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Outline 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 * TFAis an acidic mobilg phase modifier of choice for protein and peptide separations, with good peak. shapg and high column effﬁciency. . * New large pore (400 A and above) SPP silica materials have been created for protein separations. The schematic
mobile phase conditions, combined with a new generation of e TFA ca.n be a bad choice for LC/MS, o!ug to !ESI suppression (low signal), background problems (chemical noise), and system persistence (requiring below shows the characteristics for the 3.4 um diameter SPP particle with 400 A pores. These materials allow highly e DFA as an alternative to TFA and EA as the acidic modifier for RP-HPLC with and without MS detection has been
superficially porous particles (SPPs). extensive cleanup of ar\.LC/MS for eliminating carryover). . | o S . efficient packed columns, exhibiting fast protein separations , even for very high molecular weight proteins and employed during the past 2 years, with no unwanted issues with LC or MS hardware (normal bore and capillary
+ Mobile phase acidic modifiers are compared, including several novel * Alternative acidic modifiers tha’F allow good peak-shape, recovery, selectivity, and detection capabilities (absorbance and ESI signal intensities) are oolypeptides (for example, 1gG and myosin). LC, single quad and Orbitrap MS)
acid modifiers which exhibit improved LC/MS performance needed;brlnany have been exam|]rc\ed, preferred atf;‘lds ar(;efshown below. . f i f ( ) it  Comparisons of protein separations show improvements in band widths and resolution, even when compared to e Separations of several intact 1gGs (and other proteins) confirm that LC performance in FA is much poorer than
' * Acceptable HPLC separation performance was obtained for FA. TFA, DFA and the mixture of FA with ammonium formate (FAAF), as assessed with UV much smaller diameter (sub-2 - - : : in either TEA or DEA
. . : . : ’ ’ -2um) particles, without the disadvantage of high column backpressures. In elther or
Fc.)rm|c acid (.FA) ?XthItS relatively poor LC. perfo.rr.nance and and MS detection retention, peak widths and resolution. Comparisons of peptide separations (mixtures of synthetic and tryptic digests) and protein ® o . . » LC/MS comparisons of separations using DFA and FA, or mixtures thereof, indicate that DFA has useful LC
opposite trend, with FA the best, TFA the worst, and Difluoroacetic FA HOAc FA DFA e, 3FPA | ,_ _ fluorinated ion pairing acids decreased protein average charge state for all proteins examined
acid (DFA) as a good compromise between MS and LC performance. o e 0 Fe 0 HFC 0 0 - B f | T, " | e SPP wide pore materials exhibited increased efficiency for protein separations, particularly as the size of the
e Optimized SPP column packing materials show high resolution, ( \]/ \]/ \( protein increases. *0.1% Formic acid
. cpey . . OH OH OH OH OH 0 o .
moderate backpressures, and fast separation capabilities, relative to o Retention =6.5 min
ormic acid  acetic acid 2.2 2-trifluoroacetic acid 2,2-difluoroacetic acid 3,3,3-trifluoropropanoic acid 45 3 20 Width (50%) = 0.34 min
sub-2um column packing materials, particularly for large proteins (I1gG . . . | | . | o o o Solid Core g doum  Saum Effect of Modifier on IgG Separations - o Tailing Factor = 3.01
and above). Synthetic Peptide Mixture LC/MS in Several Acidic Modifiers S .
U : . : _ : _N770 : : o _ _ “'0.1% Difluoroacetic acid
. 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 o | 21 % 150 mm Halo Protein 400 C4 o
I nt ro d u Ct I O n R (500000 (a0 (g0 G Lo Do ! \I/?V?;?Et(lggo/—o)gz.Sor'rgge_) -
FA AFFA TFA DFA Shellwin 400 A pores ozT m T e Gradient: 28-38% AcN/0.1% acid as indicated 30 min . | ) Tailing Factor = 1.22
] ] ] ] 2| . . _ : =
Protein therapeutics and protein reagents continue to find expanded use in - > » * Section analysis by FIB-SEM _IIZ_Ieor;/]vF.):Oéi(B)orgL/mln T A R A A A D O I L TR
research and health care. This contributes to a highly active growth in protein =0 w0 w0 w0 ] ] o sample: 2 uL of Intact SILu™Lite SigmaMAb - 0.5 pg/ul (H,0) & | hereacetioacd
analysis by LC and LC/MS. Many of the proteins of interest are quite large, for Large Pore SPP Improve Protein Separatlon Efflaency it (50%) = 0.084 min
example monoclonal antibodies and other multi-subunit proteins, and these 20 20 20 20 ol 21 100 e Flow rater 11 L Mopile Phace A: water0.1% TEA: Moo Phase & Columns: 2.1 x 150 mm: Flow rate: 0.5 mL/min: Mobile Phase A: ‘ Tailing Factor =105 Mo
. . . . 1 ) 1 ) oumns: £.1 X mm; rFiow rate: 1.1 mL/min; ivioblie ase A: water/uU. 1% , vVioplle dasSe b. %, . : : i 1% . . : _ o~
present special problems in terms of resolution and separation speed. Present acetonitrile/0.1% TFA; Gradient: 23-52% B in 5 min; Instrument: Agilent 1200 SL; Injection Volume: 1 B0k B 15 i Inatrimone: Shimaca. Nexora: Iiecton Voo 20— ThOm R s R e e m e e
methods for separating and characterizing proteins include various WL L_JJ | ] ; uL; Detection: 215 nm; Temp: 60 "C ., Detection: 280 nm; Temp: 80 °C;
) : : : : s W\ N s Mt s 1'0WW & » ,M;K ORI Peak Identities: Ribonuclease A; Cytochrome c; Lysozyme; a-Lactalbumin; Catalase; Enolase 25, Sample: Intact SILu™Lite SigmaMAb .
chromatographic separation approaches such as ion-exchange, size-exclusion * | N N MWWWMMWW ! Pt - Analvsis Of IdeS Fraaments Ofl G mAb (Trastuzumab)
’ ’ A : Q0 T T T T T T : QO+ T T T T T : QO T T T : 30 1 : ] Retention = 12.6 min y g g
T . . . . _ 150 200 250 200 350 rrin 150 200 250 00 B0 rrin 150 200 250 200 B0 rrin 150 200 250 00 360 rrin HALO Protein C4, 3.4 um, 400 A 0.0237 b _
hydrophilic interaction, hydrophobic interaction, and reversed-phase. The TorA TORFFA pp— p— 2% {  Pressure: 240 bar E Py, = 0.0532 min Prototype 1000 A pore size 2.5 ym Halo SPP C4, 2.1 mm ID x 150 mm; 5 mM DFA; 28-38% AcN in 20 min; 0.35 mL/min, 80 °C;
Iatter methOd IS .e.speCIa”y attraCtIVe fOr many.appllcat.lo.ns because Of t']e LeuEnk. Angio. | Subst. P B-Endor. Mellitin LeuEnk. Angio. | Subst. P B-Endor. Mellitin 5 22 - PW 0.0179 0.0175 15: HALO Protein C4, 3.4 um, 400 A Orbitrap Velos Pro (30,000 ReS) 500-4000 m/z, +3.8 kV, 275 OC desolvation Capi”al’y
capability for efficient and fast separations, using conditions that can be Ret.Time 167 17.9 19.0 23.0 29.8 16,5 19.1 208 258  34.1 19.0 225 237 282  36.9 16.2 182 200 240 324 E 18 - S 0.0179 | o
integrated with subsequent analytical tools, most importantly, with MS MIC(+)  9.3E+06 4.4E+07 3.0E+07 7.3E+07 1.0E+08 1.1E+06 6.1E+06 1.2E+07 2.0E+07 1.6E+08 1.4E+05 8.8E+05 8.0E+05 1.0E+06 2.9E+06 3.3E+06 1.7E+07 7.8E+06 1.7E+07 3.0E+07 G 14 - 0.0154 0.0160 16 4ooo—§ +DTT Fd
detection. Improvements in protein separations using conditions that take Relative 100% 100% 100% 100%  100% 12% 14% 41%  28%  150% 1% 2% 3% 1% 3% 35%  38% 26%  24%  29% % 10 - J 5] 300 rc/2 RT: 23.05
] 3000 c/2,.
advantage of ongoing improvements in MS instrumentation are needed. We g 6 - . ; } k N | | FC
have previously described the use of superficially porous silica particle MIC(+) Area Relative to Formic Acid Peptide MW < 2- | N N
. . e—llliinlo% - I I o L B B B B L LA 1000 3
materials for small and moderate size molecules, and most recently have 50% e [Leus] e”'fe'i’hr?"” . 152595665 2 | | - - ' 80 85 90 95 100 105 110 115 120 125 130 135 14.0 145 min . "
extended this approach to much larger molecules, including proteins [Schuster, 40% e ' 0.0 1.0 2:0 3-0 4.0 >0 R JAII A" e santeatnn~ st iekarxing~sias-sae s st St insss songsiat s s b s o
_ . substance P acetate salt hydrate 1347.6 Time. min 25 MAU s 2 TR s e T S
Wagner, Boyes and Kirkland; J. Chromatogr. A 1315 (2013) 118; other 30% ) . ’ - . o
== 50% beta-endorphin, human 3465.1 30 1 Totally P ca 17 300 A : 333 . | .
- : : : - 6 s otally Porous C4, 1.7 um, | o W - |
eferences. Examples of high resolution protein separations with novel l Veltin honey bee venom 2646 : L E ol |
ah_vancel \./an?nt . partlies are s OWln ferem' n the course orcon hUCtmg 0% | e o - All values refer to the mean of triplicates for signal S 22 - 15 Totally Porous C4, 1.7 um, 300 A PWy, = 0.0653 min et R g b UMl e e e e Gl e Y
F IS a.n.a y5|:¢, o.s.,tatlonary o as.e.materla s for protein .f,eparat!ons, we ayve LeuEnk. Angio. | Subst. P B-Endor. Mellitin intensities at 50 pmol of each peptide. Relative Standard < 0.0190 0.0212 0.0260 ) - / o/
|f1Ie.nt|f!ed S|gn|f|c§nt opportu.n.ltles to improve resolution, wl.ﬁlle.addressmg STEA CAFFA B DFA Deviations were less than 10%. g 14 - 00177 0.0183 |
limitations of typical LC conditions (eg., use of TFA), for application to MS ] ] ] o . S 10 - 5 5¢ E ] N o “ “ I
analysis. Of the examined mobile phase modifiers, we found that difluoroacetic Protein Mixture LC/MS in Several Acidic MOdlflerS f,g) 6 _J -~ J \_ el R o R R e e P RS 1 10 e s R
0 ~ Mass Mass Mass
acid (DFA) has shown the best combination of separation performance and UV (280 nm) MS (TIC) < 2. |
. . . . . ] : i B0 . i L _ o N w000 E _ RT: 20.97 ’
signal generation for online MS detection. ﬁ/ié_ngggg;?ggaclgouz(g?tjég é_loz()ogg,ij;a?()j:oe;;; %?8?(5\/A)ngl\| 30 min; Flow-0.35 mL/min;- Temp: 50°C 25 pmol each protein E ' | | ’ ! 80 85 90 95 10.0 105 110 115 120 125 13.0 135 14.0 145 min . DTT “ F(ab’),
400 g o 0<1:000,000) R — R|bonuclease A 00 10 20 30 40 50 3000 3 FC/Z
Materials and Methods ~{ TFA0.1% b E . e fime, min g _
. . ” R : M — apo-Myoglobin High Efficiency Separation of Trastuzumab -
Columns of HALO Protein C4 were produced at Advanced Materials Technology 100] U >’ c E - Enolase Columns: 2.1 x 150 mm; Flow rate: 0.4 mL/min; Mobile Phase A: water/0.1% DFA; Mobile Phase B: 500 J) G,ZE:%
Inc. (Wilmington, DE). These materials employ superficially porous Fused-Core® | | L_ JL. SN e U. . |V| o 100% | Avea (TIC) Mobile Phase. Relative to oo UV acetonitrile/0.1% DFA; Gradient: 27-37% B in 20 min; Injection Volume: 2 pL (1 pg); Temp: 80 °C B L B o 7o ey o
silica particles of 1.5 - 3.4 um diameter, shell thicknesses of 0.1-0.35 um, and | B FA e 20000 2 . 1 Time (mi)
ore Eizes of 200 to 1200 X H | FA0.25% : U M 0% = ApoMyoglobin % = ApoMyoglobin ; 3.4 um, 400 A SPP Halo Protein C4
p . . . . . . L H 80% , M Calmodulin 80% - m Calmodulin 17500; ” PW1/2 0.116 min
Mobile phase modifiers were obtained from Pierce (TFA, FA), Sigma/Millipore | ; .\\AN S Carbonic Anhydrase S Carbonic Anhydrase ’ N | [
TFA, FA, DFA, AF), or Synquest Laboratories (DFA, 3FPA). Acetonitrile was MS | ‘ h A : R Q' o @ Ubiquitin £ 7% @ Ubiquitin | o » e e e
( ) yni . . ( ) | - A L L L = 5 15000 | 1.7 um, 300 ATPP C4 " |
grade from JT Baker. Synthetic peptides were from AnaSpec, and IdeS protease — ———— of RS = oox s | PW. . 0.181 min . % e 5
from Genovis. DFA 0.1% ol = g I 12500 1/2 = 2.7 um, 1000 A SPP C4 .
. . . . O 50% - S 50% - m | o 20- 25085.8 : . | | | | |
Analytical protein separations used the Shimadzu Nexera LC-30 components = o = CCD ] PW,,, 0.102 min ol f TR TR TN
(40 pL mixer), with the SPD 20A UV detector and MS-2020 quadrupole MS U M E g - & - gi 10000 . _ . . _ _ _
operated in series at +4.5 kV capillary potential. A special low volume flow cell | N W V' SN O, G e —— T s S P | The use of DFA.moblle ph.ase with a prot(?type 2.5 um Halo 1000 A ppre materla! allows hlgh re§olut|c?n separations
was obtained from Shimadzu Scientific for this effort, to minimize band | 3EPA 0 1% . o < 7500 and accurate high resolution mass analysis of 1gG fragments, to confirm glycovariants and disulfide bridges.
dispersion effects. Capillary column separations used the Dionex RSLC 3000 | U E o o | _
with a trap column, connected to the Orbitrap VelosPro MS (ThermoScientific, M V ‘ >000 Conclusions
Inc.), with the low flow lonMax ESl interface operated at 3.8 kV potential. Intact 5 L h l\. R J\ A DEA A O eea DFA A : l . , , , , ,
. . . . . A e e e e 2500 | * Novel superficially porous particles improve RP HPLC separations of many protein mixtures and
protein MS spectra were recorded in the Orbitrap, using 15,000 resolution, 0.0 2.5 50 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5min 0.0 2.5 50 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 min | . . tting high i " h _ | abl
whereas fragments used 30,000 or 60,000 resolution scans. . . . - . . | [EIZIUEIES,) [PEriEdng e GUTHELEITE, sl Pl Hets Bl [pIre iRl ehvelilz ol
Deconvolution of MS spectra used MagTran v1.02 (based on ZScore [Zhang and Chromatograms compare LC/MS and LC perfo.rmance for either 0.1% or 10 mM of each acid modifier to 0.25% or 10 mM FA. The higher e e — \. + Alternative acidic mobile phase modifiers can be employed for useful protein separations, in some
T , , FA content was required for reasonable protein peak shape and recovery. 50 55 60 65 70 75 80 85 90 95 100 105 110 115 120 125 130 135 140 145 min e : : -
Marshall; JASMS 9 (1998) 225]), or Thermo Scientific Protein Deconvolution v .. . . . . . . Qo . Ret Time (min) cases exhibiting a better compromise between separations performance and ESI-MS compatibility
, , _ * |n addition, each acid was examined at varying concentrations (2-50 mM for fluorinated acids; 20-500 mM for FA), exhibiting progressive et lime (min
4.0. Chromatographic peak widths are reported as half height (PW ). . £ ES| sional with tration: olat £50 mM for FA. 10-20 mM the oth ¥ . High uti 4 col PR < <h for the | 400 A material 1 e of . . . . , , ,
suppression o signal with concentration: plateau a mM for FA, 10-20 m e other acids igh resolution and column efficiency is shown for the large pore material, as well as an example of a new Acknowledgements: Tim Langlois, William Miles and Bob Moran for advice and technical assistance.
* Improved peak widths and tailing for proteins over the range of 5-20 mM, except FA, which required 100 mM to maximize performance prototype 2.7 um particle with 1000 A pores with a 0.5 um shell.
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