Improving Nanobore Column Duty Cycle via Trap-Column Injection:

Evaluating the Effect of Trap=Column Injection Flow Rate on Analytical Separation

Carla Marshall-Waggett, Helena Svobodova, Gary Valaskovic, Amanda Berg
New Obijective, Inc., Woburn, MA

Introduction

Sample trapped column injection is an injection strategy
commonly employed in nanobore LC/MS based analysis
of complex peptide mixtures. The approach of sample
trapped column injection provides several inherent
advantages. By effectively desalting and concentrating
samples on-line, sample traps improve analytical column
longevity and throughput. Additionally, the ability to load
samples onto a trap column at a much higher flow rate
than is feasible for a typical 75um ID nanobore analytical
column is a particularly attractive feature of this approach.
Duty cycle can be significantly improved when the sample
loading flow rate is decoupled from the gradient flow rate.
Here we investigate the role sample trap column injection
has on analyte retention and overall chromatographic
performance. Using a direct flow nano-LC pump with
the ability to deliver flow rates ranging from 50 nl/min to
20 p/min coupled to an autosampler and commercially
available peptide standards and protein digests, we
evaluated the relationship between flow rate, analyte
concentration and analyte composition to determine the
effect on chromatographic performance.

Methods & Materials

Instrumentation

¢ Leap Technologies HTC Pal Autosampler
- VICI 6-port micro valve
- 1.0 pl sample loop
¢ VICI 10-port valve with 2 position actuator
e Thermo LCQ Deca ion trap mass spectrometer
- MS/MS scan
- Full MS Scan
3 Microscans/spectra
390.00 - 1500.00 Da mass range
¢ Customized Digital PicoView nanospray source
¢ Eksigent nanoLC-2D pump
- Channel 1

Mobile Phase A = 98% water with 0.1% formic
acid and 2% acetonitrile with 0.1% formic acid

Mobile Phase B = 98% water with 0.1% formic
acid and 2% acetonitrile with 0.1% formic acid

- Channel 2
Mobile Phase A = 0.1% formic acid in water

Mobile Phase B = 0.1% formic acid in
acetonitrile

Columns

Analytical Column

e PicoFrit column (75 ym ID x 15 pm tip) packed to 10
cm with Proteopep Il C18 5 um resin
Trap Column

e IntegraFrit trap column (100 um ID) packed to 2.5 cm
with Proteopep 11 C18 5 pym resin

Samples
e Equimolar mix of four peptides, variable concentrations
as indicated
- Angiotensin I, 1296 Da
- Angiotensin I, 1045 Da
- Val-Angiotensin I, 1282 Da
- Neurotensin, 1672 Da
e BSA digest (Waters MassPrep)
- 300 fmol/uL in 0.1% Formic acid

Conclusions

¢ The maximum loading capacity of a 100 ym ID x 2.5
cm bed trap column was determined to be 130 ng
using a mixture of 4 standard peptides
- 130 ng Polypeptide represents column saturation for

these column dimensions
- Trap column saturation negatively impacts
downstream analytical column performance

e Cycle time improvements demonstrated using trap
column loading flow rates up to 10 uL/min.

- Peptide recovery validated at flow rates ranging
from 1-10 pyL/min.

- Adjustment of injection time for flow rate is required
for maximum peptide recovery

e Increasing the amount of solvent flowing through the
column at higher flow rates can lead to loss of early
eluting peptides

Name Sequence MW (Da) RT (min)
Angiotensin Il DRVYIHPF 1046.18 16.7
Angiotensin | DRVYIHPFHL 1296.50 17.2
Neurotensin PQLYQNKPRRPYIL 1672.92 17.7

Val5-Angiotensin | DRVYVHPFHL 1282.45 18.2

4 Peptide standard  information — peptide sequence for each peptide.

Future Work

e Evaluate the loading capacity of trap columns with
targeted MS/MS scans

¢ Investigate trap column performance at flow rates
higher than 10 pl/min

¢ Incorporate studies for trap columns with other
dimensions - for example 75 and 150 pm inner
diameter

e Evaluate the performance of trap column for sample
concentration
Study retention of early eluting hydrophilic peptides on
different types of resin

Flow Rate Evaluation

WHAT IS THE OPTIMAL FLOW RATE FOR SAMPLE TRAP LOADING?

Data collected for 200 fmol/pl 4 peptide
mixture at different flow rates. No peptides
are defected up to 5 pl/min. flow rates.
Some peptides are detected at 10 pl/min. in
targeted MS/MS scan but not in full MS scan

Injection Total
FlowRate |  Time Volume | Peptides
Gy (min) ) Detected
0 5%0 s No TIC chromatogram for 200 fmol/jL 4 peptide Full MS spectra for 200 fmol/yL 4 peptide
20 500 10 No injection at 10 plL/min. injection at 10 pl/min. No peaks detected.
50 500 2 No
100 500 50 Yes
10 10:00 0 No
20 500 0 No
50 200 0 No
100 100 10 Tes

MS/MS data for 200 fmol/plL 4 peptide injection at 10 pl/min. Angiotensin | is detected at the

beginning of the chromatogram

HOW DOES FLOW RATE AFFECT PEAK SHAPE?

1 pl/min

Peptide data extracted from 300 fmol/pL BSA standard chromatograms. Peptides were chosen from
across the chromatogram. The loading time is constant; the flow rates are different.

Flow Injection Peak.
Rate | Tme | miz | ApexRT | sttRT | Endrr poak wiatn
(pLimin) (min) (Da) (min) (min) (min). Peak Area Height Asymmetry (s)

72s | zw | v | vew | roreewr | swew |z | ot
wis | mes | 0 | e | sseor |ewmos | 14 | m

10 | 10
w20 | eer | tem | tera | veoeeos | 1aew | el | zao
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728 | e | vz | e | reeer | asew | 2z |
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20 #00 5829 18.35 1817 18.61 1.50E+08 1.11E+07 149 26.52
wrs | me | wms | s | eoeer | ameds | 1w | ass
725 | ze | vas | 1w | eeseeor | serew |z | ores
vs | mes | 1mes | ters | toseos | sroeos | 177 | mam
o0 20 582.9 18.46 18.28 18.74 1.76E+08 1.21E+07 156 27.84
srs | mee | mes | sz | osewr | ses | s | se
728 | | um | wn | seewr | rorew | 2m | e
wos | me | wer | 1w | toses | rees | i | me
100 oo 5829 1843 18.26 1871 1.72E+08 1.22E+07 174 27.24
s | mwr | e | war | swewr | zerew | e | was

(pLimin) (min) (0a) (min) (min) (min) Area Height | Asymmetry | (s)

639 | 1560 | 1543 | 1599 | 11508 | 7726408 | 220 3360 Chromatographic separation of 300 fmol/jL

0 =0 582.9 18.25 18.09 18.57 2.52E+08 1.71E+07 2.00 28.80 BSA standard. Flow rate 1 ul/min. for 5 min.
7228 1232 12.15 1265 B8.78E+07 6.33E+06 1.94 30.00 i "

I T T B B B I e BN R 2 plemin

50 °0 582.9 18.28 18.12 18.60 217E+08 1.50E+07 2.00 28.80

R B o T T T = R R ) Svomatographic separation of 500 fmal/ut
997.8 23.89 2366 2422 6.93E+07 4.19E+06 1.43 33.60 i |

5 pl/min

Chromatographic separation of 300 fmol/plL
BSA standard. Flow rate 5 ul/min. for 5 min.

10 pl/min

Peptide data extracted from 300 fmol/pL BSA standard chromatograms. Peptides were chosen from
across the chromatogram. The total amount of solvent flowing through the trap column is kept at 10

pL, loading fime and loading flow rte vary.

Chromatographic separation of 300 fmol/uL
BSA standard. Flow rate 10 ul/min. for 5 min

Trap Column Capacity Evaluation

HOW MUCH SAMPLE CAN BE LOADED ONTO THE TRAP COLUMN?

Injection #6
TIC

Injection #6
MS

Peptide Total | Flow e
Injection | Concentration | Mass | Rate | Peptides
Number | (pmoii) (o) | (oumin) | Detected

T A oo o0 ™ Tic c}jmmatagram and MS specira for 4 peptide standard. No peptides were detected in this

injection.

2 5 530 500 No

B 5 705 500 No wane

4 5 1325 500 No

5 5 1590 500 No

5 5 1855 500 No

7 5 2120 500 Yes Injection #8

1 2 1060 500 No TIC

1 2 1313 500 No

1 3 1576 500 Yes

1 35 1839 500 Yes

Data was collected for replicate injections of a 4-peptide
mixture at different concentrations. 5 pmol/pL of 4-Peptide
mixture was injected onto the column until peptide peaks were
detected. Single injection of higher concentration 4 peptide
mixture was injected onto the trap column. Peptide peaks were
detected in 30pmol/pl and 35 pmol/pL injections.

HOW DOES MAXIMIZING TRAP COLUMN CAPACITY AFFECT PEAK SHAPE?

TIC chromatogram and MS specira for 4 peptide standard. Peptide ions are detected in this
injection. Column is overloaded and peptides are coming from the column without refention.

200 fmol

Peak capacity data calculated for 200 fmol/pL and 20pmol/pl 4 peptide standards. Chromatograms
were collected at different loading times and flow rates. Total amount of solvent flowing through the trap
column is 10 pL.

Flow | Loading Apex | Start | End Peak
Rate | Time Peptide ‘ miz ‘ RT | RT | RT Peak ‘ Peak ‘ Width Base peak chromatogram for 200 fmol/pl
(ubiminy | (min) Name (0a) | (min) | (min) | (min) Area Height | Asym. (s) 4peptide standard. Loading: 5 min. at 2 pl/min.
200 fmolL Peplide Mixture
Angotensin || 524 | 1653 | 1632 | 1700 | 577E+06 | 27805 | 4620 | 390
‘Angiotensin | 433 | 1708 | 1699 | 1754 | 4eoEr0s | 2ssEw0s | 285 | 548
o 0n Neurotensin 558 17.52 17.31 17.97 3.32E+06 1.63E+05 39.60 455
Vals-Angotensin | | 428 _| 1816 | 1794 | 1866 | 4206005 | 205ee04 | 4470 | 403
Angotensinll__| 524 | fe64 | 1642 | 1716 | 573E+06 | 2806+05 | 4428 | 407
Angiotensin | 43| 1718 | 1699 | 1753 | acees | 2738004 | 3252 | 554
20 00 Neurotensin 558 17.61 17.40 18.08 1.50E+07 714E+05 40.80 4.1 sy =
Vals-Angiolensin | | 428 | 1817 | 1794 | 1859 | 521E+05 | 279E+04 | 3048 | 456
Angotensin || 524 | 1685 | 1659 | 1741 | 667E+06 | 2926405 | 4o | 369 T
‘Angiotensin | 433 | 177 | 18 | 1770 | saser0s | aisEe0s | 3648 | 403
S0 B T Newoensn | s | 1778 | 17se | 1629 | aezeror | tesees | 427z | 42 Peaks extracted from 200 fmol/uL. 4-peptide
Vals-Angotensin| | 428 | 1857 | 185 | 1875 | 56%+0s | 200804 | 36 | 495 chromatogram. Loading: 5 min. at 2 pL/min
Angotensinll__| 524 | 1653 | 1629 | 1707 | 6ese+06 | 2026v05 | 4728 | aed
Angioensin | 433 | 1707 | ese | 1738 | 517Ew5 | aatew0s | 036 | 593
00 oo Neurotensin 558 17.49 1725 17.93 4.08E+07 2.03E+06 40.80 441
Vals-Angiolensin| | 428 | 1803 | 1778 | 1844 | 57905 | 292E+04 | 3072 | 453
20 pmolL 4 Pepiide Mixturo
Angotensinll__| 524 | 1525 | 1516 | 1556 | 324E+00 | 203E+08 | 2600 | 750
Angioensin | 43| 1575 | tods | 1631 | atsev09 | 1216%08 | 5100 | 353
o o Neurotensin 558 16.49. 16.27 17.99 4.00E+09 8.78E+07 103.20 174
Vals-Angiolensin| | 428 | 1662 | 1653 | 1742 | 184Ev09 | 577E:07 | 530 | a7
Angotensin || 524 | 1508 | 1485 | 1525 | 526609 | 200E+08 | 2220 | 11
‘Angiotensin | 433 | 1530 | 1516 | 1603 | 467Er00 | 1i6Ew08 | s220 | 345
S el e I T R R e R o oy v 8
Vals-Angiotensin| | 428 | 1640 | 1625 | 1762 | 280E+09 | 2407 | 8220 | 219
Angotensinll__| 524 | 1512 | 1488 | 1528 | 36309 | 201E+08 | 2600 | 750
Angioensin | 433 | 1548 | 1517 | 1608 | 467E+09 | 114E-08 | 5460 | 330
o0 200 Neurotensin 558 16.14 16.02 17.20 2.87E+09 7.73E+07 70.80 254
Vals-Angiolensin | | 428 | 1639 | 1630 | 17.19 | 2156109 | 590E+07 | 5340 | 37
angotensinll | 524 | 1544 | 1507 | 1546 | 322E+09 | 2046508 | 2040 | 769
‘Angiotensin | 433 | 1547 | 1635 | 1623 | 4S2Ee00 | 1izev0s | s280 | a4t
00 e Neurotensin 558 16.40 16.17 17.89 3.78E+09 8.62E+07 103.20 174
Vals-Angiolonsin| | 428 | 1655 | 1646 | 17.35 | 200109 | 557E+07 | S340 | o7

Peaks extracted from 20 pmol/pL 4-peptide
chromatogram. Loading: 5 min. at 2 pl/min.
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