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CONCLUSIONS
Possible sites of modification have been 
presented for adalimumab under stressed 
conditions.

• Methionine 256 and 432 showed an 
increase in oxidation over a 24 hour period 
when exposed to white light at 765 W/m2.

• Asparagine 329 showed an increase in 
deamidation over a six week period when 
exposed to a elevated temperature of 40° C.

• Seven scrambled disulfide bonds were 
measured upon exposure to white light for 
24 hours or rapid heating to 75° C.  The 
rearranged configurations had peptides in 
close proximity suggesting that these 
occurred quickly.

• The stressed condition of pH 9.0 at 40 C for 
48 hours did not show any changes.

The expanding development of the 
biosimilars market will require these types of 
investigations to further characterize these 
promising potential protein therapeutics.

OVERVIEW
Purpose: To determine sites of post-
translational modification (PTM) and 
scrambled disulfide bonds (sDSB) of the 
IgG1 monoclonal antibody adalimumab 
under stressed conditions using LC-MSMS
Methods: Samples were deglycosylated, 
reduced (or not), alkylated and digested to 
generate peptide fragments analyzable by 
reverse-phase high resolution mass 
spectrometry
Results: Several PTM were identified as 
either heat or stress induced; seven sDSB 
were measured; 
peptide coverage for HC and LC was > 95%; 
all predicted DSB measured
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INTRODUCTION
Background: mAb adalimumab of IgG1 
class; 451 amino acids (aa) in heavy chain 
(HC); 214 aa in light chain (LC); total MW ~ 
150kDa; 16 DSB comprised of  8 HC 
intrachain, 4 LC intrachain, 2 HC interchain 
and 2 hinge
Sample:  Pharmacy purchased Humera
(40 mg/0.8 mL) used at 10 mg/mL
Stressed conditions:
• Temperature at 40 °C over 6 weeks
• White light (765 W/m2) exposure over 24 hr
• pH 9.0 and temperature at 40 °C for 48 hr
• Rapid heating to 75 °C

METHODS
Workflow schematic:

Sample preparation:
• Denatured (8M urea/100 mM tris, pH 8)
• Deglycosylated w/ PNGase-F (1:25, w/w)
• Reduced (25 mM DTT)
• Alkylated 50 mM IAA)
• Tandem digestion, Lys-C (1:25 w/w), 

trypsin (1:25 w/w)

Instrument Conditions:
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