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1. Introduction

Peptide therapeutics offer significant potential in the pharmaceutical industry, combining the
advantages of small molecules and biologics. Nonetheless, the development of peptide
therapeutics encounters significant challenges, especially in the purification process. The biological
activity of peptides depends on their amino acid composition and structure. Therefore, precise
iIsolation using reversed phase high-performance liquid chromatography (HPLC) is necessary for
pharmaceutical applications.

Current purification workflows frequently become bottlenecks due to time and resource
constraints. As shown in Fig. 1, the traditional one-step scale-up workflow, while effective for small
molecules, often fails to provide optimal gradient profile for peptides, resulting in purification failures
and operational inefficiencies.

To address these issues, this study introduces an improved scale-up strategy that incorporates
rapid focused gradient validation into the purification process. This approach aims to enhance
workflow efficiency, increase purification success rates, and facilitate the advancement of peptide

therapeutics. .
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Fig. 1 Traditional purification workflow and typical One-Step Scale-Up strategy.

2. Methods
2.1. One-Step Scale-up Algorithm

The one-step scale-up algorithm was designed to automatically generate optimal focused
gradient profile for purification. The initial concentration of solvent B (Int.B.conc.) in the preparative
LC-MS was determined based on the retention time in the analytical LC-MS. The gradient profile in
preparative LC-MS, involving the gradient duration and the rate of change in solvent B
concentration, was standardized to ensure consistency across all runs. Notably, the target peaks

The focused gradient modification method for purification involves the following steps:
1. System volume and hold-up time measurement: Measure the system volume of the analytical
LC-MS and the column hold-up time (t;) to determine the gradient delay time (ty).
2. Gradient profile development and run: Create a gradient profile using retention times from
screening analyses, executed on the same system and column as the screening.
3. Retention time identification: Identify
the retention time of the target peak (t,) and
calculate the organic solvent ratio at elution
(C,) using:
C. = Ini.B.Conc + Gradient.Slope X (t,—ty)
4. Adjustment value of ini.B.Conc.

... No modification required

... Focused gradient profile
modification required

B. Conc (%)

Ini.B.Conc +30%

Calculation: Calculate the adjustment value Actual gradient ICA
of ini.B.Conc. (C,) as: ] et RN
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modified Ini.B.Conc. as:
Modified Ini.B Conc. = Ini.B Conc. + C,
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Fig. 4 Graphical explanation of the focused gradient
modification method

3. Results and discussion

3.1. Achievements with the Improved Scale-up Strategy

The effectiveness of the scale-up—particularly the ability to establish appropriate focused
gradients—was assessed through the retention times of target peaks in preparative LC-MS. A

successful scale-up was confirmed when target compounds eluted within a target elution time of 8
minutes £2 minutes, as designed by the One-Step Scale-up Algorithm.

The scale-up success rate was assessed across 130 unpurified peptide samples with diverse
characteristics, including sequences composed solely of natural amino acids, those containing non-
natural amino acids, as well as linear and cyclic structures. When the One-Step Scale-up Algorithm
was applied, the success rate was only 10% (13 samples). In contrast, when the Improved Scale-up
Strategy was implemented, the success rate dramatically increased to 91.5% (119 samples). This
significant improvement demonstrates that just a few minutes of rapid focused gradient validations
can significantly boost the success rate of scale-up processes, thereby improving the overall
efficiency of purification operations.

were expected to elute at approximately the same time, around 8 minutes.

3.2. Practical examples with peptide compounds
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4. Conclusion
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4 success rates of peptide purification workflows. By integrating rapid focused gradient validations,

this approach effectively tailors purification conditions to the specific characteristics of each peptide,

s overcoming the limitations of traditional methods. The substantial increase in success rates—from
A Modification of focused gradient  Scale-up with 10% to 91.5%—demonstrates the effectiveness of this strategy in achieving optimal purification
) moditied focused gradient outcomes. This advancement not only streamlines the purification process but also supports the

and verification of separation \_ )
broader development of peptide therapeutics in the pharmaceutical industry.
Fig. 3 Overview of the Improved Scale-up Strategy
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