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Native mass spectrometry (MS) has emerged as a valuable technique for 
characterization of protein conformations and protein complexes that have 
non-covalently bonded components [1].  This approach has been routinely 
used in monoclonal antibody (mAb) analysis, such as therapeutic antibodies, 
antibody-drug conjugates (ADCs), biosimilars, and bispeci�c mAbs.  Currently 
high-�ow size exclusion chromatography (SEC)-MS has been widely used for 
native MS analysis of mAb [2-4].  Due to relatively low ionization e�ciency at 
the high (analytical) �ow rate, this method may not be sensitive enough to 
detect proteins with low concentrations.  The Newomics award-winning silicon 
multinozzle emitters (M3 emitters) split the incoming micro�ow eluent into 
multiple nano�ows at each nozzle, thereby signi�cantly enhancing the ioniza-
tion e�ciency and reducing the matrix e�ects for ESI-MS ([5-8] and Newomics 
Application Notes [9-11]).  In this Application Note, we demonstrate a new 
micro�ow LC-MS platform for native MS of mAb, using Newomics® M3 emitters 
interfaced with a Thermo Fisher Orbitrap Q Exactive Plus mass spectrometer. 

To develop a micro�ow LC-MS platform for characterization of native monoclo-
nal antibody (mAb), that achieves high-throughput, high-sensitivity and robust-
ness using Newomics® M3 emitters interfaced with a Thermo Fisher Orbitrap Q 
Exactive Plus mass spectrometer. 
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Methods
1. Sample preparation

2. LC-MS analysis

Table 1: SEC-MS conditions for evaluating sensitivity and robustness

The monoclonal antibody was purchased from NIST 
(SRM 8671). The HPLC-grade water and ammonium 
acetate (NH4OAc, Cat. # 73594-25G-F) were purchased 
from Sigma-Aldrich (St. Louis, MO).  Aliquoted antibody 
stored at -80°C freezer was thawed at room tempera-
ture and serially diluted into 50 mM - 200 mM NH4OAc 
solutions before analysis. 

The micro�ow SEC chromatography was performed
with a 0.3 mm ID PolyHydroxyethylA capillary column
(150 x 0.3 mm, PolyLC Cat. # 150.30HY03--10).  The
high-�ow SEC chromatography was performed with a
4.6 mm ID BEH SEC column (150 x 4.6 mm, Waters Cat.
# 186005225).  The following three types of emitters
were used in our studies: a New Objective PicoTip™
emitter (single nozzle, 10 μm ID, catalog #
FS360-20-10-D-20 ), a Thermo Fisher stainless steel
emitter (NanoTip, single nozzle, 30 μm ID, catalog #
NC0379152), a Thermo Fisher high-�ow needle insert

assembly (HESI high-�ow, single nozzle, 100 μm ID,  
catalog # Opton 53010), a Thermo Fisher low-�ow 
needle insert assembly (HESI low-�ow, single nozzle, 75 
μm ID,  catalog # Opton 53011), and a Newomics® M3 
emitter (8 nozzles, 10 μm ID, catalog # E8N10MU01). 

Mass spectra were acquired on a Thermo Fisher Orbitrap 
Q Exactive Plus mass spectrometer interfaced with an 
UltiMate 3000 RSLCnano UPLC system (Thermo Fisher 
Scienti�c). The conditions for mass spectrometer settings 
were listed in Table 1. For PicoTip, NanoTip, and M3 
emitter, the electrospray voltage was optimized at a 
distance of ~2.4 mm from the ion transfer tube and set 
at 1.8 kV for PicoTip, 2.2 kV for NanoTip, and 3.5-4.0 kV for 
M3 emitters, respectively. For HESI needle, the electro-
spray voltage was optimized at 3.0 kV for HESI micro�ow, 
3.8 kV for HESI high-�ow.  The ion transfer tube tempera-
ture was set at 250 °C for micro�ow and 275 °C for 
high-�ow.  Desolvation gas was not used for M3 emitters 
in this application note in order to maximize the detec-
tion sensitivity of native antibodies. 

High-flow SEC-MS Microflow SEC-MS 
Flow Rate (µl/min) 200 5 

SEC Column Waters, 4.6 mm ID x 
150 mm L, 1.7 µm, 200Å PolyLC, 0.3 mm ID x 150 mm L, 3 µm, 1000Å 

Emi�er/Sprayer HESI-II high-flow needle 
(100 µm ID) 

M3 Emi�er, 10 µm, 8-
nozzle 

Stainless steel 
emi�er (ES542) 

HESI-II low-flow needle 
(75 µm ID ) 

Spray Voltage (V) 3,800 
3,500 or 4,000 for 100 mM 

or 200 mM ammonium 
acetate, respec�vely 

2,200 3,000 

Spray Angle 60° 30° 5° 60° 

Gas Flow 
25 unit for sheath gas 

10 unit for auxiliary gas 
Aux gas: 250 °C 

0 0 10 unit for sheath gas 

Capillary Temperature 275 °C 250 °C 250 °C 
Mobile phase 200 mM ammonium acetate 
Injec�on Volume Full loop, 1 µl  
Sample NIST an�body (SRM 8671) 
Run Time (min) 15 
Mass Spec Q Exac�ve Plus 
Acquisi�on Method Full scan (m/z from 2,000 to 6,000) 
Resolu�on 17,500 
AGC Target 3 x 106 
Microscans 10 
Maximum Injec�on 
Time (ms) 50 

Insource CID energy 
(eV) 100 

S-lens level (%) 80 
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3. Data analysis
Data were analyzed using Xcalibur software and
Biopharma Finder 2.0 software (Thermo Fisher
Scienti�c). The quanti�cation of di�erent IgG proteo-
forms were processed by Biopharma Finder 2.0 at
multiconsensus option. The ReSpect function was
used for deconvolution of isotopically unresolved
mass spectra of the intact protein under native
conditions.

Results and Discussion
1. Optimization of micro�ow SEC-MS for analysis

of native monoclonal antibody

We optimized micro�ow SEC-MS conditions for
analysis of native mAb using the micro�ow PolyLC
column interfaced with a QE Plus mass spectrome-

ter.  We found that the lower salt concentration at 
100 mM NH4OAc resulted in a signi�cant IgG peak 
tailing, whereas this peak tailing was e�ectively 
suppressed at 200 mM NH4OAc (Figure 1A [i] and 
[ii]). Therefore, 200 mM NH4OAc was used for the 
native NIST mAb analysis in this study. We also 
tested the e�ect of di�erent �ow rates on the SEC 
performance.  Good LC peak shapes were obtained 
at 2 to 5 μl/min �ow rate range. At 5 μl/min, the 
retention time of the mAb peak was within 2 min, 
whereas it was more than 4 min at 2 μl/min, (Figure 
1A [ii] and [iii]).  Therefore 5 μl/min was chosen as 
the default micro-�ow rate for the higher 
throughput. For protein quanti�cation, we used 
BioPharma Finder 2.0 to do the charge 
deconvolution (Figure 1B [i]-[ii]). The most 
abundant 5 glycoforms of NIST mAb were 
quanti�ed to compare the performance of di�erent 
emitters (Figure 1B [ii]).
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Figure 1. Micro�ow SEC-MS analysis of native IgG.  A. Extracted ion chromatograms of IgG for di�erent salt concentra-
tions and �ow rates as shown. B. MS data processing and analysis method. (i). Full MS spectrum of IgG.  The insert 
shows a zoom-in view of the most abundant charge state of 27+; (ii). After charge deconvolution, the �ve most 
abundant glycoforms of IgG were observed for QE Plus mass spectrometer and quanti�ed for performance compari-
sons. 
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Figure 2. Sensitivity comparison of M3 emitters with other emitters at di�erent �ow rates. A. Comparison of micro�ow 
SEC-MS using M3 emitters at 5 µl/min and high-�ow SEC-MS using HESI at 200 µl/min.  Shown here are the extracted 
ion chromatograms (m/z 4,500-6,000) from 50 ng IgG (i) and 200 ng IgG (ii), respectively. B. Comparison of multinozzle 
M3 emitters to single-nozzle emitters at micro�ow.  (i). sensitivity comparison of M3 emitters with NanoTip, PicoTip, 
and HESI using the same micro�ow SEC column.  (ii). LOD analysis for M3 emitters using serial dilution of IgG. The LOD 
is below 10 ng.

2. Improvement in detection sensitivity and preservation of native state for monoclonal antibody
analysis using M3 emitters

We examined the sensitivity gain of M3 multinozzle emitters over the conventional single-nozzle emitters.  First, 
we compared the sensitivity gain of microflow SEC-MS using M3 emitter over the traditional high-flow SEC-MS by 
HESI under the optimized conditions for each analysis. We demonstrated more than 10-fold sensitivity gain of 
micro�ow SEC-MS by M3 over high-�ow SEC-MS by HESI using various amount of IgG (Figure 2A).  In addition, the 
IgG retention time from micro�ow SEC using M3 emitter was signi�cantly earlier than that from high-�ow using 
HESI (Figure 2A), suggesting a possible higher throughput for micro�ow SEC-MS.

We then compared M3 emitters with other single-nozzle emitters for micro�ow SEC-MS.   We compared M3 
emitters with NanoTip, PicoTip, and HESI, coupled with the same SEC column.  For the comparison to PicoTip, we 
chose 2 μl/min flow rate due to the high backpressure from the single nozzle 10 µm ID PicoTip for higher flow 
rates.  On average, we observed 2.4-fold sensitivity gain of M3 emitters over NanoTip at 5 μl/min, 2-fold sensitivity 
gain over PicoTip at 2 μl/min, and 5.2-fold sensitivity gain over HESI at 5 μl/min (Figure 2B [i]).  We next measured 
limit of detection (LOD) for micro�ow SEC-MS analysis of native IgG using M3 emitters.  A dilution curve analysis 
shows excellent linearity of MS signals on the mAb amount from 25 to 200 ng, with a LOD value below 10 ng IgG 
(Figure 2B [ii]).
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Interestingly, we observed that compared to 
micro�ow and high-�ow SEC-MS both by HESI, the 
charge envelope of IgG from micro�ow SEC-MS by 
M3 emitters shifted towards the higher m/z range 
(Figure 3), with the corresponding most abundant 
charge state evolving from 29+ for HESI at 
high-�ow, to 28+ for HESI at micro�ow, and 27+ 
for M3 emitter at micro�ow. This suggests better 
preservation of the native conformation of IgG at 
micro�ow, especially for M3 emitters.  We specu-
lated that high sheath gas �ow or heated auxiliary 
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Figure 3. Preservation of native state of IgG in micro�ow SEC-MS using M3 emitters.  Compared to micro�ow (A) 
and high-�ow HESI (B), full MS spectrum from micro�ow M3 emitters (C) shows the charge envelope shifts 
towards the higher m/z (less charge, more native state), with the most abundant charge state at 27+.

gas �ow often needed for HESI needle to achieve 
better desolvation and detention sensitivity might 
have contributed to the partial unfolding of a small 
population of native IgG. In contrast, our M3 emitters 
with 10 µm ID nozzle operated at micro�ow LC but 
with electrospray at nano�ow might result in “softer” 
electrospray ionization of native IgG. This observa-
tion is signi�cant because maintaining native state 
of mAb will be critical to study the interactions 
between mAb and target ligands (proteins, small 
molecules etc.) in the gas phase.  

5



We have also performed the robustness assessment of microflow SEC-MS for native mAb analysis by M3 emit-
ters.  All five M3 emitters were tested and went through the consecutive 150 injections without any 
significant decrease in sensitivity. Figure 4 shows the representative results from one M3 emitter for 150 
consecutive SEC-MS runs. For the five most abundant IgG proteoforms shown in Figure 1 B[ii], the CVs of the 
percentage of the three major glycoforms (G0F/G0F, G0F/G1F, and G1F/1F) are within 5%, while the other two 
less abundant ones (G1F/G2F and G2F/G2F) are 7% and 15%, respectively (Figure 4).  
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Figure 4. Robustness assessment of micro�ow SEC-MS using M3 emitters for quantitation of IgG glycoforms. The CV 
for the percentage of the �ve most abundant glycoforms was determined by performing 150 consecutive SEC-MS 
runs on a single M3 emitter. The percentage of each glycoform was calculated as the ratio of the intensity for this 
glycoform over the summed intensity of all five most abundant glycoforms on the deconvoluted spectrum. The 
NISTmAb IgG amount was 100 ng per injection and the salt concentration was 200 mM with a flow rate of 5 µl/min.  

3. Integration of M3 emitters with the high-�ow SEC by �ow splitting for enhanced sensitivity

Since the current work�ow for native MS analysis of IgG is high-�ow SEC-MS by HESI, we evaluated the perfor-
mance of coupling M3 emitters with a high-�ow SEC column. A simple T-splitter was used to split analytical �ow 
of 200 μl/min after a SEC column down to a micro�ow of 5 μl/min, which entered a M3 emitter for spray into MS 
(Figure 5A). Compared to the conventional high-�ow method without splitting, this new method by �ow 
splitting to M3 emitters achieved an on average 27.8-fold sensitivity gain, assuming the same amount (50 ng, 
e.g.) of IgG delivered to MS (Figure 5B). This M3 work�ow with high-�ow splitting allows simultaneous detection
of mAb by UV and MS without the need to change the LC system. In addition, majority of the IgG injected onto
the high-�ow column is diverted to waste rather than going into the mass spectrometer, minimizing the
contamination of ion cone and S-lens of the QE instrument.
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Conclusions

We have established a new micro�ow LC-MS platform for native MS studies of monoclonal antibody. By interfacing 
to an orbitrap Q Exactive Plus mass spectrometer, Newomics® M3 emitters have achieved high throughput, high 
sensitivity, and robustness for native MS of mAb. We demonstrate the following signi�cant advantages of our 
micro�ow SEC-MS platform using M3 emitters compared to the traditional high-�ow SEC-MS platform using HESI:

1. More than 10-fold sensitivity gain.
2. Better preservation of the native conformation of antibodies.
3. Flexibility of upstream and downstream analysis of mAb including �ow splitting for simultaneous detection of

mAb by UV and MS.
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Figure 5.  Integration of M3 emitters into the current high-�ow SEC-MS work�ow.  A (i). Diagram showing the �ow 
splitting with a M3 emitter. After high-�ow SEC column at 200 µl/min, 5 µl/min (40:1 splitting) was delivered to a 
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