there's where and how the peptide was made — information that almost never appears on a
COA." Environmental controls (cleanroom classification, particulate monitoring, laminar flow
handling) directly affect endotoxin burden and contamination risk,® but you won't see this context
on a certificate. You might get an endotoxin test result; you won't get the manufacturing story
behind it. Volume 2 covers this in depth

Figure 1.4: Comparison of
COA Coverage and Gaps information typically included
versus omitted on standard

TYPICALLY INCLUDED OFTEN NOT INCLUDED .. .
T , Certificates of Analysis.
(V] {7 Product identification Net peptide content
@ |)l¥ Identity confirmation (MS) Counterion data Most COAs document Identlty
(] /q" Chromatographic purity (HPLC) Residual moisture
7 (mass spectrometry),
(] &[6 Fill weight =[5 Manufacturing environment . .
(V] 57-:*’ Endotoxin level (if tested) HPLC method details Chromatographlc pu”ty (H PLC

area percentage under specific
[ Omissions reflect industry convention—but affect data interpretation ] methOd COnditiOﬂS), f|” We'g ht,
and sometimes endotoxin levels.
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Information affecting quantitative interpretation—net peptide content, counterion composition,
residual moisture, and HPLC method parameters—is often not reported. These omissions reflect
common industry practice rather than intentional concealment.

These omissions aren't necessarily deceptive—many suppliers simply follow industry convention,
which has historically treated COAs as pass/fail documents rather than comprehensive material
characterization reports.! But for researchers trying to achieve reproducible results across batches
or compare materials from different suppliers, these invisible factors matter enormously.
Counterions affect your mass-based calculations.® Moisture affects stability and apparent purity.?
Manufacturing environment affects bioburden and particulate load.2 And excipients, when present,
can interact with assay systems in ways that aren't obvious until you're troubleshooting unexpected
results.

Understanding these gaps is the first step toward reading COAs like an analytical chemist—
knowing what the document measures, what it implies, and what it leaves completely unaddressed.
In Chapter 2, we'll dig into these invisible components in detail, starting with net peptide content
and why it's the measurement that bridges the gap between chromatographic purity and actual
peptide mass.

Application: Questions Researchers Should Ask

So how do you actually get this information from a supplier? It starts with asking better questions—
questions that move beyond "what's the purity?" and into the specifics of method, composition, and
documentation. These aren't adversarial questions; they're the kind of technical inquiries that any
supplier with robust quality systems should be prepared to answer. And the quality of their
responses tells you a lot about whether they understand peptide chemistry at a manufacturing level
or whether they're simply reselling material from upstream sources.

Ask About the HPLC Method

Start by asking about the HPLC method used for chromatographic purity. Don't just accept ">95%
purity"—ask what column they used, what gradient profile, and at what wavelength they're
detecting. A supplier who controls their own analytical testing will have this information
documented and readily available, often in the form of a method specification sheet or a detailed
COA that includes method parameters.

What a good answer looks like: "We use a C18 column (4.6 x 250 mm, 5 um particle size) with a
linear gradient from 10% to 60% acetonitrile over 30 minutes, detection at 214 nm,” with baseline-
to-baseline integration." This level of specificity tells you they know their method and can
reproduce it consistently.
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What a vague answer signals: "We use industry-standard HPLC methods" or "We follow USP
guidelines." This may mean they're not performing testing in-house, they're not maintaining proper
method documentation, or they don't understand the analytical chemistry well enough to explain
their process.

Ask About Counterions

Next, ask about counterions. Specifically, ask what salt form the peptide is provided in—acetate,
TFA, chloride, or another counterion—and whether they can provide an approximate percentage of
counterion content.® If the supplier looks confused or dismissive about this question, that's a red
flag. Any manufacturer who understands peptide chemistry at a practical level knows that
counterions are an expected and functional part of peptide salts, and they should be able to tell you
what you're getting. Suppliers who control their own purification will often have this data from
process knowledge even if it's not routinely tested. Resellers or suppliers who don't understand the
chemistry may not have access to this information at all.

Ask for Actual Endotoxin Values

If you're working with sensitive biological assays—cell-based systems where endotoxin
contamination could affect cellular responses or enzyme kinetics—ask for the actual tested
endotoxin level in EU/mg,” not just a specification limit like "<1.0 EU/mg." The difference between
0.05 EU/mg and 0.9 EU/mg can matter significantly for sensitive assay systems, even though both
values technically pass the specification. A supplier who tests every batch and reports actual values
(rather than just confirming pass/fail against a limit) is giving you data you can use to assess
whether the material is appropriate for your specific application.

Ask About Manufacturing Environment

Finally, if the supplier mentions ISO-classified manufacturing or other environmental controls, ask
for specifics. What ISO classification? Is it the background cleanroom (typically ISO 7) or the
laminar flow hood for critical operations (typically ISO 5)?8 How is environmental monitoring
documented? You're not asking them to give you proprietary details about their facility layout—
you're asking them to demonstrate that "cleanroom manufacturing” is a documented practice with
defined standards, not just a marketing claim. Suppliers with legitimate environmental controls will
be comfortable discussing these details because they're part of their quality infrastructure.

The quality of a supplier's responses to these questions tells you whether you're working with a
manufacturer who controls their process and understands the chemistry, or a reseller who's passing
through material without deep technical knowledge. Neither model is inherently wrong—resellers
can provide value through reliability and service—but you need to know which you're dealing with
so you can calibrate your expectations accordingly.
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Manufacturers with in-house
synthesis, purification, and testing
should be able to answer all of
these questions directly. Resellers
may need to go back to their
upstream sources, which is fine as
long as they're willing to do it and
can actually get you the
information.

Figure 1.5: Annotated Certificate
of Analysis (COA) example
showing standard fields and
common omissions. Typical COAs
document identity (mass
spectrometry molecular weight
match), chromatographic purity
(HPLC area percentage under
specific method conditions), fill
weight (total powder mass), and
sometimes endotoxin levels.
Information critical to quantitative
interpretation—including net
peptide content (NPC), counterion
composition, and manufacturing
environment—is often not included
on standard certificates.

Traceability
Links to specific batch

CERTIFICATE OF ANALYSIS

Product Name: Generic Peptide [Example]
Catalog Number: RP-12345

Lot Number: B2024-001

Date: 2024-11-15

Identity
Confirmation
Confirms target mass
Not a purity measure

Test Specification Result Method

Total Powder Mass
Includes counterions,
moisture, excipients

Appearance ~ White powder  Conforms Visual
Identity (MS)  1547.3Da 1547.8 Da ESI-MS
Purity (HPLC)  95% min 97.2% HPLC-UV

Fill Weight 5 nominal 51 Gravimetric

Less than Less than

10U 05EU =

) Endotoxin
Chromatographic

Purity
Method-dependent value
See Figure 1.2

Date issued: . .
Optional Testing
Not always included

signature:

« Net peptide content
+ Counterion data
* Manufacturing environment

This example format is representative of industry practice; specific layouts vary by supplier.
Educational illustration for research-use-only (RUO) materials.

This level of inquiry isn't about being difficult. It's about getting the data you need to make informed
decisions about whether a given peptide batch is fit for your specific research application. Some
projects have tight tolerances—you're doing quantitative binding studies or concentration-
response curves where a 20% error in concentration would invalidate your results. Other projects are
more forgiving—you're using the peptide as a blocking reagent or a qualitative control where
approximate concentrations are sufficient. The questions you ask should scale to the criticality of
the application, but in all cases, you deserve clear answers about what you're actually purchasing

and what the COA is actually certifying.

Chapter 2 reveals what's actually in your vial—the composition details that shape your quantitation

but rarely appear on COAs.
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Chapter 2

Whata COA
Doesn't Tell You

Introduction

The clean purity number on your COA? It's hiding something. The chromatographic purity
percentage — maybe 95%, maybe 98% — measures the fraction of peptide-related signal in
an HPLC detector under particular conditions.1 It's not telling you what fraction of the
powder in your vial is actually peptide.

This isn't a supplier deception. It's a fundamental gap between what analytical methods
measure and what researchers need to know. Your COA shows you chromatographic
purity—a ratio of detector signals.! What it doesn't show you is net peptide content—the
fraction of powder mass that's actually the peptide sequence you ordered.® The difference
between these two numbers can be substantial, often 20-30 percentage points,’ and that
gap is filled with components that are functional, expected, and almost never documented
on standard certificates.

So when you're converting COA data into mass-based concentration calculations for
quantitative assays, you're making assumptions about what's in that vial. If those
assumptions are wrong—if you're treating 95% chromatographic purity as if it means 95%
of the powder is peptide—your molar calculations are off from the start. This chapter maps
what's actually in your vial, what the COA measures versus what it omits, and why
understanding the difference matters for any work requiring precise quantitation.
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m Net Peptide Content — The Number That Matters

Let's start with the measurement that actually tells you how much peptide you have: net
peptide content (NPC). NPC answers a simple question: what fraction of the powder in
this vial is peptide?® It accounts for counterions (10-30% of mass),>” residual moisture (2-
10%),27 and any excipients added for stability or handling. A typical research-grade peptide
might be 60-80% peptide by mass, with the rest being functional but non-peptide
components.®

Why does this matter? Because when you weigh powder and calculate moles using the
sequence molecular weight, you're assuming the powder is mostly peptide. If NPC is 70%,
your molar calculation is off by 30% before you even start.’ Section 2.5 quantifies exactly
how this error propagates through your downstream work.

m Counterions — The Expected "Impurity”

When peptides come out of purification, they're almost never isolated as free bases or free
acids. They're isolated as salts—peptide molecules paired with counterions that balance
charge and maintain solubility during lyophilization and storage.®>.” This isn't a
manufacturing shortcut. It's chemistry. Peptides have charged residues (lysine, arginine,
aspartate, glutamate),® and those charges need to be balanced for the molecule to remain
stable as a solid powder.

The three most common counterions you'll encounter are trifluoroacetate (TFA), acetate,
and chloride.® TFA is a byproduct of HPLC purification using trifluoroacetic acid as a mobile
phase modifier—it's not contamination, it's an expected outcome of a standard purification
process.® Acetate is often used deliberately during ion exchange or when suppliers switch
away from TFA-based methods.® Chloride appears when hydrochloric acid is used during
synthesis or purification.® Each of these counterions has a molecular weight, and that
weight adds to the total mass you're measuring when you weigh out peptide powder.
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Peptide Chain :
eptiae In TFA Counterions

Positively

; Balance charge
charged residues for stability @
(Lys, Arg) ‘

Counterions can account for 10-30% of total powder mass

Figure 2.1 Peptide-counterion charge pairing. Peptides contain positively charged amino acid
residues (lysine, arginine) that require negatively charged counterions for stability. Trifluoroacetate
(TFA) is the most common counterion, resulting from TFA used as a mobile phase modifier during
HPLC purification. The peptide and its counterions form an ionic salt—this is expected chemistry,
not contamination. Depending on sequence and purification method, counterions can account for
10-30% of total powder mass, which directly affects net peptide content calculations.

If counterions can be 10-30% of your powder's mass,®.” what exactly are you weighing? Here's the
catch: counterion content depends on both the peptide's sequence and the purification method
used.® If you have a highly basic peptide (lots of lysine and arginine residues), you'll have more
anionic counterions to balance those positive charges.® If the supplier used TFA-based HPLC, you'll
see higher TFA content than if they used an acetate-based method. This variability is normal, but it's
rarely declared on a COA." You see ">95% purity" and a molecular weight that matches the peptide
sequence, but that molecular weight doesn't include the counterions. So when you calculate a
molar concentration assuming the powder is pure peptide, you're overestimating how much
peptide you actually have.
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Think of this like analyzing metal alloy composition. Chromatographic purity tells you the fraction
of the detector signal that looks like your target metal. Net peptide content tells you the fraction of
the ingot that's actually your target metal once you account for the alloying elements and
stabilizers that were added to make the material workable. Both numbers matter, but they're
measuring different things, and you need both to understand what you're really working with.

.

COA Reports

95%

Chromatographic

> I Purity
n "
Peptide Counterions g %w
72% 20% 5 - -
>95% ie
Purity wo Actual Content
(o)
ol 72%
' T J Net Peptide
100% Powder Mass Content

Purity measures detector signals.
NPC measures actual peptide mass.

Figure 2.2. Mass balance breakdown: chromatographic purity versus net peptide content. A
peptide labeled >95% chromatographic purity may contain only ~72% actual peptide by mass. The
remaining mass consists of counterions (typically 10-30%), residual moisture (2-10%), and
functional excipients. Chromatographic purity measures the ratio of peptide-related detector
signal; net peptide content measures the fraction of powder mass that is usable peptide. Both

values are valid—they simply measure different things. For quantitative work requiring accurate
molar calculations, NPC is essential

a Residual Moisture — The Variable You Can't Avoid

Lyophilized peptides are hygroscopic.?” That means they absorb water from the air, and this
happens continuously, even in closed vials, depending on storage conditions and how often the vial
has been opened. Residual moisture isn't a sign of poor manufacturing—it's an inherent property of
lyophilized powders. The question isn't whether your peptide contains water, it's how much, and
whether that amount is consistent enough to not disrupt your quantitation.
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Typical residual moisture ranges from 2-10% by mass,?.” but this can vary between batches,
between vials in the same batch, and even within the same vial over time.? A freshly lyophilized
peptide might start at 3% moisture.” After shipping in moderate humidity, it might be at 5%.2 After
you've opened the vial a few times in a humid lab environment, it could be at 7%. Each of these
scenarios gives you a slightly different amount of actual peptide per milligram of powder, even
though the peptide itself hasn't degraded.

Here's why this matters for quantitation. When you weigh out a specific mass of powder for mass-
to-moles calculations, you're assuming that mass is all peptide. But if 5% of that mass is water, your
actual peptide content is 5% lower than you calculated. That might not sound like much, but in
quantitative assays where you're comparing results across experiments or across different peptide
lots, a 5% systematic error can matter. And if you're switching between suppliers, or even between
batches from the same supplier, the moisture content can shift without warning because it's not
something that gets tested and reported on every COA.

Some suppliers report residual moisture using Karl Fischer titration,” but this is far from universal. If
the COA doesn't list a moisture value, you're guessing. And even if it does, that value was measured
at the time of testing—probably weeks or months before you opened the vial.! The actual moisture
content in your vial today is likely different, and unless you're running your own Karl Fischer tests
(which most researchers don't), you're working with an unknown variable that directly affects your
mass-based calculations.

m Excipients — Functional Additions, Not Fillers

Mannitol is the most common excipient you'll encounter in lyophilized peptides, and it's there for
good reasons.’ During lyophilization, peptides can aggregate, adhere to vial walls, or form a dense
cake with poor handling characteristics if they're freeze-dried alone.® Mannitol acts as a
cryoprotectant and bulking agent—it gives the lyophilized cake structure, prevents collapse, and
improves powder consistency.® This isn't "filler" in the sense of dilution; it's a formulation tool that
improves handling and stability.

Other excipients you might see include trehalose (another cryoprotectant), glycine (a buffering
agent), or various salts used to maintain pH or ionic strength during lyophilization.? These are all
functional components chosen for specific reasons: protecting the peptide during freezing,
maintaining cake structure, or improving powder characteristics. Here's the part people miss:
excipients aren't always declared on COAs, and when they are, the exact concentration is rarely
specified.! You might see "contains mannitol" in the fine print, but not "5% w/w mannitol" or the
molar ratio (e.g., "10:1 Mannitol:Peptide"), which is what you'd need to calculate actual peptide
content.
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This creates another layer of uncertainty when you're converting powder mass to molar
concentration. If your peptide contains 5% mannitol and 5% residual moisture, that's 10% of the
powder mass that isn't peptide, in addition to whatever counterion content exists. Mannitol isn't an
impurity in the analytical sense, but it does widen the gap between chromatographic purity and
actual peptide content. The next section quantifies exactly how wide that gap can get.

Both Report: 295% Chromatographic Purity

Peptide A Peptide B

2%
A9,

6%

25%

I NPC: 79% NPC: 69% @ reptide @ Counterions

10-point difference MOl§Hre e xCipiouts

(Same purity claim. Different actual peptide content.)

Figure 2.3 Same chromatographic purity, different net peptide content. Two peptides both
reporting >95% chromatographic purity can contain significantly different amounts of actual
peptide. Peptide A (79% NPC) has moderate counterion content, while Peptide B (69% NPC) has
higher TFA counterion loading. The 10-percentage-point NPC difference translates directly to
concentration calculation errors if researchers assume purity equals content. Identical COA purity
values do not guarantee equivalent peptide mass per vial.

E The Composition Error in Mass-Based Calculations

So here's where all of this converges into a quantitative problem. When you weigh peptide powder
and calculate moles based on the sequence molecular weight, you're assuming that the powder is
mostly peptide. But if counterions are 20%, moisture is 5%, and excipients are 3%, you're working
with 72% peptide by mass, not 95%.! That gap isn't measurement noise; it's systematic composition
error that affects every downstream calculation.
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Why do two vials labeled ">95% pure" behave differently in quantitative assays? Often, it's because
one has 15% TFA and the other has 25% TFA, or one contains mannitol and the other doesn't, or
residual moisture differs by several percentage points. The chromatographic purity might be
identical, but the net peptide content isn't. And this error compounds: when you're diluting across a
concentration series, comparing results from different lots, or trying to reproduce data from a
collaborator who sourced their peptide elsewhere, composition differences propagate through
every calculation. What looks like assay variability or batch-to-batch inconsistency may actually be
composition error masquerading as biological signal.

The fix isn't complicated in principle: calculate using net peptide content instead of gross weight.
But this requires knowing the NPC value, which means either getting it from the supplier or testing
for it yourself. Without NPC data, you're accepting a 20-30% systematic uncertainty in every molar
calculation.! For qualitative assays where you're just looking at presence/absence or relative trends,
that might be acceptable. For quantitative work where absolute concentrations matter—standard
curves, IC50 measurements, structure-activity comparisons—it's not.

a Manufacturing Environment — A Preview

There's one more category of information that rarely appears on COAs: where and how the peptide
was made. Was it synthesized in an ISO 5 laminar flow hood within an ISO 7 cleanroom, or was it
made on an open bench in a standard chemistry lab? Were environmental particulates and
bioburden monitored, or was the space just "clean enough" by visual inspection? These questions
matter because manufacturing environment directly affects particulate contamination and
biological load—impurities like endotoxins or non-chromophoric particulates that won't show up on
a standard HPLC purity test.’

Standard COAs don't describe the manufacturing environment. You might see "manufactured under
cGMP conditions" or "produced in a controlled facility," but those phrases are vague. ISO
classification is specific—it defines allowable particulate counts per cubic meter of air'>—but
unless the supplier explicitly states their classification and provides documentation, you're guessing.
We'll explore cleanroom standards, environmental controls, and their impact on material
consistency in Volume 2. For now, recognize this: the COA measures the peptide that made it
through the process. It doesn't tell you what the process was, where it happened, or what controls
prevented contamination. That context shapes quality in ways a single purity number can't capture.
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Application: Requesting Net Peptide Content Data

Now that you understand what COAs omit, here's how to get the missing information.
When you receive a peptide, determine whether the COA reports net peptide content or
just chromatographic purity. If it's only chromatographic purity, your next step is to request
NPC data directly from the supplier. Some will provide it even if it's not on the standard
COA—this is documentation they may already have internally but don't print routinely.

The specific question to ask: "Can you provide net peptide content for this lot, including
counterion composition and residual moisture?" A supplier with robust analytical systems
will respond with actual values: "68% NPC, TFA salt form, 4.8% moisture by Karl Fischer." If
they respond with generic reassurances—"our peptides meet industry standards" or "purity
is guaranteed"—that's evasion. The difference tells you whether the supplier measures
composition systematically or just assumes chromatographic purity is sufficient.

For critical applications where 20-30% systematic error isn't acceptable, you need actual
NPC data, not estimates. If the supplier won't provide it, you have two options: run the
tests yourself (Karl Fischer titration for moisture, ion chromatography for counterions?), or
source from a supplier who reports NPC as standard practice. Some suppliers—Revolve
among them—include NPC on every COA alongside chromatographic purity specifically
because researchers need both values for accurate quantitation.

One final point about batch-to-batch consistency: NPC can vary between lots from the
same supplier, especially if counterion composition isn't tightly controlled or if
lyophilization parameters drift. Request NPC data for every new lot, not just once during
supplier qualification. If a supplier's NPC varies by more than 5-10 percentage points
between batches of the same catalog peptide, that signals upstream variability in raw
materials, purification method, or lyophilization control—manufacturing issues we'll
examine more closely in Volume 2.
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. >75% NPC
Review Your COA Well-controlled process

l 65-75% NPC

Higher counterion content

No NPC Yes <65% NPC
Reported.) High TFA or excipients

Request NPC Document NPC
from Supplier ‘ with Lot #
Yes [ Com|

Data
Provided?

No

Estimate: £20-30%
Uncertainty

Proceed with
Documented Uncertainty

Figure 2.4. Decision flowchart for obtaining net peptide content data. When evaluating a peptide
COA, first check whether net peptide content (NPC) is reported. If yes, document the value with
the lot number and compare across batches to assess manufacturing consistency. If NPC is not
reported, request it from the supplier. Suppliers with robust analytical systems will provide actual
values; those who cannot may require estimation using typical ranges (+20-30% uncertainty) or
qualification of alternative suppliers. The NPC range interpretation panel indicates what different
values typically reflect about process control and counterion content.

Next: How COAs Get Misread

You now understand the composition gap — the 20-30% of powder mass that’s counterions,
moisture, and excipients, none of which appears on a standard COA. But there's another layer: even
the purity number itself depends on how it was measured. Change the gradient, the baseline rules,
or the detector wavelength, and the number changes — even though the peptide is identical.
Chapter 3 shows you how.
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How COAs Get Misread

Introduction

Here's a question most researchers don't ask when they see a COA: what method produced that
purity number? You see "97% purity by HPLC" and assume it's an objective measurement—after all,
chromatography is analytical chemistry, not guesswork. But that 97% is the output of specific
choices: which column was used, what gradient ramped over what timeframe, where the baseline
was drawn during integration, and what detector wavelength was monitoring the eluent.!.” Change
any one of these parameters, and the purity value changes too, even though you're analyzing the
exact same peptide sample.

This isn't supplier manipulation. It's the inherent method-dependence of chromatographic analysis.
HPLC doesn't "measure purity" in the way a scale measures mass or a thermometer measures
temperature. It measures the distribution of UV-absorbing compounds across retention time under
specific separation conditions, then calculates a purity value based on how the chromatogram gets
integrated. Two labs running different methods on identical material will report different purity
values, and both can be technically correct within their respective analytical frameworks.

So when you're comparing peptides from different suppliers—or even different batches from the
same supplier if they've changed their test method—you're not comparing apples to apples unless
the HPLC conditions match. A peptide showing 95% purity on a shallow gradient might show 89% on
a steep gradient that resolves closely-eluting impurities more effectively.® This chapter shows you
how method parameters shape the numbers on your COA, why seemingly small analytical decisions
can produce significant swings in reported purity, and what you should actually be asking suppliers
about their test methods.
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m The Gradient — How Fast You Push Matters

The HPLC gradient determines how quickly the mobile phase composition changes from
aqueous to organic, and this controls how well compounds separate as they elute from the
column. A shallow gradient (say, 10-60% acetonitrile over 30 minutes) gives compounds
more time to separate, so closely-eluting impurities that differ by small hydrophobicity
differences will appear as distinct peaks.® A steep gradient (10-60% over 10 minutes)
pushes everything through faster, which can cause peaks that would otherwise separate to
merge or partially overlap, making them harder to distinguish and quantify.®

Here's where purity calculations get interesting. If two impurities elute close together under
a steep gradient, they might appear as a single broad peak or a shoulder on the main peak.
The integration software reads this as fewer distinct impurities, which can make the
chromatographic purity look higher than it actually is—not because there are fewer
impurities, but because the method didn't separate them well enough to count them
individually.® Switch to a shallow gradient that resolves those peaks, and suddenly your
purity drops by several percentage points because now you're seeing (and subtracting)
impurities that were hidden before.

Think of this like adjusting a camera's exposure time. A fast shutter speed (steep gradient)
captures the scene quickly but might blur fine details that are moving. A slow shutter speed
(shallow gradient) resolves those details but takes more time. Neither setting is "wrong"—
they just reveal different levels of detail.
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The problem comes when you're comparing images taken with different shutter speeds and
assuming they show the same thing. Same issue with peptide purity: a 95% value from a 10-
minute gradient and a 95% value from a 30-minute gradient aren't necessarily equivalent.

Suppliers choose gradient steepness based on throughput, resolution needs, and what their
method validation showed works reliably for their peptide library. A contract manufacturer
running hundreds of samples per day might use a 15-minute gradient for speed. A research
supplier focused on difficult sequences might use a 40-minute gradient to maximize
resolution. Both can legitimately report ">95% purity," but the actual impurity profiles
they're detecting are different. If you're switching suppliers or trying to reproduce results
across batches, gradient steepness is one of the first method parameters you should ask
about.

METHOD A: Steep Gradient METHOD B: Shallow Gradient
10-60% ACN /10 min 10-60% ACN / 30 min
CHROMATOGRAM A CHROMATOGRAM B
=) S J
< | <
E | Impurities E Same impurities
3 / compressed 8 now resolved
% = g %
Qo Q
Qo Qo
< <
T T T T 1 I | T T T 1
0 2 4 6 8 10 0 5 10 15 20 25 30
Time (min) Time (min)
Reported: 97% purity Reported: 92% purity

( }Cf) Same peptide sample — different methods — both results technically accurate J

Figure 3.1. Gradient steepness affects reported chromatographic purity. The same peptide sample
analyzed under two different HPLC gradients yields different purity values. A steep gradient (Method A, 10
minutes) compresses peaks and may cause closely-eluting impurities to co-elute with the main peak,
resulting in higher reported purity. A shallow gradient (Method B, 30 minutes) provides greater resolution,
separating impurities that were hidden under faster conditions. Both results are technically accurate within
their respective methods—the difference reflects analytical resolution, not material quality.
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a Integration Rules — Where You Draw the Line

Once the chromatogram is recorded, someone (or more often, some software with
programmed rules) has to decide where each peak starts, where it ends, and where to draw
the baseline underneath it. These integration decisions directly determine what gets
counted as "purity" and what gets counted as "impurity."® The choices aren't arbitrary—
they're based on validated integration parameters—but they are choices, and different
choices produce different purity values from the same chromatogram.

Baseline integration is where most of the variability lives. If you draw a straight horizontal
baseline from start to finish (a "forced baseline"), you're ignoring any baseline drift that
might be present due to column bleed, temperature shifts, or mobile phase changes. This
tends to give higher purity values because baseline drift gets included in the main peak area
rather than subtracted. If you use a "valley-to-valley" baseline that drops into the valleys
between peaks, you're accounting for baseline changes more carefully, but this typically
reduces calculated purity by 1-3 percentage points compared to a forced baseline on the
same data.

Peak boundary detection is another decision point. Where does the main peak end and a
shoulder peak begin? If there's a small impurity eluting right next to your target peptide, the
software has to decide whether that's one peak with tailing or two overlapping peaks.
Integration rules specify threshold slopes (where the curve has to change direction by X
amount to count as a new peak) and minimum peak widths (peaks narrower than Y seconds
get ignored as noise). Set the threshold high, and small impurities get absorbed into the
main peak, inflating purity. Set it low, and you split peaks that might be legitimate variations
in the main compound, deflating purity.

This matters directly when you're reading a COA. Two suppliers could run the exact same
gradient, detect the same chromatogram, and report different purity values simply because
their integration rules differ.! One supplier's method might use aggressive valley detection
and low peak splitting thresholds (more conservative, lower purity values). Another's might
use forced baselines and higher thresholds (more permissive, higher purity values). Both are
following their validated SOPs. Both are reporting "truth" within their analytical framework.
But the numbers aren't directly comparable without knowing the integration parameters.

Rﬁ}ﬂ{ Volume 1: The COA Reality - What Certificates of Analysis Actually Tell You (And What They Hide)

RESEARCH




The Researcher’'s Guide to Peptides: What COAs Don’t Tell You

Integration Method A: Forced Baseline
Horizontal baseline, higher peak thresholds

Shoulder included
in main peak
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Time, {min) Calculated purity: 96%

Same raw data — different integration
rules — 3% purity difference

Integration Method B: Valley-to-Valley
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Figure 3.2. Integration rules affect calculated purity from identical chromatographic data. The
same raw chromatogram integrated with different baseline methods yields different purity values.
Forced baseline integration (top) uses a horizontal baseline and higher peak-splitting thresholds,
which can absorb small shoulders into the main peak and increase reported purity. Valley-to-
valley integration (bottom) drops the baseline into valleys between peaks and uses lower
thresholds, splitting shoulders as separate impurities and decreasing reported purity. The 3-
percentage-point difference reflects analytical decisions, not material differences.

%] Detector Wavelength — What You See Depends on What
) You're Looking For

UV-Vis detectors measure absorbance at specific wavelengths, typically 214-220 nm for peptide
work because that's where the peptide bond absorbs strongly.®.” But not all compounds absorb
equally at all wavelengths. Aromatic amino acids—primarily tryptophan and tyrosine—absorb much
more strongly at 280 nm than aliphatic amino acids do.? Phenylalanine, while aromatic, absorbs
weakly at 280 nm.2 Some synthesis-related impurities absorb well at 220 nm but barely show up at
254 nm.2 This means your reported purity value depends partly on what wavelength the detector
was set to monitor.
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If a supplier tests at 220 nm, they're seeing peptide plus most synthesis-related impurities
that have chromophores. If they test at 280 nm, they're emphasizing aromatic content,
which could make aromatic-rich impurities appear more prominent (and drop purity values)
or make non-aromatic impurities essentially invisible (and inflate purity values).?2 Neither
wavelength is "wrong"—they're just revealing different subsets of what's actually in the
sample. The problem is that a COA rarely specifies detection wavelength, so you're
comparing purity values without knowing whether they were measured looking at the same
chemical features.

Here's a concrete example. Deletion sequences (n-1 peptides missing one amino acid) are
common synthesis-related impurities.™." If the missing amino acid is tryptophan, that
deletion sequence won't absorb much at 280 nm, so it'll appear as a very small peak or
disappear entirely at that wavelength.? Test at 220 nm, and suddenly that deletion
sequence shows up clearly because the remaining peptide bonds still absorb there. Same

sample, same impurity, different apparent concentration depending on wavelength. If you're
comparing suppliers and one tests at 220 nm while another tests at 280 nm, you might be
seeing several percentage point purity differences that are purely artifacts of detector
settings, not actual material quality differences.’

Some suppliers address this by running dual-wavelength detection and reporting purity at
both wavelengths — that's transparency. If a COA just says "HPLC at 220 nm" with no
chromatogram or method details, you don't know if they also checked other wavelengths
and saw different results. This becomes especially important for peptides with unusual
amino acid compositions—if your sequence is tryptophan-rich or lacks aromatics entirely,
wavelength choice can create significant purity reporting variability.
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Figure 3.3. Detector wavelength affects which compounds are visible and reported purity. The
same peptide sample monitored at 220 nm (left) and 280 nm (right) shows different
chromatographic profiles. At 220 nm, peptide bonds absorb strongly, revealing most synthesis-
related impurities regardless of amino acid composition. At 280 nm, only aromatic residues
(primarily tryptophan and tyrosine) absorb strongly—non-aromatic impurities such as deletion
sequences lacking these residues become invisible to the detector. The 4-percentage-point purity
difference reflects detector selectivity, not actual material quality differences.

m Column Choice and Age — The Hidden Variables

The HPLC column is the physical separation medium—typically a stainless steel tube packed with
chemically-modified silica particles that interact with peptides based on hydrophobicity.? Column
chemistry (C18, C8, C4)," particle size (3 um, 5 um), and pore size all affect how well compounds
separate. Different columns from different manufacturers, even with the same nominal
specifications (e.g., "C18, 5 um, 100 A pore"), don't behave identically because the underlying silica
and bonding chemistry vary.? This means purity values can shift by 2-3 percentage points just from
switching column brands, even if the gradient and other method parameters stay the same.
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Column aging adds another layer of variability. As a column is used, the stationary phase degrades—
bonded chains get stripped off, the silica surface gets contaminated, and peak shapes change. An
older column typically shows broader peaks and poorer resolution compared to a fresh column
running the same method. This means a peptide tested on a fresh column might show 96% purity
with well-separated impurity peaks, while the same peptide tested on a 500-injection-old column
might show 94% purity because the impurity peaks are now partially overlapping with the main peak
due to band broadening.

Here's the practical issue: COAs almost never mention column age or even specific column brand
and lot number. You see "analyzed by reverse-phase HPLC using a C18 column" and that'sit. Isit a
new column tested last week, or a column that's been in service for six months? You don't know. If a
supplier's reported purity values drift downward over time—say, a catalog peptide that used to
consistently come in at 97% now comes in at 94%—it could be because the peptide synthesis
changed, or it could just be that they haven't replaced their analytical column recently and
resolution is degrading. Without column tracking data, you can't distinguish between real material
changes and analytical drift.

The fix suppliers should use (and some do) is regular column performance qualification—testing a
standard peptide at defined intervals and replacing the column when peak shape or resolution
metrics fall outside acceptable ranges.".? Some also document column serial numbers and injection
counts on method validation reports, even if that data doesn't make it onto routine COAs. If you're
qualifying a supplier for critical work, asking about their column replacement schedule and
performance monitoring practices tells you whether their purity values are stable over time or
drifting due to analytical system aging.
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a Why Cross-Supplier Comparison Is Hard

So here's the fundamental challenge: when you receive two COAs both reporting ">95% purity,"
you're comparing numbers generated under potentially very different conditions. One supplier might
use a steep gradient with detection at 280 nm on a fresh column. The other might use a shallow
gradient at 214 nm on an aged column. The first method prioritizes speed and will miss non-aromatic
impurities. The second prioritizes resolution and will detect smaller impurities the first method can't
see. Both suppliers can honestly report what their detectors measured, but the numbers aren't
directly comparable without knowing the methods.

This isn't supplier dishonesty—it's methodological reality. HPLC purity is a relative measurement, not
an absolute property of the peptide.' The same sample tested under different conditions yields
different purity values, and there's no universal "correct" method. What matters is whether the
supplier provides enough method detail for you to assess comparability. That's where the
Application questions come in—specific method parameters you can request to determine whether
purity values from different sources are measuring the same things or revealing different aspects of
the same material.

Application: Questions to Ask About Test
Methods

Now that you understand how method parameters shape purity values, here's what to ask suppliers
to determine whether you're comparing equivalent data. First question: "What HPLC gradient do you
use for purity testing?" The answer should include start/end percentages (e.g., "5-95% acetonitrile"),
total run time, and whether it's linear or stepped. If two suppliers use gradients that differ by more
than 10 minutes in length or have significantly different slopes, their purity values aren't directly
comparable—the supplier with the longer, shallower gradient will generally report lower purity
values because they're resolving more impurities.®

Second question: "What integration baseline method and peak detection thresholds do you use?"
This one might get blank stares unless you're talking to someone who actually runs the HPLC, but it's
worth asking. The answer should mention whether they use valley-to-valley baselines, forced
baselines, or some hybrid approach, and what their minimum peak area or height thresholds are for
counting impuirities. If a supplier can't or won't answer this, it suggests their integration isn't
standardized across analysts, which means batch-to-batch purity variability might just be
integration inconsistency.
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Third question: "What detector wavelength(s) do you monitor?" The answer should be specific: "220
nm" or "214 nm" or "dual wavelength at 220 and 280 nm." If they say "UV detection" without
specifying wavelength, push for details. And if your peptide has unusual amino acid composition
(tryptophan-rich, or lacks aromatics), ask if they've validated that their detection wavelength is
appropriate for your specific sequence. A method optimized for a generic peptide library might not
be optimal for your particular sequence.

Fourth question: "Can you provide your method validation summary or typical chromatogram?" A
validation summary shows you the method parameters in writing. A typical chromatogram (not
necessarily your specific batch, but a representative example) shows you what good separation
looks like in their system—how baseline-resolved the main peak is from impurities, whether there's
baseline drift, whether peaks are sharp or broad. Some suppliers will share this readily. Others will
require a confidentiality agreement. A few will refuse, which tells you something about their
willingness to be transparent about analytical quality.

One final practical point: if you're switching suppliers or trying to understand why batch-to-batch
purity varies, compare the method parameters first before assuming the peptide quality actually
changed. A 3-5 percentage point purity drop could be a real material issue (synthesis process
changed, raw material quality declined) or it could be analytical (different gradient, aged column,
integration rule change). If the method stayed the same and purity dropped, that's a material
concern. If the method changed and purity dropped, that might just be better resolution revealing
impurities that were always there.
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Method Comparison Matrix

Method Parameter Supplier A Supplier B m

Gradient Profile 15 min, 5-95% 18 min, 10-90% 15 min, 5-95%
Column Type C18, 5um C18, 3um C18, 5um
Detector Wavelength 220 nm 280 nm 220 nm
Integration Method Forced baseline Valley-to-valley Valley-to-valley
Method Documentation Available on request Not provided Full SOP shared

Interpretation Guide

) Methods comparable Minor differences 9 Ssignificant differences
Purity values directly comparable Expect 2-3% variability Values not directly comparable

Figure 3.4. Framework for comparing HPLC methods across peptide suppliers. When evaluating purity
values from different sources, compare the underlying analytical methods to assess whether the numbers are
directly comparable. Green indicates matching or equivalent parameters where purity values can be
compared directly. Amber indicates minor methodological differences that may introduce 2-3 percentage
points of variability. Red indicates significant differences (such as different detection wavelengths) where
purity values reflect different analytical frameworks and cannot be compared without correction factors.
Method documentation availability indicates supplier transparency about their analytical practices.

Next: Raw Materials — The Invisible Beginning

So far, we've treated the purity number as something that happens to the peptide—a measurement
taken after the fact. But where do those impurities come from in the first place? The answer takes us
upstream, before the peptide ever reaches the HPLC, into the synthesis itself. Chapter 4 examines
where quality actually originates: in the amino acid precursors, the coupling efficiency, and the
process controls that determine whether you're making a clean product or one that's already
compromised before purification begins.
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Raw Materials — The

Invisible Beginning

Introduction

Your HPLC chromatogram shows deletion sequences, oxidation products, and synthesis
byproducts—but those compounds didn't appear randomly. They were created during
peptide synthesis, shaped by raw material quality, coupling efficiency, and process controls
that happened weeks or months before the COA was printed. Testing is fundamentally
reactive:14 it can detect impuirities, but it can't prevent them from forming. The COA is the
receipt, not the recipe.*

This chapter steps back to the beginning of the quality chain. You'll see how amino acid
purity affects deletion sequence formation, why coupling efficiency compounds
exponentially across synthesis steps, and why supplier transparency about manufacturing
matters more than any single purity number—because a clean chromatogram can result
from either excellent synthesis controls or aggressive purification that compensates for
poor synthesis. Only one of those approaches predicts consistent batch-to-batch quality.
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m Raw Material Quality — Where Impurities Start

Every peptide synthesis begins with raw materials: protected amino acids, coupling
reagents, resins, and solvents.*." The quality of these inputs directly determines the purity
ceiling of the final product. If your starting amino acid is 98% pure, that 2% impurity gets
incorporated into some fraction of your peptide chains, creating sequence variants or
deletion products.* If your resin has inconsistent loading density, some peptide chains grow
normally while others stall or terminate early. These aren't problems you can test away
later—they're built into the material from step one.

Amino acid quality varies significantly between suppliers and even between lots from the
same supplier.* Pharmaceutical-grade Fmoc-protected amino acids typically show >99%
purity by HPLC, with well-characterized impurity profiles.* Research-grade amino acids
might be 95-98% pure, with less stringent testing and documentation. That 1-4% difference
sounds small, but when you're coupling 20-40 amino acids sequentially, small input
impurities compound. An amino acid with a 2% deletion impurity (missing the protecting
group) will produce peptide chains missing that residue at that position.* Those deletion
sequences show up on your final COA as impurity peaks, even though the peptide synthesis
itself was executed correctly.

Here's where supplier practices diverge. Some manufacturers test incoming amino acids
before use—running identity confirmation by mass spec and purity verification by HPLC on
each new lot.* If the amino acid doesn't meet specifications, it's rejected or sent back to the
vendor. Other manufacturers accept amino acids based on the vendor's COA without
independent verification, assuming the documentation is accurate. This creates risk: if a
vendor ships mislabeled material or material that degraded during storage, the manufacturer
won't detect it until after synthesis, when the peptide purity is unexpectedly low and they
have to investigate why.

Think of this like semiconductor manufacturing. You're building integrated circuits from
silicon wafers, and the wafer quality determines defect density in the final chips. You can't
inspect quality into a chip after fabrication—if the wafer had impurities, those defects are
now embedded in the circuit. Same principle with peptides. If your amino acid raw materials
contain impurities or identity errors, those flaws propagate through synthesis and show up
in your final impurity profile. Raw material verification isn't bureaucratic overhead; it's the
first quality gate that prevents downstream problems.
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Figure 4.1. Raw material quality cascade from input to final product. Amino acid purity directly
determines the impurity ceiling in synthesized peptides. High-purity inputs (>299%) produce cleaner
crude material with fewer deletion sequences and synthesis byproducts. Lower-purity inputs
incorporate impurities during chain assembly that cannot be removed through testing—only
through purification, which has its own limitations. The chromatograms represent conceptual
outcomes showing how input quality shapes final impurity profiles.

m Coupling Efficiency — The Exponential Problem

Solid-phase peptide synthesis (SPPS) builds peptides one amino acid at a time, starting
from the C-terminus and adding residues sequentially toward the N-terminus.’? Each
addition is a "coupling" reaction where a protected amino acid attaches to the growing
peptide chain on a solid support resin.’® Coupling efficiency—the percentage of chains that
successfully add the next amino acid in each step—determines how much full-length
product you get versus truncated sequences (deletion products)."
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Figure 4.2. Solid-phase peptide synthesis
(SPPS) cycle. Peptides are assembled one
amino acid at a time through repeated
cycles of deprotection (removing the Fmoc
ot suppor protecting group from the growing chain
terminus) and coupling (forming a peptide
bond with the next amino acid). The peptide
,»Jﬂié} e chain remains attached to solid resin beads
Repestoyce | Mo — throughout synthesis, then is cleaved to

Resin-bound peptide

4"M : \j\ yield crude peptide. A typical 20-40 residue
e \\ peptide requires this cycle to repeat
289 successfully at each position. Coupling
ey

efficiency at each step determines how
much full-length product versus deletion
sequences result.

Add next amino acid

Release crude peptide

So what happens when coupling isn't perfect? If coupling efficiency is 99% per step, that means
99% of your peptide chains successfully incorporate each new amino acid, while 1% fail and become
deletion sequences.* After 10 coupling steps, you have (0.99)'° ~ 90% full-length peptide and 10%
deletions.” After 20 steps, (0.99)?° ~ 82% full-length. After 30 steps, (0.99)3° =~ 74% full-length. This
is exponential compounding—each failed coupling creates a peptide chain missing one or more
residues, and those deletion products accumulate as the synthesis gets longer."

Now consider what happens if coupling efficiency drops from 99% to 98%. After 10 steps: (0.98)°
~ 82% full-length (versus 90%). After 20 steps: (0.98)?° ~ 67% full-length (versus 82%). After 30
steps: (0.98)%° ~ 55% full-length (versus 74%). A seemingly small 1% drop in per-step efficiency cuts
your final full-length yield by nearly 20 percentage points on a 30-amino-acid peptide." This is why
long peptides (>25 residues) are harder to synthesize with high purity—the exponential
compounding of even excellent coupling efficiency still produces significant deletion burdens.*."

Coupling efficiency depends on several factors: amino acid reactivity (some residues couple more
easily than others), steric hindrance at the growing chain terminus, resin accessibility, and reaction
conditions (temperature, solvent, excess reagent ratios)."? Difficult sequences—those with hindered

residues like valine or isoleucine,'?,'?

or sequences prone to aggregation—require optimization to
maintain high coupling efficiency. Manufacturers address this through strategies like double

coupling (running the reaction twice),*.'? extended reaction times,'? microwave-assisted synthesis,*
or specialized coupling reagents. These interventions cost time and materials, which is why peptides

with difficult sequences often cost more or take longer to produce.
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The key insight is this: your final purity number on the COA is largely determined by the cumulative
coupling efficiency achieved during synthesis. A peptide showing 85% chromatographic purity
might reflect 98% average coupling efficiency over 20 steps. You can't retroactively improve that
number through purification—you can remove some deletion sequences, but purification is lossy
(you sacrifice overall yield) and imperfect (closely related deletions are hard to separate).” The
synthesis controls—what coupling efficiency was achieved, whether difficult steps were monitored
and reoptimized, whether raw materials were verified—are what set the quality ceiling. The COA just
reports whether you hit that ceiling.
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— 09%
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& 99.5%
‘g 80
2 At 30 residues:
e 70 99%  *99% —> 74% full-length
§’ *98% — 55% full-length
(]
; 60 1% efficiency drop = 19-point loss
i
50 98%
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5 10 15 20 25 30 35

Peptide Length (residues)

Figure 4.3. Coupling efficiency compounds exponentially across peptide synthesis. Each coupling
step that fails to achieve 100% efficiency produces deletion sequences that accumulate as
synthesis proceeds. At 99% per-step efficiency, a 30-residue peptide yields approximately 74% full-
length product [(0.99)%° ~ 0.74]. Dropping to 98% efficiency—a seemingly small difference—
reduces full-length yield to approximately 55% [(0.98)*° ~ 0.55], a 19-percentage-point loss. This
exponential compounding explains why longer peptides are harder to synthesize at high purity and
why coupling efficiency is the primary determinant of crude peptide quality.
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m Sequence-Dependent Challenges — Why Some Peptides
Are Harder

Not all peptides are created equal from a synthesis perspective. Certain amino acid sequences
are inherently more difficult to synthesize with high purity because they trigger aggregation,
steric clashes, or secondary structure formation during the coupling process." These sequence-
dependent challenges can't be solved by better HPLC methods or tighter integration rules—
they require synthesis-level interventions that aren't visible on a COA but directly affect final
product quality.

Aggregation is the most common sequence challenge. As peptide chains grow on the resin, they
can interact with neighboring chains through hydrogen bonding, hydrophobic interactions, or -
stacking (for aromatic-rich sequences)." When chains aggregate, the growing terminus
becomes less accessible to incoming amino acids, reducing coupling efficiency and creating
deletion sequences.’? Beta-sheet-forming sequences (alternating hydrophobic/hydrophilic
residues) are particularly prone to aggregation,’? as are sequences with multiple consecutive
hydrophobic residues.’? Some manufacturers use aggregation-suppressing additives or
specialized solvents to keep chains soluble during synthesis,'? while others accept lower
coupling efficiency for difficult sequences and compensate with extra purification.

Steric hindrance at the chain terminus creates another type of synthesis difficulty. When the
last incorporated amino acid has a bulky side chain (valine, isoleucine, threonine), the next
incoming amino acid has trouble accessing the reactive site.” This slows coupling kinetics and
increases the fraction of chains that don't complete the reaction before the excess reagents are
washed away. Double coupling strategies help, but they add synthesis time and cost. Some
sequences require triple coupling or even segment condensation approaches (synthesizing the
peptide in fragments and joining them),* which introduces additional purification challenges and
cost increases.

Secondary structure formation during synthesis—where the growing peptide chain folds on
itself while still attached to the resin—can also reduce coupling efficiency." Proline-rich
sequences, disulfide-containing peptides, and sequences with strong helix or turn-forming
propensity can adopt structures that bury the growing terminus, making it inaccessible.'.'
Manufacturers address this through synthesis condition optimization (temperature, solvent
mixtures, chaotropic additives),’? but these optimizations are sequence-specific and require
expertise. A supplier experienced with difficult sequences will have developed protocols for
common problem motifs. A supplier without that experience might simply accept lower purity

yields.
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The practical takeaway: if your peptide has a difficult sequence, the supplier's synthesis expertise
matters more than their analytical testing capabilities. Two suppliers might both report ">95%
purity," but if one achieved that through optimized synthesis conditions while the other achieved it
through aggressive purification of a poorly synthesized crude product, their batch-to-batch
consistency will differ. Optimized synthesis produces reproducible results. Aggressive purification of
variable crude material produces variable results, because you can't consistently purify away
synthesis problems—you're always fighting the limitations of the starting material.

Easy Sequence

00 Ccai < >
M >99%

Accessible terminus,
efficient coupling

Aggregation Challenge Legend
D0 =a (tf‘ fo Hydrophobic
; (L/ residues
: -Q79
g 95 97A Hydrophilic
- C \'\ / residues
. Chains interact, \/ O Bulky
terminus buried residues

; Bulky residue
blocks access

Sequence determines synthesis difficulty—not all peptides are equal

Figure 4.4. Sequence-dependent synthesis challenges. Not all peptide sequences synthesize with equal
efficiency. Easy sequences with small, hydrophilic residues allow incoming amino acids to access the
growing chain terminus readily, maintaining high coupling efficiency (>99%). Aggregation-prone
sequences—particularly those with hydrophobic clusters or f-sheet-forming motifs—cause peptide chains
to interact and bury their termini, reducing coupling efficiency to 95-97%. Sterically hindered sequences with
bulky residues (valine, isoleucine, threonine) at the chain terminus physically block incoming amino acids,
requiring specialized protocols like double coupling. These challenges explain why supplier synthesis
expertise matters more than analytical capabilities for difficult sequences.
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m Purification as Cleanup, Not Correction

After synthesis, crude peptide is cleaved from the resin' and purified—typically by
preparative HPLC*—to remove deletion sequences, synthesis byproducts, and residual
reagents.* Purification is essential, but it's a cleanup step, not a quality correction
mechanism. If synthesis produced high levels of closely related impurities (n-1 deletions,
oxidized variants, diastereomers), purification can only partially remove them, because
separating molecules that differ by a single amino acid or a single stereocenter is difficult
even with optimized chromatography.”

Here's the limitation: HPLC separation is based on physicochemical differences
(hydrophobicity, charge, size). A peptide and its n-1 deletion often have very similar
retention times because they differ by only one residue out of 20-30." To separate them,
you need high-resolution chromatography (long columns, shallow gradients, optimized
conditions),* which is slow and reduces yield. Some manufacturers invest in this. Others
use faster, lower-resolution purification that removes only the most different impurities
(failed sequences, aggregates, small molecules) while leaving closely related impurities
behind. Both approaches can achieve ">95% purity," but the impurity composition differs—
and so does batch-to-batch reproducibility.

Purification also introduces tradeoffs between purity and yield. If you set tight collection
windows during preparative HPLC (only collecting the center of the main peak), you'll get
higher purity but discard a significant fraction of the product, increasing cost. If you use
wider collection windows to maximize yield, purity drops because you're including peak
shoulders and edges where impurities partially coelute. Manufacturers make these tradeoff
decisions based on economics, customer specifications, and their quality philosophy. A
supplier focused on maximizing purity might sacrifice 20-30% yield to achieve >98% purity.
A supplier focused on cost control might accept >95% purity to preserve yield.

The bottom line: purification cannot fix poor synthesis. If your crude peptide comes off the
resin at 60% purity (due to low coupling efficiency, aggregation, or raw material problems),
even aggressive purification might only get you to 85-90% final purity, and you'll lose
significant yield doing it. If your crude peptide comes off at 85% purity (because synthesis
was well-controlled), you can purify to 295% purity with reasonable yield. Suppliers who
control synthesis quality at the source can offer better purity-yield tradeoffs than suppliers
who rely on purification to compensate for synthesis problems.
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This is why asking suppliers about their crude purity—what purity the peptide shows
before purification—is informative.* A supplier whose crude purity is consistently 75-85%
demonstrates good synthesis control. A supplier whose crude purity varies from 55-75% is
either working with difficult sequences they haven't optimized, or they're not controlling
synthesis conditions tightly. Either way, their final purity and batch consistency will be
more variable, because purification is trying to rescue variable starting material rather than
polishing already-good material.

Controlled Synthesis door Synthesis
Crude: 85% Crude: 60%
Clean synthesis Variable synthesis
Purification Aggrgsswe
¥ Purification
Final: 96% Y 4 Final: 91% ,
Yield: 75% v Yield: 40% 4

Both meet ‘290% purity’ specification
Only one predicts batch consistency

Figure 4.5. Purification as cleanup versus correction. Two synthesis scenarios can both produce
peptides meeting purity specifications, but with very different implications for consistency.
Controlled synthesis yielding 85% crude purity requires only routine purification to reach >95% final
purity with good yield (75%). Poor synthesis yielding 60% crude purity requires aggressive
purification that may only reach 90-91% final purity while sacrificing significant yield (40%), and
closely related impurities often remain because they co-elute with the main product. The left
pathway predicts reproducible batch quality; the right pathway produces variable results because
purification cannot consistently compensate for synthesis problems.
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m Process Controls vs. Endpoint Testing

Here's the fundamental distinction: process-based quality (controlling synthesis
conditions, verifying raw materials, monitoring coupling efficiency) versus results-based
quality (running tests on the final product and hoping it meets specifications).'* Both
approaches can produce peptides that pass COA requirements, but they predict very
different things about batch-to-batch consistency and long-term reliability.

Process-based quality means the manufacturer controls variables that determine outcome:
amino acid identity and purity are verified before use, coupling efficiency is monitored
during synthesis (often by sampling resin and running micro-cleavages to check
progress),'.'2 synthesis conditions are documented and reproduced across batches, and
deviations are investigated and corrected.' When something goes wrong, it's detected
early—during synthesis, not weeks later when the final COA shows unexpected impurities.
This approach produces consistent results because the process is controlled, not just the
output.

Results-based quality means the manufacturer synthesizes peptides using standard
procedures, then tests the final product to see if it meets specifications.' If it passes, it
ships. If it fails, they might re-purify, re-synthesize, or adjust acceptance criteria. This
approach can produce acceptable products, but it's reactive—problems are discovered
after synthesis is complete, when corrections are expensive or impossible. Batch-to-batch
variability is higher because process variations aren't controlled proactively; they're only
detected if they cause specifications to fail.

Most manufacturers use a hybrid approach: some process controls (like verifying amino
acid identity) combined with endpoint testing (HPLC purity, mass spec, endotoxin).* The
ratio of process control to endpoint testing varies widely and correlates with manufacturing
sophistication. A manufacturer with ISO-certified cleanrooms, validated synthesis
procedures, and in-process monitoring leans heavily on process controls. A manufacturer
running synthesis on open benches with minimal documentation relies more on endpoint
testing. Both can produce peptides that meet written specifications, but the first approach
predicts better long-term consistency.
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Here's why this matters when you're evaluating suppliers: a COA shows you the endpoint
test results, but it doesn't show you the process controls. Two suppliers can both report
">295% purity by HPLC," but if one has documented synthesis procedures with in-process
monitoring and the other synthesizes peptides ad hoc and tests afterward, their batch
consistency over time will differ significantly. The supplier with process controls can explain
exactly why their peptide came out at 97% instead of 95%, and they can reproduce that
result. The supplier without process controls might not know why purity varied and might
not be able to reproduce it consistently.

‘ Process-Based Quality
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Both can produce COAs showing ">95% purity"
Only process control predicts consistency

Figure 4.6. Process-based versus results-based quality approaches. Process-based quality
controls synthesis variables proactively: verifying raw materials before use, monitoring coupling
efficiency during synthesis, documenting conditions, and investigating deviations. Final testing
confirms expected outcomes. Results-based quality relies primarily on endpoint testing: synthesis
proceeds with standard procedures, and the final COA determines whether the product passes.
Both approaches can produce peptides meeting specifications, but process-based quality predicts
batch-to-batch consistency because variables are controlled, not just measured. The COA shows
test results; it doesn't reveal which quality philosophy produced them.
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Application: Questions About
Synthesis and Raw Materials

When you're evaluating suppliers, COA-level questions (gradient profiles, integration rules) tell you
about analytical transparency. But synthesis-level questions tell you about manufacturing control—
and manufacturing control predicts quality consistency better than any single test result. Here are
the questions that surface whether a supplier controls quality during synthesis or just

tests for it afterward.

Question 1: "Do you verify incoming amino acid identity and purity before synthesis?"

m A process-controlled supplier will answer "yes" and describe their verification protocol
(mass spec for identity, HPLC for purity, testing frequency).* They might mention
acceptance criteria or rejection rates. A results-focused supplier might answer "we use
high-quality amino acids from reputable vendors" without independent verification. The
difference tells you whether they're trusting vendor documentation or validating it
independently.

a Question 2: "What is your typical crude purity before final purification?"

Suppliers with good synthesis control will know this number and can provide ranges (e.g.,
"typically 75-85% crude purity for standard peptides").* Suppliers without in-process
monitoring might not track crude purity systematically or might hesitate to share it. If
they can't or won't tell you crude purity, it suggests they're not monitoring synthesis
quality proactively—they're only checking final purity after purification.
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Question 3: "How do you handle difficult sequences with aggregation or steric
hindrance challenges?"

A sophisticated manufacturer will describe specific strategies: double coupling,
microwave assistance, aggregation-suppressing additives, temperature adjustments.',"
They might mention that difficult sequences require method development time or cost
more because of specialized conditions. A less experienced manufacturer might say "we
synthesize all peptides using our standard protocol" without sequence-specific
optimization, which predicts higher failure rates or lower purity for

challenging sequences.

m Question 4: "Do you monitor coupling efficiency during synthesis?"

Some manufacturers perform micro-cleavage tests at critical steps to verify that
coupling proceeded successfully before continuing to the next residue.™.™ This is
process monitoring—catching problems during synthesis when they can still be
corrected. Others synthesize to completion and only check the final product. The first
approach prevents synthesis failures; the second approach detects them after the fact.

a Question 5: "Can you provide batch records or synthesis documentation?"

This question tests transparency and documentation culture. A manufacturer with
documented procedures will have batch records showing synthesis date, amino acids
used (lot numbers), coupling reagents, cleavage conditions, and any deviations from
standard protocol.* They might require a confidentiality agreement to share these, but
they'll have them. A manufacturer without documentation culture might not maintain
detailed batch records beyond the final COA.

If a supplier can answer these questions with specifics, they're practicing process-based quality
control. If they deflect with general statements about "quality standards" or "validated procedures”
without details, they're likely relying more on endpoint testing than process control. Neither
approach is necessarily wrong, but process-controlled suppliers typically deliver more consistent
batch-to-batch quality because they're managing the variables that determine outcome, not just
measuring the outcome and hoping it's acceptable.
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Supplier Process Control Indicators

Process Indicator

Tests each lot

Raw Material Verification [ edendantiy Trusts vendor COAs
Crude Purity Data Provide(s%y_pgigf/ol)ranges Does rsmg'; ;t;ack or
Coupling Monitoring In-process sampling Only final testing

Full records with lot

Batch Documentation traceability

COA only

Use these indicators when evaluating peptide suppliers

Figure 4.7. Framework for evaluating supplier synthesis process controls. When assessing
peptide suppliers, these five indicators reveal whether quality is built into synthesis (process-based)
or verified afterward (results-based). High-transparency responses indicate proactive quality
control with documented procedures, in-process monitoring, and raw material verification. Low-
transparency responses suggest reliance on endpoint testing without systematic process controls.
Both approaches can produce peptides meeting COA specifications, but process-controlled
suppliers typically deliver more consistent batch-to-batch quality. These questions complement
COA-level analytical questions (gradient profiles, integration rules) to provide a complete picture
of supplier quality practices.
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Conclusion

This volume makes one point that changes how you read every COA: it's a method-specific
snapshot, not a full inventory of what's in the vial. That single idea reframes everything. The purity
number on your COA isn't a universal property of your peptide—it's the output of a specific HPLC
gradient, column, wavelength, and integration method. Change any of those parameters and the
number changes, even though the material is identical. The fill weight isn't peptide mass—it's total
powder mass, including counterions that can account for 10-30% of what you're weighing. The
identity confirmation tells you the target mass is present, not that it's the only thing present. Each
measurement does exactly what it's designed to do. But none of them, individually or together, tells
you what fraction of your powder is actual peptide or whether the material is comparable to

another supplier's "95% pure" product.

The practical implication is straightforward: reading a COA accurately means knowing what
questions to ask. Not "what's the purity?" but "what method produced that number, and is it
comparable to my previous batches?" Not "how much peptide did | get?" but "what's the net
peptide content after accounting for counterions and moisture?" The Application sections
throughout this volume give you specific questions for each domain. Use them. For quick reference,
Appendix A addresses common misconceptions and Appendix B provides a terminology glossary.

Coming in Volume 2

Now that you know what COAs hide, here's the harder question: why do those gaps exist in the first
place? The answer takes us back to manufacturing—into the synthesis environment, process
controls, and raw material quality that determine the product before any test is ever run. Testing
doesn't create quality. It measures what the process already made. Volume 2 shows you where
quality actually starts.
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APPENDIX A: Common Misconceptions About Peptides

These misconceptions reflect assumptions many researchers make when reading COAs or
evaluating peptide quality. Each represents a teaching moment from the previous chapters where
conventional wisdom diverges from analytical reality. For full context on each misconception, see
the relevant chapter sections.

D Misconception #1: ">295% purity means 95% of the powder is peptide"

Why it's wrong: Chromatographic purity is a detector signal ratio—the percentage of UV-
absorbing area under specific HPLC conditions—not a mass fraction of your powder.'

What's actually true: To know what percentage of your powder is actual peptide, you need
net peptide content (NPC) data, which accounts for counterions, moisture, and excipients.®
Without NPC, a "95% pure" peptide might be anywhere from 60-80% actual peptide by mass.

D Misconception #2: "Fill weight on the label equals actual peptide mass"

Why it's wrong: Fill weight is total powder mass: peptide plus counterions plus residual
moisture plus any excipients.”

What's actually true: Depending on the peptide sequence and purification method, actual
peptide might represent only 60-80% of labeled mass.! Counterions alone can account for
10-30% of fill weight,®.” and residual moisture typically adds 2-10%.2.” If you assume fill
weight equals peptide mass, your molar concentration calculations will carry a systematic
error proportional to the non-peptide fraction.

D Misconception #3: "Counterions are impurities or contaminants”

Why it's wrong: Counterions like acetate, TFA, and chloride are expected salt forms that
provide charge balance and keep peptides soluble and stable—this is functional chemistry,
not contamination.®

What's actually true: Peptides are almost always isolated as salts because they need to be
charged to stay soluble.’.” The counterions add mass to your powder (often 10-30% of total
weight),®.” which affects concentration calculations even though they don't contribute to
peptide activity.
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APPENDIX A: Common Misconceptions About Peptides

These misconceptions reflect assumptions many researchers make when reading COAs or
evaluating peptide quality. Each represents a teaching moment from the previous chapters where
conventional wisdom diverges from analytical reality. For full context on each misconception, see
the relevant chapter sections.

D Misconception #4: "Residual moisture is a weighing error or quality defect"

Why it's wrong: Lyophilized peptides are hygroscopic, meaning they naturally absorb moisture
from ambient air.?

What's actually true: Even under controlled storage, residual moisture typically ranges from 2-
10% and varies between batches depending on lyophilization parameters, storage conditions,
and how long the vial has been open.? This isn't a defect—it's how hygroscopic materials
behave. Moisture affects both gravimetric accuracy and apparent purity, helping you interpret
batch-to-batch variability without assuming something went wrong.

D Misconception #5: "Purity values are directly comparable across suppliers”

Why it's wrong: Chromatographic purity is entirely method-dependent.'.” The same peptide
can show 97% purity under a steep gradient and 91% under a shallow gradient—both results
are accurate, just measured differently.®

What's actually true: You can only compare purity across suppliers if they use comparable
methods. Different gradients, columns, wavelengths, and integration rules produce different
purity numbers for identical material." Comparing purity without knowing the methods is
meaningless.

D Misconception #6: "Integration baseline placement is objective and standardized"

Why it's wrong: Integration involves subjective analytical decisions about baseline placement,
peak start/end boundaries, how to handle minor shoulders or tailing, and whether small signals
count as real peaks or noise.®

What's actually true: Industry guidelines provide frameworks, but two analysts can integrate
the same chromatogram differently and both be "correct" within standard practice.! Reported
purity reflects those integration choices, which is why method transparency matters beyond
just gradient and column details.
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APPENDIX A: Common Misconceptions About Peptides

These misconceptions reflect assumptions many researchers make when reading COAs or
evaluating peptide quality. Each represents a teaching moment from the previous chapters where
conventional wisdom diverges from analytical reality. For full context on each misconception, see
the relevant chapter sections.

D Misconception #7: "99% coupling efficiency means 99% final purity"

Why it's wrong: Coupling efficiency compounds across the entire synthesis. Each step
generates deletion sequences (n-1, n-2 impurities) that accumulate.™

What's actually true: For a 30-residue peptide, 99% per-step coupling efficiency yields
approximately 74% full-length product: (0.99)%*° ~ 0.74." Even excellent coupling efficiency
produces impurities during synthesis. This is why crude purity—before final purification—is

often 70-85% even with well-controlled synthesis.","?

D Misconception #8: "If final purity is 295%, the synthesis must have been clean”

Why it's wrong: High final purity can result from two different routes: well-controlled
synthesis producing clean crude material, or poorly controlled synthesis followed by
aggressive purification.®

What's actually true: Both approaches can deliver ">295% purity" on the COA, but they predict
very different batch-to-batch consistency. Process-based quality builds consistency into
synthesis; results-based quality tries to purify whatever gets made.' Only manufacturing
transparency reveals which scenario you're dealing with.

D Misconception #9: "COAs provide complete material inventory”

Why it's wrong: COAs report specific test results under particular conditions—mass spec
confirms target mass, HPLC shows chromatographic purity, gravimetric verification confirms
fill weight.!

What's actually true: COAs typically don't capture counterion composition, residual moisture
levels, excipient content, manufacturing environment details, synthesis process parameters,
or raw material quality.! Think of a COA as a method-specific snapshot showing the material
passed certain quality gates—not a comprehensive dossier of what's in the vial or how it got
there.
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APPENDIX B: Glossary of Key Terms

This glossary defines technical terms used throughout Volume 1. Terms are organized alphabetically
and include the conceptual framing necessary to interpret COAs, understand analytical methods,
and evaluate peptide quality.

YW Analytical Terms

D

Chromatographic Purity The percentage of total detector signal (peak area) attributable to the
main peptide peak under specific HPLC conditions.! Method-dependent: gradient, wavelength,
column, and integration rules all affect the reported value.'.® Not equivalent to net peptide content,
which measures mass composition rather than detector response.

Detector Wavelength The ultraviolet (UV) wavelength at which HPLC detects peptides and
impurities, commonly 214 nm, 220 nm, or 280 nm.%.” Different chromophores absorb at different
wavelengths, so wavelength choice affects which compounds are detected and how strongly.? An
impurity barely visible at 220 nm might be prominent at 280 nm if it contains aromatic residues
(Trp, Tyr, Phe).2

214 nm Detection The most common UV wavelength for peptide HPLC detection, where the
peptide bond itself absorbs strongly.” Provides near-universal detection for all peptides regardless
of sequence. Lower wavelengths (200-220 nm) detect more compounds but may show higher
baseline noise from solvents and buffers.

Gradient Profile The programmed change in mobile phase composition over time during HPLC
analysis, typically described as the rate at which organic solvent (e.g., acetonitrile) increases.® Steep
gradients separate peaks quickly but may compress closely-eluting impurities; shallow gradients
provide better resolution but take longer.® Gradient shape directly affects reported
chromatographic purity.

Gravimetric Verification A quality control check that confirms the total powder mass in a vial
matches the labeled fill weight within acceptable tolerance.! Gravimetric verification measures
total mass (peptide + counterions + moisture + excipients), not peptide mass specifically. It ensures
you received the promised amount of material but doesn't quantify the peptide fraction.

High-Resolution Mass Spectrometry (HRMS) Mass spectrometry capable of measuring mass-to-
charge ratios with very high precision, typically achieving <5 ppm mass accuracy or £0.01 Da
tolerance.® HRMS can distinguish compounds with similar but not identical masses and provides
stronger molecular formula confirmation than unit-resolution MS, which typically operates at +0.5-
1.0 Da tolerance.?
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YW Analytical Terms

D

HPLC (High-Performance Liquid Chromatography) An analytical technique that separates
compounds in solution based on their interactions with a stationary phase (column) and mobile
phase (solvent gradient). For peptides, typically uses reverse-phase C18 columns with
water/acetonitrile gradients.?,’> HPLC is the standard method for peptide purity assessment, but
results depend on method parameters.

Integration Baseline The reference line used to define where chromatographic peaks begin and
end, and thus which signal gets counted toward purity calculation.® Baseline placement involves
analytical judgment about how to handle peak tailing, minor shoulders, and background drift.
Different baseline choices can produce different purity values from the same chromatogram.’

Limit of Detection (LOD) The lowest analyte concentration that can be reliably distinguished from
baseline noise in an analytical method. Typically defined as signal-to-noise ratio of 3:1. Affects
whether trace impurities are detected or remain invisible on the chromatogram.

Limit of Quantitation (LOQ) The lowest analyte concentration that can be accurately measured
(not just detected). Typically defined as signal-to-noise ratio of 10:1. More stringent than LOD;
determines the practical lower bound for reporting impurity concentrations.

Mass Spectrometry (MS) An analytical technique that measures the mass-to-charge ratio (m/z) of
molecules, used on COAs to confirm peptide identity by verifying the target molecular weight is
present.® MS confirms presence of the expected mass but cannot distinguish stereoisomers or
positional isomers,? and it doesn't quantify purity—that requires chromatography.

Valley-to-Valley Integration An HPLC integration method where peaks are separated at the lowest
point (valley) between them. Common approach for well-resolved peaks. Alternative methods
include perpendicular drop (vertical line from peak apex) or tangent skimming. Integration method
choice affects reported purity, especially when peaks partially overlap.
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Composition Terms

Counterions Charged molecules (typically acetate, trifluoroacetate/TFA, or chloride) that balance
the charge on peptide molecules to form stable salt forms.® Counterions are not impurities—they're
expected components that keep peptides soluble and stable.® They can account for 10-30% of total
powder mass®.” but don't contribute to peptide activity, which affects concentration calculations.

Excipients Functional additives included in peptide formulations to serve specific purposes:
cryoprotection during lyophilization (e.g., mannitol, trehalose), mechanical cake structure, or
handling stability.? Excipients are intentional formulation tools, not fillers or bulking agents. Their
presence should be declared, but they're not deceptive—they serve technical functions.

Fill Weight The total mass of powder in a vial as labeled by the manufacturer, representing the
combined mass of peptide plus counterions plus residual moisture plus any excipients. Fill weight
is verified gravimetrically during quality control. Without net peptide content (NPC) data, fill
weight doesn't tell you how much actual peptide is present.

Net Peptide Content (NPC) The fraction of total powder mass that is actual peptide, calculated by
subtracting counterions, moisture, and excipients.® Typically expressed as a percentage (e.g., "NPC
= 72%") or correction factor.! Distinct from chromatographic purity—NPC measures mass
composition, purity measures detector signals.

Residual Moisture Water content remaining in lyophilized peptide powder, typically 2-10% of total
mass.2.” Lyophilized peptides are hygroscopic and naturally equilibrate with ambient humidity.?
Moisture content affects gravimetric measurements, apparent purity (water doesn't absorb UV),
and can vary between batches or even after opening a vial. It's expected physical chemistry, not a
defect.

Trifluoroacetate (TFA) A common counterion in peptide salts, resulting from TFA use during HPLC
purification.® TFA is a strong acid that provides excellent peak resolution during purification but
remains associated with the peptide as a counterion. Can account for 10-30% of powder mass.®
Some applications prefer acetate or chloride salts instead due to TFA's potential effects in certain
assays.
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/B Synthesis Terms

Coupling Efficiency The percentage of successful peptide bond formation during each amino acid
addition in SPPS." High efficiency (99%) means 99% of chains added the next residue; 1% formed
deletion sequences. Efficiency compounds across synthesis: (0.99)%° ~ 74% for a 30-residue peptide.”

Crude Purity The chromatographic purity of peptide material immediately after synthesis and cleavage
from the resin, before final purification.* Crude purity typically ranges from 70-85% for well-controlled
synthesis'.'? and reflects how cleanly the synthesis proceeded. Higher crude purity indicates better

process control and reduces the burden on final purification steps.

Deletion Sequence An impurity where one or more amino acids are missing from the target sequence,
designated n-1 (one missing), n-2 (two missing), etc.* Forms during synthesis when coupling efficiency
is <100%."" Common synthesis-related impurities that accumulate even with high coupling efficiency.

Fmoc (Fluorenylmethyloxycarbonyl) A protecting group used in solid-phase peptide synthesis to
temporarily block the amino terminus of growing peptide chains, preventing unwanted reactions.’> Fmoc
is removed chemically (deprotected) before adding the next amino acid. Fmoc chemistry is the most
common SPPS approach for research-grade peptides.”

Lyophilization Freeze-drying process used to convert peptides from liquid to stable powder form.®
Removes water under vacuum while frozen, preserving peptide structure. Creates hygroscopic powder
that naturally contains 2-10% residual moisture.?.” Excipients like mannitol are often added as
cryoprotectants to prevent aggregation during freezing and maintain cake structure.®

Resin The solid support material (typically polystyrene beads) to which the first amino acid is attached
during solid-phase peptide synthesis.' The peptide chain grows on the resin, and the final peptide is
cleaved from the resin at the end of synthesis.’? Resin quality and loading density affect synthesis
efficiency.

Solid-Phase Peptide Synthesis (SPPS) Standard method for synthesizing research-grade peptides,
where amino acids are added sequentially to a growing chain attached to solid resin.'? Proceeds C-
terminus to N-terminus.' Each cycle involves deprotection and coupling. Quality depends on coupling
efficiency, reagent purity, and sequence-specific challenges."

R;EI{'{O{U,E Volume 1: The COA Reality - What Certificates of Analysis Actually Tell You (And What They Hide)

RESEARCH




The Researcher’'s Guide to Peptides: What COAs Don’t Tell You

APPENDIX B: Glossary of Key Terms

This glossary defines technical terms used throughout Volume 1. Terms are organized alphabetically
and include the conceptual framing necessary to interpret COAs, understand analytical methods,
and evaluate peptide quality.

Quality & Evaluation Terms

Batch Traceability The ability to link a specific vial back to its synthesis run, including process
parameters, raw material lot numbers, synthesis date, and deviations.* Enables root-cause analysis when
quality issues arise. More than just a lot number—it's full manufacturing provenance.

Manufacturing Transparency Visibility into a supplier's synthesis environment, process controls, raw
material verification, and batch documentation.* Manufacturing transparency includes traceability to
specific batch records, resin lots, amino acid lots, and process parameters. It predicts batch-to-batch
consistency more reliably than any single purity number because it reveals whether quality is controlled
during synthesis or tested for afterward.

Process-Based Quality Quality derived from controlled, documented synthesis procedures with in-
process monitoring and validated methods.'* Process-based quality is predictable because inputs and
methods are validated, and deviations are documented. It contrasts with results-based quality, where
synthesis proceeds without tight process control and products are tested afterward to verify they meet
specifications.

Results-Based Quality Quality verified through endpoint testing after synthesis, without necessarily
controlling the process.™ Products are tested and those failing specifications are rejected. Can work but
typically delivers less batch-to-batch consistency than process-based quality.
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