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Samples 
 

Client identifier MSB identifier Notes 

Biosimilar A Trypsin 

B Chymotrypsin 

C Elastase 

 

Objective 
 

Confirmation of sequence and identification of single site amino acid substitutions using MSB-03 and 

error tolerant database searching. 

 

Experimental Methods 
 

Sample Preparation 

 

Trypsin digestion was performed using a ProGest robot (DigiLab) with the following protocol: 

 

• Washed with 25mM ammonium bicarbonate followed by acetonitrile. 

• Reduced with 10mM dithiothreitol at 60°C followed by alkylation with 50mM iodoacetamide at 

RT. 

• Digested with sequencing grade trypsin (Promega) at 37°C for 4h. 

• Quenched with formic acid and the supernatant was analyzed directly without further 

processing. 

 

Chymotrypsin and elastase digests were performed manually with the following protocol: 

 

• Washed with 25mM ammonium bicarbonate followed by acetonitrile. 
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• Reduced with 10mM dithiothreitol at 60°C followed by alkylation with 50mM iodoacetamide at 

RT. 

• Digested with chymotrypsin/elastase (Promega) at 37°C overnight. 

• Quenched with formic acid and the supernatant was analyzed directly without further 

processing. 

 

Mass Spectrometry 

 

Each gel digest was analyzed by nano LC/MS/MS with a Waters NanoAcquity HPLC system interfaced to 

a ThermoFisher LTQ Orbitrap Velos. Peptides were loaded on a trapping column and eluted over a 75µm 

analytical column at 350nL/min; both columns were packed with Jupiter Proteo resin (Phenomenex). 

The mass spectrometer was operated in data-dependent mode, with MS performed in the Orbitrap at 

60,000 FWHM resolution and MS/MS performed in the LTQ. The fifteen most abundant ions were 

selected for MS/MS.  

 

Data Processing 

 

Data were searched using a local copy of Mascot with the following parameters: 

 

Enzyme: Trypsin/P or None (Chymotrypsin and Elastase) 

Database: Custom biotech drug database appended with *Biosimilar Heavy Chain (concatenated 

forward and reverse plus common contaminants) 

Fixed modification: Carbamidomethyl (C) 

Variable modifications: Oxidation (M), Acetyl (N-term), Pyro-Glu (N-term Q), Deamidation (N,Q), 

Mass values: Monoisotopic 

Peptide Mass Tolerance:  10 ppm 

Fragment Mass Tolerance: 0.8 Da 

Max Missed Cleavages: 2 

 
* 

>Biosimilar Heavy Chain 

QVQLQQPGAELVKPGASVKMSCKASGYTFTSYNMHWVKQTPGRGLEWIGAIYPGNGDTSYNQKFKGKATLTADKSS

STAYMQLSSLTSEDSAVYYCARSTYYGGDWYFNVWGAGTTVTVSAASTKGPSVFPLAPSSKSTSGGTAALGCLVKDYFP

EPVTVSWNSGALTSGVHTFPAVLQSSGLYSLSSVVTVPSSSLGTQTYICNVNHKPSNTKVDKKvepkSCDKTHTCPPCPA

PELLGGPSVFLFPPKPKDTLMISRTPEVTCVVVDVSHEDPEVKFNWYVDGVEVHNAKTKPREEQYNSTYRVVSVLTVLH

QDWLNGKEYKCKVSNKALPAPIEKTISKAKGQPREPQVYTLPPSRDELTKNQVSLTCLVKGFYPSDIAVEWESNGQPEN

NYKTTPPVLDSDGSFFLYSKLTVDKSRWQQGNVFSCSVMHEALHNHYTQKSLSLSPGk 

 

Mascot DAT files were parsed into the Scaffold algorithm for validation, filtering and to create a non-

redundant list per sample. Data were filtered using a minimum protein value of 90%, a minimum 

peptide value of 50% (Prophet scores) and requiring at least two unique peptides per protein. 
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Results 
 

Detection and Sequence Coverage 

 

The target protein was detected with 98% sequence coverage when combining all three enzyme 

datasets.  The combined sequence coverage map is below. 

 

 
 
Trypsin sequence coverage 

 

 
 
Chymotrypsin sequence coverage 

 

 
 

Elastase sequence coverage 

 

 
 
 

drugbank_drug|DB00092 (100%), 49,241.6 Da
Rituximab heavy chain chimeric
58 exclusive unique peptides, 145 exclusive unique spectra, 468 total spectra, 435/451 amino acids (96% coverage)

Q V Q L QQ P G A E L V K P G A S V KM S C K A S GY T F T S Y NMHWV K Q T P GR G L EW I G A I Y P GN GD T S Y N QK F K GK A T L
T AD K S S S T AY M Q L S S L T S E D S A V Y Y C AR S T Y Y GGDWY F N V WG AG T T V T V S A A S T K G P S V F P L A P S S K S T S
GG T A A L GC L V K D Y F P E P V T V SWN S G A L T S G V H T F P A V L Q S S G L Y S L S S V V T V P S S S L G T Q T Y I C N V N H K P
S N T K V D K K V E P K S C D K T H T C P P C P A P E L L G G P S V F L F P P K P K D T L M I S R T P E V T C V V V D V S H E D P E V K F N
WY V D G V E V H N AK T K P R E E QY N S T Y R V V S V L T V L H QDWL N G K E Y K C K V S N K A L P A P I E K T I S K AK GQ P R E P
Q V Y T L P P S R D E L T K N Q V S L T C L V K G F Y P S D I A V E WE S N GQ P E N N Y K T T P P V L D S D G S F F L Y S K L T V D K S R
WQQGN V F S C S VMH E A L H N H Y T QK S L S L S P G K

drugbank_drug|DB00092 (100%), 49,241.6 Da
Rituximab heavy chain chimeric
290 exclusive unique peptides, 469 exclusive unique spectra, 727 total spectra, 446/451 amino acids (99% coverage)

Q V Q L QQ P G A E L V K P G A S V KM S C K A S GY T F T S Y NMHWV K Q T P GR G L EW I G A I Y P GN GD T S Y N QK F K GK A T L
T AD K S S S T AY M Q L S S L T S E D S A V Y Y C AR S T Y Y GGDWY F N V WG AG T T V T V S A A S T K G P S V F P L A P S S K S T S
GG T A A L GC L V K D Y F P E P V T V SWN S G A L T S G V H T F P A V L Q S S G L Y S L S S V V T V P S S S L G T Q T Y I C N V N H K P
S N T K V D K K V E P K S C D K T H T C P P C P A P E L L G G P S V F L F P P K P K D T L M I S R T P E V T C V V V D V S H E D P E V K F N
WY V D G V E V H N AK T K P R E E QY N S T Y R V V S V L T V L H QDWL N G K E Y K C K V S N K A L P A P I E K T I S K AK GQ P R E P
Q V Y T L P P S R D E L T K N Q V S L T C L V K G F Y P S D I A V E WE S N GQ P E N N Y K T T P P V L D S D G S F F L Y S K L T V D K S R
WQQGN V F S C S VMH E A L H N H Y T QK S L S L S P G K

drugbank_drug|DB00092 (100%), 49,241.6 Da
Rituximab heavy chain chimeric
58 exclusive unique peptides, 145 exclusive unique spectra, 468 total spectra, 435/451 amino acids (96% coverage)

Q V Q L QQ P G A E L V K P G A S V KM S C K A S GY T F T S Y NMHWV K Q T P GR G L EW I G A I Y P GN GD T S Y N QK F K GK A T L
T AD K S S S T AY M Q L S S L T S E D S A V Y Y C AR S T Y Y GGDWY F N V WG AG T T V T V S A A S T K G P S V F P L A P S S K S T S
GG T A A L GC L V K D Y F P E P V T V SWN S G A L T S G V H T F P A V L Q S S G L Y S L S S V V T V P S S S L G T Q T Y I C N V N H K P
S N T K V D K K V E P K S C D K T H T C P P C P A P E L L G G P S V F L F P P K P K D T L M I S R T P E V T C V V V D V S H E D P E V K F N
WY V D G V E V H N AK T K P R E E QY N S T Y R V V S V L T V L H QDWL N G K E Y K C K V S N K A L P A P I E K T I S K AK GQ P R E P
Q V Y T L P P S R D E L T K N Q V S L T C L V K G F Y P S D I A V E WE S N GQ P E N N Y K T T P P V L D S D G S F F L Y S K L T V D K S R
WQQGN V F S C S VMH E A L H N H Y T QK S L S L S P G K

drugbank_drug|DB00092 (100%), 49,241.6 Da
Rituximab heavy chain chimeric
630 exclusive unique peptides, 1109 exclusive unique spectra, 2113 total spectra, 446/451 amino acids (99% coverage)

Q V Q L QQ P G A E L V K P G A S V KM S C K A S GY T F T S Y NM HWV K Q T P GR G L EW I G A I Y P GN GD T S Y N QK F K GK A T L
T AD K S S S T AY MQ L S S L T S E D S A V Y Y C AR S T Y Y GGDWY F N V WG AG T T V T V S A A S T K G P S V F P L A P S S K S T S
GG T A A L GC L V K D Y F P E P V T V SWN S G A L T S G V H T F P A V L Q S S G L Y S L S S V V T V P S S S L G T Q T Y I C N V N H K P
S N T K V D K K V E P K S C D K T H T C P P C P A P E L L G G P S V F L F P P K P K D T L M I S R T P E V T C V V V D V S H E D P E V K F N
WY V D G V E V H N AK T K P R E E QY N S T Y R V V S V L T V L H QDWL N G K E Y K C K V S N K A L P A P I E K T I S K AK GQ P R E P
Q V Y T L P P S R D E L T K N Q V S L T C L V K G F Y P S D I A V EWE S N GQ P E N N Y K T T P P V L D S D G S F F L Y S K L T V D K S R
WQQGN V F S C S VM H E A L H N H Y T QK S L S L S P G K
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The unconfirmed portion of the sequence was suspected to be the site of an error in the suggested 

sequence.  An error tolerant search identified a V →A at position 219.  The spectrum confirming the 

presence of the alanine is below. 

 

 
 
The database was modified to include the sequence variant and the search repeated.  The target protein 

was identified with 100% sequence coverage. 
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817.43 m/z, 2+, 1,632.85 Da,  (Parent Error: -0.40 ppm)

drugbank_drug|DB00092 (100%), 49,213.6 Da
Rituximab heavy chain chimeric
659 exclusive unique peptides, 1165 exclusive unique spectra, 2207 total spectra, 451/451 amino acids (100% coverage)

Q V Q L QQ P G A E L V K P G A S V KM S C K A S GY T F T S Y NMHWV K Q T P GR G L EW I G A I Y P GN GD T S Y N QK F K GK A T L
T AD K S S S T AY MQ L S S L T S E D S A V Y Y C AR S T Y Y GGDWY F N V WG AG T T V T V S A A S T K G P S V F P L A P S S K S T S
GG T A A L GC L V K D Y F P E P V T V SWN S G A L T S G V H T F P A V L Q S S G L Y S L S S V V T V P S S S L G T Q T Y I C N V N H K P
S N T K V D K K A E P K S C D K T H T C P P C P A P E L L G G P S V F L F P P K P K D T L M I S R T P E V T C V V V D V S H E D P E V K F N
WY V D G V E V H N AK T K P R E E QY N S T Y R V V S V L T V L H QDWL N G K E Y K C K V S N K A L P A P I E K T I S K AK GQ P R E P
Q V Y T L P P S R D E L T K N Q V S L T C L V K G F Y P S D I A V EWE S N GQ P E N N Y K T T P P V L D S D G S F F L Y S K L T V D K S R
WQQGN V F S C S VM H E A L H N H Y T QK S L S L S P G K


