High-Resolution Separations for Protein LC/MS
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Acidic Mobile Phase Modifiers for LC/MS Analysis Improved SPP Particles for Separations of Proteins Application of Improved Materials and Conditions

* Improved protein analyses are obtained by selection of appropriate mobile e TFA is an acidic mobile phase modifier of choice for protein and peptide separations, with good peak e New large pore (400 A and above) SPP silica materials have been created for protein separations. The e DFA as an alternative to TFA and FA as the acidic modifier for RP-HPLC with and without MS detection has
phase conditions, combined with a new generation of superficially porous shape and high column efficiency. schematic below shows the characteristics for the 3.4 pm diameter SPP particle with 400 A pores. These been employed during the past 2 years, with no unwanted issues with LC or MS hardware (normal bore
particles (SPPs) e TFA can be a bad choice for LC/MS, due to ESI suppression (low signal), background problems (chemical materials allow highly efficient packed columns, exhibiting fast protein separations , even for very high and capillary LC, single quad and Orbitrap MS)

. Mob'il'e phase. acidic'm'o.diﬁers are compared, including several novel acid noise), and system persistence (requiring extensive cleanup of an LC/MS for eliminating carryover). molecular weight proteins and polypeptides (for example, IgG and myosin). e Separations of several intact IgGs (and other proteins) confirm that LC performance in FA is much poorer
modifiers which exhibit improved LC/MS performance. e Alternative acidic modifiers that allow good peak shape, recovery, selectivity, and detection capabilities e Comparisons of protein separations show improvements in band widths and resolution, even when compared than in either TFA or DFA

* Formic acid (FA) exhibits relatively poor LC performance and trifluoroacetic (absorbance and ESI signal intensities) are needed; many have been examined, preferred acids are shown below. to much smaller diameter (sub-2pm) particles, without the disadvantage of high column backpressures. o LC/MS comparisons of separations using DFA and FA, or mixtures thereof, indicate that DFA has useful LC
acid (TPA) the best. ESl_MS, intensities' ShOYV the opposite trend, with FA the o Acceptable HPLC separation performance was obtained for FA. TFA, DFA and the mixture of FA with properties, while allowing high-resolution MS analysis, with moderate reduction in ionization. We note that
best, TFA the worst, and Difluoroacetic acid (DFA) as a good compromise !

Seiecn 1S el LE [seriarmanee ammonium formate (FAAF), as assessed with UV and MS detection retention, peak widths and resolution. HALO® Fused-Core 400 A Protein Particle fluorinated ion pairing acids decreased protein average charge state for all proteins examined

Comparisons of peptide separations (mixtures of synthetic and tryptic digests) and protein mixtures with e SPP wide pore materials exhibited increased efficiency for protein separations, particularly as the size of
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in research and health care. This contributes to a highly active growth in
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protein analysis by LC and LC/MS. Many of the proteins of interest are quite Section analysis by FIB-SEM

b . . _ Temp: 80 °C R
large, for example monoclonal antibodies and other multi-subunit proteins, 10 mM acid in mobile phases; 2.1 x 150 mm Halo Peptide ES-C18, 0.3mL/min, 2-47% AcN in 40min, 60 °C, 300-1800m/z, 4kV, 0.33s P o & D1 Trifmac.t Rt
. . . . Sample: 2 pL of Intact SILu™ Lite SigmaMAb - 0.5 pg/pL (H,O) - Retention = 13.4 min
and these present special problems in terms of resolution and separation — - . i L [ SPP I P inS . Eﬁ. . - Width (50%) = 0.084 min
. .. . . e e e e ] Tailing Factor = 1.05
speed. Present methods for separating and characterizing proteins include " FA v AFFA " TFA "1 DFA arge rore mprove rotein eparatlon iciency ‘N ? ]
various Chromatographic Separation approaches such as ion_exchange' " "3 ” ™3 Columns: 2.1 x 100 mm; Flow rate: 1.1 mL/min; Mobile Columns: 2.1 x 150 mm; Flow rate: 0.5 mL/min; Mobile Phase PR AR P E R a s e @ e
size-exclusion, hydrophilic interaction, hydrophobic interaction, and reversed- Phase A: water/0.1% TFA; Mobile Phase B: acetonitrile/0.1% A: water/0.1% TFA; Mobile Phase B: acetonitrile/0.1% TFA,; A ’ . f ’d S F t f ’ G Ab (T t b)
e - =3 . 1 . _ O, H H . H 1 . _ 00 H . . H .
phase. The e reribharel i especially attractive for many applications because ) ) ) ;IfAl, Firachzhen\';. I23 52? BLlnDS mm,. Inst;L'JIr;ent. ?gllentéz)ZOC(:) IGradlent.\/ZCl) 40/2B |Ln 1D5 min; Instzrggent. _|S_h|mac;z(;1 Izexera, na y$’$ o e ragmen SO g m rastuzuma
. . . . .. ; Injection Volume: ; Detection: nm; Temp: ° njection Volume: ;. Detection: nm; Temp: °C; R . . .
of the capability for efficient and fast separations, using conditions that can be a ] s o] J - _ H P ) “ T P Prototype 1000 A pore size 2.5 pm Halo SPP C4, 2.1 mm ID x 150 mm; 5 mM DFA; 28-38% AcN in 20 min;
) . ) . ) ) - Peak Identities: Ribonuclease A; Cytochrome c; Lysozyme; Sample: Intact SILu™ Lite SigmaMAb . o . o . .
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Analytical protein separations used the Shimadzu Nexera LC-30 components (40 l . L 5 ey [N et 3.4 um, 400 A SPP Halo Protein C4
bL mixer), with the SPD 20A UV detector and MS-2020 quadrupole MS operated N ‘ A S I 7 5 i ﬂ “ PW,/, 0.116 min e The use of DFA mobile phase with a prototype 2.5 um Halo 1000 A pore material allows high-resolution
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in series at +4.5 kV capillary potential. A special low volume flow cell was obtained 2| : £ o : % B 15000 1.7 um. 300 A TPP C4 separations and accurate high-resolution mass analysis of IgG fragments, to confirm glycovariants and
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Capillary column separations used the Dionex RSLC 3000 with a trap column, % o % E 12500 Sl b
connected to the Orbitrap VelosPro MS (ThermoScientific, Inc.), with the low flow SFPAGLs E ] s 2 V2
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or 60.000/ resolution scans. . . - \ * Novel superficially porous particles improve RP HPLC separations of many protein mixtures and fragments,
5 - e eV L e o T zh . e Chromatograms compare LC/MS and LC performance for either 0.1% or 10 mM of each acid modifier to 5000 | M \ permitting higher efficiency separations than previously available.
econvolution o spectra used MagTran v1. ased on ZScore [Zhang an 0.25% : : :
.25% or 10 mM FA. The higher FA content was required for reasonable protein peak shape and recovery. : : . : £ - - -
Marshall: JASMS 9 (1998) 225]), or Thermo Scientific Protein Deconvolution v 4.0. N ‘ ‘ ‘ . _ . 2500 . Alte.rr?a'tlve acidic mobile pha'se modifiers can be .employed for useful protein separatlo.nsf,-ln some cases
Chromatographic peak widths are reported as half height (PW. ) * |In addition, each acid was examined at varying concentrations (2-50 mM for fluorinated acids; 20-500 mM . exhibiting a better compromise between separations performance and ESI-MS compatibility.
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for FA), exhibiting progressive suppression of ESI signal with concentration: plateau at 50 mM for FA, 10-20 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 min Acknowledgements: Tim Langlois, William Miles and Bob Moran for advice and technical assistance.
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(Pa) ﬂdvﬂnceﬂmﬂrerlalsrech"nluuu e Improved peak widths and tailing for proteins over the range of 5-20 mM, except FA, which required 100 e High-resolution and column efficiency is shown for the large pore 400 A material, as well as an example of

mM to maximize performance a new prototype 2.7 pm particle with 1000 A pores with a 0.5 pm shell. HALO® and Fused-Core® are registered trademarks of Advanced Materials Technology.
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