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Charakterisierung von monoklonalen Antikörpern 
und verwandten Produkten via HIC-MS

Wie Hydrophobe Interaktionschromatographie (HIC) und native Massenspektrometrie (MS) direkt gekoppelt 
werden können, zeigt die Arbeit von Yan et al. Die Kombination aus HIC, mit BioPro HIC BF von YMC, und 
nativer MS ermöglicht eine hochsensitive Methode sogar für geringkonzentrierte Proben. Speziell molekulare 
Spezies und auch Wirkstoff-zu-Antikörper-Raten (DAR) können so charakterisiert werden.

Zusammenfassung

• Hohe Trennleistung

• Exzellente Lot-zu-Lot Reproduzierbarkeit

• Langzeitstabilität

• Nahezu keine Übertragungseffekte

BioPro HIC BF:

Hydrophobe Interaktionschromatographie (HIC) ist eine der LC-Standardtechniken für die Analyse von mo-
noklonalen Antikörpern (MAbs) und Antikörper-Wirkstoff-Konjugaten (ADCs). Die nativen Bedingungen bieten 
für die Proteinanalytik entscheidende Vorteile. Für gewöhnlich werden im HIC-Modus nicht flüchtige Salze wie 
Ammoniumsulfat in hohen Konzentrationen (1 – 2 M) verwendet. Daher ist eine Kopplung mit MS nahezu un-
möglich. Werden flüchtige Salze wie Ammoniumacetat im HIC-Modus verwendet, muss die Salzkonzentration 
erhöht werden, um einen vergleichbaren Aussalzeffekt zu erzielen. Anstelle von 2 M Ammoniumsulfat, werden 
stattdessen 5 – 5,5 M Ammoniumacetat eingesetzt, sodass eine direkte Kopplung an ein Massenspektrometer 
erneut herausfordernd ist, doch durchaus realisierbar.

1. Herausforderungen bei HIC-Anwendungen in Kopplung mit MS

In den Studien von Yan et al. wird HIC mit nativer MS direkt gekoppelt. Dies ermöglicht die Kombination aus 
„Makeup“-Fluss und einem Splitter (s. Abb. 1). Dabei wird die Salzkonzentration verringert und gleichzeitig die 
Flussrate reduziert, sodass diese für die Nanospray Ionisation (NSI) geeignet ist.

2. Innovative Lösung für HIC-MS

[1] Y. Yan, T. Xing, S. Wang, T. J. Dali, N. Li, “Online coupling of analytical hydrophobic interaction  
 chromatography with native mass spectrometry for the characterization of monoclonal antibodies  
 and related products”, J. Pharmaceut. Biomed., 2020, 186, 113313.
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Abb. 1: Aufbau aus Makeup Fluss und Splitter [1].

BioPro HIC BF, eine unporöse Säule mit Butylliganden von YMC, wurde für die Trennung von sieben hauseige-
nen MAbs, zwei MAb Proben mit durch posttranlationalen Modifikationen (PTMs) induzierten Spezies und einer 
Cystein-konjugierten ADC-Mimik verwendet.
Die Studie wurde im April 2020 im Journal of Pharmaceutical and Biomedical Analysis unter dem Titel  
Online coupling of analytical hydrophobic interaction chromatography with native mass spectrometry 
for the characterization of monoclonal antibodies and related products veröffentlicht [1].

3. Chromatographische Bedingungen

Säule: BioPro HIC BF (4 µm) 100 x 4,6 mm ID
Art.Nr.: BHB00S04-1046WT
Eluent: A) 3 M Ammoniumacetat in Wasser
 B)100 % Wasser für die Analyse der MAbs/Wasser/Isopropanol (70/30) für ADC-Mimik
Gradient: MAb Proben: 0 – 90 % B in 16 min
 ADC-Mimik: 10 – 67 % B in 16 min
 Gefolgt von einem 4 min isokratischen Halt
Flussrate: 0,3 mL/min
Probe: Mischung von 7 hauseigenen MAbs bei jeweils 1 – 2 mg/mL
 2 hauseignenen MAbs mit molekularen Spezies
 SigmaMAb ADC-Mimik (Sigma-Aldrich)
Injektion: MAb-Mischung: 3 µL (3 – 6 µg)
 MAb 8, MAb 9 und SigmaMAb ADC-Mimik jeweils 10 µg 
Detektion: NSI-MS
Apparatur: Post-Säulen Makeup Fluss: 100 % Wasser bei 1,5 mL/min (Reduzierung der Salzkonz. 6-fach)
 Splitter um die Flussrate auf 1 – 5 µL/min zu reduzieren
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Sieben verschiedene MAbs wurden unter Verwendung eines 16 min Gradienten (von 3 M bis 300 mM Ammo-
niumacetat) analysiert. Es wurden sechs sehr gut getrennte Peaks erhalten. Die Injektion von 3 – 6 µg pro MAb 
war ausreichend, um Spezies geringer Häufigkeit eines MAbs wie nicht glykolysierte und teilweise glykolysier-
te Spezies zu detektieren.
Lediglich zwei MAbs (MAb 5 und MAb 6, s. Abb. 2) konnten nicht getrennt werden. Das Dekonvolutionsspek-
trum zeigt außerdem, dass MAb 5 und dessen oxidierte Form getrennt wurden (Peak 4 und 5).

Zwei MAbs mit posttranslationalen Modifikationen (PTMs) an oder in der Nähe der komplementärbestim-
menden Region (CDR) wurden charakterisiert. Die Spezies konnten mindestens partiell getrennt werden, In-
jektionen von jeweils 10 µg MAb 8 und MAb 9 zeigten je einen Nebenpeak, der leicht früher eluierte, sodass 
molekulare Spezies mit reduzierter Hydrophobizität angenommen werden können. Die Massenbestimmung 
zeigte zwei Hauptformen für MAb 8 und ein oxidiertes Produkt von MAb 9 (s. Abb. 3).

4. Ergebnisse

MAb molekulare Spezies

HIC-MS einer MAb-Mischung

Y. Yan, T. Xing, S. Wang et al. / Journal of Pharmaceutical and Biomedical Analysis 186 (2020) 113313 5

Fig. 2. HIC-MS analysis of a mAb mixture sample containing seven different in-house mAbs. Left panel: HIC-UV and HIC-TIC separation profiles showing six resolved peaks.
Middle panel: averaged mass spectra of the six HIC-TIC peaks. Right panel: deconvoluted mass spectra of the six HIC-TIC peaks showing the detection of seven different
mAbs. NG: non-glycosylated; PG: partially glycosylated; FG: fully glycosylated.

Fig. 3. HIC-MS analysis of mAb8 (top) and mAb9 (bottom). 10 �g of each mAb was injected for HIC-MS analysis. The HIC-TIC profiles were shown by blue traces; The averaged
native mass spectra (zoom-in region of charge state +24) of either the main peak (black trace) or the variant peak (red trace) from the corresponding HIC-TICs were shown
in the insets. : N-acetylgalactosamine; : galactose; : sialic acid (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article).

analysis of 10 �g of mAb8 showed a minor shoulder peak eluting
slightly earlier than the main peak (Fig. 3, top panel), suggesting
the presence of molecular variant(s) with reduced hydrophobic-
ity. Simultaneous online mass measurement indicated that the
shoulder peak consisted of two major species, each exhibiting a
mass increase of ∼656 Da and ∼948 Da, respectively, compared to

the main species. Subsequent peptide mapping analysis (data not
shown) confirmed these two variant forms as O-linked glycan con-
taining species at a threonine (Thr) residue located near the LC
CDR2 (Fig. 3, top panel). In the second example, the HIC-MS anal-
ysis of 10 �g of mAb9 also showed a variant peak eluting slightly
earlier than the main peak on the TIC (Fig. 3, bottom panel). Again,

Abb. 2: Chromatogramm und Massenspektren einer MAb-Mischung [1].
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Fig. 2. HIC-MS analysis of a mAb mixture sample containing seven different in-house mAbs. Left panel: HIC-UV and HIC-TIC separation profiles showing six resolved peaks.
Middle panel: averaged mass spectra of the six HIC-TIC peaks. Right panel: deconvoluted mass spectra of the six HIC-TIC peaks showing the detection of seven different
mAbs. NG: non-glycosylated; PG: partially glycosylated; FG: fully glycosylated.

Fig. 3. HIC-MS analysis of mAb8 (top) and mAb9 (bottom). 10 �g of each mAb was injected for HIC-MS analysis. The HIC-TIC profiles were shown by blue traces; The averaged
native mass spectra (zoom-in region of charge state +24) of either the main peak (black trace) or the variant peak (red trace) from the corresponding HIC-TICs were shown
in the insets. : N-acetylgalactosamine; : galactose; : sialic acid (For interpretation of the references to colour in this figure legend, the reader is referred to the web
version of this article).

analysis of 10 �g of mAb8 showed a minor shoulder peak eluting
slightly earlier than the main peak (Fig. 3, top panel), suggesting
the presence of molecular variant(s) with reduced hydrophobic-
ity. Simultaneous online mass measurement indicated that the
shoulder peak consisted of two major species, each exhibiting a
mass increase of ∼656 Da and ∼948 Da, respectively, compared to

the main species. Subsequent peptide mapping analysis (data not
shown) confirmed these two variant forms as O-linked glycan con-
taining species at a threonine (Thr) residue located near the LC
CDR2 (Fig. 3, top panel). In the second example, the HIC-MS anal-
ysis of 10 �g of mAb9 also showed a variant peak eluting slightly
earlier than the main peak on the TIC (Fig. 3, bottom panel). Again,
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Fig. 4. HIC-MS analysis of deglycosylated SigmaMAb ADC Mimic. Left panel: HIC-BPC from the analysis showing separation of different DAR species. Right panel: Deconvoluted
mass spectra of the eight BPC peaks showing the measured average masses.

online MS analysis revealed a mass increase of ∼16 Da of the vari-
ant species compared to the main species, suggesting its identity as
an oxidized product of mAb9. Subsequent peptide mapping anal-
ysis (data not shown) further localized the oxidation site to a Met
residue within HC CDR2. In both examples, mAb variants, due to
hydrophilic PTM formations (e.g., oxidation and O-glycans) at the
surface of the mAb molecules (near or at CDRs), were effectively
separated from the main species and readily identified by online
native MS analysis. As the HIC method has become increasingly
popular in characterizing mAb variants resulting from PTM forma-
tions [20], this developed HIC-MS platform can greatly expand and
empower such applications by providing valuable MS information.

3.4. Online HIC-MS analysis of cys-linked ADC mimic

We further evaluated the developed HIC-MS method for its
applicability in studying cysteine-linked ADCs using the SigmaMAb
ADC Mimic as the testing standard. For this ADC mimic, dansyl
fluorophores were conjugated at cysteine residues of inter-chain
disulfide bonds from an IgG1 mAb via LC-SMCC crosslinkers (total
∼668 Da for the payload), which resulted in a mixture of drug-
loaded mAb species with 0–4 pairs of payloads (Fig. S3). Here, for
ease of discussion, ADC species with varying number of payloads
were referred to by their corresponding DAR (drug-to-antibody
ratio) values. Prior to HIC-MS analysis, the ADC mimic was first
deglycosylated by PNGase F under mild conditions to remove
mass heterogeneity introduced by the Fc N-linked glycosylation.
The overall separation profile achieved by this HIC-MS method, as
shown by base peak chromatogram (BPC) (Fig. 4, left panel), highly
resembles the HIC-UV profile provided by the vendor, which was
obtained on a TSKgel butyl-NPR column using a conventional
ammonium sulfate / isopropanol-based gradient (https://www.
sigmaaldrich.com/technical-documents/articles/biology/adc-
mimic-for-lc-uv-ms-method-development.html). Noteworthy is
the little impact of deglycosylation on HIC separation profile,
which allows improved MS detection of minor variants due to
signal enrichment. As a result of the online native MS detection,

direct mass measurement of each BPC peak was achieved, and
the corresponding deconvoluted mass spectra are shown in the
right panel of Fig. 4. Again, because of the good method sensitivity,
with an injection amount of 10 �g, peak present at very low
abundance (P2, < 2%) still generated high-quality mass spectrum.
By comparing the experimental masses to the theoretical masses,
P1, P3, P5/6, P7 and P8 can be readily assigned as DAR0, DAR2,
DAR4, DAR6, and DAR8 species, respectively. This peak assignment
is consistent with that from the HIC-UV analysis provided by
the vendor, which was achieved by offline HIC fractionation and
subsequent reversed-phase LC MS analysis. It is noteworthy that
even though the four inter-chain disulfide bonds in this ADC mimic
were partially reduced (in DAR2−6) or even completely reduced
(in DAR8), the intact mAb construct, namely H2L2 (H: heavy chain;
L: light chain), were maintained, suggesting the non-covalent
interactions within the molecule were largely preserved under our
HIC-MS conditions. Interestingly, even though P5 and P6 exhibited
the same experimental mass and were both assigned as DAR4
species, they were chromatographically separated, likely because
of different payload locations (e.g., positional isomers). Further-
more, P2 and P4 exhibited masses that could not be explained by
any expected DAR species, and were left unassigned in the HIC-UV
analysis from the vendor. By comparing to the observed mass
of P3, P2 showed a mass decrease of ∼316 Da, which matched
well with the loss of a dansyl fluorophore moiety (predicted delta
mass: -317.5 Da) due to either incomplete conjugation reaction or
hydrolysis-driven degradation (Fig. S3). Therefore, P2 was assigned
as a degraded DAR2 species with one degraded payload. Similarly,
P4 exhibited a mass decrease of ∼318 Da from that of P5/P6 and
was therefore assigned as a degraded DAR4 species with one
degraded payload.

Close examination of P2 also revealed the partial separation of
two shoulder peaks, namely P2a and P2b, both of which exhib-
ited the same experimental mass (insets in Fig. 5). As P2 contained
DAR2 species with one degraded payload, P2a and P2b likely repre-
sented two positional isomers that only differed in the locations of
the intact payload and the degraded payload. For Cys-linked ADCs,

Abb. 3: Chromatogramme und Massenspektren der MAb Spezies induziert durch PTM [1].

Abb. 4: DAR Bestimmung und Massenspektren des SigmaMAb ADC-Mimik [1].

Der MAb IgG1 wurde mit Dansylfluorophoren an Cysteingruppen der Disulfidbrücken konjugiert, was in einer 
Beladung von 0 – 4 Paaren resultiert. Die erhaltene Trennung ist ähnlich der vom Hersteller angegebenen 
HIC-UV-Methode, bei der Ammoniumsulfat und Isopropanol verwendet wurde. Das Wirkstoff-zu-Antikör-
per-Verhältnis sowie Abbauprodukte konnten bestimmt werden (s. Abb. 4).

Wirkstoff-zu-Antikörper-Verhältnis (DAR) einer ADC-Mimik


