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High EfflClency Wlde Pore Superficially Porous Particles for LC/MS of Larger Pl’gtems
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Outline Improved Superficially Porous Particles for Separations of Proteins Sample Load Effects on Peak Width for IgG1 Flow Rate Effects on Peak Volume for IgG1 LC/MS of IgG2 using 1000 A SPPs
Columns: 2.1 x 150 mm; Flow rate: 0.5 mL/min; Mobile Phase A: water/0.1% DFA; Mobile Phase Columns: 2.1 x 150 mm; Flow rate: 0.1, 0.2, 0.4, 0.6, or 0.8 mL/min; Mobile Phase A: water/0.1% DFA;
» Superficially porous particles (SPPs) with 1000 A pores demonstrate » New 1000 A SPP silica materials have been created for protein separations. The schematic below shows the e o e Dres g@g'iﬂ‘j;ﬁ;ﬁf e oz ?:ﬁaééngémn \'\f;tj',fepgajf %555{%?;‘2'2805?EeFrﬁg;Géggi?"“ 29-35% B; Instrument: Shimadzu Nexera; Injection “CAoLqun'; :ALOA 18(5)?5,& c4, 3Nl X 150 mm; ;I/OV;ID 'r:zie:MO.:l)_rllgrr?in; lge;g(/);o)/l(())lur\rlne: 4L ?;Ao.'ilmg/mk) nlwéjbb 'D:Ztection: 280 nm; Temp: 80 °C
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narrow peak widths, increased retention, and high efficiency characteristics for the 2.7 um diameter SPPs. These materials allow highly efficient packed columns, exhibiting fast _ Go (;.e v ifzw Bi Mé% in- Inst & Shimadzu N Velos Pro Orbit
compared to sub-2um fully porous particles (FPPs). protein separations , even for very high molecular weight proteins and polypeptides (for example, 1gG and myosin). 0.50 f 150 acen v I SR i SHment: Shimadst Texera, Telos o SR
« Sample loading is compared between the 400 and 1000 A SPPs and * Comparisons of protein separations show improvements in band widths and resolution, even when compared to c 125
o . o L much smaller diameter (sub-2um) particles, without the disadvantage of high column backpressures. E i — 7] 20000 4 g s e e s
. ‘;’I(z)?/vAr;:eP;:‘I:‘I(;tc}‘l:z(:elg\?:IL?af:jii?novﬁgtgf:rlngrlo\z;(:\‘:i TeGn‘zO;nr:ni::S. with * Larger pore sizes improve mass transfer limitations, leading to higher efficiency (narrowed bands) for larger proteins. = 0.40 3 =004 v/ Denosumab Denosumab, glycosylated
. & & g P Compared with 300 A pores, and below, we see improvements at 50 kDa and above. += o 100 - ﬁggg » !
modest change in peak volume at elevated flow rates (fast analyses). . S 030 - £ 12000 g
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High resolgtlon separatLons are demonstrated under LC-MS conditions HALO® Fused-Core 1000 A Protein Particle 3 =2 75 - 10000 -
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Superficially porous particles (SPPs) demonstrate very high performance 0.00 T 0 : : : : . . :g TIC Denosumab - glycosy
capabilities as packed columns for LC separations. Recent refinements 0 1 10 100 1000 0.0 0.2 0.4 0.6 0.8 1.0 g o] g
of SPPs for separations of large biomolecules (>50,000 MW) show the . § 5o E
advantages of very large pore size, 1000 A, for large proteins and . o Section analvsis by FIB-SEM Hg mAb Flow Rate, ml-/mm g ] I
protein complexes using reversed-phase operation. High resolution Shell with 1000 A pores y y * For larger molecules, large pore SPPs tolerate large * Under these conditions, smaller peak volume indicates 20 .
protein LC/MS is dependent on operating variables, showing particular sample masses effectively improved mass transfer 10 ’
sensitivity to column temperature and mobile phase composition. Large Pore SPP Improve Protein Separation Efficiency (Peak Width) . Perfolrmance loss is progressive, occurring at 20-50 ug . '—arglf F(;O(;e SPPs arte bi-:.at all flow ;lates a?d do nFOPtPSZOW R L e e R R N - A R
i iti ifi lumns: 2.  Fl 0.5 mL/min; Mobile Phase A: water/0.1% DFA; Mobile Phase B: itrile/0.1% DFA; on column marked decrement with increasing flow rates, as o.
Nevertheless' SUItable Condltlons are ShOWn for SpeCIfIC Classes Of g?aljj?;ﬁ: 220%5)(05%?1”;;;\:1\’;rl?'ltsetrt?n?er:tl:_g]t:?mrdozul l?lsxearz(;eQjevgzger\r\?;ilj/m[;!:/i\.SMu?_ 251})5-?).526;189 2231(;?n[)r:3fegti](-)g:[2)gOAnm; Temp: 60 °C e At a” Ioad Ievels 1000A pore size SPPs performed best ° Informative intact mass SpeCtra are obtained USing the described LC/MS conditions, fOF native or
analytes (such as, monoclonal IgG1, 1gG2 and other biotherapeutic . Peak Identities: Ribonuclease A; a-Lactalbumin; Enolase; Catalase ' deglycosylated IgGs, including the example of the IgG2 above. Deconvoluted MS data is shown in
proteins) that exhibit high separations performance for these large T epp 1.7um, 300A R,-12.81 Halo 2.7um, 10004 R,-14.34 : : : : the panel below, for approximate assessment of glycosylation condition. Sub-ug quantities are
biomolecules. These high efficiency separations lead to confident " Wao - 0.0488 ] Wsox - 0.0371 R,-19.17 ng h Resolution |g G2 Sep arations using 1000 A SPPs sufficient for routine analysis on analytical scale columns.
assignment of protein structures, including description of post *] R-1655 | | W 0.0589 * The quality of MS data can be strongly dependent on the IgG preparation, so various additives and
; ; T 51 Woy - 0.0749 - _ Column: HALO 10004 C4, 2.1 x 150 mm; Fl : 0.2 mL/min; Mobile Phase A: 88/10/2 water/AcN/n- 1/0.1% TFA; i ifi i i
tranSIatlonal and Chemlcal modlflcatlons —see POSter ThP 539 fOI" 41 R-294 1 w::;.z:gggo w:%.ls_bz:n M((;gilrgnPhase B: 70/20/10 n-prc))(panoIrInArglec;vtverr?(t)‘.al% T?A;rglrr.]adie%t:l EO-ZS;L?B in32 min;mfits?:un:entr? grhci)r':gt]igu Nexera; mobile Phase mo.d!flers have been EXplore(,j' The interactions between favora.ble MS and
examples of analytical approaches for such modifications. W, - 0.0436 16 Injection Volume: 2 uL of 2 mg/mL denosumab in 0.1% TFA; Detection: 280 nm; Temp: 60 °C separations conditions are complex, and will be the focus of a later presentation.
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Columns of HALO 400A and HALO 1000A C4 were produced at "T2s 80 75 o 125 150 1725 mn 25 80 75 100 125 150 175  min 123 155000 .
Advanced Materials Technology, Inc. (Wilmington, DE). SEM images . . o o 109 152500
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were obtained using a Zeiss (Jena, Germany) Auriga 60 High Resolution Smaller IgG1 Peak Widths with 1000 A SPP Compared to 300 A FPP 150000 TR Y -,
Focused lon Beam & Scanning Electron Microscope at the University of Colun_nns.: 2.1x 150 mm; FIo_w_rat_e: 0.4 mLImin;_MobiIe Phas_e A wa_ter/_O.l% TFA; Mob.ile Pohase B: acetonitrile/0.1% TFA; 5"% 8 147500 +—————v ="t ey oo oo
D | (N k DE) Gradient: 32-38% B in 12 min; Injection Volume: 2 pL (1 pg); Detection: 280 nm; Temp: 80 °C . Very hlgh resolution separations are achieved with the 25 ;’ 145000 . - - - ~
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Mobile phase modifiers were obtained from Pierce (TFA) or Synquest 10004 SPPs for a complex IgG2 such as denosumab —_— s 12(2)(5)33 . e . . .
Laboratories PFA)' Af:etonltrlle was MS grade from JT Baker. Proteins 'ill\:/)P 1'_73)‘?3;2300 A C'VALO-ZJJ;? 1000 A * Disulfide bridge isoforms are partially resolved; assignment is: P1 and P2,2b are IgG2-B enriched; P3 and P4 are 1gG-2A/B, and P5 and 137500 . e
were from Mllllpore§|gma. _ _ S0% = S0% = P6 are IgG2A, with the presumed identity of P6 as IgG-A*. The assignments are based on non-reduced Lys-C digestion mapping, and 135000
Monoclonal antibodies were commercially obtained. employing terminologies of previously employed (Dillon, et al., 2008, J.Biol.Chem, 283, 16206; Wypych, et al., J.Biol.Chem, 283, 16194; 132500
Analytical protein separations used the Shimadzu Nexera LC-30 Wang, et al., 2010, J.Sep.Sci. 33, 2671). 130000 ; ; ; ; . .
components (40 pL or 180 pL mixer), with the SPD 20A UV detector and \ 75 8.0 8.5 9.0 95 10.0 105
MS-2020 quadrupole MS operated in series at +4.5 kV capillary 4 Flow Rate Effects on Peak Width (Volume) for igG2 Time. min
potential (A special low volume flow cell was obtained from Shimadzu 45 6.5 Time, (min) 45 6.5  Time, (min) ' ' '
Scientific for this effort, to minimize band dispersion effects) or the SPD- « Improved resolution of an IgG1 (trastuzumab) is demonstrated by the 2.7 um particle with 1000 A pores. &cﬂu_mn: HALO 1000A C4, 2.1 x 150 m; Flow rate: 0.1, 0.2, 0.4, or 0.6 mLimin; Mobile Phase A: 88/10/2 water/ACN/n-propanol/0.1% TFA; ¢ The masses for the glycosylated denos.umab were deconvoluted using 'Proteln D("-(?OH\'/0|U'C|0I’I '4-0
. . L o . X . . obile Phase B: 70/20/10 n-propanol/AcN/water/0.1% TFA; Gradient: 20-28% B in time scaled to flow rate; Instrument: Shimadzu Nexera;  Differences in masses correspond to different glycan and post-translational modifications, which do not
M30A PDA detector. An Orbltrap VelosPro MS (ThermoSCIentlflc, Inc.), This is not unique to this antibody. 0.1 mL/min Injection Volume: 2 uL of 2 mg/mL denosumab in 0.1% TFA; Detection: 280 nm; Temp: 60 °C L . i L .
with the low flow lonMax ESl interface operated at 3.8 kV potential was 32 min appear to vary significantly with the disulfide isoforms for this IgG2.
’ * For all mAbs tested, the peak widths
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use(.:I to collgct MS. Intact prot.eln MS spectra were r.ecorded in the 0.4 measured at 50% peak width were .  Peak 6
Orbitrap, us.lng 15,000 resolution scans and 60-80V in source CID. smaller with the 1000:7_\ SPPs :: 60 4 & Peak 1 Conclusions
Deconvolution of MS spectra used MagTran v1.02 (based on ZScore 0.3+ compared to the 300A FPPs £ .
[Zhang and Marshall; JASMS 9 (1998) 225]), or Thermo Scientific Protein = 1.7 um, 300 A FPP 0.2 mL/min S 40 1 . * . * High resolution reversed phase separations were demonstrated using IgG1 and IgG2 mAbs with
Deconvolution v 4.0. Chromatographic peak widths are reported as half E 2 7 U 1000 A SPP 16 min o 50 ® o ¢ columns of 1000 A SPPs
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height (PW,,). « " ki + 1000 A SPPs exhibit favorable efficiency for large protein separations, compared to 300 A fully
= 0 porous particles, for IgG1 and IgG2 mAbs
o ' ' ' ' . . . .
Columns: 2.1 x 150 mm: Flow rate: 0.4 mLmin 0.4 mL/min 0 0.2 0.4 06 0.8 * Despite ha‘vmg a lower total surfacg area than FPP, large pore SPPs exhibit better sample loading
Mobile Phase A: water/0.1% DFA: Mobile Phase B: 8 min Flow rate, mL/min for Ia‘nrge b|omolgcules, and maintain small pea.k y_olum‘es at increased floyv rates. This effect
acetonitrile/0.1% DFA; Gradient: 27-37% B in 20 min; possibly reflects improved pore volume accessibility with such SPP materials
'(ES:IFQLJ)(“DGZESQJ:.&%S r’:';ﬁf:ring‘}%%“gg Volume: 2 pL « Averages of 2 are plotted for all points except the flow rate at 0.1 mL/min Acknowledgements: Tim Langlois, Conner McHale, and Bob Moran for advice and technical
' ' ' ’ 0.6 mL/min « Aswas observed for IgG1, increased flow rate shows little to no decrement assistance. This work was supported in part by National Institute of General Medical Sciences,
5.33 mm on the peak volume for IgG2 when 1000 A pore SPPs are used [GM116224 to BEB]. The content is solely the responsibility of the authors and does not necessarily
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