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Background

Peptide impurity profiles require increasingly complex separation methods in order to detect and adequately quantitate peptide impurities. Mobile phase conditions optimal for these separations in most cases
consist of non-volatile salt based buffer systems that are not inherently LC/MS compatible. 2D-LC has been demonstrated to overcome this issue by extracting the impurity peaks of interest and transferring them to
a mass spectrometry compatible solvent system for further analysis. This case study demonstrates that a 2D-LC system when paired with a Q-TOF mass spectrometer can automate impurity extraction by 2D-LC to
facilitate identification by 2D-LC/MS and also further structural elucidation by 2D-LC MS/MS.

Analytical Equipment
Stage 2: Analysis in the 2" Dimension

Analysis was performed using an Agilent Infinity Il 2D-LC system coupled with an Agilent Accurate

Mass 6530 Q-TOF system (Figure 1). 2D peak capture was handled using Agilent OpenlLab Once the heartcut has been separated through the 2nd dimension chromatography system, it is passed
ChemStation and structural elucidation was carried out using Agilent MassHunter software with to the Q-TOF-MS for accurate mass analysis. Figure 4 presents an example of an impurity Total lon
BioConfirm for amino acid sequencing. Chromatogram (TIC) which has been separated by 2D-LC, the first heartcut at approximately 11.2

minutes contains the peptide impurity. The second heartcut at 19 minutes is a blank region for MS
subtraction of background. All peptide impurity masses were identified by accurate mass analysis.
Specifically a Truncated impurity and three Succinamide Intermediates were identified from the impurity
profile and deemed of further interest.
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Figure 1: Agilent Infinity Il 2D-LC (left) and Agilent Accurate Mass 6530 Q-TOF (right)

2D-LC — A brief overview

A 2D-LC system consists of an Agilent Infinity || Multisampler, 2 Binary Pumps, 2 DAD Detectors and
the 2nd dimension valve and loop system. The 1st dimension LC system is used to carry out the -
sample analysis using the original method unchanged including the MS incompatible buffers. The "

second dimension LC system runs an MS compatible solvent system with a short LC column to provide L
the LC separation for any peaks that are captured (heartcut). A / Pk
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Counts vs. Acquisition Time (min)

The transfer of a captured peak takes place in the 2D loop Figure 4: Total lon Chromatogram of Impurity separated by 2D-LC

and valve region of the system (Figure 2). Twelve 40 ul
loops capture and store the eluent of each peak captured
by the system allowing the capture of up to 10 analyte _ ]
peaks in quick succession to be analysed sequentially by Stage 3: Further Elucidation by MS/MS

the second dimension LC system.

The peptide impurities identified as being of further interest were reanalysed by MS/MS to elucidate
the peptide impurity sequence. Due to the noisy TIC spectra produced from the 2D heartcut, the
MS/MS parameters were fine tuned to maximise precursor selection and fragmentation. MS1 scan

Waste

1D-Column

Each loop is filled with a precise volume of the 1st speed was lowered to reduce the noise and boost the intensity of observed ions, MS2 scan speed was
dimension eluent accurately calculated to contain a peak increased to boost detection of low level fragment ions. The injection volume was increased to 100 uL
of interest. This peak is then "parked” in the loop and the to maximise the intensity of the impurity captured. The Auto MS/MS algorithm was adopted to select
valves switch to capture the next peak in the next loop. expected multiply charged species as a priority, focusing on the [M+3H]3+ ion this avoided the
2D-Column___ Smart peak management ensures that the throughput of selection of singly charged species.
peaksthcapturetd and Ipeal}s ana{ysed |sbmaX|m|sed dSt()) t?hat The theoretical sequence of each impurity was input into BioConfirm software and the impurity peaks
g\[/)en te most compiex of spectra can be managed by the extracted by the Molecular Feature Extraction (MFE) Algorithm within MassHunter software. The
system. theoretical sequence is compared to the observed collision induced fragments and assigned as b or y
lons in the sequence (Figure 5).
Figure 2: Diagram Of MUIti'heart CUtting xi0* looi o AJ1-30): (M+dH)+& +E5] Product bon (13313, 13507, 13538, 13852  min, 3 Scans) Frage 1750V CIDELL0 (305.4743[z=4] -> =*) ARMN-18-000328 S0ul d
valve system 4]
Stage 1: Identify Impurities of Interest in Peptide Separation Method '

Peptide samples were analysed using the original LC separations method on the 1st dimension 1
chromatography system. The impurity profile of the sample was reviewed using Agilent ChemStation =
software and impurities that required MS analysis were flagged within the software for “heartcutting” 1
based on the 1st dimension UV spectrum (Figure 3). ChemStation 2D peak detection was set up using -
a minimum UV height criteria and a peak slope criteria to prevent incorrect heartcuts.
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'l Figure 5: MS/MS Spectra showmg assigned b and y ions
o LI'L: ‘ BioConfirm Software buiIdS a Sequence map | lon T}: .i'-.t:JnddTE; Diﬁ::E-ic,ppﬂ':lzz ﬂ-'l.-'zll.;-: ﬂ'.-'z::pr:d;;: Sequence ?-[I:Z::prcd_j‘?-?
¥ | from the observed b and y ions by comparison| 2= 2 ] SRS = ]
" ; 8 : to the theoretical sequence. Lower ppm values| [ ©6| 53291 532 K QD 1
\\/\w : indicate better mass accuracy, the observed| —%—— PO o ]
: I 117.3 -809| 5 D4897 9 0.5625 L KK QD 1
\_A A seqlgence coverage for the Truncate was| 7 ™ 0s[ o bdeerl 9 0% L Kan |
>98 /0 - ya 1071 28 11563 1 156244 EwlL KK QD 1
. . . : 10 127.3 -182| 1 147289 1 147528 VEWL KK QD 1
T The Succinamide Intermediates posed more of| :12 993 286 8042 8 04519 E VEWL KK QD 2
‘ ¢ ! P L
7 - 15 L) 22| 9 65117 9 65096 NSME VEWL KK QD 2
a problem than the Truncate due to their small| = et B L AR At A =
—reT size and the fact that the loss of 17 amu could| | 7 =2 3[_7 80643 7805 H NSME VEWL KK QD 3
. . . - 18 454 4 -48| 1 556623 1 5b.6286 KH MSME VEWL KK QD 2
] | also be attributed to the loss of a terminal| s a: i T emel 7 87e KT NSHE VWL KK QD 3
~ peptide bond. The impurities were successfully| | 2?2 ¢ i [T I T NI 0y 2
- % : . . . y21 19842 -6.4[ 1 97.6946 1 97.7028 LGKH NSME VEWL KK QD 2
| identified after observing the sequence one| |z e 46 126 166223 H LGKH NSHE VEWL KK GD 2
| amino acid at a time using the BioConfim| 2= =% R UGS FENSERIE
| software. An observed mass shift in the| [ 2 =7 08| Tee2es|  TeE2%6] LM LGKH NSME VEWL KK QD .
. P - 24 26583 -57) 9 25265 9 25321 LMH LGKEH WNSME VEWL KK QD 3
[ sequence was attributable to the modified| :24 1087 84| 7 46372 7 46509 LMH LGKH NSME VEWL KK QD ]
| 1 1 1 1 - 25 135.1 -38| 152318 1 523233 QLMH LGKH NSME VEWL KK QD 2
3 amino acid at three different locations along the| 2> S L B B R TR g :
pepﬂde_ . v26 4268 -17.7| 8 49224 8 49366 IQLMH LGKH NSME VEWL KK QD 4
w27 1576 -13.7( 1 159119 1 159272 IQLMH LGEH NSME VBEWL KK QD 3
y28 62265 -69 1 4493 1445375 5 IQLMH LGKH NSME VEWL KK QD 3
v28 1698.9 -08| 8 85545 8 89552 5 IQLMH LGKH NSME VEWL KK QD 4
m _ Figure 6: BioConfirm Impurity Sequence Map
- Conclusion
: : ® 2D-Liquid Chromatography has proved to be an excellent choice for sampling peptide impurities using
non-mass spectrometry compatible methods. This is extremely valuable when transferring client
Figure 3: 1st Dimension UV Chromatogram (top) and Heartcut regions assigned by ChemStation methods which cannot be used for conventional LC-MS analysis or when trying to separate low-level
for each Impurity (bottom) and chromatographically similar compounds. The extra dimension provides numerous new
opportunities to analyse samples which were previously very challenging to analyse using mass
Each impurity is collected by the 2D system and then sequentially analysed by the 2nd dimension spegtrorgetw. In ?dd't'%n, the '?leentMGS/?\ﬁ)SACCUF?te I]ylaStSh Q-T(gF ’ItVISI W!’Ejh tl_\/lassl?unte;dBlo_Conflr{n
chromatography system. The 2nd dimension chromatography system uses a fast gradient along with a %ro tl'Jt(':e accurate and repeatable spectra for the Trobust elucidation of peptiae impurity
50 mm UPLC column to separate the peak of interest from the non-volatile salts and any other felsinidEs:
background interferences.
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