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0 Overview

TOSOH
© Brief review of Tosoh Corporation
© Brand names of Tosoh

& Size exclusion chromatography

© Applications useful for protein and

peptide analysis by size exclusion
chromatography

< | will take your questions
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0 Tosoh Logo and Corporate History

TOSOH

rCurved lines “the realization of happiness”

FThe right-angle cut at the top portrays an image of contributing to society.

rRed corporate color — the “Tosoh Spirit”

Tosoh Corporation: 1937
Tosoh SID: 1971
TosoHaas: 1987
Tosoh Biosep: 2000
Tosoh Bioscience: 2001
Offices
- Head Office in Japan with divisions all around the globe
= Main office: (USA) King of Prussia, PA Supply Chain: Grove City, OH
Function

« Sales, marketing and support organization for chromatographic columns, media adia
and GPC instrument manufactured by Tosoh Corporation
» Territory; North and South America
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0 Brand names

TOSOH

[TSK- Toyo Soda Kogyo ]

TSKgel® chromatographic media

columns for the following modes of LC:

Size exclusion
HILIC

lon exchange /;,/,/v .
Reversed phase G *fy"%f
HIC \{/ W
Affinity

Toyopearl® chromatographic
bulk media

for the following modes of LC: =
Size exclusion
lon exchange
HIC

bulk media for the following modes of LC:
Size exclusion
lon exchange
HIC "Té_é o ez

ToyoScreen® process
development columns

pre-packed with our most popular
Toyopearl resins

TOSOH BIOSCIENCE LLC
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0 TSKgel and Toyopearl resins:
Seamless scale-up and scale-down

TOSOH
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Pre-Packed Columns
M

Bulk Media
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Expected SEC column features for the
separation of proteins and peptides by SEC

TOSOH

Rigid silica support = excellent mechanical strength
High resolution and sharp peak

Fast separation

Reproducibility

Column stabllity

Analytical and preparative size columns

High recovery

Maintaining biological activity

QI 10 @ 10 10 IO IO
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Factors affecting the protein and peptide
analysis

TOSOH

© Complex mixture

© Low sample concentration
© Aggregation

© Secondary interaction

© Chromatographic conditions
» Type of salt
e Salt concentration
° pH
e Surfactant
e Other additives
e Denaturant

» Heat

TOSOH BIOSCIENCE LLC Presented at Pittcon 2011, Atlanta, GA, USA 8



Protein and peptide analysis

TOSOH

€ High-performance size-exclusion liquid
chromatography on silica-based columns is the

Industry’s workhorse for separating and quantifying
soluble protein aggregates.

© Same is true for peptide analysis.

< Aggregation analysis of therapeutic proteins using

SEC is almost always required for regulatory
approval.
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TOSOH

Size exclusion chromatography

© Dominant mode of separation for polymers.

© Separation is based on hydrodynamic radii of
the sample molecule.

© Large sample molecules cannot or can only

partially penetrate the pores, whereas smaller
molecules can access most or all pores.

© Thus, large molecules elute first, smaller

molecules elute later, while molecules that can
access all the pores elute last from the column.

TOSOH BIOSCIENCE LLC Presented at Pittcon 2011, Atlanta, GA, USA
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0 TSKgel size exclusion columns

TOSOH

Agueous Organic
Gel Filtration (GFC) Gel Permeation (GPC)

* isolation of protein fractions and
nucleic acids

» separation of peptides

e removal of aggregates

» desalting a (protein) sample solution

 polar organic-soluble polymers

e organic-soluble polymers

(consumer, chemical and petrochemical
industries)
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0 TSKgel size exclusion columns

TOSOH

Gel Filtration Chromatography

S = Silica
P = Polymer
W= water loving

Silica OIS
(Polymethacrylate)
2 Sw O PW
L SWy, LPW,,
@ SuperSw < PW,, -CP
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TOSOH

TSKgel SW column line

¢ Silica-based
* Rigid
= Hydrophilic diol-type bonded phase
* shields the silica surface from protein samples
¢ Pore sizes:

= 125A — small proteins and peptides
= 250A — most protein samples
= 450A — very large proteins and nucleic acids

Pore volume per unit column volume:

e SW-type columns >> competitive HPLC columns
* Higher MW selectivity or better resolution
¢ Particle sizes:
= SW: 10-13um — very large proteins
= SWy,: 5-8um — QC of mAb, most proteins
= SuperSW:  4um — small protein and peptide

TOSOH BIOSCIENCE LLC Presented at Pittcon 2011, Atlanta, GA, USA
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0 TSKgel SW column vs. TSKgel SW,, column

TOSOH TSKgel G2000SW TSKgel BR0005Wi,
‘ B
1 2 24 |
Two 30 cm columns - -One 30cm column
60cm total column length 30cm total column length

o — Vi

| | | 1]
1 1 1 T T
10 16 20 B 10
Minutas Minutas
Column: Laft: TSK-GEL SW, two 10pm

7.5mm ¥ 20cm columns in 2arias
Right: TSK-GEL 8W,y,
one Spm, 7.8mm x 20cm column

Shorter run time and higher resolution

obtained with one, 5um TSngI Sampla: 1. glutamate dehydroganase (55,0000 a)
SW.. 30cm column wh d 2. lactate dehydrogenase {36,500Da)
s umn when compare 2. enolase (67,0000
with two, 10um TSKgel SW 30cm columns 4. adenylats kinasa (8,000Da)
5. cytochrome C {12 4000 a)
Elution: 0.2M NaCl in 0.05M phozphate buffar, pH 6.9
Aow Rata: 1.0mL/min
Dataction: UV @ 220nm

TOSOH BIOSCIENCE LLC Presented at Pittcon 2011, Atlanta, GA, USA 14



TSKgel G2000SW,, column vs. TSKgel
0 SuperSW2000 column

TOSOH

60 | 1skge G2000SW,, 60 | Tskgel supersw2000
2, SR
S 401 . £ 4ot 4862 158
@ : " : |
5 47 4.8 11.9 S . N
[-|
% 20 ¢ . I| o 207 o | |
@ 1 1 2 A I E i ! |“I || |
o D AN Y - 1 ('l | .IL_hJ AN o
0 e 0 A
3 5 7 9 1113 15 3 5 7 9 1113 15
Retention time (minutes) Retention time (minutes)
Column: A. TSKgal G20005Wy, 7.Bmm x 30cm; B. TSKgel Super SW2000, 4 6mm x 30cm
Sampla: 1. thyroglobulin {0.2mg/mL}; 2. albumin {1.0mg/mL}; 3. ribonucieasa A {1.0mg/mL); 4. p-aminobenzoic acid {0.01mg/mL)
Injection Wolume: SulL
Elution: 0.1M phosphate buffer + 0.1M NazS0y + 0.05% MNaMN; (pH 6.7)
Fow Rata: 0.35mL/min for Supar SW2000; 1.0mL/min for G20005W,,
Temperatura: 25°C
Detaction: UV @ 2B0nm
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TSKgel G3000SW,, column vs. TSKgel
0 SuperSW3000 column

TOSOH
A, GI0005W,y B. Super SW300
B
- a L Rs: 10,7
4
iy o - Ra: 4.0
E ol a | Rs 25 .
RS- an RS04 . z
a ns:aa a
] ’ 1 Jll |
mE m+ § |
.—A"r':l"'\-_,-ﬁ-_ﬂ' ll""'\-_lll.lll IL JIIIII."...'ﬁ' ll\.ll 'w._.ll
|] 1 1 1 [ [
3 § 7 -a 15 ’ 3 EI ?I -;; 11 12 1||5
Minutes Minutes
Column: A.T3Kgel GI0005W g, 7.8mm x 30cm; B. T5Kgel Super SW3000, 4.6mm x 20cm
Sample: Bl of @ mixture of 1. thyroglobulin, 0.5mg/mL (660 0000a); 2. y-globulin, 1.0mg/mL; {150,000 Da);

3. ovalbumin, 1.0mg/mL {43 000Da); 4. ribonucleaze A, 1.5mag/mL (12 600Da);
5. p-aminobenzoic acid, 0.01mg/mL {1370Da)

Elution: 0.1M Ma,30, in 0.1M phosphate buffer with 0.05% NalN,, pH 6.7

How Rate: 1.0mL/min for G30005W g 0.235mL/min for Supar SW3000

Temperatura: 75°C

Detaction: UV @ 220nm
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0 Characteristics of SW and®W columplines

TOSOH

Column line

TSKgel SW/ TSKgel PW /

SW}{Lf SuperSW PW}(L

Resin type

No. of available pore sizes

Silica Methacrylate

PH stability

Solvent compatability
Max. temp.

Max. flow
rate (mL/min)

Pressure**(MPa)

Application focus

* Except for the TSKgel G-DNA-PW, which can be operated up to 50°C and the 55 mm D TSK-GEL PW-type columns, which can be operated up to 60°C. When operating

3/2
25-175 2.0-12.0
100% polar
30°C
1.2 (SW, SWy) 1.2 (PW)
0.4 (SuperSW) 1.0 (PWy)
0.8-12 1.0-4.0

Proteins ater-soluble
polymers

below 10°C, reduce the flow rate to ensure that the maximum pressure is not exceeded.

*+*F

Depends on column dimensions and particle size

Note: The operating conditions and specifications for each column are listed on the Operating Conditions and Specifications sheet |0CS) shipped with the column.

TOSOH BIOSCIENCE LLC
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TSKgel SW Series — Column Selection

TOSOH

¢ Proteins (general)
Select appropriate pore size based on knowledge or estimate of

protein MW

¢ Protein of unknown molecular weight

TSKgel G3000SW,,
Ideal investigational column (Scouting column)

If peak elutes near the exclusion volume
Switch to TSKgel G4000SW,,,

If peak elutes near the end of the chromatogram
Switch to TSKgel G2000SW,,,

TOSOH BIOSCIENCE LLC Presented at Pittcon 2011, Atlanta, GA, USA
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TSKgel SW Series — Column Selection

TOSOH

€ Monoclonal antibodies

TSKgel G3000SW,, columns
Widely used for quality control

TSKgel SuperSW3000 columns
When sample is limited or very low concentration
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0 TSKgel SW Series — Column Selection

Polyethylene oxide, dextran and protein calibration curves for TSK-GEL SW columns

O = ®
TSKgal GZ000SW TSKgel G30005W ° TSKgel G4000SWY
Total Total
08 exclusion Inclusion Ji
' °
°
°
105 4 ° 106
o -4
150,000 Da_ .
8 ’ .
5 . —
- °
= kL (1, SR 104+
2 .
L
Z °
= )
°
°
e 4 L o ° [
Pore volume
" " i i L i i L 1
L] T ¥ L] L T L) I v
b 0 u - | o 1 0 u
Elution volume (mL) Elution volume (mL) Elution volurma (mL)
Column: TSK-GEL SW, two 7.5mm x 60cm columns in series
Sample: @ proteins, O polyethylene oxides, @dextrans
Elution: dextrans and polyethylene oxides: distilled water; proteins: 0.3M NaClin0.1M phosphate buffer, pH 7

Flow Rata: 1.0mL/min
Dataction: UV @ 220nm and RI

Monoclonal antibodies (mAbs) have a MW of about 150,000 and would fall in the area
indicated on the calibration curves. Most of our customers use TSKgel G3000SW and ~
TSKgel G3000SW,, columns for their mAb analysis.



0 TSKgel SW,,— Column Selection

TOSOH

Molecular mass separation range (Da) of TSKgel SW,, Columns
Column Polyethylene glycol Dextran Protein
(Straight Chain) (Branch) (Globular)
G2000SW,, 500~15,000 1,000~30,000 5,000~100,000
G3000SW,, 1,000~35,000 2,000~70,000 10,000~500,000
G4000SW,, 2,000~250,000 4,000~500,000 20,000~7,000,000
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TSKgel SW Series — Column Selection

TOSOH

Q Peptides

TSKgel G2000SW,,
first choice

TSKgel SuperSwW2000 columns

when sample is limited or very low concentration, also for 2.6
fold reduction in solvent consumption

< Other
TSKgel SW columns for (preparative) product isolation
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o

TOSOH

Analysis of purified mADb

100 -
TSKgel SuperSW3000
4pum, 4.6mm ID x 30cm
80 Flow rate: 0.35mL/min
—High sensitivity even at low concentrations
=
___E__ 60 ll
=
=
o
(= =]
o~
240 -
<
TSKgel G3000SW,
20 - 5um, 7.8mm ID x 30cm
Aggregates Flow rate: 1mL/min
0 I I | ] ] i I 1
4 5 6 7 8 9 10 1 12
Time (min)

Mobile phase: 0.1mol/L phosphate buffer (mono/dibasic), 0.1mol/L NaCl, 0.05% NaN;, pH 6.8;
Flow rate: 1mL/min; Detection: UV@280nm (micro flow cell); Injection volume: 5uL

TOSOH BIOSCIENCE LLC

Presented at Pittcon 2011, Atlanta, GA, USA
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Tracking changes over time in degradation
products of commercial IgG by pepsin

TOSOH

Monomer '|

E
(=4
o .&gglugu‘l!
= &)
e | Fragment:
LH]
c
[}
=
e
S
<
Vi
I
|
'
a0 &0

Retention time [ min)

Column:  TSKgel G3000SW, 7.5mm ID x60cm x2  Solvent:  0.05 mol/L acetate buffer (pH 5.0) + 0.1 mol/L sodium sulfate
Flow rate: 1.0mL/min Samples®: 100pL solutions produced by digestion of 19G (20g/L) by pepsin after 0, 2, 4, 6, 8, 10,15, 30,
and 60min
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o

TOSOH

Different buffer conditions for the separation
of proteins and peptides

Characteristic Ordinary buffer sDs Guanidine-HCI Urea
1. Native or denaturated O native denaturated denaturated denaturated
2. Separation range o wide narrow medium medium
3. Linearity 1) MW = 10,000 good o very good Z excellent good

2) MW = 10,000 not good x bad o very good good
4. Sensitivity to ionic strength sensitive % Very sensitive o not sensitive sensitive
2. Corrosion concern not severe not severe x severe not severe
6. Operating cost > low o low = high low

Typi

0.2% SDS
(0 Ymol/L SP

Bmol/L
Guanidine-HCI

8mol/L urea

But surfactants change the bonding phase

permanently so you need to dedicate the column for

TOSOH BIOSCIENCE LLC

the particular application.
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Separation of polypeptides by TSKgel
G3000SW column

TOSOH

i No denaturant . w 6

Response {(mV)

) A

L i |

5 7 9 11 13 15 17

Retention time {min)

L - L

Column: TSKgel SuperSwW2000, 4.6mm ID x 30cm, Mobile phase: 0.2mol/L phosphate buffer, pH 6.7,
Flow rate: 0.35mL/min, Detection: UV@220nm, Injection vol.: 5uL, Sample load: 0.10mg/mL
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o

TOSOH

Response UV @220nm

.20

15

10

0%

Separation of mixture of peptides in SDS
system

. blue dextran

. serum albumin
. pepsin

. tripsinogen

With 0.2% SDS 1
2
3
4
1 r 1 5. myoglobin
6
7
8
9
1

L
-1

La

. cytochrome C
. aprotinin
. insulin B chain

. insulin A chain
0. 2-mercaptoethanol

/ J\J v u k"V\JK

i i i i

" 19 13 F{i] i%

Elution volume (mL)

Column: TSKgel G3000SW, 7.5mm ID x 60cm Solvent: 0.2mol/L sodium phosphate buffer (pH 7.0) +
0.2% SDS + 0.2mol/L NaCl Flow rate: 0.5mL/min Detection: UV@280 nm
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Effect of surfactants on SEC
0 Octa ethylene glycol dodecyl ether — nonionic surfactant

Increasing
M 0.005%

TOSOH

0.01%
0.025%
_AJ’J 0.05%
| I I I
10 20 30 40

Minutes

As the concentration of the surfactant increases from 0.005% to 0.05%

the main peak becomes sharper and recovery increases.
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0 Separation of IgG from human serum albumin

TOSOH

TSKgel SuperSW3000

|
I
_ lgG
£
= I"I,I |
A
| I
/\/ ‘\.\Jl | I“I
N ll\_ AN
5 7 9 11 13 15
R.t. {min)
Column: TsKgel SuperSW3000, 4 pm, 46 mm ID x 30 cm L
Sample: Human serum
Elution: 0.2 M phosphate buffer (pH 6.7)
Flow rate: 0.35 mL/min

Injectionvol: 5L
Detection: LV @ 280 nm
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Separation of peptides using TSKgel
> SuperSW2000 column

TOSOH
mALl - Pept. 19
300 -
250 Pept. 16
only one amino acid difference
200 4 |
Column: TSKgel SuperSW2000, 4 ym, 4.6 mm ID x 30 cm L

sample: Peptide P12: Tyr-Gly-Gly-Phe-Met-Arg-Gly-Leu

Peptide P16: Trp-Gly-Gly-Tyr apt. 22
Peptide P19: Gly-Trp-Gly
Peptide P20: H-Ser-Tyr-Ser-Met-Glu-His-Phe-Arg-Trp-Gly-Lys-Pro-Val-

Gly-Lys-Gly-Lys-Arg-Arg-Pro-Val-Lys-Val-Tyr-Pro-OH Pept. 20 Pept. 12
Peptide P22: H-Ala-Gly-Cys-Lys-Asn-Phe-Phe-Trp-Lys-Thr-Phe-Thr-Ser-Cys-OH
Elution: 0.1% TFA in 45% 30. ACN Qe f
Flow rate:  0.35 mL/min ||| | ||
Injection vol: 3 pL | |
Detection: UV @ 210 nm

||| | |
0 JI \\__J lll'al I"-u_.-J I\\_/ﬁ-_wu/x_

0 2 1 6 8 10 12 min
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TOSOH

Sample load in SEC

In SEC, sample load on the column is limited due to the absence
of a stationary phase that participates in the retention process.

High sample loads
column overload
distort peak shapes
cause an overall decrease in efficiency

Optimal sample load highly depends on
the sample properties (sample matrix)
the separation task

For analytical columns — recommended load is 1-20 mg/mL
Proteins can be loaded at higher concentrations and higher total
loads than synthetic macro-molecules.

For preparative purposes
100 mg of BSA can be loaded on two 21.5mm ID x 60cm TSKgel
G3000SW columns, but only 20 mg of PEG 7500.
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0 Dependence of HETP on sample load

TOSOH

HETP(mm)

Sample: Bovine Serum Albumin (BSA)

A 620008HxL f
BT o G0 /
a GLO00SHYL
~250ug
0.4 /
A ﬁjy/
0.2 fa/ 7
bt 5/ :
="
0
10 10f 10

Sample load (ug)

HETP(mm)

—
[ |

UrB —

[

| ==

- 0=

& 620005H
0 630005
0 G4000SW

A
— A DA A

0

("

/s

0

~250u9 ///

é/&

/

4

0

%{/

0—0—
D_-_-_D_

D..-r'"'

| I

n

|

10 10¢

Sample load (ug)

10

3

TOSOH BIOSCIENCE LLC
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0 Dependence of HETP on sample load

TOSOH . -
I |
4 f— —
=
£
0
— 1 =
% 100ing
R IR L
[ == s
| . | _ [
10 100 1000
Sample load(ug)
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0 Protein recovery %

TOSOH
Sample load
1pg 5 Hg 10 pg 50 ug 100 pg
G2000SW,,
Ribonuclease A 95 83 96 98 94
Thyroglobulin 107 92 101 - -
¥ -globulin 103 109 116 98 107
G3000SW,,
Ribonuclease A 96 97 97 95 94
Thyroglobulin 92 97 101 99 91
¥ -globulin 106 103 97 97 108
G4000SW,,
Ribonuclease A 104 106 103 103 94
Thyroglobulin 78 90 91 102 101
v -globulin 91 90 107 97 104

The recovery was virtually quantitative, regardless of the sample load.
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G5000PW

TOSOH

8 O T LT T s

7 _f_* ! [

_.J'Jrlulr-u.-':

Samples:

Sample number

Separation of virus and protein by TSKgel

Column: TSKgel G5000PW, 21.5mm 1D x 60cm

Solvent:  0.01mol/L phosphate buffer (pH 7.0) +
0.1mol/L potassium chloride

Flow rate: 0.96mL/min

Detection: UV@280 nm

1. TMV (tobacco mosaic virus)

2. TBSV (tomato bushy stunt virus)

3. SBMV (southern bean mosaic virus)
4. TYMV (turnip yellow mosaic virus)
5.
6
7
8

apoferritin dimer

. hemoglobin
. myoglobin
. cytochrome C
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0 Effect of buffer composition on separation

TOSOH

I ' 1 ' 50mmol/L sodium phosphate
at various pH containing

((J) 0.1mol/L Na,SO,

\;
/

-

£

o L -

E I= (CJ) 0.3mol/L NaCl
o 3

= (A) 0.3mol/L NaClO,
=

.E -U D

5 c A ol =i}

— o [ —
Q 0.5

= (O

= O

E —

=

T @

| -

QL 2

= D : L : L

o< 0

- 4 5 6 7

pH of buffer

Column: TSKgel G3000SW,,
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0 Effect of buffer composition on separation

TOSOH

LRI | 1 T rF T TTrTrTry i T 1T 1T T TItT
50mmol/L sodium phosphate
at different pH

o—0© |
o / \o pHS50 |
\C' pH 6.0

Resolution between IgG and Albumin

il 1 $ 1 ¢ 1 i qpxld 2 b b1 b % b

0.0l 0.1 1.0
Na,SO,conc. (mol/L)

Column: TSKgel G3000SW,,
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TOSOH

Effect of buffer composition on calibration
curves

100,000 1 ¢ 50mM | 1. Phosphorylase (94,000Da)
g 7 B 100mM | 2- BSA (67,000Da)
= A 200mM _
.ﬂi'}" 3. Ovalbumin (43,000Da)
=
% 4. Carbonic anhydrase (30,000Da)
L&
é 5. Soybin trypsin inhibitor (20,100Da)
6 6. alpha-lactalbumin (14,000da)
10,000
5 6 7 8 9

Retention time (minutes)

Sample: proteing  Proteing are denaturadin phusphétu buffar cuntnin'ing 805 and DTT at40°C during 15 min.
Eluent 0.1M phosphate buffar {pH 6.8) containing 0.1% 305  Aow Rate: 0.35mL/min
Temparature: 25 C Detaction: UV @ 230nm :

Column: TSKgel SuperSwW
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o Influence of Buffer on Recoveries

TOSOH

Protein Recovery%
Sodium Phosphate  Potassium Phosphate Tris-HiZl
Cytochrome © 95 101 97
Ly soEyme 97 Q5 fis
o- Chymotrypsinogen 95 93 an
QG 95 95 o5
Thyroglobulin ehl 94 g5
Crwalbumin 96 92 518

Column: TSKgel G3000SW, 7 Smm = B0cm,

Mobile phase: A 028 MNaHPO4 and 020 Na;HFO4, pHE 9
E: 020 KHPO4 and 0.2M KoHFPO4, pHE 9
C:0.02M NaCl and 0.05M Tris-HCZI, pHT 8

Flow rate: 1.0mL/min

Detection: LVEZ220nm
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Effect of arginine on recovery of aggregates
0 Analytical SEC for MAb-a using a TSKgel G3000SW,, column

TOSOH

Unstressed Sample Stressed Sample
‘ 2% total aggregates
A BEC with B
arginine
SEC without

arginine

SEC without SEC with
argining arginineg
Elution solvent 0.1mol/L

phosphate, pH 6.8, in the

absence and presence of
0.2mol/L arginine.

To generate aggregates, the

MADb sample was subjected to
low pH and heat treatment (in l |
the absence of arginine) | } .,]
udl —— . =
l | | | | | | | | | | | | 1 | |
LI 5 10 15 a 5 10 15 0 5 10 15 i 5 10 15

Retention time (min)
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Effect of arginine on recovery of aggregates
0 Analytical SEC for MAb-a using a TSKgel G3000SW,, column

TOSOH
Unstressed Sample Stressed Sample

(ggregate content is similar (~2%) A\

Clear increase in one of the
aggregate species

KEC with B
arginine

No decrease in the monomer
recovery in the presence of 0.2 M

@nine SEC without SEC with
argining arginineg

Elution solvent 0.1mol/L
phosphate, pH 6.8, in the i
|

absence and presence of
0.2mol/L arginine. |

To generate aggregates, the
MADb sample was subjected to

low pH and heat treatment (in l
the absence of arginine) : |
S .|.J L A~

0,005 AU (280 nm)

0 5 10 15 0 5 M 15 0 5 10 15 1] 5 15

Retention time (min)
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Effect of arginine on recovery of aggregates
0 Analytical SEC for MAb-a using a TSKgel G3000SW,, column

TOSOH

Unstressed Stressed Sample

‘ Aggregate content at 43%

L)
%\

SEC without
arginine
SEC with
arginineg
Elution solvent 0.1mol/L
phosphate, pH 6.8, in the
absence and presence of l
0.2mol/L arginine. |
E
o '
58]
To generate aggregates, the =
MAb sample was subjected to 3
low pH and heat treatment (in An l |
the absence of arginine) = | } .,]
=
l | | | | | | | | | | | | 1 | |
LI 5 10 15 a 5 10 15 0 5 10 15 i 5 10 15
Retention time (min)
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0 Mechanism

TOSOH

SEC Column Surface

/

Protein ! Conformational !
: change
o—@ ™
| ;
I I I
Arginine prevents binding Arginine cannot

dissociate bound protein
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0 Separation of PEGylated proteins

TOSOH -
80
F'EGSLyE Mnmﬁ-F'EG
5 - PEG10Lys | Mr::n_r'lﬁ-FEG
— — —  PEG30Lys 'II :
60 - 1
e e |
= Di lil‘EGI
S I l :
&7 || prres
I ;' & O-PE
E i Tt
= 1
20 I
|I T}jlqu"IEj:
0- A
0 2 il 6 8 10 12 14
Time (min)

Column: TSKgel G3000SWy,, d5pm, 7.8mm 1D x 30cm
Moabile phase: 0.1mol/L phosphate buffer, 0.1mol/L Na,SO,, pH 6.7

Flow rate: 1.0mL/min
Detection: UV@280nm
Injection vol.: 20pL
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0 Stability of the SEC column

TOSOH

§

4

2 3 F
r.ll n| H
W, J U \‘\, J ~k_,

Column:

Guard column:
Injection:
Eluent:

Fow:
Temperature:
Detection:

Peaks:

4 G g 10 12 14 16
Time (min)

TSKgel SuperSW3000, 4.6mm ID x 30cm

TSKgel SuperSW3000, 4.6mm ID x 3.5cm

5pl

0.1M phosphate buffer, 0.1M Na,S0,, 0.05% NaN,
0.35mL/min

ambient

280nm, 1pL cell volume, 0.2 second response time
1 = impurrty

2 = g-globulin (156 kDa, Tmg/mL})

3 = ovalbumin (43 kDa,1mg/mL)

4 = cytochrome C (12.4 kDa, 0.5mg/mL)

5 = PABA (137 Da, 0.01mg/mL) in mobile phase

TOSOH BIOSCIENCE LLC
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0 Stability of the SEC column

TOSOH

4.0 5

3.0 1

5] \

1.0
0.5 -
0.0 I

theoretical plates (x 10%)

38 A A

2SI VT e e

1000 1500 2000 2500 3000 3500 4000

Injection number

sl Gyard column:

Injection:
Eluent:

Howr:
Temperature:
Detection:

Peaks:

TSKgel SuperSW3000, 4.6mm ID x 3.5cm

5pl

0.1M phosphate buffer, 0.1M Na,S0,, 0.05% NaN,
0.35mL/min

ambient

280nm, 1pL cell volume, 0.2 second response time
1 = impurrty

2 = g-globulin (156 kDa, Tmg/mL})

3 = ovalbumin (43 kDa,1mg/mL)

4 = cytochrome C (12.4 kDa, 0.5mg/mL)

5 = PABA (137 Da, 0.01mg/mL) in mobile phase
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Mobile phase and secondary interaction

TOSOH

<& What is secondary interaction?

lonic and hydrophobic interaction between the sample and the
column packing material

Low ionic strength (< 0.1 M) — ionic interactions

high ionic strength (>1.0 M) — hydrophobic interactions

¢ How to prevent?
Maximize molecular sieving mechanism

¢ What to do?
Select proper mobile phase

For each sample there will be an optimum buffer type and
concentration that results in the highest resolution and
recovery.

You must find it out by trial and error approach.
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0 Mobile phase and secondary interaction

TOSOH SEC of pegylated proteins
no ethanol in mobile phase 10% ethanol in mobile phase
200 | 200 :
| |
_ | |
o : |
E 1507 150 1 } E
g | I i
@ - i
g T i [ 'f
£ 100 i 100 i l [
L l |IF
I I |
50 T 50 T IL_
I : L'
[ .
0 o——"
7 8 9 10 1 12 13 7 8 9 10 11 12 13
Elution time [min] Elution time [min]
Column: G30005Wyy, 5pm, 78 mm D x 30 cm L
Sample: 10 mlL of PEG-+-HuMGDF
initial Injection
................. after 'IED |r|jEEt-|C||'IS
Mobile phase: 0.1 M sodium phosphate, pH 6.9, with 0.5 M NaCl
Flow rate: 0.7 mL/min
Detection: UV @ 215 nm
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TOSOH

Mobile phase and secondary interaction

Overlay plot of the Protein A sample pre and post-treatment with BSA

0.00%
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Minutes

4,00 6.00 8.00

— 7T
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Table 1: Recoveries of all three types of samples pre and post-treatment

with BSA
Sample % HMW pre treatment | % HMW post treatment
Post Protein A 11 34
Post Polishing
chromatographic 15 1.5
step1
Post Polishing
chromatographic 02 02
step 2 (final product)
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TOSOH

Mobile phase and secondary interaction
Recommendation for TSKgel SW columns:

© Buffer concentration: 0.1 —0.5mol/L

< Add neutral salt e.g. sodium sulphate to increase buffer ionic
strength.

¥ Using polymeric TSKgel PW and Alpha-type columns? Use low
salt in the mobile phase.

¥ Non-ionic, non-polar compounds — just use water.

¥ lonic polymeric compounds, add neutral salt such as sodium
nitrate (0.1 — 0.2mol/L) is sufficient to overcome undesirable
lonic interactions.

¥ Hydrophobic interaction — use water soluble organic solvent in
the mobile phase.
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