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Overview

= The advantages of a positively charged surface column with Fused-Core® technology

= |mprovement of peak shape for basic compounds using MS-friendly mobile phases for

both small molecule and peptide analysis. Why is using low ionic strength mobile phase
desirable?

= How a positively charged surface column chemistry benefits LC & LCMS separations
including loading capacity improvement gains.

= Applications of the PCS Peptide phase and comparisons
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Power of Fused-Core®

Technology
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High performance with <1/2 the back
pressure Superior efficiency with >2.8x plates!
HALO® C18, 2.7 um
Faster analysis 339 bar, 7400 plates Sharper peaks, faster analysis
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Positively Charged Surface 'l
Stationary Phase



When do we need a Posmvely ‘ S ALE & ¥ YR
Charged Stationary Phase?s s & """"'?"\g'-'-v- ' HAL@ .

'é\\ N

*  When running low ionic strength mobile phase with formic acid for LC and LC-MS
applications for

* Basic compounds
* Peptides
* Protein digests
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Why do we need a P05|t|vely Charged

Stationary Phase? A LA

* When basic compounds are run at low pH, they gain a proton and become
positively charged.

* At low sample loads, the tailing will be symmetrical using formic acid containing
mobile phases.

* At high sample loads, the tailing will become significant and the peak shape will

suffer.
AU
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1 Peak Identities: HALO 90 A C18, 2.7 um, 2.1 x 50 mm
1. Atenolol 5% ACN/0.1% formic acid for 1 min, then 5-95% ACN/0.1% formic acid in 3 min
2. Codeine 0.5 mL/min; 230 nm
3. Bupivacaine 40 °C

' 0.40 060 080 1.00 1.20 140 1.60 180 200 220 J. Chromatogr. A 1228 (2012) 221-231

Minutes
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Peptide Separations incAciticdviRaae . . .
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Improving Retention and Peak Shape Using Ammonium Formate

Column: Halo Peptide ES-C18, 4.6 x 100 mm; Flow rate: 2.0 mL/min; T=30 C;
A: Water/acid modifier; B: ACN/0.1% TFA or Formic Acid
Gradient: 1.5% to 26% B in 15 min.; Injection: 8 pL (800 ng) of synthetic peptides S1-S5
0.1% TFA Synthetic Peptide

Retention Standards:

S1 RGAGGLGLGK-Am

S2  Ac-RGGGGLGLGK-Am

S3  Ac-RGAGGLGLGK-Am
0.1% Formic Acid S4  Ac-RGVGGLGLGK-Am
S5 Ac-RGVVGLGLGK-Am

Formic Ammonium | AF/FA
Acid Formate
0.1%

mAU @ 215 nm

Concentration 0.013 M 0.026 M 0.020 M 20 mM AF
0.1% Formic Acid/20 mM NH, Formate
26 mM FA

pH 1.8 2.7 c.7 33
A lonic strength 26 mM 4.4 mM 40 mM c. 44 mM
( 5 10 15

Time (min)

McCalley, D. V., Effect of buffer on peak shape of peptides in reversed-phase high performance liquid chromatography. J Chromatogr 2004, 1038 (1-2), 77-84.
Schuster, S. A.; Boyes, B. E.; Wagner, B. M.; Kirkland, J. J., Fast high performance liquid chromatography separations for proteomic applications usinglléused-
Core?® silica particles. J Chromatogr 2012, 1228, 232-241.
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Load Effects for Peptides . Companing-Aeiess .

Average Tailing Factor of S3 & S5 vs Column Load Average Peak Width of S3 & S5 vs Column Load
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% 0.02 -
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0 500 1000 1500 2000 0 500 1000 1500 2000
Mass Injected (ng) Mass Injected (ng)

Reference: Johnson, D.J., Boyes, B.E., Orlando, R.C. The Use of Ammonium Formate as a Mobile-Phase Modifier for LC-MS/MS
Analysis of Tryptic Digests. 2013 J. Biomol.Tech., 24, 187-197.
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Example of HALO® PCS C18 Pe,'pt-ld-ev, o .

4.6x100mm, 1.50mL/min, 280nm, 5.0pL inj.

Gradient Separation, 0-35%B in 10min .
Mobile Phase A = H,0 + 0.1% formic acid lPepEIdgl QA 4.6x100mm 2.7um
. . o . raci
Mobile Phase B = ACN + 0.1% formic acid 2 §1Y Sequence: RGAGGLYLGK-NH2
3. S22y Sequence: Ac- RGGGGLYLGK- NH2
4.  S3Y Sequence: Ac- RGAGGLYLGK- NH2
W 5.  54Y2 Sequence: Ac- RGVGYLGLGK- NH2
{Datal:QA_MRK1382_02Icd PDA Ch1 280nm,4nm 6. S5Y Sequence: Ac- RGVVGLYLGK- NH2 T . .
50OOO;DataZ.QA_MRK1389_02.ch PDA Ch1 280nm.4nm 2 imeulin Chain B oxidized e G rad ient sepa ration Of
i 6 peptides
] Uracil
40000
: A 1 * Decrease in retention time
30000 23 for PCS C18
] 4 2 3 4
1 1 5 5
20000+  Improved peak widths and
IPepti 6 duced tailin
Peptide C18 reauce g
10000 L - S
oPCs | Jo o Jde e J
-10000;\ ' ' ' ' | ' ' ' ' | ' ' ' ' | ' ' ' ' | |
0 5
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Loading Capacity
Improvement Gains



Peptide Load Tolerange & sam wo

1, 5, 10, and 15pL injections of synthetic peptides (0.3ug/uL peptides) on 4.6x100mm
Insulin Chain B; 3496 Da

L's ul'
: 160A PCS C18 ] 160A C18
40000; 40000
350004 350001
30000 HE ]
1 30000
] 4.5 ]
25000+ 3.0 | 25000
] — ]
' 1.5 :
200001 20000
] 0.3 ]
15000 150004
10000 10000
5000 J 5{111:}:
o —- o /M

5000 ]

< Sot————————

8.25 8 50 875 i 950 975 10.00 1025

1.5mL/min, 0-35%B in 10min, 30°C; 280nm A=0.1%Formic; B=0.1%Formic in ACN
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Peptide Load Tolera n,cgo{';z‘-);‘.;;v’.;*é .

L
-

1, 5, 10, and 15uL injections of synthetic peptides (0.3pug/uL peptides) on 4.6x100mm
Ac-RGVVGLYLGK-NH2 (1102 Da)

u ul

45000} h 160A PCS E 1604 C18
C18 | 40000
4000H ]
KB | 35000] )
350001 4.5 | Peptide bands are broad
30000 30 3“‘”“? compared to PCS.
2500 1'5 Zﬁﬂﬂﬂé
20000 0.3 20000]
150001 15000]
100001 1ﬂﬂ'ﬂﬂé
* :
50001 J 50001 j:
o - ) A, [r
=000____ OO OO -ﬁmng ....................
550 575 6.00 6.25 min 725 T.50 7.75 8.00 min

1.5mL/min, 0-35%B in 10min, 30°C; 280nm A=0.1%Formic; B=0.1%Formic in ACN
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Applications of the PCS ci18
Peptide Phase



HALO® PCS C18 Peptide; Rapid

Separation

" ."‘ s‘ ‘oo-v.-*\

ImL/min 30°C (360bar), 0-35%B in 1.5min; A= 0 1% Formic Acid; B 0.1% Formlc Acid in ACN

mAU

22.5
20.0
17.5
15.0
10.0]
7.5
2.5

0.0]

»

280nm,4nm ) 3 4 6 1.  Uracil

2. S1Y Sequence: RGAGGLYLGK-NH2
3. S2Y Sequence: Ac- RGGGGLYLGK- NH2

1 5 4.  S3Y Sequence: Ac- RGAGGLYLGK- NH2
5.  54Y2 Sequence: Ac- RGVGYLGLGK- NH2
6. S5Y Sequence: Ac- RGVVGLYLGK- NH2
7. Insulin Chain B oxidized

7

000 025 050
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Low Abundance Peptide .Arj,a"l-y‘sj&o,{; AR

W et "'.\'{;. 5

Uracil

S51Y Sequence: RGAGGLYLGK-NH2
52Y Sequence: Ac- RGGGGLYLGK- MH2
53Y Sequence:; Ac- RGAGGLYLGK- NH2
S4Y2 Sequence: Ac- RGVGYLGLGK- NH2
55Y Sequence: Ac- RGVVGLYLGK- NH2
Insulin Chain B oxidized

15pL injection of Synthetic Peptide Standard (0.3pg/pulL)
1.5mL/min, 0-35%B in 10min, 30°C; 280nm A=0.1%Formic; B=0.1%Formic in ACN

Peak Capacity: 201

HO W R W

From load tolerance advantage..

160A PCS C18 h—--lr- ML« N—LM ¥ Increased resolution on PCS

Peak Capacity: 98
160A C18 e UM
1 5 \
34 5 6 7
o0 10 20 30 40 50 &0 70 80 80 100
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Higher Peak Capacity wit
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stuzumab Tryptic Digest:

¥ 360 A PCS C18E - v,

TIC_F1 300.00000-2000.00000 m/z

Peptide C18 2.7 um, 2.1 x 150 mm
Peak Capacity = 317
o _ TIC_F1 300.00000-2000.00000 m/z
160A PCS C18 2.7 um, 2.1 x 150 mm
Peak Capacity =939
MU i N
10 20 40 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0 220 240 250

0.4mL/min; 60°C; 3-50% in 30 min;
A=0.1% Formic Acid in H,O
B=0.1% Formic Acid in ACN
Shimadzu NexeraX2 -> divert valve ->
QExactive HF (res=240,000)

MarvelXACT
post-column plumbing: Peptide C18 and PCS C18

1) 50umx350mm from column to divert

2) 50umx350mm from divert valve to
union

3) 50umx150mm from grounding union
to HESI I

@ ﬂﬂVﬂ"ﬂEﬂmﬂrE[[ﬂler[:hm]I[]u[I halocolumns.com | HALO® and Fused Core® are registered trademarks of Advanced Materials Technology. Made in the USA.



Peptide Standard Analysis on 160A PCS C18 2.1x100mm 2.7um

m A=0.1%Formic Acid; B=0.1%Formic Acid in ACN
680000 1ulL injection (0.3mg/mL); 2-35%B in 10min, 0.3mL/min, 30°C, PDA 280nm
50000 ; 1 7= @11
40000 ; 3 4 5 5
30000 190 bar || 160A c18 5P N\ N

/
) 3
(S PO | |
{190 bar || 160A PCS C18 SPP
2

1

— =]

160A
exhibited comparable
peak shape relative to

- PCS SPP

T 20000::;
PRESSURE 10000"
Cnm:Setitur 0 ]
Fep ~10000
-20000

-30000

-40000

450000

-60000

@aﬂvancedmarerinlsrechnuluuu

S5Y

Sequence: Ac- RGYVGLYLGK- NH2

Insulin Chain B oxidized

1 3 4 5 6 -
130A charged C18, 7
1. Uracil
2. 51¥ Sequence: RGAGGLYLGK-NH2
3. s2Y Sequence: Ac- RGGGGLYLGK- NHZ
4. 53Y Sequence: Ac- RGAGGLYLGKE- MH2
5. 54¥2 Sequence: Ac- RGVGYLGLGK- NH2
B.
7.

competitor FPP.
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Using PCS with Trifluora.ce.-tix,:‘Apid,,{; o

160A PCS C18 2.1x100mm 2.7um SPP versus Competitor 130A 2.5um FPP

S51Y S52Y 55Y

90000 . Uracil S3Y S4Y2 1pl injection of peptide

::grA y standard (0.3mg/mL),
800001 c1g g Insulin B Gradient 2-35%B in 10min

FPP 0.1% Formic __A at 0.3mL/min 30°C, 280nm
70000 - - on NexeraX2
60000 . . pe

PCS 0.1% Formic A=H20 + acid modifier(s)
500001 C18 Inltiel EA-only L B=ACN + acid modifier(s)
40000- T TS, T T
300001

PCS * 0.1% Formic
20000+

Ccl3 0.02% TFA | L ;:_nl-cnnwn \

/ hn S L W—

i |
10000 Peptide retention times
PCS Revert to “initial” after PCS

01 c18 Il 0.1% Formic Exposed to 0.02% TFA + 0.1%FA

Final FA-only . . ﬁl
-10000- —
Uracil S1y 52Y S3Y S4Y2 S5Y Insulin B
20000+
00 10 20 30 40 50 60 70 80 90 .
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Summary

* HALOe PCS C18 exhibits favorable peak shape for various small molecule
bases/peptides in weakly acidic mobile phase (0.1% Formic).

* Improved peak shape vs traditional C18
* Improved load tolerance vs traditional C18

* Improved ionization efficiencies when using formic acid

e PCS C18 can be used with other acids such as TFA or DFA
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