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Outline HILIC Strongly Retains and Resolves N-linked Glycopeptides Released N-Glycans from mAbs and Other Proteins Deamidation and Isomerization in IgG Tryptic Digests
 N-linked Glycopeptides are better resolved using HILIC compared to reversed : o o
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hase HPLC 2.1 mm ID x 100 mm, 0 35. mL/mln, 40 °C, Ms:5Q _TIC,( 300-2000 m/z) @ 0.35/s HALO 90 A Glycan, 2.7 um, 2.1x150mm, 76-55%B in 30 min @ 60°C 0.4mL/min Trypsin digestion of the mAb IgG for native protein (as obtained for pharmaceutical purposes), and on samples
PRaSE 20 ug Bovine Ribonuclease B tryptic digest (CAM) A =50 mM Ammonium Formate: B = ACN “« ” o L :

e Analysis of synthetic peptides and protein digests with trypsin fragments is o ; s e s g s s onium rormate, B = that were “stressed” by incubation in Tris-HCI pH 9.0 for 7 days at 4 mg/mL. Reduced and alkylated proteins
readily accomplished using Hydrophilic Interaction Liquid Chromatography 1500000&%2)5 o Oog N % % : °°“7”t350 2500 m/z MA3 were digested at 1:30 protein to enzyme for 4hrs in 50 mM Tris-HCI (pH 7.8)/1.5M Guanidine-HCl, followed by
(HILIC), exhibiting resolution and efficiencies that are improved over reversed ?éég“%”%’ggg o 8 § o g . ﬂg HALO 160 A ES-C18 “’68': ] - m z h formic acid acidification and direct injection on to capillary LC/MS using the Orbitrap/IT. Extracted ions at the
ohase HPLC. 12500007293 oé\o:c7 t S cf = 3 ” 2 - etuin monoisotopic masses of the target sequences were integrated; the reported sequences were confirmed in CID

* A mixture of synthetic peptides representing a site of IgG that is known to be 1000000 E:m”m 3 § ¥ 2 258 3 3 } o E & o Mwww\” || MS/MS fragmentation, with the exception of sN sequences of low abundance (sN°%%G confirmed, but not sN
prone to asparagine deamidation, and subsequently to form a mixture of 3 @/} Eb S “ 2 oF g gg 2 %@E § g 3 g‘g §§§ %% 8 -5-067:mNR;;;pmaseFPAM-gwcansm-BO%B ' | sequence eluting at 26.7 min.). Not all deamidation products are determinate as iD or D residues, due to the
aspartate and iso-aspartate peptides, has been examined by HILIC LC/MS, as 750000 Mﬂ 2 " g Al 3 S Q@ ﬁi S 5 : 8% N agl| o8 @ "o similarity of CID fragmentation. ETD studies are ongoing. Relative values of modifications compared to native
have asparagine and aspartate containing proteolytic fragments derived from oo H W 2 I - - o WSS NSRS S 067 total Asn or Asp sequences reproducibly obtained, and retention positions for all confidently identified
a humanized monoclonal IgG1 biotherapeutic. RP: 2-58.2%B in B in 45 min (1% ACN/min) o] RNaseB modifications are noted, with comparison to retention position predicted by the current model.

* Avariety of deamidation and iso-aspartate sensitive sites are detected in 250000 | B-80% ACN/0.1% FA/10 mM AmmForm MM | . .
peptide fragments from this IgG, and several show significant changes in | . w_A-0.1% FA/10 mM AmmForm /\ i i /\ i | GFYPSDIAVEWESNGQPENNYK in Trastuzumab Digest
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Post-translational modifications (PTMs) include biochemical changes to the ?ééﬁgﬁ ggofééi ; c 223y HALO9OAG |yca N o I —— ™ *SE1-CN omerd

protein, such as changes to the amino acid side chain functional groups, the N- 1250000117@@5 20.00 g ro 3 ” f 2 g = P couns ’?“"’Géf"‘ 'somer2 XIC 1272.500-1272.600 m/z XIC 1272.500-1272.600 m/z

termini, and peptide hydrolysis. Many PTMs are polar by nature and lend Loooooo DS .. . o §§ S E o Bl nd Q‘%E 7w g oD 1060 bisecting ieecting et gl P60 e

themselves to improved analysis via hydrophilic interaction liquid 8 8 3y £ g gs H% 58 88 "es 8| 5 3 ggi g3 2 28 2 3 L Denosumab QE; isomer3 . | " ) | e

chromatography (HILIC) because these modified peptide and protein forms are 750000 o 2 5 3 3 ﬁg g% A ggﬁ @% L ~ §/ 548 ¥ 89 S 3 | —_/UMW ! . J L'Z,mi N XIC1273.000-1273.100 m/z | UUL  XIC1273.000-1273.100 m/z

often better retained and resolved compared to reversed-phase (RP). 19000 R N AtV ..Q/\_._J\__M__,v _ o R 0001 min F bisecting isomer . R =

)| . . . . . ' 7 1 - RNase B Fetuin Etanercept Denosumab Glycan Mix 60°C 76-55%B 30min z sN388 _ - . m/z sN388 3 m/z
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development, such as monoclonal antibody treatments. As additional mAb 250000] B-90% ACN/0.1% FA/10 mM AmmForm Z Fot RNaseB. Et. De F lomer2

biotherapeutics and biosimilars enter development, the focus on PTM B A-40% ACN/Q-l%LFA/lo mM AmmForm " Al | / | | 1066- N S i Hiomera oo WGGDGFYAMDYWGQGTLVTVSSASTK in Trastuzumab Digest

characterization is expanding and can lead to better understanding their impact %0 25 s0 75 100 125 150 175 200 325 250 275 Aoo 325  min | (o isectg somers Native Stressed

on biotherapeutics. Here we specifically investigate glycosylation and . . . . | =Bl TEeme
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Materials and Methods RP and HILIC of Peptide/Glycopeptide Pairs HILIC for Deamidation and Isomerization Detection in Peptides & mADbs

MAD IgGs and standard proteins were commercially obtained and dissolved at 1- - Taple 1. Paired comparison of RP and HILIC for Glycopeptide/Peptide LC/MS. The 26 peptides shown were analyzed by LC/MS using Trastuzumab Light Chain

2 mg/mL in either 0.1% formic acid (FA) or trifluoroacetic acid (TFA). Columns of 2.1 x 200 mm columns, with a flow rate of 0.4 mL/min at 60°C. Gradient conditions: A — 0.1% formic acid/10 mM ammonium formate; B — 90% 55 ASQDVNTAVAWYQQKPGK 42 N°T

HALO 160 A ES-C18 HALO 90 A Penta-HILIC. and HALO 90 A Glycan all 2.7 pm Acetonitrile in A. 500 pmol was injected, with detection at 210 nm, MS operated +4.5 kV, with 0.45 s scan from 500 to 2000 m/z. RP Gradient - 4% to —

’ ’ ' o e 110/ fenin ). . . ane o i (-1%/mi i pr g s : iD102G Py ——

diameter silica particles ( Advanced Materials Technology, Inc., Wilmington, DE) ..?44 AcN/30 min (1/?/mm), HILI.C Gradient - 90% to 60% Ac:N/30 min (-1%/min). The sequences were selected l?ased .on known O-HexNAc mod{fle.d sites o e . D102G XIC 1392.580-1392.680 m/z k/L XIC 1392.580-1392.680 m/

_ ) , in a variety of proteins. Peak widths; means were 0.092 min. for RP and 0.090 min. for HILIC. Average and variance in Rt for the modes were similar. sN 7 Trastuzumab Heavy Chain | N ) .
were compared for MS spectral quality, column retention, peak widths and A#Jm 5 NTAYLQMNSLR Py A _
tailing factors. 2.1 mm or 0.2 mm ID columns were eluted using increasing Peptide Description Sequence (n'ruisr;) Rt RP (min) L:;;::;) Rs RP I Rt HILIC (min) AFQ:LL)IC Rs HILIC RP conditions using HALO 160 A ES-C18 ] HILIC conditi o HALO 90 A Penta-HILIC I /ﬁ/\)\ A /gfy\\y / o | 76 N N1ozs sN102G L ) XIC 1383.580-1383.680 m/z SNADZG XIC1383.580-1363.600mfz
L. . . . . . ) . : 3 conditions usin enta- Y O N " " I 1 o0 WGGDGEYAMDYWGOGTIVTVSSASTK 124 %% } @ —vo o o , ‘ , , , , , ‘ , ‘ , min

aCEtOnItrI|e or |ncreaS|ng Water, mOdIfIEd Wlth ammonium formate/formlc aC|d. iiizzi:ijl(j:sp ngf,_\c;i!;:s:\)giSTPDAVDK 1:1113= 22131 — » = i;ig - - 350—_ N E 350; 8 N Asn‘;eptide Succmimid; - F NJL/¢°W/% iD 99 WGGDGFYAM DYWGQGTLVTVSSASTK 124 D284G 1500 1625 1750 1875 2000 2125 2250 2375 2500 2625  27.50 2875  30.00 1500 16.25 17150 18.75 2000 2125 2250 2375 25,00 2625 27.50 2875 30,00

ESI/MS detection used the Thermo Velos Pro LTQ Orbitrap hybrid instrument, MUCSAC GTTPSPVPTTSTTSAP 1sor6ll 928 I a APP695-Pep 3 APP6I>-GP (1702 o 279 FNWYVDGVEVHNAK 292 D*'G , , o
. . . MUCSAC-3 GTT(OGalNAC)PSPVPTTSTTSAP 17046 845 083 638 | 1868 2.27 13.40 A 50 . APP695-Pep Is0-Aep peptide 319 ° 9 sites Of pote nt|a| m0d|f|cat|on were analyzed

with XCalibur data capture, and Chromeleon (XIC) and PD4.0 (deconvolution) for ucsacs GTTPSPVPTTSTT(OGaINAC)SAP 1704.6= 8.53 075 582 I 1851 2.10 10.72 210 . 306 VVSVLTVLHQDWLNGK 321 NG . . A . .

. MUC5AC3/13 GTT(OGalNAc)PSPVPTTSTT(OGalNACc)SAP 1908.1 7.76 -1.52/2 11.84 20.48 4.07/2 23.35 150 1501
analysis. p-a1 e CSTPRPATIOUNASSNAST - I o \A\J w 375 GFYPSDIAVEWESNGQPENNYK 396 N*®G-_NN 2Ny e 3 Asn sites with significant deamidation, and subsequent
e T E:QI — 1 I 03 — SZMM\L— \\\\\\\\\\\\ N T T 421 WQQGNVFSCSVMHEALHNHYTQK 443 N**Sy--N*38H Isomerization.
Importance of Glycosylation rs e CIADFGLSOGINAKIVEH ool w0 wes . e 2 sites showed presence of D/iD pairs, neither were strongly
. o P-85 Ac-CKIADFGLSKIVEHQ 172890 20.80 144 816 | 17.21 1.94 14.76 2750000 g o000 |- (" ’)
L mpacts the Safety/ |mmunogen|c|ty GP-17s CTLHTKAS(OGICNAC)GMALLHQ 18540 13.62 AL 25000000 e 2so00000 5 g affeCtEd by stress
. P-20s CTLHTKASGMALLHQ, 16518 1423 -0.61 3.06 | 15.15 2.14 15.38 22500000 ] . : 12500000 | 3 ) ] o o ]
*  Influences the efficacy and clearance o1 Ae CFELPTIO-GIACPLS? 155750 2516 I s ] : o - ::: ASQDVNTAVAWYQQKPGK e All susceptible sites exhibited the cyclic intermediate sN, whether formed
. mpaCtS the stabili ty and solubili ty P-18 Ac-CFELLPTPPLSP 1354.7= 27.16 200  8.88 = 2.71 2.93 20.11 MS oo 17500000 | \ : " — . . )
GP-46 Ac-CRSSHYGGS(OGIcNAC)LPNVNAQI 1975.9 12.48 17.32 ] . | 3 2 - NC Pi=123bar 20cm IDEX 254 ID:LoadP Pi=13bar; 0.5x150 Penta HILIC 2.7p 90A 5uL/min 10343906, A=50AF pH 4.4: B=ACN 0.1%FA, 80-48%B68min 60C 220nm, Trap A 0.1%FA ACN: B =50AF pH 4.4 trap 2.6uL PHILIC MS_!d_[995.90000-996.10000]_MA3 995.90-996.10 m/z
A - . . : P-47 Ac-CRSSHYGGS:.PNVNQI) ) 17728l 12.96 -0.48 383 |1 15.43 1.89 13.91 15000000E ; 15OOOOOOE i 2.564 5oy H1 digest - Peak #8 Scan: #1244 RT: 29.34 min NL: 7.87E+004 FTMS + p ESI Full ms [300.00-2000.00] from D or N In the natlve Sequence'
° Sd Crltlcal quallty attrlbute, must be CharaCterlzed GP-51 Ac-CSALNRTS(OGICNAC)SDSALHT 1806.8 9.08 | w72 § - i R R S B i ' . N 995.99584
P-52 Ac-CSALNRTSSDSALHT 1603.7= 9.55 -0.47  3.85 = 15.55 1.69 12.42 o R 2 0e4 § > 006 4042
= T oor NN oss o+ INENEEE s e Rl E | T | 996.0 m/z (M+2H) : Conclusions and Future Directions
OH OH__on GP-2-p53 Ac-CQLWVDS(OGIcNAC)TPPPG 15437 1643 I uo» | - J N o — '
Hoﬁ, ‘ﬁ/ P-3-p53 Ac-CQLWVDSTPPPG 13406l 17.66 123 723 | 10m 231 10.28 | | o S .
HO =7 o HO o O GP-17r Ac-CLHTKAS(OGICNAC)GMALL 148871 1621 B 1059 “403 . . .
e _— 200 A CLHTIASGVAL sl weos | om0 B e s x| e HILIC shows higher resolution (3X), at lower variance (2X), 1004 s * HILIC separations show increased resolution of polar PTMs of mAbs compared to reversed-
el Average I 13.01 073 493 I 15.29 2.17 15.21 compared to RP ' 20891 U s phase Separations
Standard Deviation 5.95 0.54 3.32 4.74 0.47 5.13 1 % 0,060 R .
SIALIC ACID e i MGWOH oD A #8 3  Driven by better separation selectivity of this polar modification 0000 L ) j = el | | | | e HALO 90 A Glycan is well suited for separations of glycovariants and analysis of site
i : | 3 ——
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mamauosmee || oSS0 o Comparison of Released N-glycans and Glycopeptides of Fetuin PallEy
MANNOSE -9-KE : 15 1 - NC Pi=123bar 20cm IDEX 25y ID;LoadP Pi=13bar; 0.5x150 Penta HILIC 2.7y 90A 5uL/min 10343906, A=50AF pH 4.4, B=ACN 0.1%FA, 80-48%B68min 60C 220nm, Trap A 0.1%FA ACN; B =50AF pH 4.4 trap 2.6uL PHILIC MS_Id_[996.83720-997.14469] 996.84-997.14 m/z b b b 2 ° e b b
i e o e e 380 N e Glycosylation analysis using HALO 90 A Glycan results in separation of isomeric glycans
N — Gradient Eluents: A —50 mM ammonium formate (oH 4.4)/5% ACN, B — ACN 40 11Da 997.0 m/z (M+2H) i BN ™ Lo A high efficiency and reliable HILIC separation approach was applied to resolution of
0 . . o 0 . o R o o . ] " o o . . . . .
”%Sﬁ:ﬁ:o“ Hogﬁm A: Released N-glycans Gradient — RG: 80% to 62% ACN/60 min (-1%/min); GP 85% to 48%B 75 min —_— modified Asn and Asp peptides and tryptic fragments of intact proteins. Resolution of polar
’ ’ (3.6) _ : ' N
N-Acet(yélg:::)samlne N-Acety(IGgaall::‘cut:c;samine 1.15e5 . % . (3,3,6) - . et B. Glycopeptldes (3,3,6) - 063_' mOd |flcat|.0n5 .WaS eX(EEI Ient. . . . . . . .
23 . 1Y a3 1y 68 ﬁ “n‘*"" ISP ) | f e The combination of high resolution separation with high resolution MS permits effective
P ' « » 6: a 2-6 == X » v ! ; . . . . . . . : :
5 Y ! 5 Y : _ 2.5¢3 i = analysis of deamination and isomerization products, with resolution of Asn, Asp, isoAsp and
o 2 - - @ - . . LCPDCPLLAPLN'DSR _ - o e . .
S coor 2 3.3.66) 2 PEP PEP PEP el | - succinimidyl intermediates.
:3;2%0” L (3,3) (6,6,6) (3,6,6,6) @ (6.6,6) (3.3.6.6:3'6'6‘6) ' |
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