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Objectives

*Evaluate utility of a novel mid-pore size (160 A) fused-core
column packing material for separation of peptides and

Halo® Fused-Core Column Packing Materials Tryptic Digest Separations Using Halo Peptide ES-C18 Mobile Phase Modifiers for LC/MS Analyses High Linear Velocity LC/MS Analyses of Digests

Porous cos-coc il o -Efficient columns and fast mass transfer allows very high *TFA and Formic acids have disadvantages for LC/MS. Amix of ~ Efficient separations allow selection of conditions matching

tryptic digests. 4 :"?‘:’f‘:'fﬁff_':ff-";f"53'.-7— Shell flow rates for tryptic digest separations with high resolution Ammonium Formate/Formic Acid is an attractive mobile phase. sample CompIeXIty (Iong or short columns and grad|ents).
*Demonstrate the capability of these new columns to conduct Yl Column: Halo Peptide ES-C18, 4.6 x 100 mm; Flow rate: 2.0 mL/min; T= 30 C; A: 0.1% Formic Acid/10 mM Ammonium Formate in Water:B: ACN/0.1% Formic Acid
rapid separations of synthetic peptides and digests. = Column: 2.1 X 100 mm Halo Peptide ES-C18; A: Water/ 0.1% TFA, B: 80% ACN /0.1% TFA., A: Water/acid modifier; B: ACN/0.1% TFA or Formic Acid Flow Rate 9 uL/min; 0.2 mm ID x 50 mm Halo Flow Rate 4 uL/min; 0.2 mm ID x 150 mm Halo
Defi h . | diti for hioh th h : > A £ Detection: 215 nm, Sample: apotransferrin tryptic digest, Injection of 15 uL (15 pg), Temp: 60 C Gradient: 1.5% to 26% B in 15 min.; Injection: 8 uL (800 ng) of synthetic peptides S1-S5 Peptide ES-C18, 330 Bar Max Pressure; 2-45% B Peptide ES-C18, 320 Bar Max Pressure; 2-45% B in
efine the operational conditions ftor high throughput use o AN i s 5 7 140 - o | in 15 minutes, 3 pmol apoMyoglobin Digest 85 minutes, 1.5 yg Mixed Protein Digest
th | ith b d| ilabl LC/MS inst i iy UM L Im 0.75 mL/min 0.1% TFA 0.1% Formic Acid 20 mM Ammonium Formate/ 80 25
e columns wi roadaly avaliaoie INstruments. LA 305 0 . & 60% B in 30 Min. 0.1% Formic Acid 230 100 NL: 4 86E6 157492
*Explore the use of ammonium formate as an additive to MMM n l ” 45 - g3 or i i o ggl%g-;;[ggo%%% 55 <o % B 9856.00.5000.50] MS
7 . . . 7 . 40 - 90 ull ms .UU- . : 14.03 |
formic acid mobile phase commonly used for LC-MS analysis TR ol LI - . 35 - s - - 55 MS 504,64 909.09 o5
of tryptic digests. e 0.5 um T , 10 ; 10 5 20 > 20 25 - S : : 80 75 7592
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introduction Ave. pore diameter------------------- 16 nm N J - . A 3 6 9 12 15 3 6 9 12 15 3 6 9 12 15 gas &4 o 49 . 138345
o Surface area, nitrogen---------- 80 sq.m/g 10 i - - y . Time (min) Time (min) . Time (min) 3 g 13843
Fused-Core® 2.7-um silica particles with 90 A pores previously have been shown to Pore volume ----------------————- 0.30 mL/g 140 - 1.5 mL/min | Tailing Factor of S3 & S5 vs Column Load ’g o1g | Peak Width of S3 & S5 vs Column Load 30 50 3020 4001 045" | |
be highly efficient for separating small molecules in the range of up to about 2000 Particle density -------=----mmmmmmm-- 1.3 ccl/g 5-60% B in 15 min. L a0 o Z o gg 006 gg 910.25 864.39
molecular weight. Several recent studies have noted that columns of such particles 70 2 R 2 ol 15 74838 15 | \
.. . . ‘ X 3.00 - —¢— 10mM Amm?nium . . < _ 10 | 10 29 78 Uil 83.17
demonstrate efficiencies that are comparable to sub-2 um totally porous particles, 20 - JL 0 Formatel0.1% Formio Acd 39 0.2 5 5 51 515 o183 5 12.23 2186 1 1 ) | 1036.16
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but Wlth less thfan qne half of the operfa\tlng back pressure. Sep.arat|ons c?f HaIO Parthle DlStrlbUthn i ] . | | ; 2.50  Fomai% FomioAds 2 z;: 0 ; ) 6 s 0 . 4 0 . 0 60 . .
peptides, protein digests and proteomic samples should benefit from using Fused- 3000 0 . Time (min.) 10 15 Ty g Time (min) Time (min)
Core particles of appropriate pore size. Our analyses indicate that 16 nm (160 A) 2 = : : :
2500 . . . _ = _ X004
pore size is optimal to promote rapid mass transfer kinetics for peptides and small Peak CapaC|ty Compansons for D|gest Separa’“gns s L o0 Rapld LC/MS Analyses Of TrypanOSOma brucel PrOtelnS
proteins, allowing fast separations (up to 8-10 mm/s) with minimal resolution loss. 9 2000 emmfe== Halo Peptide: mean = 2.85 um, SD = 0.14 1.00 - : - - 0.00 Protei _ | f ic T b . dentified by LC/MS . th
The Halo Peptide ES-C18 column is prepared using fused core particles that are £ LW : : 0 500 1000 1500 2000 0 o00 1000 1500 2000 . roteins in a >dMmpie O p.rOCyC IC 1. brucel were igentitied by . using the
ptide £ prepared using P > Comparable peak capacity of Halo Peptide ES-C18, at Mass Injected (ng) Mass Inected (g jon trap. Capillary separations used a 0.2 mm ID x 50 mm Halo Peptide ES-C18
surface modified with an extremely stable steric-protected C18 bonded phase, < 1000 ——+—Standard Halo: mean =2.82 um, SD = 0.14 1 _ _ - | £ 9 ul/mi n b Dat hed using M t and
appropriate for the low pH conditions preferred for peptide separations. We show, 500 less than 2 back pressure of sub-2 MM partICIe columns. Ammonium Formate as an Additive for LC/MS An alyseS coiumn a ou min, a.S S OWﬂ above. a_ a were searcnhe IUSIHQ ascot an _
consistent with many previous observations, that TFA is a most effective acid 0 ProteolQ (5% FDR), identifying 183 peptides, and 54 proteins. The top 20 protein
modifier for separations, and that formic acid exhibits significant band broadening 0 1 5 3 4 c 6 Column: 4.6 x 50 mm:; Flow rate: 2.4 mL/min; T= 60°C; A: Water/ 0.1% TFA;B: 80% ACN/0.1 % TFA Halo Peptide ES-C18, 0.2 mm ID x 50 mm, Flow Rate 9 uL/min., T=25C, 3 pmol apoMyoglobin digest in 2 pL; IDs are shown below in the table.
when used with the Halo Peptide ES-C18 columns; this is nearly universally 00 Particle Diameter, [um] Gradient: 5% to 60% B in 30 min.; Injection: 5 pL (5 pg) 2-45% B in 15 minutes, B: 0.1% Formic acid in Acetonitrile -m--m
observed for high performance column packing materials of use for peptide  LH . ‘ A: 0.1 % Formic Acid A: 0.1 % Formic Acid/10 mM Ammonium Formate s e Iapeaie® || @ ma
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Materials and Methods particle distributions yield efficient separations at high 2 A A h 1 | A Ll <o < | S ( o
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Columns of HALO® C18 or HALO Peptide ES-C18 were produced at Advanced ﬂOW rates. Halo Peptlde eXtendS use to larger mOIGCUIeS' 109 ° Time (min.) 1o 20 25 ;g . 748.38 wr oo 18 4 ‘ ) ok 049 et i Typanosoms brucel TEU927)
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Mater!als Technology Inc. (Wllmlng'Fon, DE). The 1.7 um partlcle diameter 130 A Comparison of Halo and Halo Peptide Columns Comparisan of Hala and Halo Pentide Golumns Peak capac;lty was deter_mlned to be 229 calculated by averaging the peak widths of the labeled tryptic digest 0 b 6 : L o =y ; A% sed2n. . - e BRR . 7 st sair oot 2
pore size BEH C18 column was obtained from Waters (Milford, MA). HPLC analyses Columns: 4.6 x 100 mm; Particle size: 2.7 um Columns: 4.6 x 100 mm; Particle size 2.7 ym peaks using the expression: t. —t Time (min) ‘ ‘ AR STt Tataeonr |
1 1 1 M bI h 500/0 t t | /500/0 t , 25 OC M b| Ph 01% TFA/A t t | /W t , - DJ_Halo_stem_ApoMyoglobin_3pmol_2_051710_100517170709 #1914-1933 RT: 12.23-12.33 AV: 5 NL: 5.78E4 DJ_Halo_stem_ApoMyoglobin_3pmol_AF_1_051810 #1945-1971 RT: 12.79-12.95 AV: 11 NL: 6.88E4 SRR R e H e e
use? tTIe guaf;rgary Asgtllf.nt 11(3:[); bma?lhlzoo Slll— or CLEé pillary 1100 IJ;C ;ZSt;:nS P Aa\;i?ent 110a(§: (\a/vﬁglar:ﬁosampvlvear 4 Acetor?itrlilz co?tseent adjusted to (r;:a(i)r?tla?nek’ ~a3e;r60°C N oc — W : ':g"os Y : ':Z'OS © S e B 00 s
controlled wi emStation software. The capillary LC was connected to the Agilent 1100 with | NE e : ' :
) . pilary == W | , glent 1109 with autosampler 4o Conclusions and Future Directions
ThermoFisher LTQ ion-trap mass spectrometer via the Michrom Bioresource ; o e
Advance spray source. Samples from the autoinjector were captured on the EXP ®  Halo Poptide Golumn, 15 nm pores 14 4 Column: 2.1 x 100 mm; Flow rate: 0.5 mL/min; T=45°C; A: Water/ 0.1% TFA;B: 80% ACN/0.1 % TFA £ oo £ oo * A new fused-core column packing material, Halo Peptide ES-C18, was observed to perform well
- - - - o oo Ot BAMYloid(1-38), 4100 MW Gradient: 5% to 65% B in 60 min.; Injection: 15 uL (15 ug) e e - - de: c di '
Stem Trap (26 U.L) Cartndge paCked W|th HaIO Peptlde ES'C18 (Optlmlze 45 A Knox Equation Data Fit . g’nm pore . Y Y ") J - . “g E :Z E :z at hlgh ﬂOW rates for Separatlons Of peptldes and tryptlc dlgests
Technologies), using the LTQ automated valve. The mass spectrometer was set to < = y Halo, 2.7 um, 160 A, ES-C18 Npe = 216 Porous 1.7 um, 130 A, C18 Npe = 253 S - 20 » Modest back pressures permit high throughput separations at very high linear velocity, or the
scan m/z 400 — 2000. Repeat count was set to 2, repeat duration 10s, exclusion S g " L ’ ’ P, = 240 bar ' ’ ’ P = 534 bar el LETTe ssase 129128 150896 ieyims jmstas tsees e 29519 49421 69002 |, **"° 10700 120220 150650 100458 183339 1963.06 use of longer capillary columns at more moderate flow rates
dur‘ation 305’ and Set to fragment the top 5 peaks for‘ MS/MS. % 3:5 1 g ] 400 600 800 1000 m/;200 1400 1600 1800 2000 400 600 800 1000 m/;ZOO 1400 1600 1800 2000 . o . . * . . .
Synthetic peptides were obtained from AnaSpec (Freemont, CA) or from o | a BAmyloid(1-38) 40 - 340 - * Ammonium formate addition to formic acid eluent was compatible with ion trap LC-MS
‘ g 1-chloro-4-nitrobenzene 8 .. 16 nm pore _ Comparing Formic Acid PLUS Ammonium Formate versus Formic Acid for LC/MS analyses of ey | -
ThermofFisher, in the case of the Retention Standard Mix (Mant and Hodges), the § 25 3 290 ijg | D ” 5 4 o d p . <. / y SUEREIIDI, Tm{RRey e load tF)Ierance for Fomplex s.amples: N .
51-S5 sequences are: N Leu-enk 240 ¢ - peptides ana tryptic digests ot proteins reveals: » Additional work will examine the practical benefits of this additive for proteomic samples, and
. 2.0 - 190 - ] ° : 1 1 /1 1 1 . . . . . . . . o .
1 RGAGGLGLGK-Am N WHM pore o | a0 | Concentration dependent retention increase, selectivity shifts, and improved peak shape. also the potential problems that could arise with identifying post translational modifications.
S2  Ac-RGGGGLGLGK-Am * %0 - M ” \ ﬂ p 90 - L/,M\ " \ n n * Improved sample mass load tolerance at 10 or 20 mM ammonium formate * Capillary columns packed with Fused-core particles can be operated at very high linear velocities
53  Ac-RGAGGLGLGK-Am Yoo s 10 15 20 25 0 5 40 45 5o ss " 4 ; : : : : ; i ,\l\l\ T | | ) l l\ . . . . S IT-MS signal differences are limited, but for a small percentage of peptides (c. 15%) up to to permit rapid and efficient proteomic analyses using conventional LC/MS instruments.
S4  Ac-RGVGGLGLGK-Am Mobile Phase Velocity, mm/sec Mobile Phase Velocity, mm/sec M0y 5 10 15 20 25 30 35 40 45 5 0 5 10 15 20 25 30 35 40 45 50 10-fold differences in either direction of relative signal strength are observed.

S5  Ac-RGVVGLGLGK-Am Fime (min.) Time (min) Acknowledgement: Supported by SBIR NIH Grant GM 077688-02.



