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Abstract

Vapourtec has recently launched the Peptide-
Builder, a fast flow peptide synthesizer designed to
produce peptides with high crude purity with a Backgl‘ound
short synthesis time. During the last weekend
(26th to 28th) of September 2025, a Peptide-

Builder was used to generate a library of 16

A new wave of novel peptide therapeutics began
in the early 2000s, marked by the approvals of

. . . o teriparatide (Eli Lilly) for osteoporosis and
different peptides. This application note

) . ) liraglutide (Novo Nordisk) for type 2 diabetes. In
demonstrates the benefits of using the Peptide-

recent years, peptides have drawn widespread

Builder:

attention with the success of semaglutide and,
v Sixteen different 16-mer peptides were more recently, tirzepatide, a second-generation
synthesized unattended over a weekend incretin therapy used to treat obesity. The rise in
run. peptide therapeutic has meant this market value
v' All sixteen peptides were obtained with an in 2024 was circa $117B, and it is expected to
average crude purity of ~90%, yielding, in double by 2030, making it a very exciting area of

total, 3.2 grams of crude peptide. research.

v' Real-time analysis quantified aggregation

. . Discovery and development workflows remain
and quantified Fmoc deprotection.

. broadly analogous to those for small molecules.
v Adetailed report for each sequence made

. . . ) For each peptide that ultimately reaches the
it possible to assess synthesis quality from

o market, tens of thousands of candidate sequences
in-line data only.
are typically designed and synthesized during
For more details, please contact: early discovery, reflecting the scale of screening
Vapourtec Application Support and optimization required.
application.support@vapourtec.com

or call: +44 (0) 1284 728659

Among the available methods to synthesize

peptides, solid-phase peptide synthesis (SPPS)

remains the gold standard in early discovery due
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to its versatility, ease of automation, and ability to This application note shows the syntheses
produce complex sequences. completed using the Peptide-Builder during the

) last weekend (26 to 28™) of September 2025.
However, current batch technologies are often the

rate-limiting step in peptide research and The first 16-mer fragment of GLP-1 was chosen as
development for both real-time analysis and example peptide.
synthesis time. For batch processes, each cycle

HoN-LEGQAAKEFIAWLVKG-CONH:
(deprotection, coupling and washing steps) can

take between 1-2 hours, and often involve the use During this synthesis, there is a well-known
of double coupling strategies to overcome aggregation event at the 8% coupling. A library of
difficulties during the synthesis. 16-mer analogues was developed, implementing

discrete changes from the original sequence, as
As demand for complex peptides continues to rise,

might occur during the early stages of chemical
addressing these limitations has become

increasingly important. Since 2017, Vapourtec has discovery:

been supplying fast flow peptide synthesizers, e Switching between hydrophilic and lipophilic
built around the Variable Bed Flow Reactor (VBER) amino acids

patented technology, which enables efficient e Switching between different size amino acids
single pass couplings. In 2025, Vapourtec launched e Removing an amino acid from its position

the Peptide-Builder, an automated fast flow
) ) ) Figure 2 visually highlights the changes made
peptide synthesizer, developed to produce high
] ) ) ) from the original sequence:
crude purity peptides in a very short timeframe.

. : . seauence 1: - HN{LIEXSXQIAXAINEXFX I XAWILXVIKYGconH,
The Peptide-Builder has a small footprint and sequence2:  HN{ LXEXG QA AKXEXFX DABE(V)XK)G)-conn,
features a 16-position reactor carousel that enables seauence 3 HN{LEXSX QA AEXD AW LV)KIE)-conr,
. . . sequence 4: - HN{LIEXSX QA AKX EXEX MW L@ e )-cont,
full automation of multiple syntheses in sequence. sequences:  HN{ LEXS QAN AKX EXFX AWV K)®)-conn,
Reactor cartridges can be used for the synthetic sequence &: H,N{LXEXGX@AX AKX EXE D)AWLV KXE)-coNH,
0 00 0000060000000y
scale (0.05-1.0 mmol). Sequence8:  HN{ LEXS QX AXA K EXFX AW LYV I@)G)-conn,
NG 0000 0006000000 Oy
20 positions of Wash sk Amino acid selector Sequence 10: H,N eeeeooeeeaowcooe CONH,
natural smino acid === b // Sequence 11: H,N Geeeooce.aowcooe CONH,
\ A e Sequence 12: HA{LIEXS QB R EDE® MWK S cons,

Pri L
—— T — sequence 13: H-{(LXEXXQXAXAKIEXEX 1 XAW(L )@ )-con,
te to be discharged Vapourtec unique peptide : W NH
b Lol Yernurtse e e sequence 14: HN{LIEXSXQAXAKNEXEXWXAWILXVIKYG)FconH,
_ sequence 15: H,N{ LY EXG)X QA A K EXF)X AW LYV K)G)-ConH,
2L pipecidine bottla Resin cartridges Sequence 16: H,N Geeeooceoaoeaooe CONH,

sequential synthesis

1L DIC bottle Figure 2 - Visual representation of the 16 sequences. Light purple

indicates the changes made from the original

Two 0.5 L bottles
for DCM & HFIP

Patented Vapourtec
VBFR enabling
Fast-Flow SPPS

10 L DMF container

Figure 1 - Detailed image of the Peptide-Builder
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Results and Discussion Synthesis 10| Sequence | Chan9eE from orginal  Crude
Sequence 1 | LEGQAAKEFIAWLKG Original 92.0%

The sequences were programmed using the Sequence 2 | LEGQAAKEFIAAAVKG WA at position 5 88.7%

. . L+A at position 4

Sequence generator from the Peptide-Builder Sequence 3 | LEGQAAKELIAWLVKG FsL at position 8 | 88.6%
software, allowing the user to select how to run the Sequence 4 | LECOAAKEFIAWLTKG | V»Tat position3 | 886%
Sequence 5 | LECQAAKEFIAWLVKA G-+ A at position 1 90.5%

synthesis. Sequence 6 | LEGQAAKEFIAWLVKS G-S at position 1 89.6%
Sequence 7 | LEGQAAKEFIAWIVKG L+1 at position 3 91.5%

) - Sequence 8 | LECQAAKEFIAWLWG K-V at position 2 87.3%

our teg Sequence 9 | LECGQAAKEFIAWLVTG K-T at position 2 88.6%

Sequence 10 | LEGQAAKEFIAWLVAG K+ A at position 2 87.3%

Sequence 11 | LEGQAAKE_IAWLVKG | F deletion at position 8 | 91.5%

Sequence 12 | LECQAAKEFSAWLVKG 1+S at position 7 87.2%

Sequence 13 | LEGQAAKEFIAWLVEG K+E at position 2 86.7%

Sequence 14 | LECGQAAKEFVAWLVKG 14V at position 7 91.3%

Sequence 15 | LEGQAAKEFIAWLVKG Orginal (repitition) 91.9%

Sequence 16 | LEGQAAKEFIAFLVKG W-F at position 5 89.6%

H2N ) o
CEPREERROREERRE” I\:/. 5

Figure 3 - Peptide-Builder user interface showing Sequence generator,
an interactive page where users program peptide synthesis

All the 16 different sequences were programmed

using Vapourtec's protocols developed with the

Peptide-Explorer:

Coupling Temperature - 80 °C

Coupling contact time - 1.2 min
Deprotection Temperature - 80 °C
Deprotection contact time — 30 seconds

Table 1 and Figure 4 summarise the sequence
modifications with its crude purity; showing a
range between 87 to 92 % despite the aggregation

event.

Table 1- Summary of changes from original sequence and obtained

crude purities

Sequence 1
L Sequence 2
l ——Sequence 3
I ——Sequence 4
——Sequence 5
——Sequence 6
—Sequence 7
——Sequence 8
——Sequence 9
—Sequence 10
——Sequence 11

1 Ji ——Sequence 12
|
L

L

Relative intensity (a.u.)
]

——Sequence 13
—Sequence 14
sequence 15
Sequence 16

Rt (min)

Figure 4 - Overlaid chromatograms from HPLC Analysis of the Crude
Peptides
As previously mentioned, during the synthesis of
GLP-1 there is an aggregation event in the
seguence, during the 8% cycle, between F and E.
Figure 5 shows how switching K for V at position 2
from the C-terminal did not eliminate the
aggregation, but it was delayed by one cycle. The
rest of 16-mer variation showed similar level of

aggregation as the original sequence.
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Sequence 1, whereas this change occurs at

o Seduencel K Deprotection 9 for Sequence 8.

—Sequence 8 Z=V

m Sequence 1- LEGQAAKEFIAWLVKG
m Sequence 8 - LEGQAAKEFIAWLVVG
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Figure 5 - VBFR volume change of Sequence 1and 8, showing how 2 0

aggregation starts for both sequences 3 4 5 6 7 8 9 10 M 12 13 14 15 16
Deprotection number

An additional real-time analytical tool provided by
Figure 7 - Comparison Fmoc AUC for both Sequence 1 (blue) and

the Peptide-Builder is the quantification of Sequence 8 (Orange)
deprotections. This is achieved by measuring the
Fmoc area under the curve (Fmoc AUC) during the CDﬂCIUSan

deprotection step via UV detection at 365 nm.
P P The Vapourtec Peptide-Builder has been

When piperidine deprotects the Fmoc group, a . . . .
PP P grotp developed to streamline peptide synthesis during

sharp and narrow peak is detected, and its o
the early stages of development. With its compact

intensity is measured, giving a total value (Fmoc . . . .
Y gving ( footprint and rapid cycle times, the Peptide-

AUC). Figure 6 shows the overlap VBFR volume
- Fig P Builder enables the production of a large number

rowth with the UV signal at 365. It is worth notin
9 9 9 of peptides within a short period, while occupying

the small UV peaks which are caused by excess .
minimal laboratory space across a range of

amino acid flowing out of the reactor coincide with .
synthetic scales.

a resin volume gain.

This application note has demonstrated the

> | __VBFRvol h | 03

=54 velume change (mi) effectiveness of the  Peptide-Builder in

£ ——UV absorption at 365 nm (a.u.) 025

8)23 S synthesizing 16 challenging peptides with high
22

%CD) 21 lu \W 0z ng crude purity. The results highlight not only the

2 2 Juﬂ 015 g instrument’'s  performance but also the
19 o

3 18 o1 2 advantages of automation—allowing all 16

> W Q

% 17 J 005E peptides to be synthesized unattended over a
16

= - JU weekend, thereby making productive use of

o

5 30 55 80 105 130 155 180 205 o .
Time (min) otherwise idle laboratory time.

Figure 6 - UV data with reactor volume change superimosed for
sequence 1. The aggregation during the eighth coupling is clearly
visible.

When looking at Fmoc AUC for both sequence 1

and 8 (Figure 7), a similar conclusion can be drawn.

There is a minor step change at Deprotection 8 for
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Supplementary information

System setup

The following stock solutions were loaded in the Peptide-Builder:

e Amino acid stock solutions were prepared with Oxyma in DMF and placed on the amino acid carousel
e 20 % (v/v) Piperidine in DMF
e 25% (v/v) DIC in DMF

Reagents

All materials were purchased from commercial suppliers.

Fluorochem: Fluorenylmethyloxycarbonyl (Fmoc) Amino acids (>98 %), N,N-Di-

isopropylcarbodiimide (DIC) (99 %), Oxyma (99 %)

e Rathburn chemicals: N,N Dimethylformmamide (DMF)

e ACROS Organics, Piperidine ReagentPlus >99 %, Dichloromethane (DCM), Methanol (MeOH),
Trifluoroacetic acid (TFA) Reagent plus 99 %

e Rapp Polymer: Tentagel S RAM resin (0.24 mmol/g loading

Final cleavage and Analysis

After the synthesis, the peptidyl-resin was washed with 50 ml of DCM through the VBFR. The resin was then
cleaved in flow using the procedure set out in Vapourtec's Application note 72. Following the addition of
diethyl ether (20 ml) the peptides were obtained as white precipitates.

Crude samples were then dissolved in acetonitrile: H-O (1:1in v/v) and analysed by HPLC. {Agilent 1220; Eclipse
XDB-C18 5 um column (4.6 mm x 150 mm, flow rate = 2 ml/min) heated at 40 °C}. The following solvent were
used: Solvent A, Water containing 0.1 % TFA; Solvent B, acetonitrile containing 0.1 % TFA. The column was
eluted using a linear gradient from 5 % to 60 % solvent B over 30 min.

59 —Sequence ] ——Sequence 2 ——Sequence 3
—Sequence 4 —Sequence 5 —Sequence 6
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Figure S1- VBFR volume change during the 16 syntheses
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