
235.14323

y₁

y₃⁺
275.17191

y₉⁺-NHy₆⁺-H₂

y₉⁺-H₂O
756.39453

y₁₀²

y₁₀⁺-NH₃
856.45209

y₁₀⁺-H₂O
855.46771

y₂⁺
204.13364

y₅
y₄⁺

332.19052
y₇⁺

603.34399
y₈⁺

717.38690
y₁₁⁺

1036.53540

y₆⁺
490.26004

b₂⁺
263.13809

y₉⁺
774.40717

y₁₀⁺
873.47540

200 300 400 500 600 700 800 900 1000 1100

m/z

0

10

20

30

40

In
te

ns
ity

 [c
ou

nt
s]

 (1
0^

3)

           
               

58.0 58.5 59.0

Time [min]

0
20
40
60
80

100

In
te

ns
ity

 [c
o u

n t
s ]

 ( 1
0 ^

3 )

     m/z=404.53711 Da, Tol.=6 ppm, ΔRTm=57.88-58.88 min

404.53711
z=3 404.87137

z=3

405.20514
z=3

405.54019
z=3

405.19778
z=3404.52905

403.30338
405.87369

z=3
406.67010404.94775402.95181 406.00858403.44516

404.99655

403 404 405 406
m/z

0

10

20

30

40

50

60

70

In
te

ns
ity

 [c
ou

nt
s]

 (1
0^

3)

     g     
     FTMS, Isolation=404.54 Da / 403.94-405.14 Da, z=+3, Mono m/z=404.53711 Da, MH+=1211.59677 Da

757.36377

b₃ y₅⁺-H₂
y₈⁺

970.45990
y₃² y₈²⁺-H₂O

476.72479y₇²b₂ y₅²
y₇⁺

855.42432y₄²

y₉²⁺-H₂O
540.75562

y₂⁺
288.20172

y₁⁺
175.11842

y₆²⁺
378.68353

y₄⁺
540.28656

y₃⁺
425.25970

y₅⁺
655.31262

y₆⁺
756.35992

200 300 400 500 600 700 800 900 1000

m/z

0

5

10

15

20

In
te

ns
ity

 [c
ou

nt
s]

 (1
0^

3)

           
               

XCorr:3.09 

1Stephane Houel, 1Michael Blank, 1Romain Huguet, 1Seema Sharma, 2Martin Samonig, 1Vlad Zabrouskov, 1Jonathan Josephs. 1Thermo Fisher Scientific, San Jose, CA, USA, 95134; 2Thermo Fisher Scientific, Germering, Germany. 

RESULTS 
A) UPS1 sample. 
table 1. UPS1 proteins identified after tryptic digestion and loading 0.25 pmol on-column.  

INTRODUCTION 
The detection of host cell proteins (HCPs) in biotherapeutic proteins is an important analytical 
requirement because HCPs can present potential safety risks or impact product stability. HCP 
analysis is a challenging workflow because an extensive dynamic range is required to be able to 
detect low ppm concentrations of residual HCPs. Also, to be widely adopted by the 
Biopharmaceutical industry, the analytical solution has to be extremely robust and relatively fast. 

MATERIALS AND METHODS 
Sample Preparation 
Tryptic Smart Digestion: NIST mAb (50 ul at 10 ug/uL) was digested with the Thermo Scientific™ 
SMART Digest™ trypsin kit. The sample was diluted in 150 uL of the SMART Digest buffer and 
transferred in the digestion tube containing the SMART Digest trypsin slurry. The sample was 
incubated at 70C for 90 min and 1400 rpm shaking. After centrifugation, the supernatant was 
transferred to a new tube and the centrifugation step was repeated two times. Finally, the sample was 
reduced with DDT at a final concentration of 12 mM for 40 min at 40C. 
 

Liquid Chromatography 

LC: Thermo Scientific™ Vanquish™ UHPLC 

Columns: Three Thermo Scientific™ Acclaim™ columns (C18, 250mm * 2.1 mm; 2.2 um) were 
connected together. 

Mobile phase:  

Buffer A: 0.1% Formic acid, in H2O 

Buffer B: 0.1% Formic acid, in CH3CN 

CONCLUSIONS 
 The SMART Digest kit provides a fast and easy sample preparation method compatible with HCP 

analysis. 

 Coupling three Acclaim columns (25 cm * 2.1mm ID) is suitable for loading high amounts of 
digested mAb which is required for extensive detection of low level HCPs . 

 The high MS2 spectral quality provided by the Orbitrap Fusion Lumos Tribrid MS allowed the 
confident identification of HCPs at very low concentration. 
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Evaluation of factors affecting detection of host cell proteins in biotherapeutic proteins using an Orbitrap Fusion Lumos Tribrid 
mass spectrometer. 

Table 2. Number of identified UPS proteins, unique peptides, peptides spectrum matched 
(PSM) and UPS proteins identified with only one peptide for different on column loading of 
NIST mAb 

Figure 1. Data were collected using a Vanquish UHPLC (a) coupled to a Fusion mass 
spectrometer (b) and processed with Proteome Discoverer software (c). The 3 columns (d) fit in 
the Vanquish UHPLC column compartment 

Figure 2. Experimental design. 

For this study three different types of sample were generated. The universal proteomics standard (UPS) 
was first digested with the SMART Digest trypsin kit. The same digestion protocol was used for the NIST 
mAb and the UPS sample. The digested UPS was spiked  in the digested NIST mAb (NIST-UPS1) to test 
the effect of sample loading on HCPs identification. Also, a small amount of the digested UPS was 
analyzed by itself to verify the digestion and define the maximum number of UPS1 proteins that could be 
identified in the NIST-UPS1 sample. Finally the digested NIST mAb was analyzed to identify HCPs 
present in the NIST mAb. 

a) Peptide: VYVGNLGTGAGK 
    Protein: Serine/arginine –rich splicing factor 
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b) Peptide: LEAYHTQTTPLVEYYR 
    Protein: Adenylate kinase 2 

In a published inter-laboratory study on NIST HCPs1 using a 2 dimensional LC system and loading on-
column more than 600 ug of NIST mAb tryptic digest, 14 HCPs were identified by all 3 laboratories. The 
average concentration of the HCPs between the 3 laboratories ranged from 1 to 166 ppm.  In this study, 
11 of the 14 known HCPs of the NIST mAb were also identified on a 1D LC system by loading on column 
62.5 ug of the NIST mAb. The reported concentration of Flavin reductase was 2 ppm and one peptide 
from this protein sequence was identified with high confidence (see figure 6). The identification of NIST 
HCPs at low ppm concentration suggest that a workflow combining the quick and easy SMART Digest 
protocol with the coupling of 3 x 25 cm 2.1 mm columns on an Orbitrap Fusion Lumos instrument is 
suitable for HCPs analysis. 

Peptide: LQDVTDDHIR 
Protein: Flavin Reductase  

One of the key parameters for HCPs identification is how much digested mAb can be loaded on column 
without losing chromatographic resolution. In this study, we connected three 25 cm columns together 
which allowed us to load more than 60 ug of digested mAb per run. The increase of digested mAb amount 
on column from 12.5 ug to 62.5 ug increased the number of identified UPS proteins spiked in the digested 
NIST mAb from 9 to 23.  Intrinsically, the dynamic range in concentration is identical for the three different 
NIST mAb loads but higher loadings allowed more spiked proteins to be above the limit of detection which 
results in the identification of more UPS proteins.  

Every identified protein at 12.5 ug on-column was also identified at 62.5 ug on-column. Proteins are not 
randomly identified but the amount on-column is the major factor driving identification. 

A single raw file of the UPS sample was searched using Proteome Discoverer against the mouse UniProt 
database combined with NIST mAb and UPS protein sequences. Only 0.25 pmol was loaded on 2.1 mm 
columns and 329 PSMs and 170 unique peptides were identified corresponding to 39 out of 48 UPS 
proteins. Nine proteins were identified with only one unique peptide (1% FDR). 

B) NIST - UPS1 sample. 

C) NIST  sample. 

Figure 3. Number of proteins (a), unique peptides and peptide spectrum matched (b) versus 
the amount of NIST mAb on-column 

Figure 4. Venn diagram of the identified UPS1 proteins for different on-column loadings. 

Table 3. Identified published NIST HCPs, unique peptides, peptides spectrum matched and 
NIST HCPs identified with only one peptide for 62.5 ug of NIST mAb on-column.  

Figure 6. Extract  ion chromatogram (a), MS1 (b) and annotated MS2  (c) spectra for the 
identified peptide of Flavin Reductase. 

Figure 7. MS2 spectra of the low concentration NIST HCPs identified with only one peptide. 

XCorr:3.09 As shown in figure 6a, the [M + 3H]3+ ion (404.54m/z) of the peptide LQDVTDDHIR was targeted near the 
apex of the chromatographic peak and the intensity of the targeted ion was around 8E4 counts. The 1.2 
Da isolation window was centered on 404.53711 m/z (b). Even at low intensity, the MS/MS spectrum (c) 
recorded in the Orbitrap mass analyzer was identified as a high confidence peptide. The complete series 
of y ions from y1 to y8 is clearly visible in the MS2 spectrum.  

The MS2 spectra of the lowest concentration NIST mAb HCPs identified with only one unique peptide are 
displayed in figures 6c, 7a and 7b. Even if the protein is identified with a single unique peptide, the 
outstanding sensitivity of  the Orbitrap Fusion Lumos MS provided high quality MS2 spectra for very 
confident peptide identifications. 

XCorr: 2.72 

XCorr: 2.60 

TRADEMARKS/LICENSING 
© 2017 Thermo Fisher Scientific Inc. All rights reserved. SEQUEST is a trademark of the University 
of Washington. All other trademarks are the property of Thermo Fisher Scientific and its subsidiaries. 
This information is not intended to encourage use of these products in any manner that might infringe 
the intellectual property rights of others. 

LC gradient
time %B Flow (mL/min)

0 3 0.2
203 35 0.2
220 50 0.2
230 80 0.2
245 80 0.2
247 3 0.2
260 3 0.2

Mass Spectrometry 
Mass spectrometer: Thermo Scientific™ Orbitrap™ Fusion Lumos™  mass spectrometer 

Data were acquired in data dependent acquisition (DDA) mode with HCD fragmentation and an 
isolation window of 1.2 Da, 

Data Analysis 

Spectral .raw files from data dependent acquisition were analyzed using Thermo ScientificTM 
Proteome DiscovererTM 2.1 software with SEQUEST® HT search. Data was searched against 
mouse UniProt combined with NIST mAb and UPS proteins at a 1% spectrum level FDR. MS1 and 
MS2 mass tolerances were respectively 10 ppm and 0.02 Da. Deamidation of Asparagine (+0.984) 
and/or oxidation of Methionine (+15.995) were considered as variable modifications. 
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a) 

b) 

Figure 5. Extracted  ion chromatogram (a) and annotated MS2 spectra (b) for the peptide 
DPAATSVAAAR of Ubiquitinconjugating enzyme E2 (O00762up). 

a) 

b) 

c) 

MS1 OT res: 120K at 200 m/z    MS2 OT res: 30K at 200 m/z
AGC MS1: 4E5 AGC MS2: 1E5

MS1 Max Inject time: 200 ms MS2 Max Inject time: 250 ms
m/z: 300-1500  Min Intensity threshold 5E4

TopS (2s) DDA method

a) b) c) 
d) 

In figure 5a, the charge +2 ions of  peptide DPAATSVAAAR were targeted almost at the apex of the 
chromatographic peak and the intensity of the targeted ion was around 6E4 counts. Even at low intensity, 
the MS/MS spectrum (5b) recorded in the Orbitrap was identified with a high confidence peptide score. 
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