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Critical QA/QC Methods for Monoclonal Antibodies

Size Exclusion: Aggregation Analysis

0.035

0.0307

0.025

0.0204

AU

0.0151

0.0104

0.005

0.000

-0.005~

Monomer

Dimer

Minutes

Reversed Phase:
Impurity Analysis & Disulfide Shifts
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Figure 3. Reversed-phase chromatograms of reduced and alkylated IgG on ZORBAX StableBond SB-300 A, 4.6 mm x 150 mm
columns packed with 3.5 pm particles, 300 A pore size, C3, C8, C18, CN and Varian DiPhenyl 150 mm x 4.6 mm
column. The separation was achieved using the same linear gradient from 23 to 35% B.

lon Exchange: Charge Isoform Analysis
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Peptide Mapping:
Post-translational modifications
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Agilent Columns for Biologic Characterization

Size Exclusion BioHPLC Columns
Agilent Bio SEC-5

High Resolution Size Exclusion Columns

Agilent Bio SEC-3

High Efficiency and High Resolution

lon Exchange BioHPLC Columns
Agilent Bio MAb

High Resolution Separations of Monoclonal Antibodies

Agilent Bio IEX

High Resolution lon Exchange Columns

Reversed Phase
Poroshell 300

High efficiency — fast protein and peptide separations

Agilent Poroshell 120

Advancing capabilities for high-performance HPLC
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Size Exclusion
BiIoHPLC Columns
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Size Exclusion Columns

Agilent Bio SEC-5

High Resolution Size Exclusion Columns

* Sum Particle

- Polymeric coated silica, minimizes non-
specific binding

« Optimized for use at low salt
concentrations (150mM Phosphate)

 High stability and long lifetime

» Great reproducibility

« Exclusion Ranges Available
— 100A, 0.1 — 100 kDa

— 150A, 0.5 — 150 kDa When to choose the Bio SEC-5?

— 300A, 5 - 1,250 kDa * Need higher resolution for mAb aggregates

— 500A, 15 — 5,000 kDa (300A) and same particle size as Tosoh

— 1000A. 50 — 7.500 kDa : Requ’ai\r)e higher exclusion limits (500A, 100A,
’ ’ 2000

- ZOOOA, >10,000 kDa « Want to separate proteins with lower salt

concentrations, better for your instruments
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Column Evaluation and Comparison

Bio-Rad Size Exclusion Standards

Thyroglobulin- 670 kDa

Gamma Globulin — 320 kDa and 150 kDa
Ovalbumin — 44.3 kDa

Myoglobin- 17 kDa

Vitamin B12 - 1,350 Da
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Comparison of Agilent And Tosoh

Agilent Bio SEC-5in 150 mM NaPO4 pH 7.0
Tosoh TSKgel G3000 SWxI in 100 mM NaPO4 + 100 mM Na2S04, pH 7.0
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Total Column Pore Volume Comparison

(A) Agilent Bio SEC-5in 100 mM NaPO4+100 mM NaSO2 buffer, pH 7.0
(B) Tosoh TSKgel G3000SWxI in 100 mM NaPO4+100 mM NaSO2 buffer, pH 7.0

] Good separation of ovalbumin
1 and myoglobin, lower pore
1 volume and 250A pores

shows low resolution for large

1 molecular weights
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Comparison of Agilent and Tosoh

Larger Pore Volume Provides Higher Resolution

mAuU 214 nm

mAU 214 nm
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Agilent Bio SEC-5 _Better overall separatlon,
150 A improved resolution
between peaks 4 and 5
| A
\
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] Time (min)
| Good separation of larger
i proteins, poor resolution
TSK between peaks 4 and 5
1 G2000SW,,
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1. thyroglobulin, 5.64 min

2. BSAdimer, 6.23 min

3. BSAmonomer, 7.02 min

4. ribonuclease A, 9.22 min

5. poly-DL-alanine (1-5 kDa), 10.02 min
6. uracil, 11.81 min




Agilent Bio SEC-5

Reproducibility and Lifetime

InjectionNo. Efficiency Tailing Line

HBE17 3 . i i .
1 26512 1.192 1.Thyroglobulin 2 Agilent Bio SEC-5, 300A, 7.8x300mm
N 15050 | 183 2 BSA Buffer: 150 mM Phosphate buffer , pH 7.0
- o : T Flow Rate: 1.0 mL/min
3 26182 1150 | —— | 3. Ribonuclease A Detector: 214 nm

4. Uracil Injection: 10 uL

10 23682 1.180
20 23872 1.194
64 25811 1187 | —— 4
102 23776 1.170 —_—
140 13910 1.174
175 25177 1.208 -
192 24300 1.196
230 253707 1172 _—
300 23720 1.166 _—

10 20 30 40 50 60 70 80 90 100 110 120 130 140 150
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Agilent Bio SEC-5

Lot to Lot Reproducibility, 300A, 7.8x300mm

Black: Lot #1
Blue: Lot #2
Green: Lot #3

Lot Thyroglobulin BSA Ribonuclease A Uracil

RT Eff. RT Eff. RT Eff. RT Eff.
#1 6.72 1536 9.24 6781 10.45 12372 12.20 28733
#2 6.71 1572 9.23 6811 10.46 12016 12.23 26429
#3 6.77 1603 9.29 6515 10.47 11812 12.21 26709
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Agilent Bio SEC-5

Monoclonal Antibody Aggregation Monitoring

| Columns: Bio SEC-5, 300A, 7.8x300mm
0141 Buffer: 150 mM PBS, pH 7
| Flow Rate: 1.0 mL/min
0127 Sample: Mab (2.5 mg/mL)
| Injection: 10 pL
010y  Concentration: 10, 2.5, 0.5 mg/mL M
1 (from high to low) onomer
008; Temperature: Ambient /
006
004 Dimer
0021 \

AU

0.00
.0,02,: Bio SEC-5 columns can easily handle higher flow rates, this separation was

done at 1 mL/min, resolution between dimer and monomer can be improved
0.04- by decreasing the flow rate
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Size Exclusion Columns

Agilent Bio SEC-3

High Efficiency and High Resolution

« 3um Particle

 Polymeric coated silica, minimizes non-
specific binding

* Optimized for use at low salt
concentrations (150mM Phosphate)

» Highest resolution M — . e
» Faster SEC separations
« Exclusion Ranges Available

When to choose the Bio SEC-3?

— 100A, 0.1 — 100 kDa * Need the maéic)rgg\m redsolution for rr|1Ab_

t t
B 1501&’ 05— 150 kDa _?_ggg%ga es ( ) and same particle size as
— 300A, 5 - 1,250 kDa « Want to speed up your SEC separations

without losing resolution

- Want to separate proteins with lower salt
concentrations, better for your instruments

Agilent Technologies



Agilent Bio SEC-3

Improved Efficiency With Smaller Particles

Column Pressure . SEC-3, 300A | SEC-5, 300A
Bio SEC-3 Peak Protein (7.8x300mm) | (7.8x300mm)
1350 psi ]
(7.8x300mm) 1 Thyroglobulin 2460 1120
Bio SEC-5 . .
(7.8x300mm) 650 psi 2 BSA Dimer 5100 2720
Agilent Bio SEC-3, 300A, 3 BSA 13090 6590
7.8x300mm 4 Ribonuclease A 22000 11160
5 Uracil 38500 27860
Column: Bio SEC-3 300A and Bio SEC-5 300A
Agilent Bio SEC-5, 300A, Buffer: 150 mM Phosphate buffer, pH 7
7.8x300mm Flow rate: 1.0 mL/min for 7.8x300 mm
Temperature: Ambient (~23° C)
\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\\ Detection: UV 214nm

01 2 3 4 5 6 7 Mir? 9 10 11 12 13 14 15 Injection: 10 pL (3 uL for 4.6x300 mm)
Sample: 1) Thyroglobulin (1.0 mg/mL), 670 kD; 2) BSA
dimer, 132 kD; 3) BSA (1.0 mg/mL), 66 kD; 4)
Ribonuclease A (1.0 mg/mL), 13.7 kD, and 5) Uracil
(2.5 pg/mL), 120D.
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Comparison of Agilent and Tosoh

Agilent Bio SEC-3 in 150 mM NAPO4 pH 7.0
Tosoh TSKgel G3000 SWxI| in 100 mM NaPO,+100 mM Na,SO,, pH 7.0
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Agilent Bio SEC-3

Monoclonal Antibody Aggregation Monitoring

0,035,: Column: Bio SEC-3 3004, 7.8x300mm
1 Mobile phase: 150 mM Phosphate, pH 7
ooz]  Flowrate: 1.0 mL/min
] Temperature: Ambient
0.0255 Sample: Monoclonal antibody (10 uL, 5 mg/mL)
0.020—:
> Monomer
0.015- :
] Possible _ /
0.005 \/ \/
0.000-
-0'005;““\““\“"\‘“‘\““\““\““\““\““
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Baseline separation of aggregates, dimer and monomer in 15 minutes.
Separation run at 1.0 mL/min, using 150mM phosphate, pH 7.0
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lon Exchange
BiIoHPLC Columns
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NEW lon Exchange Columns

Agilent Bio MAb

High Resolution Separations of Monoclonal Antibodies

* Non-porous PS/DVB particles with a
uniform polymeric coating

» Particle has a dense, weak cation
exchange (WCX) mono-layer with
excellent selectivity for basic
monoclonal antibodies

« Available in 10 ym, 5 um, 3 um, 1.7 pm
particle sizes

When to choose the Bio Mab Column?

« Small particles offering higher * Want to separate charge isoforms of
resolution than the commonly used monoclonal antibodies
10pm particles » In need of higher resolution separations

than current WCX column can offer

« Want a more reproducible selectivity from
batch to batch and column to column

Agilent Technologies



Monoclonal Antibody

Characterization
Charge-Based Separations on Agilent Bio MAb Column (WCX)

Columns: Agilent Bio MAb, NP10, 4.6x250 mm
Mobile phase: A, 10 mM phosphate, pH 7.5
A B, A+ 0.1M NaCl
| Gradient: A) 15-75%B in 30 min
B) 15-65%B in 30 min
B C) 15-55%B in 30 min
D) 15-47.5%B in 30 min
‘ E) 15-40%B in 30 min
J C ) Flow rate: 0.8 mL/min
.‘ Sample: Monoclonal Antibody
Injection: 10 pL (1.5 mg/mL)
- D Temperature: 25 °C
J E Detection: UV 214 nm

0 2 4 6 8 i012i416i8|\%%22242628303234363840

Optimization of method conditions for the isoform characterization of a monoclonal
antibody. Changes in the buffer conditions, pH and gradient conditions sharpen peaks
and increase resolution of acidic and basic isoforms.

Agilent Technologies



Agilent Bio MAb NP10, NP5, Dionex WCX-10

Buffer A: 10 mM Sodium Phosphate Comparable separations
E:Ers% A+ 100 mM NaCl when using the Agilent Bio
Gradient: 15-95% B in 60 min MAD, NP10 and Dionex
Flow rate: 0.8 mL/mi. WCX']-_O- Imprc_)vements
Sample: 5 uL, 5 mg/mL seen with the Bio MADb,
Temperature: 22 C NP5, in this case without
| Monitor: 214 nm any method optimization
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NEW lon Exchange Columns

Agilent Bio IEX

High Resolution lon Exchange Columns

* Non-porous PS/DVB particles with a
uniform polymeric coating

« Available in SCX, WCX, SAX, WAX
phases, designed for protein and peptide
separations

* Available in 10 pm, 5 um, 3 um, 1.7 pm
particle sizes

« Small particles offering higher resolution
than the commonly used 10um particles

« Multiple ion exchange functional groups

When to choose the Bio IEX Column?

are bound at each site providing higher - Want to separate proteins, peptides and a
surface area and high capacity for a non- variety of other bio-molecules
porous particle column\ * In need of higher resolution separations

. Can be used to separate, proteins, than current IEX columns can offer
antibodies, peptides, glycans (glycosylated -+ Wantamore reproducible selectivity from
bio- molecules not sugar ana|ys|3) batch to batch and column to column
polynuc_leotldes cell lysates and in 2-D
separations

Agilent Technologies



Agilent Bio IEX Columns Test Conditions

: . . : . Buffer: 10 mM Phosphate, pH 6.0
Dynam|C Bmdmg CapaC|ty Sample: 3 mg/mL Lysozyme

Flow rate: 0.25 mL/min

Detector: 254 nm

mAU
( Column Particle | Surface Area | Capacity
1200 1 Packing () B (mg/mL)
1000 1
Bio SCX, NP1.7
800 1
Bio SCX, NP3 3 NP 53.5
1 Bioscx NP3 \ Bio SCX, NP5 5 NP 38
400 4 4.6x50mm Y ¢« Bio SCX, NP10 10 NP 20 >
200 1 Bio SCXNP1.7 Bio WCX,NP1.7 1.7 NP 25
4.6x50mm
o ¥ Bio WCX,NP3 3 NP 19
16 32 48 min o4 80 % 13 Column Particle | Surface Area | Capacity
Packing (um) B (mg/mL)
Agilent 10um non-porous particles SP-NPR(TSK) 2.5
have higher capacity than other 10pum _-__
non-porous particles, even higher Mini S (GE)
with smaller particles _

ProPac WCX 10 NP 6

Agilent Technologies




Agilent Bio IEX Columns

Comparing Separations on Each Particle Size

Column: Bio WCX-NP, 4.6x50mm

Buffer A: 20 mM PBS

Buffer B: A+1.0 M NaCl

Gradient: 0-100%B (20 min)

Flow rate: 1.0 mL/min for NP10, NP5, NP3
0.75 mL/min for NP1.7

Sample

1) Ribonuclease A

2) Cytochrome C

3) Lysozyme

Concentration: 1.0 mg/mL

Detector: 280 nm

Average N~80,000 for WCX-NP1.7

Small (bum, 3um, 1.7um)
non-porous particles
provide higher resolution,
resolving peaks not seen
with traditional larger
particles (10um)

Agilent Technologies



Reversed Phase
BiIoHPLC Columns
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Reversed Phase Columns
Poroshell 120 and Poroshell 300

Poroshell 300 — Agilent’s First
Poroshell Columns

Poroshell 300

High efficiency — fast protein and peptide separations

Poroshell 300 columns are for the
separation of large peptides, proteins
and antibodies.

Poroshell 300 particles have a solid
silica core with a superficially porous
surface with a 300A pore size

This results in more efficient mass
transfer, sharper peaks and fast,
efficient separations with large proteins
and peptides

Group/Presentation Title

.3 Agilent Technologies Agilent Restricted



Reversed Phase Columns
Poroshell 120 and Poroshell 300

Agilent Poroshell 120

Advancing capabilities for high-performance HPLC

« 80-90% efficiency of sub 2um
* At ~40-50% lower pressure

« 2.7 um particle size

« 2 um frit to reduce clogging

* 600 bar pressure limit

» The particle has a solid core (1.7um)
and porous outer layer with a 0.5um
diffusion path for a 2.7um total particle
size.

Agilent Technologies



Poroshell 120 vs. Poroshell 300

Use Poroshell 120 for peptide mapping

» Peptide digests of proteins or monoclonal antibodies
» Use Poroshell 120 EC-C18 for LC/MS applications with formic acid

Use Poroshell 300 for reversed phase separations of large biomolecules

» Does the sample contain all polypeptides or larger?
» Poroshell 300 can be used with very large proteins/monoclonal antibodies

« Use at a high flow rate for optimum efficiency (i.e. 1.0 mL/min on 2.1 mm ID
columns)

‘7%~ Agilent Technologies



Poroshell 300 Reverse Phase

Effect of Increasing Flow Rate in Protein Analysis with Poroshell 300

Sustained Efficiency and Resolution

mAU ‘

! 3 mL/min Poroshell 300SB-C18
w37 0-100%B

200 0.67 min \ 2-1X75mm, 5um
s = % % ok O5min— .

wl 2 mL/min

>3 0-100%B :

= i jL k \ 1. Neurotensin
mAUOO' 5 0"3 0.3‘5 0.‘4 0.1‘15 o,‘s 2 . R n ase A

w1 mL/min 3. Lysozyme

=1 0-100%B 4. Myoglobin

200 4 2m|n J\\ \

wl 0.5 mL/min

=] 0-100%B

200 1 4|ﬂin 3 .

g min

Agilent 1100 WPS with AutoBypass; Piston Stroke: 20uL, Temp.: 70°C, Det.: 215 nm
Mobile Phase: A= 95% H,O, 5% AcN with 0.1%TFA; B= 5% H,0, 95% AcN, with 0.07%TFA

As flow rate increases,peak width and resolution are maintained when
using superficially porous particles!

February 2010

Agilent Technologies
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Poroshell 300

Heavy and Light Chain Characterization

~ Heavy-chain forms: —,-L
1 Deglycosylated and

C-terminal lysine removed

] Light chains:
40+ Differing by two
] amino acids
307 lgG1 reated with:
] r I:--l—l'
20 Peptide-N-glycosidase F
] Carboxypeptidase B

m—i | |

High resolution separations of antibodies. The Agilent Poroshell 3005B-C8 columns enhance
peak shape and recovery through simplified interaction with the bonded phase. The Poroshell
300 column provides clear separation between heavy and light antibody chains of a monoclonal
anubody treated with DTT, peptide-N-glycosidase F and carboxypeptidase B.

Use of 1200 LC, Poroshell 300SB columns and UV to characterize antibodies

. Agile“t Tech“("ﬂ!]ies Agilent Biopharma Training 2010




“Traditional” Peptide Map

Column: “C18” 4.6 X 250mm, 5um Mobile Phase: A= 0.1%TFA in water, B=0.1%TFA in ACN
Gradient: 10% B to 90 B in 100 min Runtime: 115 minutes Re-equilibration time: 20 min

100%
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g
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4
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Retention Time (Minutes)

The very long runtimes of traditional peptide maps limit the utility of this approach.
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Peptide Map Comparison of Run Times - Poroshell
120 EC-C18, 3.0 x 150mm 2.7um

A C SIS Faf=—cif CANDSEAT
| (V]
rrAJ? 03. o
A= 2 ]
3 ]
(e o =
8O- §
e > @ o
a7 N \
21| RLE
O
‘ : ‘ = : : : :
AL S Sog—=1TSAa Faf—at COOATA AN T MINS. COSI9OI0O. COSIO10 OO0 0= 19 T30 a3 -OIo1L D
AU 3 AN
3 — %)
O . — g?l '6{‘3 N 'gl 50
| — (o]
ao— Q ~ Q
== ® 8 N & 3 i
: i N min
= o <t H
S e = 4 ~ Oph(’nal
10— most
o
10 :—\T \ \ ‘ ‘ \ ‘ T resolved
O = @ ) = N
DAL C Sg——15A Faf—aif CAADSNAINGUEN S TO=SI910. TORISIO Z010-C=19 111032 1-CG=301 DD
_ o
ma2UJ o\ ©
] . N
= @ N
E B o N~ N~
3 g - N - Y o .
- N
=S¢ s o 100 min
= o ‘_ﬁ N
10— o
o
10
o

- Agilent Technologies



Poroshell 120 and ZORBAX 300SB Comparison

*DADIL C Sg2154 Re—=dt O\DATAIJINGM

20100819 11-4043021-Q101.D) ‘

mAU - N
¢ Poroshell 120 EC-C18 |2 & B8 Improved
g - . = R resolution
jo) < H S © S N - VS.
o g T 2 o8 | standard
- ;o LM s |4 | 7| 300AcC18
el o - Uu -
10+ ‘ \ I R L P
) 10 pZ0) 3 =9 i
DADL C, Sg=215,4 Ref—off (OD\DATAJINGMINGJIZ031810\J7031210 2010-03-18 18-03-1/\021-0201.D)
™ u ZORBAX 300SB C18 e,
e . i 5 2
30 %
20 g
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New BIoHPLC Columns Brochure

Agilent Bio MAb HPLC columns

High resolution ion exchange separations of monoclonal antibodies

Agilent Bio IEX HPLC columns

High resolution charge-hased analytical separations
of proteins, peptides, and other biological molecules

15 Agilent Bio SEC-3 HPLC columns (3 pm particle size)

Agilery High efficiency and high resalution

superi size-based separations for bio-maolecules
. Psm:tl
z;;ﬁ! Agilent Bio SEC-3 HPLE colimns are & unique tec hrlogy for size
Confidenty SEParate % v
and Characterize P .’}'A'A'
bonded
bio-molecules with e >
E s Agilent Bi
Agilent BioHPLC columns P
parl Now Available
+ Particles co -
olihpre » Agilent Poroshell 120
« Hydrophilic Calumn Chal Advancing capabilities for high-performance HPLC
on-specific o
+ Multipk ion.
an one anchy

Make every HPLC inyour lab

Size Exclusion BioHPLC columns work harder.
Nowryou can get the benaits of exceptional eficiency - >80% efficiency of sub-2 ym, 2X efficiency of 3.5 pm
mare speed and more resolutian — on your comentional HPLC Pressure (< 400 bar)

HPLE instruments.

Poroshell 120 reinvents the technalogy introduced with Sompl: 1. Saccharin, 2 Calfeine, 3 P.hydracyberzcic ackl, . A spartame,
Pomehell 300 to deliverthe higher resolutions and faster & Datprouctic ncid. . Bacvia acid

lon Exchange BioHPLC columns spartos 1 you e s for prin n popetits,
but now for @ complete range of small molecy les. Poroshell
120 columns giveyou speed and resolution like s sub-2 pm Porasheil 120 EC.C18

column with up to 50% ess back pressure —ususly less 302100 mm, 27 pm
\ then 400 bar. =220, P =3k

=TT 3 T T i

it Poroshell 120 highlights
= Fopid Reaclutin Hih Thrughput Ecipas Plus £18
. = Up ta taro times the number of thearatical plates v 30100 mm, 1.8 pm
comentional 35 ym partickes h l N= 5,564, P =450 bar
Our measure is YOur success, |
* Improved resokring power. ven as you take adrantage ; 7 T T T 7 =
ol speed gains
s - .
produeta | applcatans | softwane | sericon Agilent Technologies + Lowier back pressure than 2 yrm, aven at higher fow rates Flid Ressiution Edipse Plus 13
e 30100 mm, 35 pm
 More forgwing for dirty samples, due to 2 pm frits “ O =T
* Manufactu red by Agilent. to Agilent s typical stiict ' : : N * * =
qualty standards. and bached by & gilentw orlderide
technical support Coutions

Coleme: 10 100 s Mol phess K & L35, Frmiackt; 36K
B: Mabucl Isamic o v | 5mLiri, 1pLifoctn 35'C iy =220 4 n, et OF
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BioHPLC Columns on the
Agilent Website

Visit www.agilent.com/chem/BioHPLC
to learn more, and order online.
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