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What are charge variants?
¥

Charge variants Lysine Variants i
“ Y Thermo Fisher
K

Y Scientific answer
KK >

Basic Variants

Minor shoulders
on large peaks

Acidic Variants

)

\
A —
. - . . . Carboxylic acid. Sulfonic acid.
Post Translational Modifications (PTMs) of the protein that directly effect the @ @
charge or indirectly effect the charge by causing a change in conformation
Thermo Scientific™ Thermo Scientific™
ProPac™ Elite WCX MAbPac™ SCX-10, 5 um RS

Deamidation, succinimide, lysine truncation, oxidation etc.
Can cause:

 Immune reaction Critical Quality Attributes that are
« Change of structure essential to be monitored
- Half-life variation

« Change of function
How to get the best

Will this run reliably for / optimisation for a CVA

the next ten years? \ Q C and R&D analysis — high resolution
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Evolution of the lon-exchange columns

lon-exchange chromatography column timeline

CX-1 pH ProPac 3R
gradient SCX
buffers 3 pn':

MAbPac
SCX-10 RS,
& pm

ProPac 3R

1998 2000 2010 2011 2013 2018

i F = ¥ P
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Column: 4 x 150mm, Prototype WCX

Buffer: 20 mM MES + 180 mM NaCl pH 6.5
Flow rate: 0.4 mL/min

Col Temp: 30°C

Sample*: 8 ug Cytochrome C

Impact of particle size and uniformity on efficiency
2.0 10.665 min — 15961 plates
R Monodisperse 3.0 um
3 -5.0
é 18.0 10.858 min — 8293 plates
=
=
o
00
N :
§ N Monodisperse 5.0 um
8 20
g 90 12.532 min — 4820 plates
<
ProPac Elite WCX
}L Polydisperse 5.0 um
10—
0.0 2.0 4.0 6.0 8.0 10.0 12.0 14.0 16.0 18.0 20.0

Time (min)

*Comparison of isocratic cytochrome C separation using prototype WCX chemistry on 3um monodisperse (top) and 5um monodisperse (middle) particles and a polydisperse 5um (bottom)

particle.
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. . . . . ThermoFisher
Advantage of monodisperse particle in gradient analysis il

Impact varies depending on size of the analytes

fadigsperse 3.0 um

Monodisperse 5.0 um

ProPac Elite WCX
polydisperse 5.0 um
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Chemistry — polymeric grafts

_Reproducibility Lot-to-Lot

SCX
Infliximab
i
i\ I 8
A A i 2 v“l)lf'ﬁ‘ % 8
il Al | — 72
= ) Ry i o A
I v N —
; L aw f _77 BA
&0 ) i a0 ET) 170 120 150 10 180
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SAX  Rr-nR

_High Resolution

2.3e7
1.8e7

1.2e7

et]
5.0e6]

0.0e0q

nnnnnn

Adalimumab, 50 pg

IgG1
<1% Rel. Ab.

2xX50mm SCX-LC-MS

75.0

3759

0.04

20 4.0 6.0 80 10.0 120
112.54
100.04
8759
625

sssss

ThermoFisher
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mADb characterization and QC

Acidic therapeutic protein,
AAV characterization and QC

Robust Operating Range

.w'.i'-@éi;u )
7o 55 4digh Resolution

45 min Method

SAX

Rapid QC
15 min Method
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Thermo Scientific™ ProPac™ 3R SCX & SAX columns —

lot-to-lot reproducibility

220

110 |

mAU

-15

. Lot3 J

SCX Salt Gradient

mAU

Lot 2 j/ o
Lot 1 R
T T [ T T T [ T T T [ T T T [ T T T] T T
14 16 18 20 22 24 26 28

Time, min
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120

SCX pH Gradient

05 20 40
Time, min

60 8.0

ThermoFisher
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40.0

30.04

20.04

10.04

otz Ml -

SAX Salt Gradient

Lot3 Mo
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Time, min
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The resolution power of monodisperse particle

Al e A4
100, E
o0 82'05
5 S1o] A
e 70 314
T 60 512
2 50 210
¢ 40 ¢ 0.8-
g 30 A2 n:o.es?
P A3 0.4
10 A 0.22 & -
0% = ' ‘O'O24681012(1)41618202224
Time (min
« Excellent MS sensitivity, 50 ug loading. 100/ L |
- Peaks clearly distinguished even <1% relative ., ‘ =
abundance, clear mass spectra obtained forall ¢ N T W
major peaks. £ VA L
- Even peaks with a relative abundance of 0.4% £ w0y, —
(A5) show spectral quality sufficient for e o S -
deconvolution. T T N -
74600 4800 5000 5200 ‘5‘,4rcr‘)]c/>z‘ 5600 5800 6000 6200 6,400

Data are provided by Dr. Jonathan Bones (NIBRT)

8 HPLC2025 | shanhua.lin@thermofisher.com | June 2025



' " ThermoFisher
Separation of low pl protein on ProPac 3R SAX column

12.

10& LC-UV 100.0 10040

8.0

« Separation of multiple charge variants of 26.0
E4.0

Belatacept on anion exchange column. 2.0

0.0

« Most Fc-fusion proteins contain both N-
linked and O-linked glycosylation sites. All | | c-ms Belatacept
N-linked sites and multiple O-linked sites
are occupied with typical mammalian
oligosaccharide structures. These sugar
structures are partially terminated with
negatively charged sialic acid residues 100 |
(sialylation).

« Reduction of the complexity resulted in well
resolved charge envelope.

1.0e5 1

counts

0.0e0 1

50 1

0

Relative Intensity [%6]

1,980 2,500 3,000 3,500 4,000 4,500 5,000 5,500 6,000 6,500 7,072
m/z

Data are provided by Dr. Jonathan Bones (NIBRT)
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Characterization of product related variants

Downstream analysis

A A

= MW measurement

= |dentification of PTMs

=  Target or Receptor binding Assays
= Cell-based assays

ceo————

Solvents & pump Autosampler Column Detector
Fraction Collector
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Analytical to semi-prep

. hardware availability

ThermoFisher

SCIENTIFIC

Analytical Column

Preparative Column

PEEK Hardware
Low Pressure Bio Inert

Coated Stainless Steel Hardware, including frits

-< bcf ?1".

thermoscentfic

Herme, s
i

x 5 -
the < -
thermoscontf %""J:m.; oh )
/
\ 7

e~
—

https://www.thermofisher.com/order/catalog/product/43103-052068
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10x100mm ProPac 3R SCX column —Isocratic testing

20.0

» |socratic testing of Cytochrome C | 4x100mm 10,628 min
: . 1504 0.4 mL/min ﬂ 9978 Plates
protein used to QC all analytical : Asymmetry 1.32
formats for packing quality

=
o
o

Absorbance [mAU]

N

* Excellent translation from e
4x100mm to 10x100mm at 0.6X  ~{10x100mm
scaled flow rate demonstrates . 11.5mbL/min ncymmetry 1.7
Ouality of packi £'°71 (0.6X scaled flow rate)
uality of packing g ]
Absence of secondary interactions 2 591

0.0 _____,I/\._________M‘ /\_/\-J

-2.0 T T T T T T T T T T T T T T T T T T T T T T T T
0.0 5.0 10.0 15.0 20.0 25.0

Time [min]
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10x100mm ProPac 3R SCX column — NISTmAD testing

180

. . s 14%100mm
« Gradient separation performance - 0.3 mL/min |
consistent from 4mm to 10mm ID £ 10
with scaled flow rate .
<]
TV

« Dynamic loading capacity 20 ]
~118 pg/(mL bed volume)* ~ 110%x100mm |
based on NISTmADb 3100 {1-875 ML/min
s (scaled flow rate)
¢ 10x100mm loading capacity i J kk

~930 ug based on 4x100mm

-10.0

00 150 200 280 300
Time [min]
*See Application Note 001694: Salt gradient analysis of monoclonal Format See Shromatogram Gradient: . Tme (min) %A 98
antibodies using a 3 ym monodisperse SCX chromatography B: 20 mM MES + 0.5 M NaCl 25.0 70 30
Flow Rate: See chromatogram 251 20 80
column Inj. Vol: 2L 27.0 20 80
Temp: 35°C 27.1 90 10
Detection: UV, 280 nm 37.0 90 10

13  HPLC2025 | shanhua.lin@thermofisher.com | June 2025 Sample: NISTmAb — 10 mg/mL



ProPac 3R SCX 10x100mm column — NISTmADb loading

Consistent acidic-main-basic peak separation performance with increasing loading

200
Loading: Eluents:  A: 20 mM MES
y B: 20 mM MES + 0.5 M NaCl
20”'— _ 200 Ilg f\ Flow Rate: See chromatogram
10“'— — 100 |~lg Gradient: Time (min) %A %B
I 0.0 90 10
— S5uL — 50 ug 25.0 70 30
D | 25.1 20 80
é 27.0 20 80
= 27.1 90 10
3 100- 37.0 90 10
c Inj. Vol: See chromatogram
2 [\ Temp: 35°C
o) Detection: UV, 280 nm
2 Sample:  NISTmAb — 10 mg/mL
<
0
'20 T T T T T T T T z T E
10.0 12.0 14.0 16.0 18.0 20.0 22.0

Time [min]
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. ThermoFisher
ProPac 3R SAX 10x100mm — Sample Loading
Siltride Coated High Pressure SST Hardware

* Protein G — ~28 kDa protein
* No observed issues with the SAX product using full SST coated hardware

120
Loading: Eluents:  A: 20 mM TRIS pH 8.5
B: 20 mM TRIS pH 8.5 + 0.5 M NaCl
100- 20|J|_ — 125 Mg Flow Rate: 1.875 mL/min
Gradient: Time (min) %A %B
10pL - 50 pg 0.0 88 12
5ulL — 25 1.0 88 12
1 “ “g 21.0 58 42
) 21.1 0 100
<éf 23.0 0 100
‘o 23.1 88 12
e 35.0 88 12
g Inj. Vol: See chromatogram
2 Temp: 35°C
< Detection: UV, 280 nm
Sample:  Protein G — 10 mg/mL
0
'10 T T T T T T T
8.00 10.00 12.00 14.00 16.00
15 Time [min]
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Summary SCIENTIFIC

When it comes to employing a 3 um particle for the IEC column

Resolution: Direct
LCMS analysis
identifies variants <1%
abundance

Scalability: prep scale
column of the same
particle retains similar
separation power

Robustness: Column
achieves 1,000+
Injections
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Particle range and gradient analysis

220 11.93 - 0.068
6.44-0.052 13.94 - 0.066
2.8um )\
500 11.79 - 0.074
6.41 - 0.054
_ J_ L 13.91 - 0.072
£ 2
c ? 11.79-0.071
c
o
o J\‘i% -0.051 k 13.74 - 0.078
8— 3.0pm A
[
8 504
2
te 6.47 - 0.058 e
3.1um RN
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6.41 - 0.051 13.87 - 0.062
3.2um “

2900 5.00 625 750 875 1000 11.25 12.50 13.75 15.0016.00

Time (min)

ThermoFisher
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Column: 4 x 150mm, Prototype WCX

MP A: 20 mM MES pH 6.5

MP B: 20 mM MES + 500 mM NaCl pH 6.5
Flow rate: 0.5 mL/min

Gradient:
Time, min %A %B
0.0 90 10
15.0 20 80
18.0 20 80
18.1 90 10
27.0 90 10

Temp: 30°C

Sample*: 4 ug NISTmADb
8 ug Cytochrome C
16 pg Ribonuclease A

Figure 4. Comparison of gradient separation of a 3-protein mixture using prototype WCX chemistry on monodisperse particles sized 2.8, 2.9, 3.0, 3.1, and 3.2um.
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