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Peptides are Basic

* |n acidic conditions:
* N-terminus protonated
 Lysine/Arginine are protonated
e C-terminal protonated
e Carboxylic acids are neutral

* Basic compounds can be challenging
* Reverse Phase
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Amino acid reference chart

and AA chart poster

Download peptide calculator

OH NH,

Asparticacid (Asp, D)

MW: 115,0269
pKa: 1,99/9,90/3,90 —pl: 2,98

Glutamic acid (Glu, E)

MW: 129,0426
PKa: 2,10/9,47/4,07 —pl: 3,08

BASIC

HN 2

Histidine (His, H)
MW: 137,0589

pKa: 1,80/9,33/6,04 —pl: 7,64

NH,

Lysine (Lys, K)
MW: 128,0950
pKa: 2,16/9,06/10,54 —pl: 9,47
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Arginine (Arg, R)
MW: 156,1011
pKa: 1,82/8,99/12,48 —pl: 10,76

a oH 0 2 f 9 o
o HS/\HLOH OH & HzN\)]\
@ OH
o< HaC/H)kOH NH NH; Bk
< L NH, 2 HO' NH2  NH»
o
8 ] Threonine (Thr, T) Cysteine (Cys, C) Tyrosine (Tyr, Y) Asparagine (Asn, N) Glycine (Gly, G)
MW: 101,0477 MW: 103,0092 MW: 163,0633 MW: 114,0429 MW: 57,0215
pKa: 2.09/9.10/NA —pl: 5,60 pKa: 1.92/10,70/8,37 —pl: 5,15 pKa: 2,20/9,21/10,46 - pl: 5,63 pKa: 2,14/8,72/NA - pl: 5,43 pKa: 2.35/9.78/NA - pl: 6.06
0 Q M e CH; O Q
[S) S
. HiC” \/\HJ\OH dLOH QJVLWOH HiC oH HO OH
(@)
E NH, NH 0 NH, NH,
8 Methionine (Met, M) Proline (Pro, P) Tryptophan (Trp, W) Isoleucine (lle, 1) Serine (Ser, S)
(=] MW: 131,0405 MW: 97,0528 MW: 186,0793 MW: 113,0841 MW: 87,0320
; pKa: 2.13/9.28/NA —pl: 5,71 pKa: 1.95/10,64/NA — pl: 6,30 pKa: 2,46/9,41/NA —pl: 5,88 pKa: 2.32/9.76/NA —pl: 6,04 pKa: 2.19/9.21/NA —pl: 5,70
&E o] CHy O o} 0 o) 0
-l HaC OH
8 OH H;C OH OH HoN OH
i NH, NH, NH; Rk NH,
] .
= Alanine (Ala, A) Valine (Val, V) Leucine (Leu, L) Phenylalanine (Phe, F) Glutamine (Gln, Q)
MW: 71,0371 MW: 99,0684 MW: 113,0841 MW: 147,0684 MWw: 128,0586

pKa: 2.35/9.87/NA —pl: 6.11

pKa: 2.29/9.74/NA —pl: 6.02

pKa: 2.33/9.74/NA —pl: 6.04

pKa: 2.20/9.31/NA —pl: 5.76

pKa: 2,17/9,13/NA — pl: 5,65

Legend: pKa (C-ter / N-ter / Side chain) ; MW: monoisotopic molecular weight

www.sh-peptide.com

Express synthesis - Up to +100 aa - Conjugations - Cyclizations - Libraries
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ransitioning tTrom -UV to
MS

 Traditional HPLC-UV ion pairing uses Trifluoroacetic acid for good peak shape
* TFA causes significant ion suppression when using Mass Spectrometry as detector
* Weaker ion pairing agents

2.1 % 150 mm Halo Peptide ES-C18, 0.3mL/min, 2-47%AcN in 40min, 60°C, 300-1800m/z, 4kV, 0.33s

. . Azz0 FA AFFA TFA DFA
* Formic Acid e -
100 w1 L AS 100 ] 007
Amm Formate/FA i §
. . LAS M L AS M LAS M
g Acetlc AC|d . P e . P . P Peptide Abbrev. MW
[LeuS]-enkephalin L 555.6
] s e 21
° D FA W J_‘l_J__L i \, | I I angiotensin |, human acetate hydrate A 1297
s " ) = ’ = = ' & = ! = - substance P acetate salt hydrate S 1348
T|ngm - i - Melittin, honey bee venom M 2847
- ™3 ™ beta-endorphin, human B 3465
., BENI /

« Weaker ion pairing agents cause degradation of peak shape on traditional C;g4
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The Rapid Development Cycle of Mass

Spectrometry

« Chromatography has struggled to keep up with the rapid advances in MS

* Faster electronics
* Improved sensitivity
e Additional dimensions of separation (lon Mobility)
* lonization is now the weakest link in the LCMS analytical workflow (Sorry
Dr. Fennl!)

» Efficient Chromatography is more important than ever to minimize
charge competition, ion suppression during ESI.

* Increasing demand for Chromatography columns specific for LCMS
friendly conditions.

ed Materials Technology. Made in the USA.
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* Improvements in silica and columns
* Smaller column diameter
* |ncreases sensitivity
* Decreases Lifetime
* More difficult to work with
* Reduced loading capacity

Smaller Silica Particles

* No1/d)
* Increases Back Pressure Porous Layer
» Superficially Porous Silica Particles Solid Core

* Shorter diffusion distances
e Sharper peak shapes
e Reduced Back Pressures

Diffusion Path

Fully Porous Particle (FPP)
Superficially Porous Particle (SPP)
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Power of Fused-Core® Technalogys A

< e

290 1 290 -
3 240 - FPP C18’ 1-7 lal.m 2 240 4 FPP C18’ 5 um FullvPoronsPartice[FPP)
£ 697 bar, 7500 plates E o0 |
o 10 ’ P < 150 160 bar, 2600 "
o 2 140 -
g 0 5 plates
o o ;
G 907 g ]
[1]
< LA = N

10 4 - - : - : - - - : -10 A T T T - - -

0.0 0.5 L0 45 2.0 2.5 3.0 3.5 4.0 4.5 0.0 0.5 1.0 1.5 2.0 2.5 .
] Time, min Time, min

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
o Superficially Porous Particle (SPP)
< 90 1 .:1:; ‘

40-:”.U__JUIUL . /\ . /\

Time, min

3.5 4.0 4.5
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" Managing Basic Compound

Separations (including
peptides) in Reversed-Phase
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Tailing Peak Shape of Basic Ciomp‘o“ugqqls%.; o .

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

* At high sample loads, the tailing will become significant and the peak shape will
suffer with weak acidic mobile phase modifers.

B
AU 1 Peak Identities: 5% ACN/0.1% formic acid for 1 min, then 5-95% ACN/0.1% formic acid in 3 min
0.801 1. Atenolol 0.5 mL/min; 230 nm
2. Codeine 40 °C
0.601 3. Bupivacaine
Joséphine Ruta, Daria Zurlino, Candice Grivel, Sabine Heinisch, Jean-Luc
0.40] Veuthey, Davy Guillarme, Evaluation of columns packed with shell

particles with compounds of pharmaceutical interest, J. Chromatogr. A

2 1228 (2012) 221-231.
0.20 ' .
McCalley, D.V. Rationalization of Retention and Overloading Goal is to have Symmetﬂcal
0.00] Behavior: of Basic Cqmpounds in Reverseq-Phase peak shapes across a wide range
————T 71— 11— ——7———————— HPLC Using Low lonic Strength Buffers Suitable .
040 060 080 1.00 120 140 160 180 200 220 for Mass Spectrometric Detection. Anal. Chem. 2003 ,75,3404-3410. of sample concentrations
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Using a modified silica statlonaryphase .. “HAL

Introducing the HALO® PCS Phases:  Positively Charged Surface

- [D Sl {CHZ}W CH ]
' CH, =
@ o L
CH,
[D—Sl PCS Ligand], [PCS Ligand],
H
HALO 90 A PCS C18 HALO 90 A PCS PHENYL-HEXYL
90 A, 2.7 um for Small Molecule Analyses 160 A, 2.7 um for Peptide Separations
* Excellent peak shape and increased loading capacity * Significantly improved peak widths and symmetry for basic peptides
for basic compounds compared to traditional peptide C18 stationary phases
* Alternate L1 selectivity (PCS C18) * Designed for performance with formic acid avoiding LCMS signal
* Alternate L11 selectivity (PCS Phenyl-Hexyl) suppression from TFA
* Built upon Fused-Core® technology for fast, efficient * Alternate L1 selectivity with optimized pore size for peptide separations

and reliable separations
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C18 vs. HALO® PCS €182 S

Peak Identities: Testing Conditions:
1. Uracil Mobile Phase: A: Water/ 0.1% FA
’ . . B: Acetonitrile/ 0.1% FA
2. 4—Methoxyben20|c acid Isocratic Separation: 30% B
3. 2-Chlorobenzoic acid Instrument: Shimadzu Nexera X2
. . Wavelength: PDA, 254 nm
100000 4, Imlpramlne (base) || injection: 0.5
] 5. Dimethyl phthalate Temperature: 30 °C
B C 18 2 Flow Rate: 0.5 mL/min.
750001 3 Column: HALO 90A, 2.7pum, 2.1 x 100mm
50000+ 4
] TF:3.39
250001 5
0 M
7‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T T ‘ T 1 ‘ T T ‘ T T ‘ T T ‘ T T ‘ T ‘
0.00 0.25 0.50 0.75 1.00 1.25 1.50 1.75 2.00 2.25 2.50 2.75 min
1000009” .
' HALO® PCS C18 4 ,
75000

] 1 TF: 1.52
50000

25000

@ ﬂﬂVﬂ"CE[]"]ﬂ"E[[ﬂlSl’EEI]"Ul[]u[I halocolumns.com | confidential | HALO® and Fused Core® are registered trademarks of Advanced Materials Technology. Made in the USA.



1, 5, 10, and 15pL injections of polypeptide (0.3ug/ulL peptides) on 4.6x100mm
3496 Da

Sharp, narrow Insulin B
chain peaks on HALO® PCS
C18 compared to broad and
tailed peaks on standard
Peptide C18

1.5mL/min, 0-35%B in 10min, 30°C; 280nm A=0.1%Formic; B=0.1%Formic in ACN

@aﬂvnncedmareriﬂlstachnuluuu

Insulin Chain B

HALO® PCS C18 Peptide

400001
350001
300001 HE
] 4.5
250001 3.0
: — '
200001 1.5
] 0.3
15000]
100001
5000 J}
g —
50001
8.25 8.50 8.75 m

u

ox’

4umué
35mué
3umué
zﬁmué
zumué
15mué
1umué
mucrf

0]

Peptide C18

5000

10.25

With increased load:
Rt shifts forward
Peak asymmetry increase
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HALO® PCS C18 Peptide vs. Ir.aglit.ipn,a:!\'a’*gpt,ide c18-HALO:

e
« N "".‘..{1 - .

4.6 x 100 mm, 1.50 mL/min, 280 nm, 5.0 pL inj.

Gradient Separation, 0-35%B in 10min
Mobile Phase A = H,0 + 0.1% formic acid

Peptide QA 4.6x100mm 2.7um

. . . 1.  Uracil
Mobile Phase B = ACN + 0.1% formic acid 5 sy Sequence: RGAGGLYLGK-NH2
3. S2Y Sequence: Ac- RGGGGLYLGK- NH2
4, S3Y Sequence: Ac- RGAGGLYLGK- NH2

W 5. S4Y2 Sequence: Ac- RGVGYLGLGK- NH2
Data2.GA-MRK1388-02.Icd PDA Gt 280nm.4nm 6. S5Y  Sequence:Ac- RGVVGLYLGK-NH2 | |

50000- 7. Insulin Chain B oxidized
Uracil

40000-
L) )
] 3 4

30000 .
| ,5 34 . 5 ¢ Peptide C18

20000-
| u 7

10000+ ‘t
] 17

R oL

: HALO® PCS C18 Peptide

-1 OOOO; ' ' ! ! I ! ! ! ! I ! ! ! ! ! ! ! ! I ! ! ! ! I ! ! ! ! I ! ! ! ! I ! ! ! ! I ! ! ! ! I ! ! ! ! I ! !

0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0 min

Gradient separation of
6 peptides

Decrease in retention time
for HALO® PCS C18 Peptide

Improved peak widths and
reduced tailing

halocolumns.com | confidential | HALO® and Fused Core® are registered trademarks of Advanced Materials Technology. Made in the USA.
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HALO® PCS C18 Peptide:/Rapid'Separation

1uL of Synthetic Peptide Standard (0.3ug/pL) PCS C18 Peptide 2.1x50mm 2.7um
1mL/min 30°C (360bar), 0-35%B in 1.5min; A=0.1% Formic Acid; B=0.1% Formic Acid in ACN

mAU

22.5 280nm,4nm 6 1.  Uracil
1 2 4 2. S1Y Sequence: RGAGGLYLGK-NH2
20 0 3 3. S2Y Sequence; Ac- RGGGGLYLGK- NH2
] 4,  S3Y Sequence: Ac- RGAGGLYLGK- NH2
] 1 5 5. S4Y2 Sequence: Ac- RGVGYLGLGK- NH2
17.5 6. S5Y  Sequence: Ac- RGVVGLYLGK- NH2
1 7. Insulin Chain B oxidized
15.0
1 5 Resolution maintained between peaks 3 and 4 using a
E 50 mm length HALO® PCS C18 Peptide column!
10.0
1 7
7.5
5.0
2.5
00“ L ’\—-._..J\J Lu LJ A J k Aen L/\ JL\/_ o R
! [l ! ! ! [l [l [l ! [l [l [l ! ! [l [l |

000 025 050 075 100 125 (150 ) 175 200 225 250 275  m
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Peptide Impurity Cha*g;an:t«-:r-lzea]t‘g,m;,g ' .
i ey

-
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Structure Mass (mi.) [M+2H]*2 &

HO 0 *

APP695-14Pep VPT291T292AASTPDAVDK 1371.6881 686.8513 HO W OH
APP695-14GPep VPTT(GIcNAC)AASTPDAVDK 1574.7675 788.3910 O:<CH3

Synthetic peptide of 14 aa, glycosylated at position 4 (Thr292), purity by LC/UV = 98+%
What Impurities are present? How much Parental peptide is in the Glycosylated Peptide sample?

HALO® PCS C18 Peptide, 2.1 x 100 mm
0.5 mL/min, 2-12%B in 15 min, 30°C; A=0.1%Formic; B=0.1%Formic in AcN
QExactive HF, 200 ng each injected (0.4 pL)

RT :0.00-15.01

NL: 3.70E9
7'43 TIC MS

Y A6956 7.30 A695 PCSC18160A_2_1m
3.0E9 Tl C 1 . 1 mFA_LCMS_1to1_BE

BO1

2.0E9

Intensity

1.0E9

7.08




Trastuzumab Tryptic Digest:

ngher Peak Capacity with H,&Lb@’ PCSC18.Pe

.—‘LP.NP@SJO.—‘

LON A O ®

ryplicdi A AN RGN (R0 IHET60
“. J M&JMM'&‘

0 4.0 6.0 8.0 10.012.0 14.0 16.0 18.0 20.0 22.0 242

HALO® PCS C18 Peptide 2.7 um, 2.1 x 150 mm

5.0

ptide C18 2.7 um, 2.1 x 150 mm

R or. o/ 1 iNn*
BH2321704 SN1281 2.1x150mm 2.7um 60°C 0-4m|./mln, 60°C; 3-50% in 30 min;

2 ug tryptic digest
Npc = 170 A=0.1% Formic Acid in H,0
B=0.1% Formic Acid in ACN
Shimadzu NexeraX2 -> diverter valve ->
QExactive HF (res=240,000)

MarvelXACT Post-Column Plumbing:

1. 50 um x 350 mm from column to diverter valve
2. 50 um x 350 mm from diverter valve to union
- 488 3. 50 um x 150 mm from grounding union to HESI I

n,- based on ID peptides

halocolumns.com | confidential | HALO® and Fused Core® are registered trademarks of Advanced Materials Technology. Made in the USA.
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HALO® PCS C18 Peptide: 4.5 mm ID Columns’ for

v"-a.*-(*.

Fusion Protein Tryptic Dlgest‘

TIC: 300-2000 m/z
3.0e9-

PCS C18 160A 1.5x150mm 2.7pm TKPREEQYNSTYRVVSVLTVLHQDWLNGKEYK
1 0.2mL/min, 2-50%B in 60min at 60°C XIC: 849.973 m/z (Z=7)

2 509, A=0.1% Formic Acid in H20 ,A,

B=0.1% Formic Acid in ACN N233 A2$1G£!|eF5

-+
1ug of abatacept (Fc IgG1/CTLA-4) t.220.6"
R_ -

5 069 PW50% =4.5s
1.569- 20.5’ 22.0°
1.069]
5.068 T
-1.0e8 !

0.0 5.0 10.0 15.0 20.0 25.0 30.0 35.0 40.0

( ) ﬂ[IVﬂﬂ[:Eﬂ“]ﬂl'E[[ﬂlSl'El:I]"l]lﬂu[I halocolumns.com | confidential | HALO® and Fused Core® are registered trademarks of Advanced Materials Technology. Made in the USA.



ucagon, Suitabilit

* Incubate Glucagon in 0.01N HCI @50°C for 48 Hours
* >7% of total peak area desamido glucagons
* USP Guidelines: L1 column (3.0x150mm) 45 minute separation

9.89
"1 pes-€18 1.5x150mm 2.7um 1
9.0E8— .
sors | 0-3ml/min
— A: H,0 +0.1% FA B: ACN + 0.1% FA
soro| 015 min 20-25%B; 10-15.5 25-80%B 003
5 S0E] Deamidation Peaks
= 4.0E8-
= 5 6 7 8
QDEB:
1 0E8] 50
3 167 237 2.85 420 465 5“1: 576 664 697 205 331 9.20 110071142 11.90 1269 1309 139? 14.38
o 1 2 3 | 5 10 "o 13
Time (min}
1) Glucagon 5) Asp28-GIucagon
2) Glucagon Fragment [SRRSQDFVQWLMNT] 6) Glu3-Glucagon
3) Glucagon Fragment [YSKYLDSRRAQDFVWLMNT] 7) Glu?°-Glucagon

4) Glucagon—-H,0 8) Glu?*-Glucagon



lon pairing agents are frequently not MS friendly

* lon pairing agents that work well with MS generally degrade chromatographic separation
* Chromatographic separations have struggled to keep up with the speed of MS development
* MS specific silica is needed for separations in weak ion pairing agents and for basic compounds
 HALO PCS-C18 has a surface charge to improve separation of basic compounds in weak ion pairing
 HALO PCS-C18 outperforms C18 in peptide separations in 0.1% formic acid

* Improved Peak Shapes

* Faster Separations
* Moving PCS-C18 to smaller diameter columns further improves separation

* Narrower peak widths

* Higher Peak Capacities
* Greater Sensitivity
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