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Evaluation of factors affecting detection of host cell proteins in biotherapeutic proteins using an Orbitrap Fusion Lumos Tribrid
mass spectrometer.

1Stephane Houel, IMichael Blank, tRomain Huguet, !1Seema Sharma, Martin Samonig, Vlad Zabrouskov, tJonathan Josephs. Thermo Fisher Scientific, San Jose, CA, USA, 95134; 2Thermo Fisher Scientific, Germering, Germany.

Figure 2. Experimental design. | A single raw file of the UPS sample was searched using Proteome Discoverer against the mouse UniProt C) NIST sample. Figure 7. MS2 spectra of the low concentration NIST HCPs identified with only one peptide.
INTRODUCTION NISTmAb lﬂ ! Universal Proteomics Standard database combined with NIST mAb and UPS protein sequences. Only 0.25 pmol was loaded on 2.1 mm
(50 uL at 10pg/ul) > : -~ (48 human proteins at 5 pmol of columns and 329 PSMs and 170 unique peptides were identified corresponding to 39 out of 48 UPS e : , , , .
The detection of host cell proteins (HCPs) in biotherapeutic proteins is an important analytical U I ng \=6 numan pr - pmo : . ) o : : ; 5 Table 3. Identified published NIST HCPs, unique peptides, peptides spectrum matched and | a) Peptide: VYVGNLGTGAGK
) : . : . I each ranging in molecular weight proteins. Nine proteins were identified with only one unique peptide (1% FDR). . g . : ) , - ) .
requirement because HCPs can present potential safety risks or impact product stability. HCP - I - fom 6 to 83 kDa) NIST HCPs identified with only one peptide for 62.5 ug of NIST mAb on-column. 40 ys' Protein: Serine/arginine —rich splicing factor
analysis is a challenging workflow because an extensive dynamic range is required to be able to W : - s B) NIST - UPS1 sample. I I HCP concentration & 275.17191 Yo'
) . . _ o _ _ _ _ I I . S 1 ' 873.4754
detect low ppm concentrations of residual HCPs. Also, to be widely adopted by the | Table 2. Number of identified UPS proteins, unique peptides, peptides spectrum matched Accession Description # Peptides! # psiis |7 Unique| MW (ppm) from S 301 . yo' 0 _
Biopharmaceutical industry, the analytical solution has to be extremely robust and relatively fast. Tryptic Smart Digest ! Tryptic Smart Digest (PSM) and UPS proteins identified with only one peptide for different on column loading of : |Peptides| [kDa] oublished study * ) g 263, 1809 yo-HL0 774.40717 XCorr: 2.60
M M =] .
11 2 ! < ﬂ NIST mAD — P0OSO64 |Fructose-bisphosphate aldolase A| 27 1 72 1 21 45.1 116 % 20 7 204.13364 ge 756.39453 y10'-NH;
MATER IA LS A N D M ETHODS I UPS1 proteins spiked in NIST mAb PO5063 |Fructose-bisphosphate aldolase C 17 : 33 : 11 304 97 2 49026004 856.45209 .
| \ o 1 + : + * 11
\7 : U/ Volume amount of NIST Only one unique £08101 Low affinity immunoglobulin 5 : c : 5 367 14 £ 10 ] Y4 603};74399 7 y88690 v -H20 1036 53540
Sample Preparation . : I e Injected mAb on-column # Protein # Unique # PSMs . . gamma Fc region receptor I I I ) 332.19052 Y5 y10?|ye-H : ' +NH 55.46771
200 uL of NIST mAD tryptic | 200 pL of UPS1 tryptic ! peptide per protein I I Zl | - Ye Ttz | | R [ |
Tryptic Smart Digestion: NIST mAb (50 ul at 10 ug/uL) was digested with the Thermo Scientific™ peptides at 2.5 ug/ulL | peptides from 1.5 E-4 (uL) (ug) Q60864 |Stress-induced-phosphoprotein 1 : 1 : 1 62.5 13 0 P PSS T '5(')0" JS S S S SN
SMART Digest™ trypsin kit. The sample was diluted in 150 uL of the SMART Digest buffer and Known HCPs range in : ug/ul to 2.1E-3 pg/ul 25 62.5 23 55 73 10 P06745 |Glucose-6-phosphate isomerase 16 : 27 : 16 62.7 12 .
transferred in the digestion tube containing the SMART Digest trypsin slurry. The sample was concentration from 1to 116 ppm |l 12 30 13 27 31 7 P01887 |Beta-2-microglobulin 1 11 1 1 13.8 7
incubated at 70C for 90 min and 1400 rpm shaking. After centrifugation, the supernatant was I 5 12.5 g 9 10 g Q9CZ44 |NSFL1 cofactor p47 3 : 3 : 3 40.7 7
transferrec_l to a new tub_e and the centrifugation step was repeated two times. Finally, the sample was 90% of NIST NIST-UPS1 10% of UPS _ _ _ _ _ Q8BL97 |Serine/arginine-rich splicing factor 1 : 1 : 1 30.8 5 : _
reduced with DDT at a final concentration of 12 mM for 40 min at 40C. o OF Il Jre PP Figure 3. Number of proteins (a), unique peptides and peptide spectrum matched (b) versus IWTPE |Adenvlate ki 2 mitochondrial 1 o1 1 1 26.5 4 .5 1 b) Peptide: LEAYHTQTTPLVEYYR N
MAD tryptic tryptic digest the amount of NIST mAb on-column a enylate kinase £, mitochoncria | | ' % | Protein: Adenvlate Ki 2 y7 XCorr: 2.72
digest Q91YR9 |Prostaglandin reductase 1 3 I3 1 3 35.5 3 2 20 rotein. Adenylate kKinase 939.48926 T
Liquid Chromatography 25 1 @) 80 - b) _ Q923D2 |Flavin reductase (NADPH]) 11 ] 1 26.6 2 = ys'
S _ —4—Protein 70 4 —@=Unigue 2 ] yi* 501.24429 yst  yur-HO
LC: Thermo Scientific™ Vanquish™ UHPLC . 20 - " PSM 31 175.11795 g 799.3535) 862.42676 28*—4Hi§)1 yio'
2 | . — 1o . . . ] A . .
Columns: Three Thermo Scientific™ Acclaim™ columns (C18, 250mm * 2.1 mm; 2.2 um) were '5 E 2 60 In a published inter-laboratory study on NlST H(.:PS using a 2 dlmen§|ongl .LC system and Ioad!ng on £ 10 byt y7 630.28430 I 92693 1269.64307
ted togeth ) ) = N8 g column more than 600 ug of NIST mAb tryptic digest, 14 HCPs were identified by all 3 laboratories. The S ] 470.24860 ) by”H,0 . :
connected togetner. Spiked HCPs range in = 15 - el - - : £ 1 24313306 bs b, Ye}Y1s o 11
. o = o average concentration of the HCPs between the 3 laboratories ranged from 1 to 166 ppm. In this study, £ 5] 2748181 1141 58569
Mobile phase: concentration from 6.510 92 ppm G g 3 40 - 11 of the 14 known HCPs of the NIST mAb were also identified on a 1D LC s by loadi I ] by bs*-Ha bs2*-H, b 1 b ' 068523
: o 5 3 ystem by loading on column : 3 —| | > { y ] ¥ (
Buffer A 0.1% Formic acid. in H.O For this study three different types of sample were generated. The universal proteomics standard (UPS) 9 10 'E g 30 - 62.5 ug of the NIST mAb. The reported concentration of Flavin reductase was 2 ppm and one peptide 0 T I A1
T 2 was first digested with the SMART Digest trypsin kit. The same digestion protocol was used for the NIST | E 33 20 from this protein sequence was identified with high confidence (see figure 6). The identification of NIST 200 400 600 800 1000 1200 1400
Buffer B: 0.1% Formic acid, in CH.CNI mADb and the UPS sample. The digested UPS was spiked in the digested NIST mAb (NIST-UPS1)totest = g _ e | HCPs at low ppm concentration suggest that a workflow combining the quick and easy SMART Digest m/z
80 1 1l the effect of sample loading on HCPs identification. Also, a small amount of the digested UPS was 10 - protocol with the coupling of 3 x 25 cm 2.1 mm columns on an Orbitrap Fusion Lumos instrument is The MS2 spectra of the lowest concentration NIST mAb HCPs identified with only one unique peptide are
LC gradient N L 09 analyzed by itself to verify the digestion and define the maximum number of UPS1 proteins that could be 0 0 | | | | | | suitable for HCPs analysis. displayed in figures 6¢, 7a and 7b. Even if the protein is identified with a single unique peptide, the
time %B Flow (mL/min) _ | o0 identified in the NIST-UPS1 sample. Finally the digested NIST mAb was analyzed to identify HCPs 10 SID SID ?ID 10 30 50 20 outstanding sensitivity of the Orbitrap Fusion Lumos MS provided high quality MS2 spectra for very
0 3 0.2 60 1 === Flow {mlL/min] [ os present in the NIST mAb. Figure 6. Extract ion chromatogram (a), MS1 (b) and annotated MS2 (c) spectra for the confident peptide identifications.
203 35 0.2 50 [ o5 £ RESULTS amount of NIST mAb on-column (ug) amount of NIST mAb on-column {ug) identified peptide of Flavin Reductase.
220 50 0.2 " L -E. One of the key parameters for HCPs identification is how much digested mAb can be loaded on column m/z=404.53711 Da, Tol.=6 ppm, ARTm=57.88-58.88 min
230 80 0.2 2 401 r 03 E without losing chromatographic resolution. In this study, we connected three 25 cm columns together o
245 80 0.2 30 4 r 04 E A) UPS1 sample. which allowed us to load more than 60 ug of digested mAb per run. The increase of digested mAb amount | & 100 a) L
247 3 0.2 - 03 table 1. UPS1 proteins identified after tryptic digestion and loading 0.25 pmol on-column. on column from 12.5 ug to 62.5 ug increased the number of identified UPS proteins spiked in the digested | & 28 Peptide: LODVTDDHIR
20 4 L . L . . . . . . H= 1
260 3 0.2 h et 02 # |Accession |Description #PSMs | # Unique |MW [kDa] NIST mAb from 9 to 23. Intrinsically, the dynamic range in concentration is identical for the three different é 20 Protein: Flavin Reductase
10 [ o4 1 |000762ups |Ubiguitinconjugating enzyme E2 C (Chain 1179, Nterminal His tag) (Human) 3 5 50.5 NIST m_Ab Ioa}ds but hlgher loadings allowed more spiked proteins to be above the limit of detection which 2 5
-0 =, 2 |076070ups |Gammasynuciein (Chain 1127) (Human) 25 1 10 15.5 regults in the ldentlflcatlon of more UPS_ protems. _ _ _ 5 0 B A B CONCLUSIONS
0 20 40 &0 8O 100 120 140 160 18O 200 330 240 280 3 |P00441ups |Superoxide dismutase [CuZn] (Chain 2154)  (Human) 9 4 15.8 Figure 4. Venn diagram of the identified UPS1 proteins for different on-column loadings. = 58.0 58.5 59.0
- . - . I . . . . . . . .
Time (min) ;’ Egg;ggaﬁz ’;‘::2::':;?:;;;E;?E'::IT:ELHLHm:;m %, I é ;‘;"%, 30U Time [min] = The SMART Digest kit provides a fast and easy sample preparation method compatible with HCP
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