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Covalent mod-lflcatlons _SUCh as OXI.datlon and deamidation Protein Peptide Start End Modification Type Sequence' & Modification Site MH+  RT (min) SC (%)’ 1 1 - GFYPSDIAVEWESNGQPENNYK [MH}+ Mass Difference 76>4,i4
the potential to affect the safety, activity and stability of T6 51 59 Deamidation N55 IYPTNGYTR 1085.53 28.8  46.2 . 2 - GFYPSDIAVEWES«DGQPENNYK (isoD - isoaspartic acid) +1 . o
protein drugs. Sensitive methods for effective monitoring 6 51 59 No Modification IYPTNGYTR 1084.55 2696 483 3 - GFYPSDIAVEWESNGQPEDNYK o : 121270
of such modifications and quality control are required. 110 77 87 Deamidation N84 NTAYLQMNSLR 131164 4247 651 & GFYPSDIAVEWESNGEPENNYK +1 K-
T10 77 87 Deamidation N84 NTAYLQMNSLR 1311.64 45.36 134 1 i ys b9/y8
We have applied Ultra Performance Liquid Tio 7787 No Modification NTAYLOMNSLR 1310.66 437 215 4 - GFYPSDIAVEWESDGQPENNYK +1 1B g, 55 62/536 el . o i %059 106{962 11210124
H H - 583.39 1. 780. - I .
Chromatography-Data Independent Acquisition Tandem 123 278 291 Deamidation N289 FNWYVDGVEVHNAK 1678.79 5113 51 ' o248
graphy P q ) T23 278 291 Deamidation N289 FNWYVDGVEVHNAK 1678.79 5178 93 5 - GFYPSDIAVEWESDGQPEDNYK +2 0-
Mass Spectrometry (UPLC-MS®) approach for analysis of a T23 278 291 No Modification FNWYVDGVEVHNAK 1677.81 50.07 856 ye [(M+2H)/2)2+
tryptic digest from the monoclonal antibody Herceptin. 136 364 373 Deamidation N364 NQVSLTCLVK 1162.61 42.85 16 ) 6 - GFYPSDIAVEWESS«GQPENNYK (Suc - Succinimide intermediate) -17 100- 764.44 — — 127369
Deamidation and methionine (M) oxidation were identified T36 364 373 Deamidation N364 NQVSLTCLVK 1162.61 4912 2.1 | T T Peak #1 | Peak #2 - GFYPSDIAVEWESsDGQPENNYK yions in red clearly prove the related modifications | |
. X 1004 127 .6192737119273.70 | i i |
and quantified. Synthetic peptides were used to help 736 364 373 No Modification NQVSLTCLVK 1161.63 47.06  96.3 >8 T (min) Double charged ion {  (PeaK#4 has identical MSE spectrum)
distinguish M-oxidation in the protein from in-source M- 137 374 395 Deamidation N387 GFYPSDIAVEWESNGQPENNYK 254512 5936  39.2 TR e @
- e - - T37 374 395 Deamidation N387 GFYPSDIAVEWESNGQPENNYK 2545.12  60.57 9.4 o ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' ' o bo/ys
OXId?t-Ion, and |‘1‘10d|f|ed"|sofo-rms of deamidated peptides, 137 374 395 Deamidation N392 & GFYPSDIAVEWESNGQPENNYK & 254512 6031 3.2 100, +0.5 Da shift Peak #2 | ys 53/8433 050,58 Yo Yo
specifically the "PENNY" peptide. Deamidation N389 GFYPSDIAVEWESNGQPENNYK ' ' 128 gy T mm 627'537 4 s G551 1064.58 115163
T37 374 395 Deamidation N387 + N392 GFYPSDIAVEWESNGQPENNYK 2546.1 61.06 0.4 oL R , 0 ' |
T37 374 395 Succinimide Intermidate N387 GFYPSDIAVEWESNGQPENNYK 2527.1 61.38 1.3 A
ADVANTAGES OF UPLC-MSE T37 374 395 No Modification GFYPSDIAVEWESNGQPENNYK 2544.14 5976  46.4 100; +0.5 Da shift o Peak #3 Yo
- 2] » - 1274.70 B 765.45
T21 252 258 Oxidation M255 DTLMISR 851.43 2823 47 M/\J\ 1007 peak #5 - GFYPSDIAVEWESDGQPEDNYK e
T21 252 258 No Modification DTLMISR 835.43 32.76 95.3 o ' ' ' ' ' ] T ' (M+2H)/212+
ACQUITY UPLC® Light-Chain T3 25 42 Deamidation N30 ASQDVNTAVAWYQQKPGK 129198 38.6 1.9 1997 +0.5 Da shift Peak #4 : s 420
PY Improved peptide resolution T3 25 42 Deamldatlon N30 ASQDVNTAVAWYQQKPGK 1291.98 41-69 32.6 7 1274-7‘1027 17 1275.69 :8 - y3 y4 882.56 bg/ys 1273.6061
T3 25 42 No Modification ASQDVNTAVAWYQQKPGK 1291 4034 655 oh : : : : : : : : : : : : : —— : : : - o %6336 - 05057 Ty
H ifivi { 42426 : - '
e Improved detection sensitivity T11 127 142 Deamidation N137 SGTASVVCLLNNFYPR 1798.88 62.05 6.3 100; +1.0 Da shift TR g Peak #5 | / 74141 159 115261
e Improved speed and efficiency T11 127 142 Deamidation N137 SGTASVVCLLNNFYPR 1798.88 74.61 3.3 ]
MSE T11 127 142 No Modification SGTASVVCLLNNFYPR 1797.9 7205  90.4 | o e - IR M o e , , 0
T14 150 169 Deamidation N158 VDNALQSGNSQESVTEQDSK 213695 26.88 3.8 100. 20000 Peak #6 ys [(M+2H)/212+
e Acquiring precursor and fragment ions in T14 150 169 Deamidation N158 VDNALQSGNSQESVTEQDSK 2136.95 28.11 3.2 rzepz i RS -8.5 Da shift 100- p 764.42 1264.69
P _ eak #6 - GFYPSDIAVEWESSu«GQPENNYK
lel : T14 150 169 No Modification VDNALQSGNSQESVTEQDSK 2135.97 27.1 93 _ 126410
para 1C* - carbamidomethyl C o _
e Data independent acquisition (DIA) 2 Stoichiometry in percentage, detected in freshly prepared sample 1262 1266 1270 /2 1274 1278 ] ya
. . . R E b Yo
e Unbiased sampling of low-abundance peptides | e T o s o 9590/_3;8 Yo 1133.64
Elution Pattern and MSE Spectra of Peptide T21 in Heavy-Chain Before and After M-oxidation MSE Spectrum of Peak #3 and Isotopic Patterns of y-series lons ] 66734 71242 I g1g5s e
Elution Order of Synthetic Peptides . . . ) |
y P (Confirming the Co-elution of 2 Modified “PENNY” Peptides) 0
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Synthetic Peptides’ RT (min) Elution Order A - DTLMoxISR ve - m/z
A) B - DTLMISR 100 1 Peak #3: 765.44 Top—MSF spectrum [(M+2H)/2]2+
Middle— zoom view of isotopic patterns, showing it's a mixture 127371
GFYPSDIAVEVWESNGQPEDNYK
GFYPSDIAVEWESNGQPENNYK 59.76 3 B éFYPSDIAVEWESNGEF’EN NY K Bottom—isotopic patterns from MSE spectrum of un-modified #1 . R Co N CLU SIO N S
GFYPSDIAVEWESisoDGQPENNYK N/A2? 1 A o
PRl V8
GFYPSDIAVEWESDGQPENNYK 60.57 7 : | : : ys 950.57 . . . E - . . . .
. . 30 35 34 4427 v 78048 Ve wv10 1. Peptide mapping with UPLC-MS" is an approach with high resolution, high
GFYPSDIAVEWESNGQPEisoDNYK 59.66 2 RT (min) [MH+ 484.31 53929  583.38 Vs 74842 85150 1064.61 1151.64 sensitivit bi . . . , . . ep =
A L y, unbiased identification. It's capable of separating, identifying and
: i Peak #A - DTLMoxISR e7-ee 0 ' uantifying modifications in the antibody with stoichiometry as low as 0.5%; as
e 500 600 700 800 900 1000 1100 1200 q ying Y Y r
GFYPSDIAVEWESNGQPENDYK 60.14 4 ' 83543 a2z sa0 20 76524 es0.57 1084.61 well as providing high sequence coverage (97% for both light and heavy chains).
GFYPSDIAVEWESNGEPENNYK = o |pBro0 ssp-sp
S S 60.31 5 aoan vs as025 v, ¥ s ] ]
GFYPSDIAVEWESDGQPEDNYK 61.06 8 37524 oo o7 7on.a 2. The approach offers increased speed of analysis.
GFYPSDIAVEWESDGQPEDDYK 61.55 9 10‘; (VP ' 3. The high mass resolution and high mass accuracy of SYNAPT HDMS™ system
B) Peak #B - DTLMISR o mhi LN ){ T .M,MLJ ensures confident identification of modifications with small mass shift (e.g., N-
DIQMTQSPSSLSASVGDR 42.85 2 N - Y5 omanr e T oo e 00T T e TR TR deamidation with 0.98 Da mass difference) and modified isoforms.
o e b - 619.35
DIQMoxTQSPSSLSASVGDR 36.07 1 o7 aa X 10p3.69 . . .. e 1 -
— - - y 25815 ¥ . ve e 4. Synthetic peptides are helpful for determining modified isoforms.
TA) N/Q-deamidation, "PENNY" peptide T37 of heavy chain; bs 375.23 ba =as AN M os1.00 1151.65
B) M-oxidation, T1 of light chain; | l 330117\1 | | 461.20 55?31 7epas E .
. . . . - o- SURTR e SE : S : : : . . 30 02 5. In summary, UPLC-MS® and SYNAPT HDMS™ system is an advanced platform for
isoD - isoaspartic acid; Mox - oxidized M. | | | | | |
2 N/A - not available. sa0.52 ' T characterization of recombinant proteins, such as monoclonal antibodies.
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