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OUtl”_‘e _ _ N . Improved SPP Particles for Separations of Proteins Acidic Mobile Phase Modifiers for LC/MS Analysis Application of Improved Materials and Conditions
* Protein separations are improved by the use of superficially porous particles

(SPP) of an appropriately enlarged pore size + New large pore (400 A) SPP silica materials have been created for protein separations. The schematic below shows the characteristics for the * TFA is the acidic mobile phase modifier of choice for protein and peptide separations, showing good peak shape and * The use of DFA as an alternative to TFA and FA as the acidic modifier for RP-HPLC with and without MS
* Highly efficient protein separations can be obtained in shorter times than 3.4 um diameter SPP particle. These materials allow highly efficient packed columns, exhibiting fast protein separations , even for very high high column efficiency detection has been explored in greater detail

previously available molecular weight proteins and polypeptides (for example, myosin). * TFA can be a bad choice for LC/MS, due to ESI suppression (low signal), background problems (chemical noise), and * Separations of several intact IgGs (and other proteins) reveal that LC performance in FA is much poorer than in
« Mobile phase acidic modifiers are compared. Formic acid (FA) exhibits * Comparisons of protein separations show improvements in band widths and resolution, even when compared to much smaller diameter system persistence (requiring extensive cleanup of an LC/MS for eliminating carryover) either TFA or DFA

relativelv poor LC erformance and trifluoroécetic acid (TFA) the best. ESI- (sub-2um), particles, without the disadvantage of high column backpressures. * Formic and acetic acid are widely adopted for LC/MS applications, with variable performance for protein separations, * LC/MS comparisons of separations using DFA and FA, or mixtures thereof, indicate that DFA has useful LC

WS | y p h P h i d. with FA the b ) but excellent ESI/MS compatibility properties, while allowing high resolution MS analysis, with moderate reduction in ionization

intensities s _OWt e 9pp05|te trenad, wit .t. e ?St- « Alternative acidic modifiers that allow good peak shape, recovery, selectivity, and detection capabilities (absorbance * Comparing the human hemoglobin subunit separation, improved LC performance in DFA largely compensates

. Sev;aral novel ac.ldhn;/losdlfle;s are comtr:ared, ixhlt_)rllt:l:g improved LC HALO® 4OOA Fused-Core Particle Subunit Separation of a Large Protein by RP-HPLC and ESI signal intensities) are needed — some compared for fitness to task are shown below for lower ESI signal, due to improved band widths for eluting polypeptides, and concomitant resolution increase

performance, wit performance better than TFA. Colur: 2.1 % 100 mm HALO Protein Ca Expanded view * Fluorinated ion pairing acids decreased protein average charge state for all proteins examined
* Difluoroacetic acid (DFA) may be a good compromise as a modifier, e — Sample: Skeletal myosin | FA  HOAc  TFA DFA 7= 3FPA 40,19 Formic acid
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Protein therapeutics and protein reagents continue to find expanded use in research 4 oy e UV (280 nm) a0 1000000 MS (TIC) 2.1 x 150 mm Halo Protein 400 C4 : Retention = 9.8 min
and health care. This contributes to a highly active growth in protein analysis by LC 31 Acidic Modifiers for w]| TFA 0'1%( L w Gradient: 28-38% ACN/0.1% acid as indicated 30 min Taiing Factn =175
and LC/MS. Many of the proteins of interest are quite large, for example monoclonal Light chain subunits @ 17- 27 Protein RP-HPLC/MS o M ’ Flow: 0.3 mL/min ' u i —
antibodies and other multi-subunit proteins, and these present special problems in 10 17 - u w0 ;‘:r:p:lesoch of Intact SILu™Lite SiamaMAD - 0.5 ua/ul. (H.0 +'0.1% Trifluoroacetic acid
terms of resolution and separation speed. Present methods for separating and O ——— ZZ | | Pl o eSS S MO (:0) : Retention = 13.4 min
characterizing proteins include various chromatographic separation approaches such 6.5 8 2.1 x 100 mm Halo Protein 400 C4 m‘nhg(ig?llofggmm
as ion-exchange, size-exclusion, hydrophilic interaction, hydrophobic interaction, and |

reversed-phase. The latter method is especially attractive for many applications
because of the capability for efficient and fast separations, using conditions that can
be integrated with subsequent analytical tools, most importantly, with MS detection.
Improvements in protein separations using conditions that take advantage of ongoing
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1 — Ubiquiti DFA 0.1% 50 °C; Orbitrap Velos Pro (60,000 Res) 500-2500 m/z, +3.8 kV, 325 °C desolvation capillar
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potential. Capillary column separations used the Dionex RSLC 3000 with a trap 301 Totally Porous C4, 1.7 um, 300 A . g T e
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MagTran v1.02, based on ZScore [Zhang and Marshall; JASMS 9 (1998) 225]. 2 14 “ » Superficially porous particles improve RP HPLC separations of many protein mixtures
C:romatograpf:lc pear chgf_?_s are ;epOFtEd as half height (PWy,). Tolasisessdproteln £ ®] ’ - * Alternative acidic mobile phase modifiers to the broadly used FA and TFA modifiers can be employed
charge state effects of modifiers, the aver;%e lonization state was calculated: 2 o g WA DA TRA WA DAL TR for useful protein separations, in some cases exhibiting a better compromise between separations
v = Zi=19i * Wi 2 D NP atn s e e VI v R N R Graph compares M§ and LC performance for 1'0 mM of each acid moc!lfler to 19 mM FA performance and ESI-MS compatibility
avg Now 0.0 05 1.0 15 2.0 25 3.0 3.5 4.0 4.5 5.0 * Each acid was examined at varying concentrations (2-50 mM for fluorinated acids; 20-500 mM for FA),

wherein, N is the number of charge states, g; the charge on the i charge state, and w, _ Time, min- _ . exhibiting progressive suppression of ESI signal with concentration: plateau at 50 mM for FA, 10-20 mM others Acknowledgements: Tim Langlois, William Miles and Bob Moran for advice and technical assistance.
is the intensity for that charge state. * The SPP HALO Protein C4 column exhibits higher performance protein separations compared to a totally porous sub-2um column. * Progressive improvement of LC performance: above 5-20 mM, except FA, requiring above 100 mM Supported in part by NIH Grant GM093747 (BEB).



