


B Separation and Preparative Purification

« Efficient Method Development for a Synthetic Peptide
and Related Impurities

- Investigation of Separation Conditions and Prep
Purification of GLP-1 Receptor Agonist Semaglutide

+ Reversed phase Analysis of Semaglutide

Efficient method
Development of HPLC analysis

LabSolutions MD enhances the efficiency of method
development for synthetic peptides and their impurities. Its
Al algorithm automatically optimizes gradient profiles and
searches for conditions that satisfy specified separation
criteria for target peaks (e.g., main components and related
impurities). Automated screening of multiple mobile phases
and columns is possible using switching valves. Peptide and
impurity molecular weights can be estimated and accurately
monitored with the LCMS-2050 single quadrupole mass
spectrometer.

LC analysis
with MS detection

Higher purity with MS- i
trigger purification

Seamless method transfer from analytical scale to semi-prep
scale can be performed. Purity of collected fraction can be
simply performed using MALDI.

B Confirmation of Molecular Weight and
Amino Acid Sequence

« Using a Single Quadrupole Mass Spectrometer to Check

Peptide Synthesis and Analyze Impurities

- Amino Acid Sequencing of Synthetic Peptides Using a
MALDI-TOF Mass Spectrometer and Protein Sequencer

Analysis of purified sample

Nexera & LCMS-2050

Benefit

LC analysis with MS
detection

Benefit

Distinguish between
Leucine & Isoleucine

A single quadrupole mass spectrometer can be used in
combination with an HPLC system to check for known

compounds or quickly predict the molecular weight of
unknown impurities.

Designed for easy maintenance, the LCMS-2050 high
performance liquid chromatograph mass spectrometer
helps shorten instrument downtimes and reduce the time
and labor required for maintenance.

Rapid Analysis of crude
samples and Fractions

Benefit

Rapid analysis of crude
samples to ensure Purity and
amount

Amino acid sequences of peptides can be determined with
the MALDI-ISD analysis. By combining protein sequencer
results with MALDI molecular weight measurements or
MALDI-ISD results in a complementary way, all amino acid
sequences can be determined regardless of the peptide
structure.



B Quantitative Analysis for quality control

« Quantitative Determination of Semaglutide and
Preservative in Semaglutide Injection by High
Performance Liquid Chromatography

- Determination of Counter lons of Synthetic Peptides Using - £
lon Chromatograph i 1

The method allows simultaneous quantification of the active
ingredient and the preservative in semaglutide injections
from a single sample injection. It is simple to operate and
shows excellent repeatability.

lon chromatography can confirm the purity of synthetic
peptides and simultaneously measure trifluoroacetic acid and
chloride ions. System selection depends on purpose: use a
suppressor type for high-sensitivity analyses (e.g., measuring
inorganic anion impurities in pharmaceuticals), or choose a
non-suppressor type for simpler, more cost-effective setups.
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LabSolutions™ MD : Software for Efficient Method Development based on
Analytical Quality by Design

Efficient Method Development for a Synthetic
Peptide and Related Impurities

User Benefits

@ LabSolutions MD improves the efficiency of the entire workflow for method development of synthetic peptide and impuirities.
@ Screening for multiple mobile phases and columns can be automated using mobile phase and column switching valves.
€ Molecular weights of peptides and related impurities can be estimated and accurately tracked with LCMS-2050, a single quadrupole

mass spectrometer.

N Introduction

Peptide therapeutics, characterized by specific amino acid
sequences crucial to their function, can be synthesized
chemically, similar to small molecule drugs. The production of
synthetic peptides involves multiple steps, including
deprotection, activation, coupling, and the cleavage of the final
sequence from the solid support. Impurities, such as those
resulting from premature chain termination or missing amino
acids, can affect the safety and efficacy of the final product.
Therefore, these impurities must be separated by liquid
chromatography (LC). In LC analysis, selecting the appropriate
mobile phase and column across a wide range of combinations
is critical for achieving optimal separation, as it significantly
impacts the separation. However, since the separation pattern
varies depending on the peptide chain lengths, amino acid
compositions, and presence of modifications, optimizing
separation for each peptide sequence is time-intensive. This
study describes how to efficiently find the best separation
conditions for peptides and related impurities utilizing
LabSolutions MD, a dedicated software for supporting method
development, through both screening and optimization phases.

B Target Sample

A target peptide and five related impurities with different
sequences were used as a model sample of a synthetic peptide
(Table 1). Full length peptide (FLP : beta-Melanotropin), deletion
sequences of p.Aldel, p.A1_E2del, p.A1_K3del, and p.A1_D5del
as shorter length of products, and Met(02) (methionine in FLP is
oxidized to methionine sulfone) were prepared as a sample
mixture.

Table 1 Sequences of the Target Peptide and Related Impurities

Name Sequence
FLP AEKKDEGPYRMEHFRWGSPPKD
p.Aldel EKKDEGPYRMEHFRWGSPPKD
p.A1_E2del KKDEGPYRMEHFRWGSPPKD
p.A1_K3del KDEGPYRMEHFRWGSPPKD
p.A1_D5del EGPYRMEHFRWGSPPKD
Met(02) AEKKDEGPYR{Met(O2)}EHFRWGSPPKD

Note : Met(O2) = methionine sulfone

B Mobile Phases and Columns Screening

In the screening phase (analytical conditions : Table 2), the
optimal combination of mobile phase and column was
investigated. For the mobile phases, four aqueous solutions
(0.1% TFA, 0.1% formic acid, 10 mmol/L ammonium formate (pH
4.0), and 10 mmol/L ammonium acetate (pH 5.0)), and three
organic solvents (acetonitrile, methanol, and a 1 : 1 mixture of
acetonitrile/methanol) were evaluated. For the columns, six
columns with different stationary phases and pore sizes were
tested. A comprehensive analysis schedule was created with a
total of 72 (4 x 3 x 6) patterns of these mobile phases and
columns to explore the optimal combination. LabSolutions MD
can quickly and easily create an analysis schedule with different
parameters such as mobile phase compositions and columns
(steps (1) to (5) in Fig. 1). In addition, the mobile phases ((1) in
Fig. 1) and the columns ((2) in Fig. 1) can be switched
automatically using flow change valves, respectively.
Furthermore, mobile phase blending function automatically
prepares the mobile phases with the different mixture ratios of
acetonitrile and methanol by simply clicking the desired mobile
phases (step (1) in Fig. 1). This significantly reduces the amount
of manual work and prevents human errors during preparation.

Mobile Phase A ‘| (3) Enter sample
& information.
[ ]
|(2) Select the col /

including flowrate and
oven temp.

(5) Create an analysis
schedule. /

&
TTETETETE

B (4) Enter gradient conditions/

AH) Select aqueous mobile phases and

solvents.
v _{ Nick Name pH | A (%) | B (%) | C (%) | D (%)
il 0.1% TFA in water 100.0 0.0 0.0 0.0
|| §0.1% FA in water 0.0| 100.0 0.0 0.0

|v| BAmmonium mate 4 0.0 0.0| 100.0 0
| v| [fAmmonium acetate 5 ( 100.0
v Nick Name { A (%) | B (%) |C(%)|D (%)
+|J ACN 100% 100.0 0.0 0.0 0.0
«|j MeOH 100% .0 0.0
«| ] ACN_MeOH=50%_50%

Fig. 1 Steps for Creating Analysis Schedule



Table2 Analytical Conditions for Mobile Phases and Columns Screening AU (D 0.1%TFA in water_ACN_Velox SP-C18 (& Ammonium formate (pH 4)_ACN_Velox SP-C18
2)0.1% TFA in water_MeOH_Velox SP-C18 (6 Ammonium formate (pH 4)_MeOH_Velox SP-C18

X 1% FA i ACN_Velox SP-C18 A i etate (pH 5)_ACN_Velox SP-C18

System : Ne?(el'aTM X3 (Me'fhgv? SCOUt'nq1Sy5tem) 3075 0.:";0FA:: a:::;:fweoﬁ,ev:\zx SP—1C1B Ao j::t:t; fﬁH 3<J\Ae()Hf\/2\xnx SP-C18

Column 1 : Shlm'paCkaAcepter C“128-1 20 FLP * Estimated molecular weights by deconvolution

Column 2 : Shim-pack™ GISS C18 25 *2660

Column 3 : Shim-pack Velox™ sP-C18 PAT_K3del

Column 4 : Shim-pack Scepter C8-120 ™ Met(2) 332 1 Dsdel |

Column 5 : Shim-pack Scepter Phenyl-120 20 " 2692 P o8 |

Column 6 : Shim-pack GIST-HP C18-AQ *® I

(100 mm x 3.0 mm 1.D., 1.9 um : column 1, 2, 4~6) 15
(100 mm x 3.0 mm I.D., 1.8 um : column 3)

Temperature :40°C 0

Injection volume : 2 uL (FLP : 1000 mg/L, other impurities : 100 mg/L) '

Sample solvent : Water

Mobile phases 051> —

Pump A - Line A : 0.1% TFA (Trifluoroacetic acid) in water @ \J “LL\U“
-LineB : 0.1% formic acid in water o @\/Q u
~Line C : 10 mmol/L ammonium formate (pH 4) in water 3 " 7 " 5 " 3 " Tomin
B I_.|ne D :10 mmf"{L ammonium acetate (pH 5) in water Fig.4 Chromatograms Acquired by Velox SP-C18

Pump B - Line A : Acetonitrile
-Line B : Methanol4 AU | (D019 TFA in water_ACN_Scepter C8-120 (5) Ammonium formate (pH 4)_ACN_Scepter C8-120

Flow rate : 0.5 mL/min ) 0.1% TFA in water_MeOH_Scepter C8-120 ® Ammonium formate (pH 4)_MeOH_Scepter C8-120

i . H H (3 0.1%FAi '_ACN_Scepter C8-120 Al acetate (pH 5)_ACN_Scepter C8-120
Time program (%8)  +10% (0 min) 60 % 10 min) A ey A e o A
Detection . 2_2)2)0nr/:] ((IIS%g]!;/III:OmJgPLC cell) FLP * Estimated molecular weights by deconvolution

: -M40, 25 *2660

System : LCMS-2050 et pAL Kl

lonization - ES/APCI (DUIS™), positive mode 2 / pAT_Dsdel

Mode - SCAN (m/z 300-2000) 7 v

Nebulizing gas : 2.0 L/min (Ny)

Drying gas 5.0 L/min (Np) 15

Heating gas : 7.0 L/min (Ny)

DL temp. 1200 °C 1.0

Desolvation temp. 1450 °C

Interface Voltage :1.0kv 0s

’ Tt i
*1 P/N:227-31013-03, *2 P/N : 227-30049-02 %\fu e ]
8 [
*3  P/N ' 227-32002-02, *4 P/N:227-31034-03 0 A
*5 P/N:227-31064-03, *6 P/N:227-30808-02 2 4 6 8 1o min
Fig.5 Chromatograms Acquired by Scepter C8-120
. AUT@ 0.19TFA in water_ACN_Scepter Phenyl 5) Ammonium formate (pH 4) ACN_Scepter Phenyl
H Results of Mobile Phases and Columns B 01%TFA in water MeOHcsecpestrer:hneyny\ © Ammoniam formate (rp:H 4),Me0HfsecZ:€er Peh”eynw
.1% FA in water_ACN_Scepter Phenyl 7) Ammonium acetate (pH 5)_ACN_Scepter Phenyl
Screening .1% FA in water_MeOH_Scepter Phenyl Ammonium acetate (pH 5)_MeOH_Scepter Phenyl
. . " . FLP * Estimated molecular weights by deconvolution
Chromatograms acquired under different conditions of mobile 25 *2660
phases (aqueous mobile phases : 0.1% TFA, 0.1% formic acid, 10 et PAL K3l
. . e
mmol/L ammonium formate, 10 mmol/L ammonium acetate / 20 2692 / p.A1_D5del |
. - #2088
organic solvents : 100% acetonitrile, 100% methanol) on each ~ ‘
column are shown in Fig. 2-7. 15
AU (1) 0.1% TFA in water_ACN_Scepter C18-120 (&) Ammonium formate (pH 4)_ACN_Scepter C18-120 10
2)0.1% TFA in water_MeOH_Scepter C18-120 (& Ammonium formate (pH 4)_MeOH_Scepter C18-120 X

(3)0.1% FA in water_ACN_Scepter C18-120 Ammonium acetate (pH 5)_ACN_Scepter C18-120

30 1% FA in water_MeOH_Scepter C18-120 Ammonium acetate (pH 5)_MeOH_Scepter C18-120 ®
FLP * Estimated molecular weights by deconvolution 05 @ Win 1 T
2.5 *2660 ® i ’u
p,i‘lz,sK;Zdel 0
20 *Mze;gzz) / p.A1_D5del | 2 4 6 8 o mn
/ *2088 Fig.6 Chromatograms Acquired by Scepter Phenyl

s AU (D 0.1% TFA in water_ACN_GIST C18-AQ 5) Ammonium formate (pH 4)_ACN_GIST C18-AQ
0.1% TFA in water_MeOH_GIST C18-AQ (® Ammonium formate (pH 4)_MeOH_GIST C18-AQ
3.0 0.1% FA in water_ACN_GIST C18-AQ 7) Ammonium acetate (pH 5)_ACN_GIST C18-AQ
1.0 1) 0.1% FA in water_MeOH_GIST C18-AQ Ammonium acetate (pH 5)_MeOH_GIST C18-AQ
FLP * Estimated molecular weights by deconvolution
25 *2660
051® p.A1_K3del
@ roal i Met(2) *2332
0 W N I
20 *2692 p.A1_D5del I
0 ‘ AN / *2088 H
2 4 6 8 10 min
Fig.2 Chromatograms Acquired by Scepter C18-120 12
AU| (@ 0.1% TFA in water_ACN_GISS C18-200 5) Ammonium formate (pH 4)_ACN_GISS C18-200 1.0
2)0.1% TFA in water_MeOH_GISS C18-200 (® Ammonium formate (pH 4)_MeOH_GISS C18-200
.1% FA in water_ACN_GISS C18-200 7) Ammonium acetate (pH 5)_ACN_GISS C18-200
1% FA in water_MeOH_GISS C18-200 Ammonium acetate (pH 5)_MeOH_GISS C18-200 05 @
FLP * Estimated molecular weights by deconvolution i /ﬁ)\J‘J (f\)ﬂt \\‘
25 *2660 ® L\‘L‘\
p.AT_K3del o e |
Met(2) *2332 i
20 *2692 / pA1_D5del p‘ 2 4 6 8 10 min
' o _— 088 Fig.7 Chromatograms Acquired by GIST C18-AQ
) The results of mobile phases and columns screening indicated
® that the type of aqueous solution and the composition of
10{@ organic solvent have a significant effect on separation of FLP
® . . . .
O R— and related impurities. Additionally, LabSolutions MD can
0.5 . . .
® W ” calculate molecular weights (estimated by deconvolution of MS
e T spectrum acquired by LCMS-2050) for each peak, facilitating the
2 ‘ 4 ‘ 6 ‘ 8 ‘ 10 min confirmation of synthesized compounds and the estimation of

Fig.3 Chromatograms Acquired by GISS C18-200 molecular weights for unknown impurities.



[ ] Quickly Find OPtimaI COndition AU | (D80°C_0.1%FA in water_MeOH_Scepter C8-120

2)70°C_0.1% FA in water_MeOH_Scepter C8-120
) 60°C_0.1% FA in water_MeOH_Scepter C8-120
(4)50°C_0.1% FA in water_MeOH_Scepter C8-120
(5)40°C_0.1% FA in water_MeOH_Scepter C8-120

* Estimated molecular weights by deconvolution

Many chromatograms are generated based on the number of
conditions considered in the screening phase, and a certain

level of chromatographic knowledge, along with significant 30 FLP
. . . ey . * p-Aldel
effort, is required to evaluate which condition provides the Met(02) 2660 || x589 PATK3del
desired separation. LabSolutions MD can quickly and easily find ®*2692\ P Fadel / (\/  pA1 Dsae
*2088

optimal condition using equation (Eq. 1) below to quantitatively
evaluate the separation.

2.0

(Evaluation Value) =P X (Rs1 + Rs2 +...+ Rsp-1) (Eq. 1)

Evaluation Value is calculated as the number of peaks detected
(P) multiplied by the sum of resolution factor (Rs) for all peaks.
Fig. 8 shows Evaluation Value obtained through mobile phase
screening and listed in the order from the highest to the lowest.
The top three chromatograms with the highest evaluation 3 4 s 6 min
values are shown in Fig. 9. The best chromatogram was Fig.10 Chromatogram with Different Column Oven Temperatures
obtained under the mobile phase composition of 0.1% formic 80 °C(D), 70 °C(@), 60 °C(®), 50 °C(@), 40 °C(®)

acid and methanol using Scepter C8-120 column. However, in (0.1% formic acid/ MeOH / Scepter C8-120)

the conditions with the second and third highest evaluation
values, p.A1_E2del was also detected, and a certain level of
separation was achieved. Therefore, further investigation was
conducted with different column oven temperatures (40, 50, 60, 40
70, and 80 °C) for these top three conditions.

AU | (1 80°C_Ammonium acetate (pH 5)_ACN_MeOH=50_50_Velox SP-C18
2)70°C_Ammonium acetate (pH 5)_ACN_MeOH=50_50_Velox SP-C18
MeOH=50_50_Velox SP-C18
MeOH=50_50_Velox SP-C18
(5)40°C_Ammonium acetate (pH 5)_ACN_MeOH=50_50_Velox SP-C18

* Estimated molecular weights by deconvolution
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FLP p.A1_E2del

B —————————— *2660 * 2460 p.A1_K3del
MPA Nick Name MPB Nick Name Column Nick Name NIEUFENLL RN | *2332
307 Met(02) I
0.1% FA in water MeOH Scepter-C8-120 9 *2692 PAL DS el
ACN_MeOH=50_50 6 (OB |
MeQH
2,04
ACN_MeOH=50 @
ACN_M
ACN_MeOH ®
ACN_MeO 1.04
MeCH @
ACN f \\
/ R
Ammonium formate (pH 4) | ACN 04 ® /J VAN
Fig.8 Ranking of Each Condition by Evaluation Value 4 5 6 7 min
(Top 10 Chromatograms Listed from the Highest to the Lowest) Fig. 11 Chromatogram with Different Column Oven Temperatures
80 °C(D), 70 °C(@), 60 °C(3), 50 °C(@), 40 °C(®)
AU | D Ranking 1_0.1% FA in water_MeOH_Scepter C8-120 (10 mmol/L ammonium acetate / ACN : MeOH=50:50 / Velox SP-C18)
2)Ranking 2 _Ammonium acetate (pH 5)_ACN_MeOH=50_50_Velox SP-C18
(3 Ranking 3_Ammonium formate (pH 4)_MeOH_Scepter C8-120
* Estimated molecular weights by deconvolution AU | @ 80°C_Ammonium formate (pH 4)_MeOH_Scepter C8-120
FLp 2)70°C_Ammonium formate (pH 4)_MeOH_Scepter C8-120
pAT_E2del || « 0°C_Ammonium formate (pH 4)_MeOH_Scepter C8-120
e 2’450 2660 0°C_Ammonium formate (pH 4)_MeOH_Scepter C8-120
p.A1_K3del 0°C_Ammonium formate (pH 4)_MeOH_Scepter C8-120
Met(02) %2332 * Esti i i
® 2692 \ / p.A1_DSdel Estimated molecular weights by deconvolution
*
10 — 2088 30 FLP | pAldel
%2660 *2589
| p.A1_K3del
*;220 “ PAT_E2del Met(02) P-A1_E2del 2332
‘\ *2460 *2692  *2460 p.A1_D5del
|| pA1_K3del \ — %2088
Met(02) Il *2332
05 *2692 |/ pmi_psdel
@ o * 2088
FLP
*2660 || p.A1_K3del
Met(02) *2332
*269y  PAI-E2del / p.A1_D5del
® N 2460 3088
0 AN
3 5 7 9 min

Fig.9 Chromatograms of the Top Three Evaluation Values

5 6 7 8 min
[ Fig. 12 Chromatogram with Different Column Oven Temperatures
Results of Column Oven Temperature 80°C(D) 70°C(2) , 60 °C(3) , 50 °C(@) . 40 °C(G)
Screenlng (10 mmol/L ammonium formate / MeOH / Scepter C8-120)
Chromatograms obtained by varying the column oven
temperatures at 40: 50! 60! 70! and 80 °C for the top three MPA Nick Name MPB Nick Name _ Column Nick Name  Oven Temp Sl CEAE

FA in water MeOH

chromatograms (Fig. 9) are shown in Fig. 10-12, respectively.
Higher temperatures improved separation in all conditions,
indicating that column oven temperature is effective in
improving the separation. In addition, it was confirmed that
increasing the column oven temperature improves the
resolution between p.Aldel and FLP, which are the most
difficult to separate. Fig. 13 shows the resolution results

Fig. 13  Ranking by Resol
(Top 5 Chromatograms Listed from the Highest to the Lowest)

between p.A1del and FLP, listed in the order from the highest to Next, the optimization phase was conducted to further improve
the lowest. The highest resolution between p.Aldel and FLP separation and robustness by adjusting LC parameters, such as
was observed with the mobile phase composition of 0.1% gradient conditions and flow rate.

formic acid and methanol using Scepter C8-120 column
(chromatogram (D in Fig. 10).



B Optimization Phase

Based on the optimal condition (aqueous solution : 0.1%
formic acid , organic solvent : methanol, column : Scepter C8-
120, column oven temperature : 80 °C), initial gradient
concentration (5, 10, and 15% : Fig. 14), gradient time (5, 10, and
15 min : Fig. 14), and flow rate (0.5, 0.6, and 0.7 mL/min), were
optimized to further improve the separation of FLP and related
impurities. The obtained chromatograms are shown in Fig. 15-
17. Higher initial gradient concentration and longer gradient
time tended to improve the resolution between neighboring
peaks, while the flow rate had a smaller effect on resolution.
Then, peak tracking was performed for FLP and related
impurities to visualize the resolution through design spaces.

Fig. 14 Optimization of Gradient Conditions

AU

2.0 1 @ Initial Conc. 5%/Gradient time 5 min/Flowrate 0.6mL_min *Resolution
2) Initial Conc. 10%/Gradient time 5 min/Flowrate 0.6mL_min
(3 Initial Conc. 15%/Gradient time 5 min/Flowrate 0.6mL_min

Fig. 15 Chromatograms with Different Initial Concentration
5%(@), 10%(@) , 15%(3)

AU | (D) Initial Conc. 10%/Gradient time 5 min/Flowrate 0.6mL_min * Resolution
2) Initial Conc. 10%/Gradient time 10 min/Flowrate 0.6mL_min

(3 Initial Conc. 10%/Gradient time 15 min/Flowrate 0.6mL_min

FLP
*0.9

p.Aldel

2 3 4 5 6 min

Fig. 16 Chromatograms with Different Gradient Time
5min(@®), 10 min(®@) , 15 min(®)

AU (@ Initial Conc. 10%/Gradient time 15 min/Flowrate 0.5mL_min * Resolution
Initial Conc. 10%/Gradient time 15 min/Flowrate 0.6mL_min

0.7 1 (3 Initial Conc. 10%/Gradient time 15 min/Flowrate 0.7mL_min

FLP
11

M pAldel

Fig. 177 Chromatograms with Different Flow Rate
0.5 mL/min(®) , 0.6 mL/min (@), 0.7 mL/min (3)

B Automated Peak Tracking by LCMS-2050

LC chromatograms obtained with a gradient time of 5 min,
flow rate of 0.6 mL/min, and initial concentration of 5 % and
15 %, along with molecular weights for FLP and impurities, are
shown in Fig. 18. The UV spectra for each impurity are displayed
in Fig. 19. The similarity between UV spectra of Met(02), p.A1del,
p.A1_E2del, p.A1_K3del, and p.A1_D5del is greater than 0.99,
suggesting that peak tracking based on UV spectra would be
challenging. In contrast, LabSolutions MD enables peak tracking
based on molecular weights acquired by LCMS-2050, facilitating
accurate identification of compounds with similar UV spectra
(Fig. 18). The estimated molecular weights for each compound
show small mass errors compared to the theoretical values
(Table 3), which can be used to confirm the molecular weights
of known compounds as well as to approximate the molecular
weights of unknown impurities.

AU [ nitial Conc. 5%/Gradient time 5 min/Flowrate 0.6mL_min FLP

1.0 1 *Estimated molecularweights by deconvolution *2660

ijz\;g;' p.AT_K3del
p.A1_E2del "2332

Met(02)  *2460 / p.A1_D5del

1 2

min

1 2 3 4 min

Fig. 18 LC Chromatograms at a Gradient Time of 5 min, Flow Rate of 0.6
mL/min, and Initial Concentration of 5 % (Upper) and 15 % (Lower)
(Dashed lines indicate tracking based on molecular weights.)

AU

Met(02)

p p.Aldel

) " p.A1_E2del
p.AT_K3del
, p-A1_D5del
’, FLP

T T T T
200 250 300 350 nm

Fig. 19 UV Spectra of FLP and Impurities

Table 3  Estimated / Theoretical Molecular Weight of FLP and Impurities

Name Estimated Theoretical
Molecular Weight Molecular Weight

FLP 2660 2660
p.Aldel 2589 2589
p.A1_E2del 2460 2460
p.A1_K3del 2332 2332
p.A1_D5del 2088 2089
Met(02) 2692 2692

Next, by visualizing resolution of FLP and each impurity with
design spaces, the optimal condition that provides the best
resolution and robustness was identified.



B Design Space Evaluation for Optimal
Condition

Design spaces of resolution of FLP and each impurity were
shown (Fig. 20). The vertical axis represents gradient time, while
the horizontal axis represents initial concentration. The red
region indicates higher resolution, and the blue region indicates
lower resolution. By visualizing the resolution through design
spaces, it became evident that higher initial concentrations and
longer gradient times improve the resolution of each peak.

Resolution of Met(02

Resolution of p.A1_E2del

-1.03

0.98

Gradient time (min)
Gradient time (min)

0.93

5 10 15 0.89
Initial Conc. (%)

Resolution of p.A1del

0.98

Gradienttime (min)
3>
)
o
Gradient time (min)

0.93 1.2

s :

0.89 5 10 15 1.0
Initial Conc. (%)

Initial Conc. (%)

Resolution of p.A1_D5del

I 34 15 I I 34

Resolution of p.A1_K3del

z <z
£ sl | § 3.15
g ¢
=10 =10
E 29 5 29
2 2
V) [V}
2.65 L 2.65
5 . 5 0 .
5 10 15 24 5 10 15 24

Initial Conc. (%) Initial Conc. (%)

Fig.20 Design Space for Resolution of FLP and Impurities
(Flow rate : 0.6 mL/min)

LabSolutions MD can automatically search for the optimal
conditions that meet multiple criteria by overlaying design
spaces. For example, Fig. 21 shows the area of the analytical
conditions that satisfy the following requirements : resolution of
FLP and p.Aldel > 1.5, resolution of FLP and p.A1_E2del > 1.0,
retention time of p.A1_D5del < 6 min to reduce analysis time,
and retention time of Met(02) > 3 min for proper retention. The
region enclosed by the orange line is where the resolution of
FLP and p.Aldel < 1.5, the region enclosed by the pink line is
where the resolution of FLP and p.A1_E2del < 1.0, the region
enclosed by the yellow line is where the retention time of
p.A1_D5del > 6 min, and the region enclosed by the brown line
is where the retention time of Met(02) < 3 min. Point A (red
circle) in the remaining region (shown by the black hatching),
represents the optimal conditions (initial concentration : 9%,
gradient time : 11.5 min, flow rate : 0.6 mL/min) that satisfy all
the criteria. By overlaying design spaces, the desired conditions
can be easily identified.

Retention Time of p.A1_D5del > 6 min Retention Time of Met(02) < 3 min

Optimum conditions that meet all the criteria‘

‘ Resolution of FLP and p.A1_E2del < 1.0 ‘

o

Gradient time (min)

‘ Resolution of FLP and p.A1del < 1.5 ‘

5 10 15
Initial Conc. (%)

Fig.21 Overlay of Design Spaces of Resolution and Retention Time

B Chromatogram at Optimal Condition

The chromatogram obtained at optimal conditions (point A) is
shown in Fig. 22. It shows that the resolution of FLP and p.A1del
> 1.5, resolution of FLP and p.A1_E2del > 1.0, retention time of
p.A1_D5del < 6 min, and retention time of Met(02) > 3 min,
which successfully satisfies the optimization criteria. By utilizing
design spaces, the desired conditions can be easily identified
without relying on chromatography experience.

AU | Initial Conc. 9%/Gradient time 11.5 min/Flowrate 0.6mL_min *Resolution
FLP

0.4 *1.03

pAldel A1 _K3del

*1.63
/ p.A1_D5del

p.A1_E2del
Met(02)

Fig. 22 Chromatogram at Optimal Conditions
(aqueous solution : 0.1% formic acid / organic solvent : MeOH / column :
Scepter C8-120/ column oven temperature : 80 °C)

H Conclusion

The separation patterns of synthetic peptides vary depending
on mobile phase composition, column type, and various LC
parameters, such as gradient conditions, column oven
temperature, and flow rate. Separation behavior can also differ
based on peptide structure, including length, amino acid
composition, and the presence of modifications. Therefore, it is
necessary to optimize the separation for each peptide sequence
individually. However, optimizing analytical conditions through
numerous analyses and data processing can be time-consuming.
LabSolutions MD automates the entire workflow, including
generating analysis schedules, preparing mobile phases, and
processing the data, thanks to functionalities such as
automated peak tracking, ranking of chromatograms, and
design space visualization. This article introduced a case where
the optimal separation conditions for synthetic peptides were
efficiently identified through screening and optimization
phases. LabSolutions MD also offers fully automated gradient
optimization by Al algorithm to meet user-defined criteria. For
more details, please refer to the application news, “Automatic
Optimization of Gradient Conditions by Al Algorithm on
Synthetic Peptide and Impurities : 01-00814".

LabSolutions, Nexera, Shim-pack, Shim-pack Velox, Shim-pack Scepter, and DUIS are trademarks of Shimadzu Corporation or its affiliated companies in Japan and/or

other countries.

SHIMADZU

Shimadzu Corporation

www.shimadzu.com/an/

01-00780B-EN First Edition: Oct. 2024

Revision A: Dec. 2024
For Research Use Only. Not for use in diagnostic procedures. Revision B: Oct. 2025

This publication may contain references to products that are not available in your country. Please contact us to check the availability of these
products in your country.

The content of this publication shall not be reproduced, altered or sold for any commercial purpose without the written approval of Shimadzu.
See http://www.shimadzu.com/about/trademarks/index.html for details.

Third party trademarks and trade names may be used in this publication to refer to either the entities or their products/services, whether or not
they are used with trademark symbol “TM” or “®".

Shimadzu disclaims any proprietary interest in trademarks and trade names other than its own.

The information contained herein is provided to you "as is" without warranty of any kind including without limitation warranties as to its
accuracy or completeness. Shimadzu does not assume any responsibility or liability for any damage, whetherdirect or indirect, relating to the
use of this publication. This publication is based upon the information available to Shimadzu on or before the date of publication, and subject
to change without notice.

© Shimadzu Corporation, 2024


http://www.shimadzu.com/about/trademarks/index.html
https://www.shimadzu.com/an/sites/shimadzu.com.an/files/pim/pim_document_file/applications/application_note/24872/an_01-00814-en.pdf
https://www.shimadzu.com/an/sites/shimadzu.com.an/files/pim/pim_document_file/applications/application_note/24872/an_01-00814-en.pdf
https://www.shimadzu.com/an/sites/shimadzu.com.an/files/pim/pim_document_file/applications/application_note/24872/an_01-00814-en.pdf

) SHIMADZU

Excellence in Science

Yusuke Masuda, Tomoko Kuriki

Preparative Purification Liquid Chromatograph

Software for Efficient Method Development

Matrix-Assisted Laser Desorption/lonization Time-of-Flight Mass Spectrometer
Investigation of Separation Conditions and Prep
Purification of GLP-1 Receptor Agonist Semaglutide

User Benefits

@ Al algorithm equipped in LabSolutions™ MD automatically optimizes gradient profile and automatically searches for conditions
that meet the specified separation criteria for desired peaks (such as the main component and related impurities).

@ Seamless method transfer from analytical scale to semi-prep scale can be performed.

@ Purity of collected fraction can be simply performed using MALDI.

M Introduction

In typical HPLC method development, “preparation” steps such as
setting up mobile phase and column and creating analytical
batch are executed before starting “analysis.” Subsequently, the
obtained data undergoes “data processing” followed by
repeating “preparation” for the next analysis and another
“analysis” was started. This repeated process drives method
development. HPLC analysts are required not only huge time to
repeatedly create analytical batches but also expertise in
chromatography during optimization of analytical conditions
based on the results of he obtained data. In other words,
conventional method development requires human intervention.
Consequently, labor savings through the automation of the entire
method development processes are highly anticipated. In this
article, the gradient profile that meet separation criteria for
semaglutide, a GLP-1 receptor agonist, and its impurities were
automatically searched using the analytical method development
support software LabSolutions MD (Technical Report C190-E309).
Subsequently, the analytical conditions were scaled up to semi-
prep scale and fractionation was performed. Furthermore, the
purity of the collected samples was confirmed using matrix-
assisted laser desorption/ionization time-of-flight mass
spectrometer (MALDI-8030).

B GLP-1 receptor agonist

In recent years, GLP-1 receptor agonists (GLP-1 agonists), a drug
for type 2 diabetes, have been paid significant attention. These
drugs are used not only for diabetes treatment but also as anti-
obesity medications.

The human body contains two types of peptide hormones that
control blood glucose levels: GLP-1 (31 amino acids) and GIP (39
amino acids). These hormones promote insulin secretion from the
pancreas to suppress blood glucose level by activating their
respective receptors. However, these hormones are prone to
enzymatic degradation in human body. Therefore, some amino
acid in the sequence is chemically modified when used as
pharmaceuticals. Such pharmaceuticals are called “GLP-1
analogs” because they are modified analogues of GLP-1 with
modified amino acids. Furthermore, GLP-1 analogs exhibit similar
effects to GLP-1 in human body after administration and possess
the efficacy to activate GLP-1 receptors, hence they are also called
“GLP-1 receptor agonists.”

In this article, a mixture containing semaglutide, (Fig. 1) one of
“GLP-1 analogs,” was used as a simulated sample to investigate LC
separation conditions and perform prep purification.

Fig. 1 Chemical structure of semaglutide

B Optimization of gradient profile

Fig. 2 shows the workflow of automatic optimization for gradient
profile using LabSolutions MD, which contains original Al
algorithm searching for gradient profile to meet specified criteria.
It reaches optimal profile by alternately repeating "gradient
profile improvement by Al (condition search)" and "analysis under
improved conditions (correction analysis)”. “Resolution for desired
peak” and “Elution time of the final peak” can be set as criteria.
Since LabSolutions MD can calculate molecular weight through
mass spectrum deconvolution, peaks can be easily identified
simply by inputting the molecular weight of the target
compound for optimization (Fig. 3). In this investigation,
semaglutide (Average mass: 4113) was designated as the target
peak to be separated from nearby-eluted analogues with at least
resolution 2.0.

Furthermore, the gradient profile employed during automatic
optimization can be specified. When an ordinary linear gradient
profile fails to achieve the resolution criterion of 2.0, appropriate
separation conditions can be found by trying multi-linear
gradient  (multi-step gradients) or stepwise gradient.
Consequently, advanced separation can be achieved by specific
gradient profile, which is difficult to be created with conventional
manual analysis methods, facilitating.

Al algorithm repeatedly searches
for optimal conditions
Initial Condition  Correction
analysis search analysis

Fig. 2 Workflow of gradient profile optimization using LabSolutions MD

Il\f‘inimum Resolution: 2 I

Target Peak:

O All Peaks
® Specify by Molecular Weight
IO Specific Peaks I

Malecular Weight:

|4113

Fig. 3 Criteria settings for automatic optimization
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Fig. 5 Mass spectrum of semaglutide

Table 1 Analytical conditions

Instrument : Nexera XR
Mobile Phase :Pump A:0.1% formic acid in water

: Pump B:0.1% formic acid in acetonitrile
Column : Shim-pack Scepter™ C18-120

(150 mm X 4.6 mm I.D., 5 um)

Sample : Unpurified Semaglutide
Sample Concentration : 1 mg/mL
Injection Volume 15l

LC conditions
:5% (0 min) = 95% (X" ~X+3 min)
— 5% (X+3~X+8 min)
Column Temp. :25°C
Flow rate 1 1.0 mL/min
Detection (PDA) : 280 nm (SPD-M40, conventional cell)
Criteria of automatic optimization of gradient conditions
:>2.0 (Semaglutide)

Time Program

Resolution

MS conditions

: ESI/APCI (DUIS™), positive
: SCAN (m/z 200-2000)

2.0 L/min (N2)

5.0 L/min (N2)

:7.0 L/min  (N2)

lonization

Mode

Nebulizing Gas Flow
Drying Gas Flow
Heating Gas Flow

DL Temp. 1200 °C
Desolvation Temp. 1450 °C
Interface Voltage :1.0 kv

*1 X=5,7.5,10,12.5, 15 (5 patterns)

Fig. 4 shows the results of the automatic searching for gradient
profile, and Fig. 5 shows the mass spectrum of semaglutide. For
semaglutide, multivalent ions with charges from three to five
were detected, and the molecular weight (4113) was calculated
via deconvolution. As a result, semaglutide was recognized as the
target peak for separation optimization, and gradient profile that
met the criteria was automatically searched.

In the initial analysis results, the separation of semaglutide and
impurities was insufficient across five gradient profiles (Table 1)
(red circles in Fig. 4). Subsequently, after three times repeated
correction analyses provided by Al algorithm, the gradient profile
that met the criteria was finally automatically found (correction
analysis 3). Corrective analysis 3 created a multi-step gradient
with an isocratic interval, achieving the separation criterion
(resolution: 2.0) (green box).

Using the LCMS-2050 enables peak tracking based on molecular
weight information. This allowed more precise separation studies
owning to reliable tracking of the target peak for optimization
even when multiple peaks were detected on the UV
chromatogram.

H Performing prep purification

The flow rate was scaled up to 20 mL/min (with linear velocity
kept constant before and after scale-up) based on the cross-
sectional area ratio (approximately 20-fold) between the
preparative column (inner diameter 20 mm) and the analytical
column (inner diameter 4.6 mm). The UV chromatogram obtained
after prep scale-up is shown in Fig. 6 (the blue interval indicates
the fractionation area).

In scaling up process from analytical LC to preparative LC, there
are concerns on complicated effort involved in LC-parameter
calculations and transcription errors from calculated results into
method file. To address these challenges, LabSolutions MD can
automatically calculate various LC parameters for scaling up and
create a method file reflecting these values (steps (1) to (4) in Fig.
7).

Simply select the target system (Fig. 7 (1)), input the column size
(Fig. 7 (2)), and flow rate (Fig. 7 (3)), and the prep method file is
automatically.



mv %
B.Conc
25
2.04 [75:0
1.5
500
1.0
0.5 [25:0
0.0
T T T T T T T T T T T T T e e 0.0
00 10.0 200 30.0 40.0 50.0 min
Fig. 6 Chromatogram for prep fractionation of semaglutide
Blue slice shows fractionation interval
Table 2 Analytical conditions
Instrument : Nexera Prep
Column : Shim-pack Scepter C18-120

(150 mm X 20 mm 1.D., 5 pm)
Sample Concentration :5 mg/mL
Injection Volume :1mL

LC conditions
Flow rate (Prep)
Flow rate (Makeup)
Detection (UV)

:20 mL/min

: 1.5 mL/min (Methanol)

:280 nm (SPD-40, preparative cell)
MS conditions

Desolvation Temp. 1100 °C

(1) Select system
for transfer

Nexera Prep
LC-2050

Nexera X3 LPGE
LC_SFC switching

Fig. 7 Creation of prep method file using LabSolutions MD

B Purity confirmation for collected fraction
using MALDI

The purity of the collected fraction was confirmed using matrix-
assisted laser  desorption/ionization  time-of-flight mass
spectrometer (MALDI-8030). MALDI enables mass spectrometry
with simple pretreatment. Required measurement time per
sample is only a few seconds, providing rapid confirmation of the
purities of multiple fractions (Fig. 8).

le

Fig. 8 Benchtop MALDI-TOF MS MALDI-8030

Table 3 shows the analytical conditions for MALDI-MS, and Fig. 9
and Fig. 10 show the mass spectra of unpurified semaglutide and
the collected fraction. In unpurified semaglutide analysis,
ionization was suppressed due to the presence of co-eluting
impurities, resulting in unreliable data acquisition. Although
peaks were detected by increasing the laser power, but they
showed different m/z values from [M+H]* of semaglutide (Fig. 9).
In contrast, the mass spectrum of the fraction after collection
showed no suppression of ionization, yielding a good mass
spectrum of semaglutide [M+H]* (Fig. 10). Furthermore, no peaks
originated from impurities were detected, confirming that
semaglutide was fractionated at a high degree of purity.

Table 3 Measuring conditions of MALDI-MS

Instrument : MALDI-8030 Benchtop MALDI-TOF MS system
Matrix : 5 mg/mL a-Cyano-4-hydroxycinnamic acid
(CHCA)
1% Methylenediphonic acid
Polarity : Positive-ion linear mode
Pulsed extraction :m/z4100
‘ m/z 41184 41445 Red: Before purification

: ,
! f
o
o
Fig. 9 Mass spectrum of unpurified sample
oy I Blue: After purification
e [M+HT* e
af Red: Before purification
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Fig. 10 Mass spectrum of fractionated sample
B Conclusion

This article introduced a comprehensive automated prep
purification workflow targeting semaglutide, GLP-1 receptor
agonist.

Using LabSolutions MD enables automatic searching for gradient
profile in which semaglutide peak meets resolution criteria.
Furthermore, the  method-transfer  function  enables
straightforward scale-up from analytical scale to preparative scale.
Additionally, MALDI streamlined confirming the purities of
collected fractions by rapid mass spectrometry and simple
operation.

These features enable rapid method development, which
improves operational efficiency in pharmaceutical development
and manufacturing.
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Semaglutide — Shim-pack Scepter Claris (Bio-inert coating)

Shim-pack Scepter (Stainless-steel)

—
15.0 17.5 20.0 min

System
Column

Mobile phase

: Nexera™ lite inert

: Shim-pack Scepter Claris C18-120 (150 mm x 2.1 mm I.D.,
Shim-pack Scepter C18-120 (150 mm x 2.1 mm.D., 1.

: A) 0.1% formic acid in water

: B) 0.1% formic acid in acetonitrile

Time program
Flow rate
Column Temp.
Injection volume
Detection

Vial

1 15% (0 min)->90% (15 min)->15% (15.1-21 min)
:0.2 mL/min

160 °C

12l

: UV 280 nm

: TORAST™ -H PP vial, P/N: 370-04052-01

1.9 pm), P/N: 227-31210-03

9 um), P/N: 227-31012-06
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High Performance Liquid Chromatograph Mass Spectrometer LCMS™-2050

Using a Single Quadrupole Mass Spectrometer to
Check Peptide Synthesis and Analyze Impurities

Miho Kawashima and Tomoko Kuriki

User Benefits

@ Asingle quadrupole mass spectrometer can be usedin combination with an HPLC system to check for known compounds or

quickly predict the molecular weight of unknown impurities.

@ Designed for easy maintenance, the LCMS-2050 high performance liquid chromatograph mass spectrometer helps shorten
instrument downtimesand reduce the time and labor required for maintenance.

H Introduction

When analyzing peptides, mobile phases containing
trifluoroacetic acid (TFA) are commonly used for analyzing
purity levels by HPLC. This article describes an example of
measuring a commercial peptide standard sample to check
molecular weights and analyze impurities by MS using TFA-
based mobile phase conditions and optional deconvolution
software. The LCMS-2050 is a compact single quadrupole mass
spectrometer (Fig. 1), which was developed specifically for easy
operability and is a powerful tool for easily obtaining mass
information that uses the same operating methods as HPLC
systems. The LCMS-2050 is also designed for easy maintenance,
which helps reduce instrument downtime and the time and
labor required for maintenance.

Fig. 1 Nexera™ and LCMS™-2050 Systems

B Sample Pretreatment and Analysis Conditions
The target peptides measured are indicated in Table 1.

Samples for analysis were prepared by dissolving and diluting
commercial standard samples of those peptides in ultrapure
water.

Table 1 Peptides Measured

# Compounds Formula Molecular Weight
1 Somatostatin C76H104N18019S2 1637.88
2 ACTH1-17 fragment CosH145N200,35 2093.41

Analytical conditions are indicated in Tables 2 and 3.

Table 2 LC Analytical Conditions (Nexera™ X3)

Column: Shim-pack Scepter™ C18-120*'
(50 mm x 2.1 mm I.D., 1.9 um)

Temperature: 40°C

Mobile Phase: Conditions for Using TFA

A) 0.1 % TFA in H,O
B) 0.1 % TFA in acetonitrile
Conditions for Using Formic Acid
A) 0.1 % Formic acid in H,0
B) 0.1 % Formic acid in acetonitrile
Gradient: B. Conc 10 % (0.00 to 1.50 min)
— 80 % (5.00 min) = 10 % (5.01 to 8.00 min)

Flowrate: 0.4 mL/min
*1P/N:227-31012-03

Table 3 MS Analysis Conditions (LCMS-2050)

lonization: ESI/APCI (DUIS™), Positive mode
Mode: Scan (m/z 250-2000)

Nebulizing Gas Flow: 2.0 L/min

Drying Gas Flow: 5.0 L/min

Heating Gas Flow: 7.0 L/min

DL Temperature: 450 °C

Desolvation Temperature: 200 °C

Interface Voltage: +3.0kV

Qarray Voltage: +20V

B Comparison of TFA and Formic Acid Mobile
Phases

When analyzing peptides, mobile phases containing TFA are
commonly used for analyzing purity levels by an HPLC.
However, considering the influence residual TFA can have when
using an MS, using an instrument specialized for peptide
analysis or changing to an acid other than TFA is recommended.
On the other hand, changing the acid added to the mobile
phase can change chromatogram peak separation patterns,
which can require reassessing the analytical conditions.

In this example, the results from measuring somatostatin and
ACTH1-17 fragment standard solutions using mobile phases
containing either formic acid or TFA were compared. The
resulting chromatograms obtained with a PDA detector are
shown in Figs. 2 and 3. For the somatostatin solution, both
mobile phases provided relatively good peak shapes. For the
ACTH1-17 fragment solution, however, the formic acid resulted
in more peak fronting than the TFA, which prevented detecting
some of the impurity peaks that were detected with the TFA-
based mobile phase.
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Note: This analysis serves as a single example. Actual results will vary
depending on the compound measured.

It does not mean that TFA-based mobile phases will always result in better
peak shapes than formic acid-based mobile phases.

For the ACTH1-17 fragment solution, the ion at m/z 704.1 was
detected as the base peak in the mass spectrum for the impurity
peak using the TFA-based mobile phase. The mass spectrum
and corresponding mass chromatogram at m/z 704.1 are shown
in Fig. 4. The mass chromatogram shows a peak in the position
that matches the impurity peak shown in the PDA detector
chromatogram.
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Fig. 4 Mass Spectrum and Mass Chromatogram of Impurity Peak Detected
from 2 mg/mL ACTH1-17 Fragment Standard Solution (10 L Injected)

B Scan Analysis of Standard Peptide Samples

Somatostatin and ACTH1-17 fragment standard solutions were
scanned using a mobile phase containing TFA. The TIC and
mass spectrum for the somatostatin solution are shown in Fig. 5
and for the ACTH1-17 fragment solution in Fig. 6. lons attributed
to the respective multiply charged protonated molecules were
detected.
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Fig. 5 TIC and Mass Spectrum from 0.1 mg/mL Standard Somatostatin
Solution (5 pL Injected)
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Fig. 6 TIC and Mass Spectrum from 2 mg/mL ACTH1-17 Fragment Standard
Solution (10 L Injected)

The results in Fig. 5 were entered in the deconvolution software
to calculate the molecular weights in Fig. 7. The resulting
calculated molecular weight of 1637.6 is consistent with the
theoretical molecular weight (1637.88).
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Fig. 7 Somatostatin Deconvolution Results



The results in Fig. 6 were entered in the deconvolution software
to calculate the molecular weights in Fig. 8. The resulting
calculated molecular weight of 2093.4 is consistent with the
theoretical molecularweight (2093.41).
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Fig. 8 ACTH1-17 Fragment Deconvolution Results

M Easy Maintenance

If a mobile phase containing TFA is used, TFA will remain in the
system even after the mobile phase is changed. So particular
care is required due to higher background levels, inhibition of
ionization, and other consequences from ionization of the TFA
itself and also the possible effects on subsequentanalyses.

In order to eliminate effects from TFA-derived ions, flow
channels need to be adequately cleaned, and parts that contact
the mobile phase need to be replaced in the HPLC unit, and
parts also need to be replaced and the ion transport unit (lens
system) cleanedin the MS unit.

The LCMS-2050 is designed so the area around the interface can
be easily maintained, and the desolvation line (DL) used to load
samples into the vacuum chamber can be replaced without
tools and without stopping evacuation (Fig. 9). The ion
transport unit can be removed easily from the front of the
instrument and placed in a beaker for ultrasonic cleaning (Fig.
10). The LCMS-2050 reduces instrument downtime and the time
and labor required for maintenance.

DL Replacement

/ Large openingis

resistant to clogging

ESI Capillary
Replacement

Vacuum does not need
to be released

© ’W] Install/remove easily
with no tools necessary

Fig. 9 lllustration of DL and ESI Capillary Replacement

Easily removed from the front
of the instrument

Fig. 10 lllustration of lon Transport Unit (Lens System) Maintenance

H Conclusion

Commercial peptide standard samples were analyzed using a
mobile phase containing TFA, and deconvolution software was
used to check molecular weights and mass spectra for
impurities. The results showed peaks from multiply charged
ions derived from target peptides and provided calculated
molecular weight values that were consistent with theoretical
molecular weight values. The test confirmed that the LCMS-
2050 single quadrupole mass spectrometer can be used to
quickly check the molecular weights of peptides.

Cleaning and maintenance are normally required after using
TFA-based mobile phases in HPLC and MS systems, but the
LCMS-2050 is designed to be especially easy to maintain.
Consequently, it can be expected to shorten instrument
downtimes and reduce the time and labor required for
maintenance.

LCMS, Nexera, Shim-pack Scepter, and DUIS are trademarks of Shimadzu Corporation or its affiliated companies in Japan or other countries.
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MALDI-TOF Mass Spectrometer MALDI-8020/MALDI-8030

Amino Acid Sequencing of Synthetic Peptides
Using a MALDI-TOF Mass Spectrometer and Protein

Kumiko Yamaguchi, Miho Akagi, and Tomoko Kuriki

User Benefits

€ Amino acid sequences of peptides can be determined with the MALDI-ISD analysis.
@ By combining protein sequencer results with MALDI molecular weight measurements or MALDI-ISD results in a complementary
way, all amino acid sequences can be determined regardless of the peptide structure.

H Introduction

Compared to large molecular weight antibody therapeutics,
peptide therapeutics have been attracting attention in recent
years because they are more readily absorbed in oral form, and
offer higher cell membrane permeability, lower production
costs based on chemical synthesis, and other benefits. In order
for peptide therapeutics to offer a particular function, they must
have a specific amino acid sequence. However, during the
synthesis process, by-products can be formed if the peptide
bond elongation reaction is accidentally stopped or missed, etc.
It is therefore necessary to confirm the amino acid sequence of
the final synthesized product.

Technical advances in mass spectrometers now enable high-
throughput analysis of amino acid sequences of peptides and
proteins by using mass spectrometers and corresponding
databases. However, that can result in problems, such as
inaccurate or uncertain database search results due to amino
acid side chain modifications or other factors causing the mass
spectrometry results to differ from the theoretical masses. Also,
if the genome database of a biological species is incomplete,
amino acid sequencing with a mass spectrometer can be
complicated and unreliable.

In contrast, when sequencing amino acids by Edman
degradation, respective amino acids are identified one at a time
starting from N-terminals, which eliminates problems with mass
and database dependence. However, sequencing by Edman
degradation has limitations, such as decreased efficiency when
analyzing long sequences or difficulty analyzing modified
amino acids.

This Application News describes the combined use of sequence
information obtained with the MALDI-8030 benchtop MALDI-
TOF mass spectrometer and a PPSQ™-50A series protein
sequencer with conventional Edman degradation to determine
the amino acid sequences in two types of synthetic peptides.

H Pretreatment and Analytical Conditions

Sample 1: Parathormone
Straight chain peptide with 34 residues

Fig. 1 Amino Acid Sequence of Parathormone

Sample 2: Somatostatin
Cyclic peptide with 14 residues

Fig. 2 Amino Acid Sequence of Somatostatin

MALDI-TOF MS Analytical Conditions

Samples were analyzed using the MALDI-8030 (Fig. 3) in
positive-ion mode. Molecular weights were measured using an
a-cyano-4-hydroxycinnamic acid (CHCA) matrix. MALDI-ISD (in-
source decay) was measured using the 1,5-diaminonaphthalene
(1,5-DAN) matrix. Samples and matrix solutions were applied to
a MALDI plate and dried before measuring.

Fig. 3 Left: Applying Samples and Matrix Solutions to MALDI Plate
Right: MALDI-8030 Benchtop MALDI-TOF Mass Spectrometer

Analysis Using a Protein Sequencer

Standard  mixture  samples of  PTH-amino  acids
(phenylthiohydantoin derivatives of amino acids) were analyzed
using PPSQ-50A series isocratic and gradient protein sequencer
systems (Fig. 4). Analytical conditions are provided in
Application News No. 01-00521-EN and Application News No.
01-00549-EN. The chromatograms obtained using respective
analytical conditions are shown in Figs. 5 and 6.

Fig. 4 PPSQ™-50A Gradient Protein Sequencer System
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Fig. 5 Chromatogram of Standard PTH-Amino Acid Mixture (25 pmol)
(Isocratic System)
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Fig. 6 Chromatogram of Standard PTH-Amino Acid Mixture (10 pmol)
(Gradient System)


https://www.shimadzu.com/an/sites/shimadzu.com.an/files/pim/pim_document_file/applications/application_note/21606/an_01-00521-en.pdf
https://www.shimadzu.com/an/sites/shimadzu.com.an/files/pim/pim_document_file/applications/application_note/21607/an_01-00549-en.pdf
https://www.shimadzu.com/an/sites/shimadzu.com.an/files/pim/pim_document_file/applications/application_note/21607/an_01-00549-en.pdf

Parathormone Analysis Results

The chromatograms obtained from analyzing parathormone
using the protein sequencer are shown in Fig. 7. With the
protein sequencer, amino acids up to the 33rd residue could be
determined. However, it was not possible to identify the amino
acid for the 34th residue at the C-terminal because the
specifically increased PTH-amino acids could not be detected
due to washout from the sample support during Edman
degradation.

The MALDI mass spectrum for measuring the molecular weight
of parathormone is shown in Fig. 8. Based on the difference
between the molecular weight of parathormone determined
from Fig. 8 and the molecular weights for the first 33 residues
determined with the protein sequencer (147.2), the amino acid
in the 34th residue at the C-terminal could be estimated to be
Phe.
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Fig. 8 MALDI Mass Spectrﬁm of Parathormone
(Molecular Weight Measurement)
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Next, a MALDI-ISD measurement of parathormone and a Mascot
(Matrix Science) database MS/MS ion search were performed.
MALDI-ISD (in-source decay) refers to the fragmentation that
occurs simultaneously or immediately after laser irradiation
inside the ion source during ionization. Fragment ions are
generated when the peptide backbone is cleaved by the
interaction between the ISD matrix and the peptide sample.
Consecutive fragment ions are generated with relatively little
dependence on the amino acid sequence, making it suitable for
sequence analysis. MALDI-ISD can also be useful for obtaining
sequencing information from samples that do not generate
enough fragments by enzyme digestion and for which peptide
mass fingerprinting (PMF) is minimally effective.

The MALDI-ISD mass spectrum of parathormone is shown in
Fig. 9. Parathormone was identified by searching the database
for fragment ions derived from the observed MALDI-ISD
fragments.

Based on MALDI-ISD, amino acids up to the 8th residue from the
N-terminal could not be identified, but the entire amino acid
sequence of parathormone could be identified by using the
protein sequencer results in Fig. 7 as a complement.

If sequences cannot be identified by the database search using
MALDI-ISD fragments, de novo sequencing must be used. This
directly reads mass differences of fragment ions, but it cannot
distinguish between lle and Leu isomers. Since protein
sequencers can easily distinguish between the isomers, it is
useful to use both MALDI-ISD and protein sequencer results in
combination.
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Fig. 9 MALDI-ISD Mass Spectrum of Parathormone (Inset: Mascot Database Search Results)



Somatostatin Analysis Results

Fig. 10 shows the chromatograms obtained from using a
protein sequencer to analyze somatostatin, a cyclic peptide
with 14 residues. The protein sequencer enabled amino acid
sequences to be determined up to the 12th residue.
Presumably, the 13th residue, Ser, and the 14th residue, Cys,
could not be identified due to the decreased yield of PTH-amino
acids caused by the side chain loss of Ser and especially Cys
residues during Edman degradation. However, it also might be
due to washout from the sample support during Edman
degradation.

To identify all the amino acid sequences in somatostatin, a
MALDI-ISD measurement followed by the Mascot database
MS/MS ion search was carried out. The MALDI-ISD mass
spectrum of somatostatin is shown in Fig. 11.

Although the database search found some candidate sequences,
the scores were low and lacked reliability (data not shown). This
was probably because the relatively low molecular weight of
somatostatin provided minimal fragment information. In such
cases, amino acid sequences are predicted by reading the m/z
intervals between detected ISD fragments.

MALDI-ISD generated sequential fragment ions indicating 9th
to 14th residues from the N-terminal. All the amino acid
sequences of somatostatin were therefore identified by using
the protein sequencer results in Fig. 10 in combination with the
MALDI-ISD results.

It should be noted that the MALDI-ISD can easily identify Cys
amino acid residue, which can be particularly difficult to identify
based on Edman degradation.

Edman degradation amino acid
sequencing results (protein
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Fig. 10 Chromatograms of Somatostatin

B Conclusion

By combining protein sequencer results with MALDI molecular
weight measurements or MALDI-ISD results, all the amino acid
sequences were determined in parathormone and
somatostatin, which have linear and cyclic structures,
respectively.

By combining data obtained from multiple instruments, all the
amino acid sequences of the target peptides can be obtained
regardless of the peptide structure.

The complementary use of MALDI-ISD and protein sequencer
results will be useful for sequencing amino acids in synthetic
peptides.

Related Application News Articles

1. Analysis of Long-Chain Amino Acid Sequences Using a Protein
Sequencer—Isocratic System —
Application News No. 01-00521-EN

2. Analysis of Long-Chain Amino Acid Sequences Using a Protein
Sequencer—Gradient System —
Application News No. 01-00549-EN

3. Protein Analysis Platform
Combining the powerful capabilities of MALDI-TOF MS
(MALDI-8020) and Edman Sequencing (PPSQ™-50A Gradient
System) for accurate N-terminal sequence of peptides—
Application News No.B105
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Fig. 11 MALDI-ISD Mass Spectrum of Somatostatin
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High Performance Liquid Chromatograph

Quantitative Determination of Semaglutide and
Preservative in Semaglutide Injection by High
Performance Liquid Chromatography

User Benefits

@ This method enables simultaneous quantification of both the active ingredient and the preservative in semaglutide injection

using a single sample injection.

@ The method demonstrates excellent repeatability and is simple to operate.

N Introduction

Semaglutide is a long-acting glucagon-like peptide-1 (GLP-1)
analog that exerts its effects by activating insulin receptors,
promoting insulin secretion, and suppressing glucagon
secretion. It is primarily used in the treatment of type 2 diabetes
and has also shown potential in weight management. In multi-
dose formulations of semaglutide injection, a certain
concentration of phenol is added as a preservative to inhibit
microbial growth. The Chinese Pharmacopoeia sets specific
requirements for preservative content in pharmaceutical
preparations, with phenol typically maintained at around 0.5 %.
Currently, there is limited published literature on analytical
methods for semaglutide formulations. Therefore, developing a
validated analytical method for quality control of semaglutide
injection is of significant practical value in ensuring product
quality and enhancing medication safety and consistency for
patients.

This  article  establishes a  high-performance liquid
chromatographic (HPLC) method for the determination of
semaglutide and the preservative phenol in semaglutide
injection. The method has been fully validated and is provided
here as a reference for relevant professionals.

B Sample Preparation and Analytical Conditions
1.1 Preparation of Standard Solutions

Stock Solution: Accurately weigh appropriate amounts of
phenol and semaglutide reference standards. Dissolve and
dilute with water to obtain a mixed stock solution of 5.5 mg/mL
phenol and 1.22 mg/mL semaglutide.

Phenol and Semaglutide Standard Solutions: Prepare serial
dilutions of the mixed stock solution with water to obtain the
concentrations listed in Table 1.

Table 1 Concentrations of Mixed Standard Solutions (ug/mL)
Mixed Standard Solution of Semaglutide and Phenol

c d
(L[ s1 s2 s3 s4 s5 s6
Semaglutide 609 1218 2436 609 1218 2436
Phenol 27.5 55 110 275 550 1100

1.2 Sample Preparation

Pipette an appropriate amount of semaglutide injection, dilute
50-fold with water, and mix well before analysis.

1.3 Instruments

The experiment was conducted using the Shimadzu Nexera™
LC-40D X3 high-performance liquid chromatograph. The system
configuration is as follows:

System Controller : SCL-40

Degassing Unit : DGU-405
Solvent Delivery Pump :LC-40D X3 x 2
Autosampler : SIL-40C X3
Column Oven : CTO-40C
Detector :SPD-M40

Chromatography Workstation : LabSolutions Ver.5.106

1.4 Analytical Conditions

Column :Shim-pack™ GIST C18
(100 mm x 2.1 mm L.D., 2 ym)
Shimadzu (Shanghai) Global Laboratory
Consumables Co., Ltd.
P/N :227-30001-04
: Mobile Phase A:
0.1 % trifluoroacetic acid in water
Mobile Phase B:
0.1 % trifluoroacetic acid in acetonitrile
Column Temperature :35°C

Mobile Phase

Flowrate :0.3 mL/min
Detection Wavelength : 280 nm
Injection Volume :5uL
Elution Mode : Gradient elution starting with 20 %
Mobile Phase B.
See Table 2 for the time program.
Table 2 Gradient Elution Program
Time Module Command Value
2.00 Pump B.Conc 20
10.00 Pump B.Conc 70
10.10 Pump B.Conc 90
12.00 Pump B.Conc 90
12.10 Pump B.conc 20
16.00 Controller Stop

H Results and Discussion

2.1 Chromatograms of Semaglutide and Phenol Standard
Solutions

According to the analytical conditions described in Section 1.4,
the standard solution containing 27.5 pg/mL of phenol and 6.09
pg/mL  of semaglutide was analyzed. The resulting
chromatogram is shown in Fig. 1, and details of the compounds
are listed in Table 3.

(x10,000)

TIT,000, -
101 Semaglutide
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0.04

Sample solution
Blank solution

mn |~

Fig. 1 Chromatogram of Standard Solution
(Phenol: 27.5 pg/mL, Semaglutide: 6.09 pg/mL)

Table 3 Compound Information in the Mixed Standard Solution

No. Compound CAS No. Retention Time (min)
1 Phenol 108-95-2 4.644
2 Semaglutide 910463-68-2 9.212




2.2 Calibration Curve

Using the analytical conditions described in Section 1.4,
standard solutions of semaglutide and phenol were analyzed.
Calibration curves were generated using the external standard
method, with concentration (ug/mL) on the x-axis and peak
area on the y-axis. The calibration curves are shown in Fig. 2.
The linear equations, correlation coefficients, and accuracy
values are listed in Table 4.
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Fig. 2 Calibration Curves for Phenol and Semaglutide

Table 4 Calibration Curve Data for Phenol and Semaglutide

Linear Range Correlation Accuracy LOD LOQ

Compound

(pg/mL) Coefficient (%)
Phenol 27.5-1100 0.9993
Semaglutide  6.09 - 243.6 0.9994

(ng/mL) (pg/mL)
91.5-105.1 0.03 0.09
90.2-1052 0.16 0.47

2.3 Instrument Repeatability

Under the analytical conditions specified in Section 1.4, the
lowest concentration standard solution from the calibration
curve (phenol: 27.5 pg/mL, semaglutide: 6.09 pg/mL) was
analyzed six times. The relative standard deviation (RSD) of
the retention time was 0.08 % for phenol and 0.05 % for
semaglutide, while the RSD for peak area was 0.15 % and
0.69 %, respectively, demonstrating good accuracy. The
chromatograms are shown in Fig. 3.
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Fig. 3 Chromatograms for Phenol and Semaglutide

2.4 Assay of Sample Content and Spike Recovery Test

The sample was prepared according to the method described in
Section 1.2 and analyzed. The measured contents were 1.41
mg/mL for semaglutide and 5.76 mg/mL for phenol. According
to the sample label, the indicated content is 1.34 mg/mL for
semaglutide and 5.50 mg/mL for phenol. Calculated values
correspond to 104.7 % and 105.0 % of the labeled amounts,
respectively. Given that the sample volume is 3 mL, the total
content of semaglutide is 4.02 mg. According to the
pharmacopeial requirement for preparations with a labeled
amount under 0.1 g, the actual measured value must fall within
90.0 % to 110.0 % of the labeled content. The results of this
experiment are compliant with the pharmacopeial specification.
A spike and recovery test was conducted on the above sample.
The semaglutide was spiked at 0.31, 1.22, and 6.10 mg/mL, and
phenol at 1.38, 5.50, and 27.50 mg/mL. The recovery results are
shown in Table 5.
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Fig. 4 Chromatograms of Actual Sample Solution and Spiked Sample Solution
(Spiked Concentrations: Phenol 5.50 mg/mL, Semaglutide 1.22 mg/mL)

Table 5 Calibration Curve Data for Phenol and Semaglutide

Labeled Measured Accuracy Spike Post-Spike Recovery|

(CEIRELE Amount Value (%) Level Concentration (%)
1.38 7.67 109.2

Phenol 5.50 5.76 1047 550 11.99 1127
27.50 33.56 105.2

0.31 1.68 97.1

Semaglutide 1.34 1.41 105.0 1.22 2.64 100.7
6.10 7.55 102.8

B Conclusion

This study established an HPLC method for the quantitative
determination of semaglutide, the main active ingredient, and
phenol, the preservative, in semaglutide injection. The
analytical results demonstrate that the method offers high
accuracy, excellent repeatability, and is simple to operate,
making it suitable for the routine quality control of semaglutide
injections.
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Determination of Counter lons of Synthetic
Peptides Using lon Chromatograph

Ayano Tanabe’, Tomoko Kuriki', Hiroko Yamamoto?
1 Shimadzu Corporation, 2 Shimadzu Techno Research

User Benefits

@ The purity of synthetic peptides can be confirmed using ion chromatograph.

@ Trifluoroacetic acid and chloride ions can be determined simultaneously.

@ The system can be selected according to the purpose, such as a suppressor type when used in conjunction with high-sensitivity

analysis such as the impurity measurement of inorganic anions in pharmaceuticals, or a non-suppressor type with a simple

equipment configuration when focusing on cost performance.

H Introduction

The middle molecule drug is attracting attention as a next
generation drug discovery modality. The middle molecule drugs
have a smaller molecular weight than biopharmaceuticals, and
there are oligonucleotide therapeutics using oligonucleotides and
peptide therapeutics with peptide skeletons. Among them,
peptide therapeutics have the advantage that they can be
produced at low cost, easily taken into cells due to their small
molecular weight, and can suppress degradation when taken into
the body by adopting a specific conformation.

Since trifluoroacetic acid (TFA) is used to extract the synthesized
peptides from the stationary phase, the recovered peptides are
converted into peptide TFA salts in which TFA is ionically bonded.
The weight of the lyophilized peptide includes the weight of this
TFA, which greatly affects the actual peptide content. In addition,
TFA may affect bioavailability, and it is necessary to replace it with a
salt such as hydrochloride. Therefore, it is essential to quantify the
counter ion to confirm the purity of synthetic peptides.

In this paper, we report an example of counter ion analysis using an
ion chromatograph (IC) using crude purified linear and cyclic
synthetic peptides.

M Peptide of Interest

The amino acid sequences of the two synthetic peptides (PTH
and Somatostatin) are shown in Fig. 1. (Asterisks indicate the N-
terminal end of the peptide and the side chain of the basic
amino acid where the counterion is attached.)

Somatostatin

— The N-terminal end of the peptide and
the side chain of the basic amino acid where
the counter ion is attached.

Fig.1 Amino acid sequence of the peptide to be measured

B Suppressor-type lon Chromatograph

The suppressor-type ion chromatograph is equipped with a
suppressor to improve sensitivity by reducing the background
conductivity contained in the eluent, and is compatible with
high-sensitivity analysis of the order of ug/L.

Fig.2 is a flow chart of a suppressor ion chromatograph
(Shimadzu HIC-ESP). The analytical conditions are shown in
Table1, and the chromatogram of 10 mg/L trifluoroacetic acid
(TFA) and 5 mg/L chloride (Cl) ion mixed standard solution is
shown in Fig. 3.
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Fig. 2 Flow chart of a suppressor ion chromatograph HIC-ESP

Table 1 Analytical Conditions (HIC-ESP)

Column : Shim-pack™ IC-SA2™" (250 mm X 4.0 mm 1.D., 9 um)
: Shim-pack IC-SA2(G)? (10 mm X 4.6 mm I.D., 9 um)

Mobile Phase  : 12.0 mmol/L Sodium Hydrogen Carbonate
0.6 mmol/L Sodium Carbonate

Flow Rate : 1.0 mL/min

Column Temp. : 25°C

Injection Vol.  : 5L

Detection : Conductivity

“1P/N:228-38983-91, "2 P/N : 228-38983-92
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Fig. 3 Chromatograms of standard mixture (HIC-ESP)



B Non-suppressor-type lon Chromatograph

The non-suppressor-type ion chromatograph is an ion
chromatograph without a suppressor, and is a system with
excellent cost performance corresponding to the mg/L order.
Fig.4 is a flow chart of a non-suppressor ion chromatograph
(Shimadzu HIC-NS). The analytical conditions are shown in
Table2, and the chromatogram of Cl ion and TFA (10 mg/L each)
mixed standard solution is shown in Fig. 4.

(e ——r—
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Fig. 4 Flow chart of a non-suppressor ion chromatograph HIC-NS

Table 2 Analytical Conditions (HIC-NS)

Column : Shim-pack IC-A3"3 (250 mm X 4.6 mm 1.D., 5 pm)
: Shim-pack IC-GA3™ (10 mm X 4.6 mm I.D., 5 um)
Mobile Phase  : 8.0 mmol/L p-Hydroxybenzoic Acid
3.2 mmol/L Bis-Tris™
50 mmol/L Boric Acid
50 mL/L Acetonitrile

Flow Rate : 1.2 mL/min
Column Temp. : 40°C
Injection Vol.  : 50 pL
Detection : Conductivity

"3 P/N:228-31076-91, "4 P/N : 228-31076-92
*5 Bis-(2-hydroxyethyl) iminotris(hydroxymethyl) methane

uS/cm
cl
5.0
TFA
0.0
00 5.0 10.0 15.0 min

Fig. 5 Chromatograms of standard mixture (HIC-NS)

M Analysis of Synthetic Peptides

TFA and Cl ion were determined using PTH (Bachem AG code: H-
4835.001) and Somatostatin (Bachem AG code: H-1490.005) as
real samples. The calibration point was set at 3~4 points over a
concentration range of approximately 20 times, centering on
the quantitative value.

Peptides that were replaced to Cl ion were quantified using
HPLC, and the quantified values were used to calculate counter
ion concentrations.

Analysis of TFA

PTH and somatostatin were each dissolved in ultrapure water to
determine TFA. The chromatogram of PTH is shown in Fig. 6, the
chromatogram of somatostatin is shown in Fig. 7, and the
quantitative results of TFA are shown in Table 3. We confirmed
that the ratio between the actual quantitative value and the
theoretical TFA value calculated from the structure of each
peptide was 0.9~1.2, which was almost the same. Similar results
were obtained for both the non-suppressor and suppressor
systems.
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Fig. 6 Chromatograms of PTH (upper : HIC-ESP, lower : HIC-NS)
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Fig. 7 Chromatograms of Somatostatin (upper : HIC-ESP, lower : HIC-NS)

Table 3 Results of TFA (converted to undiluted solution)

suppressor-type
Sample Theoretical X
Counter ion, concp conc. of —— TFA ratio
number (mmo.l n TFA*® uavglluz ve Quantitative
(mmol/L) q value
(Cnes /Peptide /Theoretical
value
PTH 9 0.2142 1.9281 1.70 7.94 0.9
Somatostatin 3 0.5564 1.6693 2.06 37 1.2
non-suppressor-type
Sample Theoretical N
Counter ion| p conc. of - TFA ratio
- conc. TFA*6 Quantitative Quantitative
(mmol/L) (mmol/L) value . value
(mmol/L) | /Peptide Theoretical
value
PTH 9 0.2142 1.9281 1.685 7.87 0.9
Somatostatin 3 0.5564 1.6693 2.04 3.67 12

*6 Theoretical conc. of TFA = Sample conc. x Counter ion number



Analysis of Clion

Table 4 Results of Clion

PTH and somatostatin were each dissolved in ultrapure water, —
hydrochloric acid was added and freeze-dried. They were e | Theoretical 42 C“g':raﬁo
dissolved in ultrapure water and analyzed for Cl ion. The Counterion| >2MPIC, conc. of | quantatve —
chromatogram of PTH Cl salt is shown in Fig. 8, the pULbS gy ) C"°”|;L (,ffn':‘ji, /Peptide | - VAU
chromatogram of Somatostatin Cl salt is shown in Fig. 9, and the (mmel/t) /Theoretical
determination result of Cl ion is shown in Table 4. It was PTH 9 0.014 0126 0.146 1007 1
conflrm.ed that the ratio of the quantitative value to the N 3 00213 | 00639 | 0072 315 "
theoretical value of Cl ion was approximately equal to 1.1 for
both peptides. Similar results were obtained for both the non-
suppressor and suppressor systems. e ———
Theoretical - -
uS/cm . Sample Clion ratio
Counter ion| conc, ¥ conc. of Quantitative —
] HIC-ESP number J Clion*® value®® Quantitative
(L) I /Peptide | - VAUe
a (mmol/L) (mmol/L) P /Theoretical
1.0 value
PTH 9 0014 0.126 0.144 10.29 1.1
B Somatostatin 3 0.0213 0.0639 0.072 343 1.1
0.5 *7 Value determined by HPLC of the redissolved solution
*8 Theoretical Conc. of Clion = Sample conc. X Counter ion number
7] *9 After correction of operating blanks from pretreatment environment
0.0V
] “ H Conclusion
——————
00 50 100 min In order to confirm the purity of synthetic peptides, counter ions
u/em were quantified using IC. It was confirmed that both the
HIC-NS suppressor-type and the non-suppressor-type ICs can obtain
4.0 quantitative values similar to theoretical values calculated from
peptide structures. Therefore, when performing this analysis, it
3.0 a is possible to select a system according to the purpose, such as
the suppressor-type system when combined with high-
201 sensitivity analysis such as the impurity measurement of
inorganic anions in pharmaceuticals, or the non-suppressor-
Lo type system with a simple equipment configuration when
] focusing on cost performance.
L‘ From these results, we confirmed that multiple counter ions can
001 \/_ be quantified stably without depending on differences in the
— amino acid sequence or chain length of peptides. This method
0.0 5.0 10.0 15.0 min is a useful method for confirming the purity of synthetic
Fig. 8 Chromatograms of PTH (upper : HIC-ESP, lower : HIC-NS) peptides, because the amount Qf .Syntheﬂze’d p.ezpt!des can be
uS/om accurately calculated by determining the quantitative value of
] counterions.
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20+ a
1.0+
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Fig. 9 Chromatograms of Somatostatin (upper : HIC-ESP, lower : HIC-NS)
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