Advanced GFC Analysis
for Proteins and Conjugated
Proteins
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Agenda

1. GFC (SEC) Measurements of
Proteins with MALS

1.1 BSA
1.2 Thyroglobulin

2. GFC (SEC) Measurements of
PEG-Proteins




relative scale

1.1 GFC (SEC) Measurement of BSA Protein

chromatograms
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1.1 GFC (SEC) Measurement of BSA Protein

molar mass vs. time
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1.1 GFC (SEC) Measurement of BSA Protein

Possible results from a MALLS run with ideal
columns specified for MALLS

e Absolute measured molar mass, no need for an
molar mass standard

o identification of oligomers and aggregates
e Information about recovery and polydispersity

* Information dependent on separation ability of
columns used =» columns with low bleeding and
high recovery (less adsorption) are necessary
Shodex Protein KW series are using Silica with a
polymeric coating as base material = small pore
size distribution and less adsorption



molar mass (g/mol)

1.2 GFC (SEC) Measurement of Thyroglobulin

molar mass vs. time

| 1 — 11 Thyroglobuiin 30ul Imgm PBS Shodex KW-G KW-803 |
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Measured molar mass Thyroglobulin: 668.300 Da;

Rz =12.6 nm

Polydispersity in peak range: Mw/Mn = 1.00
Column: Shodex Protein KW-G + KW-803
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Shodex Protein KW-800 Series

——\

M Standard Columns
Product Plate Number |\ EXclusjon Limit Particle Size | Meximum | ColumnSize | g p
Product Mame : Pore Size {rnrm]

Code (TPfzalumn) iPullulan) iProtein] \ fiern) (A Dx L Solvent
FER29000 | PROTEIN KW-802.5 = 21,000 B8 D0 150,020 5 400 8.0 300 Hzo
FEaaa1li3 | PROTEIM KW-803 & 21,000 170,000 700,000 b 1,000 8.0x 300 HaC
Feaaaiid | PROTEIM KW-30d & 18,000 BOOO00 | (1,000,000 7 1,500 8.0x 300 HaC
FETOI 31 | PROTEIN KW-G fguerd colurnn) — — 7 — G.0x 50 Hzo

N\
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Shodex Protein KW-400 Series

High performance and downsized column for protein analysis

B High performance semi-micro columns

Produc Piate Number Exclusicn Limit Pariicle Bizs I.lhximl_Jm Column Size Shipping
Product Name - Pore Size {rm}

Code (TF/column) | (Pullulan) | (Protein) {uem) () ID.xL .
FERanzi | (50 KW4a02.5-4F & 35,03 G000 150,000 3 400 4.6x 300 HzC
FERQRAZO0Z | 0T KW4IG-4F & 35,000 150,000 B00a00 3 200 4.6x 300 Ho O
FERQRAZOE | 0TI KW4ld-4F & 25,000 500,000 | (1,000,000)° 5 1,500 4.6x 300 HaC
FEQRAZ04 § 0730 KWAOS-4F & 25,000 | 1,300,000 | (20,000,000 5 2,000 4.6x 300 Hal
FEFOOI3Z | 050 KWADG-4A fguard column) — — § — 46x 10

1. High resolution compared with the current column
2. Lineup column with exclusion limit of 20,000,000




Standard Proteins and Recovery

Sample:

Gel Filtration Standard
{Produced by Bio-Rad)
Injection volume = 20l

1, Thyroglobulin
2.y Globulin

3. Ovalbumin

4 Myoglobin

5. Cyanocobalamin

15 min.

Sample

Gel Filtration Std:
1.Thyroglobulin

2.gamma Globulin

3.0Ovalbumin
4.Myoglobin

5.Cyanocobalamin Lysozyme

Column
Eluent
Flow rate

Detector
Column te

‘ S | Recovery(%)
KW-802 5 KW-803
7 Globulin | o1 | 06
lBovine serum albumin | 94| 91
Ovalbumin | 89 | 90
Myoglobin | 92 | 95
ICytachmme C | 100 | bE
| 03| 07
l[l: Chymotrypsinogen A| 83 | 83

:Shodex PROTEIN KW-802.5

(8mmIDx300)
:50mM Phosphate buffer
+ 0.3M NaCl(pH7.0)
:1.0mL/min
:Shodex UV (280nm)
mp.:Ambient




Separation Performance

Sample : 10 L )
1. Blue dextran 2000 0.2mg/mL
2. vy -6lobulin 0.8mg/mL
3. Ovalbumin 0.8mg/mL
4. Myogrobin 0.56mg/mL
5. Uridine 0.04mg/mL N=17,000
4
2
1
(A) KW402.5-4E
)
N=8,200
(B) KW-802.5 12 34
0 <) min 10 15

KW-800 vs. KW-400

Comparison with existing
columns

TPN-= -+ Twice higher
Sensitivity =+ = 3 — 4 times
higher

Columns : (A) Shodex KW402.5-4F
(4.6mmID x 300mm)

(B) Shodex PROTEIN KW-
802.5

(8.0mmID x 300mm)
Eluent :50mM Sodium phosphate buffer
+ 0.3M NaCl (pH7.0)
Flow rate : (A) 0.33mL/min,
(B) 1.0mL/min

Detector : UV (280nm) (semi-micro type
cell)

Column temp. : 25 °C 10
Injector : Rheodyne 8125



2. GFC (SEC) Measurements of PEG-Proteins

ILs
M,y 6 ——
dc

IDRI ' DRICC DRI..: DRI calibration constant

From DRI: Cpri = dn | pri: INtensity of the DRI signal
dc
IUV ' UVRF UVge: UV response factor
From UV: CUV — L | uy: Intensity of the UV signal
E *

Basic equations of static light
scattering
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2. GFC (SEC) Measurements of PEG-Proteins

@j - (d—nj *X rotein + (dn ijdlﬁer ¢ (1 Xprotein)
dC complex dC protein P dC

complex protein protem modlﬁer

g (l—x

protein)

Equations for modified
Proteins
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Light Scattering with Conjugated Proteins

What can be done with a
combination of SEC and
LS? 1.I:Ix1I:I"§

1. Protein-PEG-Protein e
bonding (confirmation taht ;
the PEG was successfully

bonded)
2. Degree of PEGylation ;' \ 7\

Molar KMass vs. Volume 1 PROTRCD |

|
||aggregar.e

| PEGylated
protein

1.0x10° | | unreacted
F | protein
|
I

Migkar hass {gémoal)

urnreacted

FEG

3. Aggregation detection T e w0 o ms

4. Extent of reaction
Caution pay attention to the
changing dn/dc value (0.135 for pure
PEG and 0.185 for pure protein)

13
UV — LS — Rl detection is necessary



Light Scattering with Conjugated Proteins

- Molar Mass vs. Volume " PROTMOD |
1. Protein-PEG-Protein j |~
bonding o e

= F | PEGylated

=» Possibilty to detect Protein<
PEG-Protein complexes

g"l'l‘.'ﬂ

unreacted

1.0<10°
F protein

Miodar Mass

which could affect the i anecacted
pharmacological properties |
of the sample L f,,,,

WVidume (mL)

Protein-PEG-Protein complex with around 100 KDa; max PEGylation

with this specific protein just 56 KDa ”



Light Scattering with Conjugated Proteins

2. Degree of PEGylation

=»Determination of the
PEGylation degree is
possible with LS, because
Molar Mass is measured

absolutely and no

confirmation must be

assumed

Maar Mass {(gémol)

Molar Mass vs, Volurme u FRE'I'-'E\D|
106107
- |
||ESSFE'E“=’1LE'
[ ]
10610k
| PEGylated
protein
1.0x10°F | | unreacted
F | protein
‘ I| unreacted
FEG
1.061ME | |
- | o
[ 2N ﬁ
,.-'I I\_,_..-*' \
mxm..;"f.l...|...|.‘-~+,,-f"|q\..
. a0 8D 101 120 1410 16.0
WVidume (mL)
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Light Scattering with Conjugated Proteins

3. Detection of Aggregates

=»Determination of

Aggregates is possible

Migkar hass {gémoal)

Molar Mass vs, Volurme . Faa'un:l
1.0610°F
- |
||aggregate
[ ]
1.0:10°
PEGylated
protein
1.0x10° unreacted
- | protein
I| unreacted
FEG
1.0x1ME | |
; | N
| 4 '
N
/ \
i o A
1,010 — L Lo L |
a0 101 120 1410 16.0
Volume (mL)
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Light Scattering with Conjugated Proteins

4. Extend of Reaction

=»Determination of unreacted )
PEG and unreacted Protein
IS possible

Migkar hass (gimol

Molar Mass vs, Volurme . Faa'un:l
1.0610°F
- |
||aggregate
[ ]
106107
| PEGylated
protein
1.0x10°F | | unreacted
- | protein
‘ I| ted
1.0x1ME | II
= | L
[ 2N
/]
/ -
1.I:I:=:1|:|'"'I"'I"'I'H"PJT\"
a0 101 120 1410 16.0
Volume (mL)
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ative scale

2. GFC (SEC) Measurements of PEG-Proteins

chromatograms

| — protein conjugate (from MCPROPEG).vaf I

1.04

| aggregates PEG-
| Protein
\ Complex
" Very smal
amount o

o 7 J
0.0

T T T T T T T T T T T T T T T T T T T T T T
5.0 10.0 15.0 20.0 25.0

/ unreactec

dn/dc (pure protein) = 0.185 xprotein = 0,631
(calculated)

dn/dc (pure PEG) =0.135
dn/dc (PEG-Protein) = 0.167 (calculated)
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2. GFC (SEC) Measurements of PEG-Proteins

Mw (PEG-Protein): 100.500 Da
Mn (PEG-Protein): 83.130 Da
Mw (pure Protein): 60.111 Da
Mn (pure Protein): 53.338 Da
Mw (pure PEG): 40.360 Da

Mn (pure PEG): 27.010 Da
=>Degree of pegylation: 36.9 %

=»one PEG 40000 is bonded to one monomeric
Protein

19
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