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Fused-Core Particles for highly efficient separations
Products for Biomolecule Separations

e Reversed Phase Materials
» 160 A Peptide
» 400 A Protein
e Polar HILIC (Penta-HILIC) Materials

Recent Biomolecule Application Examples
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Faster HPLC Separations

Smaller Particle Packed Beds
e Totally Porous (including flow through)
e Not Porous (Pellicular)
e Partly Porous (Superficially Porous)

Monolithic Materials
Open Tubular Columns (channels)
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Superficially Porous
(Fused-Core®) Particles

Porous Shell 4
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 Low back pressure due to the particle design (solid core with a porous shell)

* No need for specialized HPLC equipment

* Not necessary to filter samples and mobile phase since frits are not as small as
needed for sub-2-um

* High resolution is maintained at high flow rates (flat C-term in van Deemter plot)
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Separation of Explosives (c. 2007 EAS)

Column: 4.6 x 50 mm Halo C18; Mobile phase: 27% Methanol/73% Water; Temperature: 40°C;
Flowrate: 3.3 ml/min; Detector: UV @ 254 nm; Pressure: 343 bar; Agilent 1100
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Peaks

1) HMX

2) RDX

3) 1,3,5-frinitrobenzene

4) 1,3-dinitrobenzene

5) tetryl

6) nitrobenzene

7) 2,4 6-frinitrotoluene

8) 4-amino-2,6-dinitrotoluene
9) 2-amino-4,6-dinitrotoluene
10) 2,6-dinitrotoluene

11) 2,4-dinitrotoluene

12) 2-nitrotoluene

13) 4-nitrotoluene

14) 3-nitrotoluene

13

14

Time, Minutes
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Fused-Core Particle Analysis

Electron Micrographs of Halo Standard Halo vs. Halo Peptide
Peptide

—Halo Peptide
mean =2.85um, SD =0.14

==Standard Halo
mean =2.82 um, SD=0.14

2 3 4 5)

Particle Diameter, [um]

ZBkU | X135, 808 w. o008, 271 36 SEI
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Halo Peptide ES-C18
Protein and Peptide Separations

Column: 4.6 x 100 mm; Flow rate: 1.5 mL/min; Temperature: 30° C
A: 0.1% TFA/10% ACN, B: 0.1% TFA/70% ACN
Gradient: 0% to 50% B in 15 min.; Injection volume: 5 uL

Standard Halo

w=00516  Standard Halo

w =0.0392
w =0.0372
w =0.0437

w=0.0819 w=0.5411
W=0.4671

w=0.0491

oo 10l0 Peptide W=0.1043

Halo Peptide

w =0.0294

w =0.0376

9 10 11 12 13 14 15
10 11 12 13 14

Sample 1 Sample 2
Gly-Tyr, Val-Tyr-Val, Met-enk, Angiotensin I, Leu-enk Leu-enk
Ribonuclease, Porcine Insulin Bovine Insulin, Human Insulin, Cytochrome C, Lysozyme
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Absorbance (mAU)
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ORIGINAL ARTICLE

Fused-core particle technology in high-performance liquid
chromatography: An overview

Joseph J. Kirkland®, Stephanie A, Schuster™, William L. Johnson®,
Barry E. Boyes™"

ribonuclease A
90 A pores

Peak ldentities:
Ribonuclease A
Bovine insulin
Human insulin
Cytochrome ¢
Lysozyme

GAwN e

Bovine insulin
Human insulin

lysozyme

cytochrome ¢

13.7 kDa
5.7 kDa
5.8 kDa
12.4 kDa
14.3 kDa

Column: 4.6 x 100 mm HALO C18 and
4.6 x 100 HALO Peptide ES-C18
Injection: 5 uL

Detection: 215 nm

Temperature: 30 °C

ribonuclease A

|

160 A pores

Flow rate: 1.5 mL/min
Mobile Phase A: water/0.1% TFA

Mobile Phase B: acetonitrile/0.1% TFA

Gradient: 25-42% B in 10 min

Bovine insulin

Human insulin
cytochrome ¢

L

]

lysozyme

Time (min.)



Effect of Pore Size on Efficiency
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Reduced Plate Height, h

B-amyloid (1-38)
MW: 4100 Da
90 A

179% lower
B-amyloid (1-38)

MW: 4100 Da
67 160 A
Leu-Enk
47 MW: 555 Da
160 A
2 -
0 T T T T T T T
0 1 2 3 4 5 6
Mobile Phase Velocity, mm/sec
Columns: 4.6 x 100 mm HALO C18, 2.7 um, 90 A Temperature: 60 °C

4.6 x 100 mm HALO Peptide ES-C18, 2.7 um, 160 A
Mobile Phase: Leu-Enk: 21% ACN/79% Water/0.1% TFA

Detection: 215 nm

B-amyloid (1-38) 160 A : 29% ACN/71% Water/0.1% TFA
B-amyloid (1-38) 90 A : 27% ACN/73% Water/0.1% TFA
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Peptide Separations: Fused-Core compared to Totally Porous

Columns: 4.6 x 150 mm

Flow rate: 4.0 mL/min

Peak Identities (in order):

Instrument: Agilent 1100 Mobile Phase A: water/0.1% TFA 1. Asp-Phe
Injection Volume: 5 uL Mobile Phase B: acetonitrile/0.1% TFA 2. Tyr-Tyr-Tyr
Detection: 215 nm Gradient: 5-60% B in 5 min 3. Bradykinin
Temperature: 40 °C 4.  Angiotensin Il
5.  Neurotensin
6. B-endorphin
2 7 Sauvagi
70 - . gine
0 0,015 8.  Mellitin
?,: i
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g 40 Tpressure: 313 bar
8 3° |Peak capacity: 94
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70 [Totally Porous 5 um C18
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S
G
(&)
C
S
2
o
(%))
o)
<
_10 T T T T T T T T T 1
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0
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Ultra Fast High Resolution Separation
of apo-Transferrin Tryptic Digest

150 -
130 - .
o | 0.75 mL/min
90 - 5-60% B in 30 min.
70 - P <287 bar
50 -
30 -
10 - b A o~ A
10 ! 5 10 15 20 25 30
— 150 -
)
<EE 130 - .
T 110 | 1.0 mL/min
a0 5-60% B in 20 min.
<70 -
& o P <376 bar
£ 0] J o N
10 -
10 9 5 10 15 20
150 - Column: 2.1 x 100 mm ES-C18 160 A Detection: 215 nm
130 - A: Water/ 0.1% TFA Sample: apotransferrin tryptic digest 1.5 mL/mm
110 - B: 80% ACN / 0.1% TFA Injection volume: 15 ulL o . .
90 - Temp 60 °C 5_60/0 B In 15 mln-
20 | P < 548 bar
50 -
. L N
10 -
105 5 10 15

Time (min)



Rapid Separation at High Temperature

Column: 2.1 x 50 mm Halo Peptide ES-C18; Flow: 0.5 mL/min;
A: 0.1% TFA:; B: 0.1% TFA/80% AcN: Gradient: 15-50% B in 12.5 min.;
Sample: 5 pL (250-500 ng) Ap Peptides

AB(12-28)

AB(17-40)

AB(13-27)
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High mobile phase velocity LC/MS analysis

of mixed protein digests

Column: 0.2 x 150 mm Halo Peptide ES-C18; Flow rate: 4 uL/min; Gradient: 2 - 45% B in 85 min;
A: 0.1% formic acid/water; B: acetonitrile/0.1% formic acid;
Maximum pressure: 320 bar;
Sample: mixed digest (5 pmol total of transferrin, carbonic anhydrase, and apomyoglobin).
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= Base Peak F: ITMS + ¢ ESI
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E 75.92

3 1664.47

- 81.40

= 1319.51
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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

. - Acid 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
lonic strength 26 mM 4.4 mM 40 mM c. 4 mM
( 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 using_LEused-
Core® silica particles. J Chromatogr 2012, 1228, 232-241.
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Ammonium formate as an additive for LC/MS separations
Column: 0.2 x 50 mm Halo Peptide ES-C18; Flow rate: 9 pL/min; Gradient: 2 - 45% B in
15 min; Mobile phases as shown; Sample: 2 pL (3 pmol) apomyoglobin digest.

A: 0.1 % Formic Acid

B: 0.1 % Formic Acid/10 mM Ammonium Formate
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Relative Abundance

Improved Proteomic Analysis

Column: 0.2 x 150 mm Halo Peptide ES-C18; Flow: 4 ulL/min
Gradient: 2 - 56% B in 85 min; Pmax - 320 bar;

A: 0.1% formic acid/10 mM AF/water; B: 80% acetonitrile/A;

Sample: 5 pmol transferrin, carbonic anhydrase, and
apomyoglobin digest mixture
Detection: Thermo LTQ lon Trap MS/Michrom ESl interface
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E 910.25  864.39.

0

60 80

JOHNSON ET AL S AMMONIUM FORMATE

TABLE 7

Proteomic Resules from Canine Prostate Carcinoma Anabysis Under Various Chromatographic Conditions for Each Mobile-Phase Modifier

Column Flowy rate Experiment I’rn:m*‘in Matched Pept 'H‘:h." Sp-::rrra,-"Et:pTidr
length {mm { L/ min} tirme {min} Mobile-phase modifier 10s MS/MS spectra IDs 1
50 9 2 01% FA a4 455 196 232
50 9 | 0. 1% FA, 10 mM AF &l 697 255 273
150 4 140 0.1% FA 70 1142 359 L
150 4 140 O.1% FA, 10 mM AF 118 2028 538 177

“Resubs for e2ch mobilephase modifier generated from dupliczte sample analysis with protein and peptide identifications validated using a 5% false dscovery mie
"Total number of databasematched M58 S specira, divided by the total number of peptide identifications for each condition fram triplicate sample anakysis.

TABLE 8

Analysis of the 6] Proteins Commonly ldentified Using Both Mobile-Phase Modifier Conditions from LC-MS/MS Analysis Canine Prostate
Carcinoma Using a 0.2 X 150-mm Column

Mobile phase modifier Average peptide 1Ds/protein Average spectral count/protein 1D Single-spectrum protein 1Ds

0.1% FA
0.1% FA, 10 mM AF

6.60
9.64

20.71 3
28.56 0

'T-u' number of -w;m;ﬂ. dentfied from the 61 comman dentficaton pr'!|r s, .:ln- oﬂr by the 'urr"wr of comman '||'CIN"| dertifications.

JOURNAL OF BIOMOLECLAAR TECHNIQUES, VOLUME 24, B5UE 4 DECEMBER 2013

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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- Product Offering Logic for P&P RP

Fused-Core Particles for highly efficient separations
Silica Needs for Biomolecule Separations

« 160 A Peptide: > 1000 (10 aa) < 10000 (100 aa)

« 400 A Protein: > 10000 (100 aa)

o 2.7 and 5 um particle size

« Similar or identical retention between particle sizes
Bonded-Phase Needs

« ES-C18 for Peptides; ES-CN for alternate selectivity

» C4 for Proteins; ES-C18 for alternate selectivity

Column Format
e 1 cm semi prep through 75 um capillary, 25 cm L through 20 mm
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10 Peptides: ES-CN compared to ES-C18

Columns: 4.6 x 150 mm
Instrument: Agilent 1100
Injection Volume: 10 pL

Detection: 215 nm

Temperature: 40 °C

Absorbance (mAU)

Absorbance (mAU)

245

195

145

95

45

245

195

145

95

45

Flow rate: 1.0 mL/min

Mobile Phase A: water/0.1% TFA
Mobile Phase B: ACN/0.1% TFA
Gradient: 5-50% ACN in 30 min

HALO-5 Peptide ES-CN

w

Peak Identities:
Asp-Phe
Angiotensin (1-7) amide
Tyr-Tyr-Tyr
Bradykinin
Leu-Enk
Angiotensin Il
Neurotensin
B-endorphin
Sauvagine

0. Mellitin

BOONOOMWNE

= O

—
S
1N
S
—

L.l A

0 5 10 15 20 25 30
1 HALO-5 Peptide ES-C18 3
1 6
2 5
i 1 4 7 10
L
| | L 1
0 5 10 15 20 25 30

Time (min)



HALO® Wide-Pore Fused-Core Particles

HALO-5 Peptide

HALO Protein

Solid Core B o .6 pm

Solid Core

Shell with 400 A pores

Shell with 160 A pores



Protein Separations: Effect of Temperature

Column: 2.1 x 100 mm HALO Protein C4

Instrument: Agilent 1200 SL
Injection Volume: 2 pL
Detection: 215 nm
Temperature: as indicated

77

67

N
Ny

Absorbance @ 215 nm
N w
~ ~

17

30 °C

Mobile Phase A: water/0.1% TFA
Mobile Phase B: acetonitrile/0.1% TFA
Gradient: 28-58% B in 10 min.

1
2.
Flow rate: 0.45 mL/min 3.
4
5

Peak Identities (in order):

Lysozyme

BSA
a-Chymotrypsinogen A
Enolase

Ovalbumin

a-chymotrypsinogen A

lysozyme BSA

60 °C

90 °C

enolase  ovalbumin

2 3 4 5 6 7

Time, min

14.3 kDa
66.4 kDa
25.0 kDa
46.7 kDa
44.0 kDa



HALO Protein C4 Stabillity

Column: 2.1 x 100 mm Flow rate: 0.5 mL/min Peak identities:

Instrument: Shimadzu Nexera Mobile Phase A: water/0.1% TFA 1. cytochrome c (12.4 kDa)

Injection Volume: 1.0 uL Mobile Phase B: acetonitrile/0.1% TFA 2. lysozyme (14.3 kDa)

Detection: 215 nm Gradient: 25-40% B in 10 min 3. apomyoglobin (17 kDa)

Temperature: 90 °C 4. catalase (250 kDa total; tetramer of ~60 kDa each)
5. enolase (93 kDa total; dimer of 46.7 kDa each)

N ‘k e

Black trace = injection 1
Red trace = injection 385 or
after 14,620 column volumes

0 1 2 3 4 5 6
Time, min

« The HALO Protein C4 bonded phase is stable up to 90 °

C, showing very little loss of retention

and no changes in peak shapes after almost 15,000 column volumes of mobile phase.



Protein Separations: Fused-Core compared to Totally Porous

Columns: 2.1 x 100 mm
Instrument: Agilent 1200 SL
Injection Volume: 1 uL
Detection:

Flow rate: 1.1 mL/min

Temperature: 60 °C

30 -
26 -

30 ~
26 -
22 -
18 -
14 -
10 -

)
<
£
)
3]
c
®
=
o
%)
Q
<
)
<
£
Q
3]
c
@®
£
o
)
Qo
<

22 -
18 -
14 -
10 -

Peak ldentities:

Mobile Phase A: water/0.1% TFA 1. Ribonuclease A
Mobile Phase B: acetonitrile/0.1% TFA 2.  Cytochrome c
215 nm Gradient: 23-52% B in 5 min 3. Lysozyme
4.  a-Lactalbumin
5. Catalase
6. Enolase
HALO Protein C4, 3.4 um, 400 A 0.0237
Pressure: 240 bar
ssure ba 0.0175
0.0179 0.0179
0.0154 jo
\’ T T T T T T T T T 1
0.0 0.5 1.0 1.5 2.0 25 3.0 3.5 4.0 4.5 5.0
Time, min
Totally Porous C4, 1.7 um, 300 A
Pressure: 570 bar 0.0304
0.0190 0.0212 0.0260
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Time, min

The HALO Protein column shows better performance than totally porous 1.7 micron column,
at significantly lower back pressure, if measuring W% or Peak Capacity.



Protein Separations: 3.4um Fused-Core vs. 1.7um Totally Porous

Column: 2.1 x 100 mm Flow rate: as indicated Peak Identities:
Instrument: Agilent 1200 SL Mobile Phase A: water/0.1% TFA 1. Ribonuclease A
Injection Volume: 1 uL Mobile Phase B: acetonitrile/0.1% TFA 2.  Cytochrome c
Detection: 215 nm Gradient: as indicated 3. Lysozyme
Temperature: 60 °C 4.  a-Lactalbumin
5. Catalase
50 . HALO Protein C4, 3.4 um, 400 A 6. Enolase
5 , | Pressure: 455 bar
<EE 5y 2.2 mL/min; 23-52% B in 2.5 min 0.014
g 18 0.011 0.011 0.012
g 14 - 0.010
ig 10 4 0.010
2 6
< 5 | “
-2 . . . . .
o Totally Porous C%f 1.7 um, 300 A 0 Time, min - 0 e
?,: 30 1 Pressure: 570 bar
GE)_ 26 1 1.1 mL/min; 23-52% B in 5 min 0.030
8 22 -
8 18- 0.019 0.022 0.026
S 14 -
3 10 -
<
6 -
2 -
0.0 0.5 1.0 1.5 2.0 2.5 3.0 3.5 4.0 4.5 5.0

Time, min

Given the low back pressure of the HALO Protein column, the flow rate can be doubled while the gradient
time is cut in half. This yields a separation in half of the time as the one run on the sub-2-um totally porous
column. Numbers above peaks are widths in minutes (double for volume compare).



Protein Recovery Studies

Cytochrome c 100 (5.8 SD)
Catalase 92 (18 SD)

Proteins were fraction collected from a 4.6 x 100 mm HALO Protein
C4 column run at 60 °C under gradient conditions with
water/ACN/0.1% TFA mobile phase. Blanks were obtained by
replacing the column with a union

Lyophilized proteins were reconstituted using 3 M Urea/1% Triton X-
100/0.25% acetic acid

Protein recoveries were measured using QuantiPro™ BCA Assay Kit
for 0.5-30 pyg/mL protein (Sigma-Aldrich, St. Louis, MO)

Samples were incubated at 37 °C for 100 min.
Each sample was run in duplicate

Absorbance values were measured at 562 nm
HALO Protein C4 shows good recovery of proteins



Protein Separations: Effect of Pore Size

Columns: 2.1 x 100 mm Mobile Phase A: water/0.1% TFA Peak Identities:
Instrument: Shimadzu Nexera Mobile Phase B: 80/20 ACN/water/0.1% TFA 1. Catalase
Injection Volume: 1 pL Gradient: 40-47% ACN in 10 min. 2. a-Chymotrypsinogen A
Detection: 280 nm Flow rate: 0.3 mL/min 3. B-Galactosidase
Temperature: 60 °C 2 4. B-Amylase

3 4

HALO Protein, C4
400 A

A I

4
Competitor SPP, C4

200 A

ML

o 1 2 3 4 _ 5 & 7 8 9 10

Time, min

250 kDa [~60 kDa subunit]
25.0 kDa

465 kDa [116 kDa subunit]
200 kDa [~50 kDa subunit]

« The 400 A pores of HALO Protein enable sharp peaks for high MW biomolecules.



Protein Separations: 3.4um Fused-Core vs. 3um Totally Porous

Columns: 4.6 x 100 mm Flow rate: 3 mL/min Peak Identities:

Instrument: Agilent 1200 SL Mobile Phase A: water/0.1% TFA Ribonuclease A 13.7 kDa

Injection Volume: 5 pL Mobile Phase B: acetonitrile/0.1% TFA Cytochrome ¢ 12.4 kDa

Detection: 215 nm Gradient: 23-85% B in 1 min Lysozyme 14.3 kDa

Temperature: 60 °C 3 + 6 pL heat exchangers a-Lactalbumin 14.2 kDa

Catalase 250 kDa total; tetramer of ~60 kDa each

arwdpE

0.0065

75 1 HALO Protein ES-C18, 3.4 um, 400 A 0.0071
65 - Pressure: 234 bar

55 -
0.0065

45 -
0.0069
35 0.0082

25 A
15 -

5 4
PN J\
-5

0.0 0.1 0.2 0.3 0.4 0.5 0.6 0.7 0.8 0.9 1.0

85 -

7> 1 Totally Porous C18, 3 um, 300 A
65 | Pressure: 244 bar

55 -

0.0102

45 -
35 -

25 A
15 4

0.0 0.1 0.2 0.3



TEST CONDITIONS:

Column: 4.6 x 100 mm, HALO Protein ES-C18
Mobile Phase:

A = Water/0.1% TFA

B = Acetonitrile/0.1% TFA

Gradient: 33-50% B in 10 or 30 min

Flow Rate: as indicated

Temperature: 60°C
Detection: UV 215 nm, PDA
Injection Volume: 5 plL
Flow Cell: 2.5 pL semimicro
LC System: Agilent 1200 SL

Peak Identities:
1. lysozyme

2. conalbumin

76 kDa
a-chymotrypsinogen A
4. carbonic anhydrase

w

14.3 kDa

25 kDa

- 29 kDa
Pressure: as indicated 5. B-amylase
200 kDa total; tetramer of ~
50 kDa each
65 - 1.5 mL/min
2 55 - 10 min gradient 5
E 4 Pressure = 115 bar
(]
% 35 -
o 1
g 25 - 2 5
3 15
<
> ] ]
-5 | T T T T T T T T T 1
0.0 1.0 2.0 3.0 4.0 5.0 6.0 7.0 8.0 9.0 10.0
65 - 0.5 mL/min Time, min 4
2 55 - 30 min gradient
€ 4. Pressure = 39 bar 3
()
e 35 - 1
3
5 25 - 2 5
<
>
'5 T T T T T 1
0.0 5.0 10.0 15.0 20.0 25.0 30.0

Time, min



Absorbance, mAU

Large Protein Separation using 3.4 um Fused-Core

Column: 2.1 x 100 mm HALO Protein C4
Instrument: Agilent 1200 SL

Injection Volume: 1 uL

Sample: myosin

Detection: 215 nm

10 +

Light chain subunits @ 17-25 kDa

Expanded view

Flow rate: 0.45 mL/min

Mobile Phase A: water/0.1% TFA
Mobile Phase B: acetonitrile/0.09% TFA
Gradient: 35-55% B in 30 min
Temperature: 80 °C

U

6.5 7.5 8.5 9.5
Heavy chain subunits @ ~220 kDa

( \

0 5 10

15 20 25 30
Time, min

High resolution is obtained for this denatured contractile protein (purified Rabbit
skeletal muscle whole myosin (Cytoskeleton, Inc.) using HALO Protein CA4.



Reduced IgG2-B in TFA mAb Separation

Column: 2.1 x 100 mm HALO Protein C4

Instrument: Shimadzu Nexera
Injection Volume: 1 pL
Detection: 280 nm

35000 -

30000 -

25000 -

20000 -

15000 -

Absorbance @ 280 nm

10000 -

5000 -

2500 -+

2000 -

1500 -

1000 -

500 -

-500

Mobile Phase A: water/0.1% TFA Sample: 0.5 mg/mL IgG2-B treated with 100 mM
Mobile Phase B: 80/20 ACN/water/0.1% DTT in 8 M Guanidine HCI at 50 °C for 35 min.
TFA

Gradient: 33-40% B in 10 min.

Flow rate: 0.25 mL/min

Temperature: 80 °C

6.5

7.5 8 8.5 9

Time (min.)

T 1
-5000

Time (min.)



Absorbance @ 280 nm

High Resolution LC/MS: Analysis of IgG1 mAb Polypeptide
Chains Using HALO Protein C4 (Formic Acid/Formate)

703 Sample
S Preparation
3 § Q IgGs were reduced and alkylated
LC = light chain 3 by sequential treatment with 10
5.0 _ . L0 mM DTT, 15 mM iodoacetamide,
HC = heavy chain B then quenched with an additional
403 — 10 mM DTT, all in 6 M guanidine
N HCI/20 mM Tris-HCI buffer at pH
203 n o S o 7.8. Reduced and alkylated IgG
Q o 2 S ) solutions were buffer exchanged
2ol @« SN o into 0.1% TFA using VivaSpin
o o BT N (Sartorius Stedim Biotech,

Lo O 3 ¥ \© 8 Goettigen, Germany) centrifugal
E L S__) I concentrators with 5 kDa cut-off
HY polymeric membranes. The
oozl II reduced and alkylated IgGs were
o.o S s T T T ST T T T T T T T T2s T T T Tse T Tws T T adjusted to2 mg/ml— protein in

0.1% TFA and stored at -25 °C

Column: 2.1 mm ID x 100 mm HALO Protein C4 untl use.

Flow rate: 0.4 mL/min.

A: 0.5 % formic acid with 20 mM Ammonium Formate
B: 45% AcN/45% IPA/ 0.5 % formic acid with 20 mM Ammonium Formate
Gradient: 29-32% B in 20 min.

Temperature: 80°C

Detection: 280 nm

MS Conditions: Shimadzu LCMS-2020, ESI +4.5 kV, 2 pps, 500-2000 m/z

1546.7 1655.6

Masses deconvoluted using MagTran

93 {
A/ 685?'?(? mm k164, 859.1

T T
¥ X ‘
500 750 1000 1250 1500 1750 miz

19315




Penta-HILIC for Biomolecule Applications

', \, ~

“‘ : :- I > \ L a—
Y g F— FlRE
Slycopeptide and glycan separations have adopted HILIC N

ngh Efficiency HILIC Materials Could be Enabling

= Many available materials do not fare well for separations of proteins
and peptides

= Superficially porous particles can permit maximum throughput,
rendering complex workflows more reasonable

= Target same efficiency and performance as RP (efficiency, peak
shape, peak capacity)

Applications Investigated
= Peptides — synthetic S1-S5 and C1-C4 peptides (10 aa, Mant and
Hodges), 11 synthetic mix, variety of tryptic digests of proteins and
glycoproteins

= Glycopeptides and Glycans — tryptic and PNGase F digests of a
variety of commercial proteins

@ advancedmaterialstechnology



Hydroxylic Functional Groups

Mono-OL /\o/\/OH

OH

P

HO

R, = silanol reactive leaving
Rl = R2 or Rl z R2, Rl = RL Pentan'OL
Eg. -Me, -OMe, -ClI, -DiiPr AKA

Penta-HILIC




Comparative Retention of HILIC Columns

2.1 mm ID x 150 mm
Test: 90% AcN/10 mM NH ,Form pH 3.0, 0.5 mL/min, 23 °C
Toluene/Amitriptyline/Salycic Acid/Thiamine

mAU 1 DAD1 B, Sig=260,10 Ref=400,100

zz Tol Ami o 2.7 um Penta-HILIC

20 SCA 3.456

1.160

10 -
5

T T T T T T T T T T T T T T T T

—
7 8 9 min

mAU *: DAD1 B, Sig=260,10 Ref=400,100

30*;

1.7 pm Amide HILIC

25
1 0680 0940

1.086

10 4
] 8.638

T T T T T T T T T T T T T T T T T T T T T

0 1 2 3 4 5 min

JDAD1 B, Sig=260,10 Ref=400,100

0.601

1.041
1.254

5
v

0 1 2 3 4 5 6 7 8 9 min



Performance of RP and HILIC Columns for Peptide Separations
2.1 mm ID x 100 mm, 0.35 mL/min, 40 C, MS: SQ TIC (+ 300-2000 m/z) @ 0.35/s

3000000fT1C(+) ¢ S4 _S3
1 HILIC: 100-10%B in 45 min (-1% AcN/min) S5 & g g - S1
2500000 B-90%ACN/0.1% FA/10 mM AmmForm 5 8 2go g
1 A-40%AcN/0.1% FA/10 mM AmmForm 8 17 g g
2000000] Halo Penta-HILIC N” 5
150000&
100000& U U
5000001 T T T T T T T T T T T T T T T T T T T T T |
0.0 25 5.0 75 10.0 12.5 15.0 17.5 20.0 225 min
300000@TIC(+)
250000& RP: 2-58.2%B in B in 45 min (1% AcN/min) S3 S4 S5
1 B-80%AcN/0.1% FA/10 mM AmmForm
| A-0.1% FA/10 mM AmmForm S2 8 § g
2000099 Halo Peptide ES-C18 - = &
: 3 $ 9 . :
1500000 S1 5 &
100000(’,;
500000: ' T T T T T T T T T T |
0.0 25 5.0 75 10.0 12.5 15.0 17.5 20.0 22,5 min



Penta-HILIC Strongly Retains Glycopeptides

2.1 mm ID x 100 mm, 0.35 mL/min, 40 C, MS: SQ TIC (+ 300-2000 m/z) @ 0.35/s
20 ug Bovine Ribonuclease B digest (CAM)

1500000 ey g &
1846.45(+)(10.00) > D ® .
geraooon) ¢ N 2 Halo Peptide ES-C18
1250000-1089.40(+)(10.00) % iy g k2] 8
11170.4 (+)(&)0.00) § § 2 g g
1000000; Eg ﬁ A 2 g §.: mﬁ < 1o :
] R g R of o5 33 3 I
sl 112 g 1 SeES/8 o Ss | S2/8 gl 2. o
& g . 8
| g \8 3 g s el 8 35383 2328 g 2|l 82/8 55|\ z8 £
7500007 @il | oy || S e gl g8 2 gg3% 2 &l fg)s a8 °e 8
] o] S %] N b2l B @ 9 = o g o o © Qo «
9 5 2 Sh.s 9 < < - TR g I
500000; . . . .
VA . 0 0
] RP: 2-58.2%B in B in 45 min (1% AcN/min
sso000] B-80%AcN/0.1% FA/10 mM AmmForm
] A-0.1% FA/10 mM AmmForm
0:““\“H‘al‘owp‘epti‘d‘e\E‘S-‘C‘lgw‘“‘\““\““\““\““‘\““\““\““\““\““\
0.0 25 5.0 7.5 10.0 12.5 15.0 17.5 20.0 22.5 25.0 27.5 30.0 32.5 min

1500000 TFic®

1846.45(+)(20.00)
1927.40(+)(20.00)
11008.40(+)(20.00)
1250000-11089.40(+)(20.00)
{1170.40(+)(20.00)

Halo Penta-HILIC

20.980/835|

16.519/591
22.057/360

22.969/840

—
<
@
< © - S
o5 ] ©
3} 3 @
] NE] & oo by
1000000 QS @ + &
© g . A @©
1, EIES & d 5
0 < o ™ Ty} o o @ o o o
3 g y e B\ & 5o 8 <8 28 9 a8 & 2§ ©
o ; o @ S]
1 N @ < = 2 oo ] I3 &8 /os o2 S Y S =2 o ) <
750000 s 3 o ) 5 gx=o L So 4 S8 33 o 2 5 5 o S 5
> HY p1 %) o T< — M 0 > [vke} < o~ o0 wn > o < = =
4 o O a9 4 S o~ B oo™ o3 <N NG < ®» o ~ I
@ < 3 = g — gt N YN BN ~ ~ o 0 ~ 3
n © d — ~ s} [} NN :
3 l — = 5 33 = N o @

500000
] HILIC: 100-10%B in 45 min (-1% AcN/min) ‘
reoono ] B-90%ACN/0.1% FA/10 mM AmmForm |
f A-40%AcN/0.1% FA/L0 mM AmmForm I
N Halo Penta-HILIC N L) I

0.0 2.5 5.0 7.5 10.0 12.5 15.0 175 20.0 22.5 25.0 27.5 30.0 32.5 min



Penta-HILIC Analysis of Released and Labeled Glycans

Enzymatic deglycosylation of proteins (or peptides, etc.) using PNGase F releases glycans to yield a free
reducing terminus (alditol) that is readily labeled by amines via the formation and reduction of a Schiff’'s base

OH OH
HoNR Ok Reduce S
OH —:- HO —O ———» HO —~N—R —» HO N—R
HO OH HO OH

Many amines have been applied to labeling glycans, in the current work Procainamide is favored.

o}

Standard Analysis Conditions P
2.1 x 150 Penta-HILIC, 80%B to 55%B in 25 min N
B:100%AcN

: o N

A: 50 mM Ammonium Formate pH 4.45 (FA titration) 2
0.6 mL/min, 60C Mass: glycan + (235.325 — “0”)
400-2000 @0.33s/0.1s each, +4.0 kV/12.5L/min, 250C DL  Glyeans 21932

Absorbance Detection 300 nm



Penta-HILIC Analysis of a Dextran Ladder

7 Abs (300 nm)

G, G G,

G,

ﬁ
L

400000;
350000;
300000;
250000;
200000;
150000;
100000;

50000

0]

SOOOOOEB P C(+)

400-2000 m/z

450000

3.747/724
5.661/886

7.670/1048

2.263/562

9.568/1211
11.276/1373

12.803/1535
14.154/1697

.805/1048
7.029/1048

0

.0

min



Column Efficiency Comparisons using Pam-G;
2.1 (2.0 mm) ID x 150 mm, 60°C, k’ = 6,
50 mM Ammonium Formate Aqueous, pH 4.4
0.5 ul Injection (50 pmol), Abs. 300 nm

Fitted to Knox Equation of form:

15- h=av03 £ 24 oy e Penta-HILIC, 72% AcN
v 3.0 um Amide, 69% AcN
P = 147 bar (0.65 mL/min) 4 1.8 um Amide, 67% AcN
. 10- P =718 bar (1 mL/min)
&
>
= P =331 bar (1 mL/min)
5-
O 1 1 1 || 1

0 2 4 6 8 10



Abs (300 nm)

Penta-HILIC Analysis of PNGase F Released N-Glycans

mv

] N
] )
20.0

17.5

15.0 ]

125

10.0

7.5

5.0 7]

1.556

PAmM-GIcNAc,Mang

Ribonuclease B

)
o
@
o
=1

& PAm-GIcNAc,Mang
" PAm-GIcNAc,Man,
PAmM-GIcNAc,Mang

14.476

PAmM-GIcNAc,Man,

23.805

B 2.1
| 3.253
4.688

12.5 15.0

0.754

140

Triantennary

Asialo-Fetuin

Biantennar

10.174

4.499
6.081

14.207

¥

18.561

o b5
| |
bass
: %;9.352
545



High Resolution HILIC Separations of Fetuin N-glycans:

Separation of Sialic Acid Linkage Isomers

2.1 mm ID x 300 mm; 50 mM Ammonium Formate, pH 4.4, 70-55% AcN (B) in 90min., 60°C; 600 uL/min.

Detection: 300 nm Abs; ESI-MS ((+) MS-2020, 4.2 kV, 400-2000 with SIM)

my
10.0 _Detector A 300nm

:

44344

43,489

30000

- Selected lon Monitor: Isobaric Glyca

25000

12:1842.20(+)(10.00): HexNAc;HexsNeuAc;

22500
ZOOOOéWWWWwWWWWWMWMM
17500%
15000%
12500%

T(NeuAc),

10000

5000

2500

[Te)
<
] -
] ‘ ~
7%0092:1551.00(+): HexNAc;Hex;NeuAc, v g
39
12:1696.60(+): HexNAc Hex,NeuAc, 58
N J \
o: — T ; ; ; ; —
0 10 20 30 40 50 60 70 80 90 min



-

/

LC/MS Analysis of Human IgG Glycans using Penta-HILIC

2.1 x 150 mm Halo Penta-HILIC, 0.5 mL/min at 60°C; 77.5-60% AcN in 60 min.
Gradient conditions: B—50 mM ammonium formate, pH 4.4, A — Acetonitrile. c. 15 ug Protein, 4 pL,
Abs (300 nm) series ESI-MS operated +4.7 kV, Scan from 500 to 2000 m/z (TIC); SIM 17 event @0.5 s

mv

G 1©F

3.07

2.5

1.5
1.0
0.5
0.0

-0.51
0.

300000~
275000

250000

TN =
= =mon
Y

0.843)
1.510

247
0.418

GOF

G2F+NeuAc

33.788

G2F+NeuAc,
© G2FB+NeuAc,

(=2}

41.617

o
<

0

55.0 min

2:1536.50(+)

12:1479.50(+)

2:1682.60(+)

12:1454.50(+)

2:922.80(+)

12:1024.20(+)

225000 -:1003.80(+)

2:1105.20(+)
2:1076.30(+)

200000 —:1149.30(+)

175000 2:1396.80(+)

12:1295.40(+)

150000—2:1084.30(+)

125000%
lOOOOOé
75000%
50000%

25000

0T
0.

12:1157.30(+)

2:1258.90(+)
2:930.80(+)

GlFH G%F

|
‘ |
|

|
GOF |
G1FB
‘\

| I
G2 | | H
| | |G2FB G2+NeuAc| |

P \\‘ I\ ||

GZF+‘{\IeuAc
I

G2F+NeuAc,

I\ ) W\ |
Low W N

0

j\\‘f\ G2FB+NeuAc,
/‘\

T T B B B By B S B
40.0 45.0 55.0 min
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- N-acetylglucosamine (O-GIcNAc)

0O-GIcNAc modifies Ser and Thr.

O_
5 OH O-GIcNAc is a modifier of biological
O=P’O HO O . . . .
5 Hé%m activity, in some cases, via
| S competition for phosphorylation.
<4um—— Multiple sites on a particular protein
glOLCIT ) OOl

can be modified by —P or —GIcNAc,
close by, or far apart.

Hundreds of proteins that are implicated in the progression of diseases such
as cancer, diabetes and neurodegeneration are modified by O-GIcNAc.



- LC/MS of O-GIcNAcylated Peptides

2.1 x 100 mm Halo Penta-HILIC, 0.4 mL/min at 60°C.

Gradient conditions: A —0.1% formic acid/10 mM ammonium formate; B — 90% Acetonitrile in A.
500 pmol, MS operated +4.5 kV, with 0.45 s scan from 500 to 2000 m/z (TIC)

RP Gradient - 4% to 34% AcN/30 min (1%/min); HILIC Gradient - 90% to 60% AcN/30 min (-1%/min).

-~ RP T HILIC
o g APPE9S-GP APP695-Pep ol i APP695-GP
| | .| APP695-Pe

A0 P

200+ 200

1509 150

1007 100

50 501

oAy ol

1T 1 L L L L S R B — T T T T T T T T
0.0 25 5.0 5 10.0 125 min 15.0 175 20.0 225 25.0 275 min

it

30000000 FicE 5 30000000 TicE)
g — - —
27500000 - § 1 - 27500000 =
. o =] -
25000000 = = 250000009 5 =
B @ = 8 -
2 I £
g I |
22500000 - = 22500000 = 2 -
- 8 = - 2 -
A - J ]
20000000 - - 200000007 _| £
- - = 8
n
MS 17500000 - ] 175000007 = N
150000007 - - 15000000 =
12500000 - - 125000009 =]
10000000-] = - 10000000 =]
7500000-] = = 7500000 =]

1 T T = | 11 = o -
soo0000] <~ TE w = = === | el o sooo000] —zm— 11 [ & || mle =
ZSOOOOO*MMMW 2500000

Y -t

0.0 25 5.0 75 10.0 125 il 15.0 175 20.0 225 25.0 275 min

APP695-14GPep VPTT(OGIcNAC)AASTPDAVDK
APP695-14Pep  VPTTAASTPDAVDK



LC/MS of O-GlcNAcylated Peptides

Mass ARt RP I A Rt HILIC
Peptide Description Sequence (neutral) RtRP (min)  (GP-P) Rs RP Rt HILIC (min) (GP-P) Rs HILIC
APP695-14GPep  VPTT(OGICNAC)AASTPDAVDK 15748 587 B s
APP695-14Pep VPTTAASTPDAVDK 13717 611 024 190 [ 1949 2.07 9.41
MUCSAC GTTPSPVPTTSTTSAP 1sor6f] 928 B osa
MUC5AC-3 GTT(OGalNAC)PSPVPTTSTTSAP 17046f] 845 083 638 | 1868 227 13.40
MUC5AC-13 GTTPSPVPTTSTT(OGaINAC)SAP 17046 853 075 582 | 1851 2.10 10.72
MUC5AC3/13 GTT(0OGalNAC)PSPVPTTSTT(OGalNAC)SAP 10081 776 1522 1184 | 2048 4.07/2 23.35
GP-41 Ac-CSTFRPRT(OGICNAC)SSNAST 17588 7.09 B 859
P-42 Ac-CSTFRPRTSSNAST 15557 7.03 006 04 | 1703 1.56 11.58
GP-78 Ac-CQHPPVT(OGICNAC)NGDTVK 16398 647 B 202
P84 Ac-CQHPPVTNGDTVK 14367] 656 0100 o6 | 1872 1.61 11.23
GP-79 Ac-CKIADFGLS(OGICNAC)KIVEHQ 19320f] 1936 B w15
P85 Ac-CKIADFGLSKIVEHQ 17289]  20.80 144 816 | 1721 1.94 14.76
GP-17s CTLHTKAS(OGICNAC)GMALLHQ 18549 1362 B 2
P-20s CTLHTKASGMALLHQ 16518 14.23 061 306 | 1515 2.14 15.38
GP-15 Ac-CFELLPT(O-GlcNAC)PPLSP 1557.8]  25.16 | 5.64
P-18 Ac-CFELLPTPPLSP 13547 27.16 200 838 |} 2.71 2.93 20.11
GP-46 Ac-CRSSHYGGS(OGICNAC)LPNVNQ 19759] 1248 B =
P-47 Ac-CRSSHYGGSLPNVNQ 17728 12.96 048 38 | 1543 1.89 13.91
GP-51 Ac-CSALNRTS(OGICNAC)SDSALHT 1806.8f] 9.8 B 2
P52 Ac-CSALNRTSSDSALHT 1603.7] o5 047 38 | 1555 1.69 12.42
GP-16 Ac-CKIPGVS(OGICcNAC)TPQTL 14877 1641 B 2
P-19 Ac-CKIPGVSTPQTL 12846 16.98 058 374 | 1059 2.68 21.63
GP-2-p53 Ac-CQLWVDS(OGICNAC)TPPPG 15437 1643 I o»
P-3-p53 Ac-CQLWVDSTPPPG 13406f]  17.66 123 723 | 104 2.31 10.28
GP-17r Ac-CLHTKAS(OGIcNAC)GMALL 1837 1621 B w059
p-20r Ac-CLHTKASGMALL 1285.6]__ 16.98 077 279 | 745 3.14 24.73
Average 1 o 073 29|l 1520 217 15.21
Standard Deviation |  5.95 0sa 32| am 0.47 5.13
% RSD | R 74.3 e73 |l 310 21.8 33.7

HILIC shows better Resolution, Lower Variability in Resolution




/7 e SE—,,

/

Conclusions

Fused-core silica packing materials have proven
high utility for biomolecule separations, without the
obligation of very high pressure operation.

Fused-Core RP materials with enlarged pore sizes
(400 and160 A) have particular utility for protein S/F
analyses, are highly robust, and allow fast peptide
and protein separations.

New polar bonded phase Fused-core columns
exhibit high utility for HILIC separations, and
particular application uses in glycobiology/protein
modifications.

@ advancedmlerialstechnology
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