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Introduction 

 

Oxidation is one of the major chemical degradation pathways for proteins in pharmaceutical products. This topic has been reviewed 

by Lietal et al. Side chains of Cysteine (Cys), Methionine (Met), Tryptophan (Trp), Histidine (His), and Tyrosine (Tyr) residues are 

prone to oxidation, in that order [1]. The thiol group in Cys is the most reactive functional group; hence, very few pharmaceutical 

proteins contain free Cys. In this report, Cys oxidation will not be addressed; instead, we intend to focus on the oxidation of Met, 

His, and Trp [2]. Another aspect of oxidation, photo-oxidation, will also be excluded from this discussion. 

Selection of a Model Protein 

PTH was chosen because of its minimal tertiary structure and its sequence, which contains all three desirable amino acids (one Trp, 

two Met, and three His) [3]; the ease with which it can be assayed by reversed-phase high-performance liquid chromatography (rp-
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HPLC); and its availability. When Chu et al. Studied Met oxidation in PTH stressed only by H2O2, the different oxidation rates of 

Met8 and Met18 were found to correlate to the 2-shell water coordination number [4]. The difference, <1.5-fold, was not 

sufficiently significant to influence the conclusion that we would draw from our study. The oxidation rates of different Met residues 

in growth hormone were attributed primarily to different degrees of solvent exposure [5]. We would expect the oxidation rate of the 

fully solvent-exposed Met in PTH, growth hormone, and rhVEGF to be comparable. Therefore, the two Met residues on PTH can 

simulate solvent-exposed Met in all proteins [6]. Ease of analysis by LC/MS because of the presence of only one Trp made PTH a 

good model protein for our study. One should recognize that the results from PTH cannot fully simulate the oxidation in a complex 

protein such as a MAb where protein structure exerts influence on the rate and extent of residues. This study differs from the prior 

work on PTH in the use of oxidizing conditions. Prior studies employed only hydrogen peroxide whereas the conditions used in this 

study allowed the Trp and Phe to be oxidized and observed [7]. Met and Trp Oxidation in PTH shows the rp-HPLC chromatograms 

of PTH reacted with H2O2, in which Met18[O]-PTH, Met8[O]-PTH, and doubly oxidized PTH species were detected; their 

identities were confirmed by LC/MS. Reaction conditions, pH 5 and 40°C were chosen because most peptide and protein 

formulations are in the pH range of 5–6, thus pH 5 is a representative pH for this range [8], and most of the stability studies carried 

out in the industry were using 40°C as the highest temperature tested. This trend is consistent with data generated by Chu et al., who 

reported the three Met-oxidized species detected by rp-HPLC, with Met18 oxidized more than Met8, followed by the doubly 

oxidized species. It shows the rp-HPLC chromatograms of PTH reacted with AAPH and reveals a pattern very different from that 

shown, two sets of triplet peaks appeared at retention times between the PTH and Met [O] peaks. Although the individual peaks 

were not fully characterized [9], it was later confirmed by tryptic digestion, followed by LC/MS/MS, that these new peaks were 

Trp[O]-modified PTH species. Tryptic peptide mapping of the PTH digests showed that, in addition to the Met oxidation products, 

three tryptic peptide species with molecular masses of M+4, M+32, and M+16 (where M is the mass of tryptic peptide VGWLR of 

PTH) were produced when PTH was treated with AAPH [10]. Analysis of MS/MS spectra of the peptide species resulted in their 

assignment as three Trp oxidation derivatives namely, kynurenine (M+4), N-formylkynurenine (M+32), and 5-hydroxytryptophan, 

or ox-indole alanine (M+16) [11,12]. 

REFERENCES 

1. Li SH, Schöneich C, Borchardt RT. Chemical instability of protein pharmaceuticals: Mechanisms of oxidation and 

strategies for stabilization. Biotechnol Bioeng. 1995;48(5):490-500. 

2. Hovorka S, Schöneich C. Oxidative degradation of pharmaceuticals: Theory, mechanisms and inhibition. J Pharm 

Sci. 2001;90(3):253-269. 

3. Zhao F, Ghezzo-Schöneich E, Aced GI. Metal-catalyzed oxidation of histidine in human growth hormone: Mechanism, 

isotope effects, and inhibition by a mild denaturing alcohol. J Biol Chem. 1997;272:9019-9029. 

4. Sasaoki K, Hiroshima T, Kusumoto S. Oxidation of methionine residues of recombinant human interleukin 2 in aqueous 

solutions. Chem Pharm Bull (Tokyo). 1989;37:2160-2164. 

5. Cadée JA, van Steenberger MJ. Oxidation of recombinant human interleukin-2 by postassium peroxodisulfate. Pharm 

Res. 2001;18:1461-1467. 
6. Ha E, Wang W. Peroxide formation in polysorbate 80 and protein stability. J Pharm Sci. 2002;91:2252-2264. 

7. Kroon D.J, Baldwin-Ferro A. Identification of sites of degradation in a therapeutic monoclonal antibody by peptide 

mapping. Pharm Res. 1992;9:2386-2393. 

8. Apweiler R, Hermjakob H, Sharon N. On the frequency of protein glycosylation, as deduced from analysis of the SWISS-

PROT database. Biochim Biophys Acta. 1999;1473:4-8. 

9.  Roth J. Protein N-glycosylation along the secretory pathway: Relationship to organelle topography and function, protein 

quality control, and cell interactions. Chem Rev. 2002;102:285-303. 

10. Mahal LK. Glycomics: Towards bioinformatic approaches to understanding glycosylation. Anticancer Agents Med 

Chem. 2008;8:37-51. 

11. Solá RJ, Griebenow K. Effects of glycosylation on the stability of protein pharmaceuticals. J Pharm Sci. 2008. 

https://onlinelibrary.wiley.com/doi/abs/10.1002/bit.260480511
https://onlinelibrary.wiley.com/doi/abs/10.1002/bit.260480511
https://onlinelibrary.wiley.com/doi/abs/10.1002/1520-6017%28200103%2990%3A3%3C253%3A%3AAID-JPS1%3E3.0.CO%3B2-W
https://www.sciencedirect.com/science/article/pii/S0021925818409222
https://www.sciencedirect.com/science/article/pii/S0021925818409222
https://www.jstage.jst.go.jp/article/cpb1958/37/8/37_8_2160/_article
https://www.jstage.jst.go.jp/article/cpb1958/37/8/37_8_2160/_article
https://link.springer.com/article/10.1023/A:1012213108319
https://www.sciencedirect.com/science/article/abs/pii/S0022354916310887
https://www.semanticscholar.org/paper/Identification-of-Sites-of-Degradation-in-a-by-Kroon-Baldwin-Ferro/4fec7d6e7b09e65449153df4187badd4ee1bb3c0
https://www.semanticscholar.org/paper/Identification-of-Sites-of-Degradation-in-a-by-Kroon-Baldwin-Ferro/4fec7d6e7b09e65449153df4187badd4ee1bb3c0
https://www.sciencedirect.com/science/article/abs/pii/S0304416599001658
https://www.sciencedirect.com/science/article/abs/pii/S0304416599001658
https://pubs.acs.org/doi/10.1021/cr000423j
https://pubs.acs.org/doi/10.1021/cr000423j
https://www.eurekaselect.com/public/article/11166
https://jpharmsci.org/article/S0022-3549(16)37317-8/fulltext


 

www.tsijournals.com | January-2022 

 

                                                                                                                                                                                                               

12. Sinclair AM, Elliott S. Glycoengineering: The effect of glycosylation on the properties of therapeutic proteins.J Pharm 

Sci. 2005;94:1626-1635. 

 

 

https://www.sciencedirect.com/science/article/abs/pii/S002235491631824X

