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BioLayer Interferometry

= Optical layer reflects simple white light; second reflection from tip of biosensor, both
reach detector

= Analyte binding changes thickness of bio-layer, which is measured at detector

Reflected
Beams

Incident

White LIght M (spectral shift due to change in thickness)

1.0

S Tp

)

o
=%}

2
r.-ﬂl!ti-::-u lllll E 06
| i surfac Z
- Biocompatible %
= surface < 04
|
———— Immobilized o
molecule
02
————— Unbound molecules 400 450 50 530 ‘ 960 ' eéo 700
have no effect WAVELENGTH

2 Life Sciences



Increase in Molecular thickness changes the interferometric

pattern
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Monitoring the Interference Pattern vs. Time

Provides Kinetic Data on Molecular Interactions
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¢l BLItz : The personal Analyzer

Label-free Assays in a Drop
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Octet Red Series

Analyte MW: > 150 D
16 Channel Read Head

96 and 384 Well Microplates
> 40 pL Assay Volume
2 Microplate Positions

Biosensor Reracking

Automation Compatible
RED384

8 Channel Read Head
96 Well Microplates

> 180 pL Assay Volume
1 Microplate Position

Biosensor Reracking

RED96

Octet QKe Series
Analyte MW: > 2 kD

forfé;
Tteag

QK384

QKe
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Flagship of the Octet Line Epitope Binning: 2-8 x Faster
Full Plate Quantitation in 2 Min Full Plate Kinetic Screen in Mins, Not Hrs
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Current Biosensors

Flavored Biosensors: Generic Biosensors:

Anti-Human IgG Fc Streptavidin (SA)

Anti-hlgG Fc Capture Surface (AHC) Super Streptavidin (SSA)

Anti-Murine IgG Fv Anti-FLAG

Anti-Murine 1gG Fc Capture (AMC) Amine Reactive 2nd Generation (AR2G)
Protein A Aminopropylsilane (APS)

Protein G Anti-Penta-HIS (HIS2)

Protein L Ni-NTA

Anti human IgG FabCH1 Anti-GST

Current Biosensor Kits:

Immunogenicity (ADA) Residual Protein A
Custom HCP
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Affinity characterization of proteins, antibodies, and small molecules
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Octet & BLItz Applications in the Drug
Process

Target ID &
Validation

Mechanism
of action -
biomolecular
interactions

ELISA assay
development

Octet & BLltz

L
I Quantitation 1
specific ‘Ir

V-

Lead Screening
& Selection

Screening

for binders
(hybridoma, phage

or lysates)

Affinity/ on-rate/
off-rate ranking
of dones

Epitope binning

Mammalian
clone selection
for scale-up

Loading
concentration for

small-scale
purification

Lead Optimization
& Characterization

Affinity
maturation —
binding kinetics

Fc engineering/
humanization —
FcRn binding

Epitope mapping
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Preclinical
Development

Pharmacokinetics

(PK)

Pharmacodynamics
(PD)

Immunogenicity

Development

Process
Development

Cell line develop.—
titer and growth
media assessment

Dynamic binding
capacity (DBC)
determination

Chromatography
optimization —
binding and
elution conditions

Contaminant
testing — insulin,

HCP and residual
Protein A

QC&
Manufacturing

Activity assay

FcRn binding
assay
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Waccings & Viruses

Highlights new
publications

ForteBio systems have become indispensabie tools at biopharmaceutical companies worldwide. resulting in a steg
stream of scientific publications and presentations. This onfine rescurce will help you stay current on the I3

studies featuring data from the Octet® and BLItrE systems. Fresh publications and presentations g ptured as
they become available, and can be browsed by application area or pinpointed by keywerd sg

Small Molecules
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FEATURED ARTICLES

Optimization of Affinity, Spedficity and Function of Designed Influenza Inhibitors Using Deep
Sequendng

Marure Biorechnology; 306), 543-548, 2012, Whitehead, T A etal

The authers use sequence-function maps generated from deep sequending studies to optimize the binding affinities

hese computatior =. The Octet RED
inst a panel of 16 hema nin subtypes.
Additional experiments demonstrated that the high-affinity variants bound to group 1 influenza viruses and
neutrafized H1N1 viruses in cell culture studies. Really impressive work!

The Protein Zfand5 Binds and Stabilizes mRMNAs with AU-rich Elements in Their 3 prime
Untranslated Regions

S Bislosical Che, ¢ ZBT(30), 249 772012 He G etal

The first publications featuring the BLItz system are starting to appear. In this work, the BLItz system is used to
determine kinetic rate constants for binding of 2 pretein centaining twe zinc finger domains to AU-rich elements of
mRMNA

Identification of novel factors that are invelved in regulating oytokine mRMA stability 2

capable of attenuating host Llfe SClenceS



Today’s Topics

= Titer Assays

= Process Development

= Process Troubleshooting

= Bioprocess Impurity Analysis

= Lot Release Activity Assays

12
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Two Primary Assay Formats

Activity Assay Quantitation Assay
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Full menu of biosensor surface chemistries
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= Primary reason: <30 minutes per
96-well plate

= Biogen IDEC study:
— Fc-fusion protein

— Protein G HPLC protocol required
19 hours/96 samples

— Application Note 13 presents
Octet-HPLC qualification study
design

= Plate location
= Culture media concentration
= Dilution linearity

Intermediate precision

14
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Rapid, Reliable Quantitation of Fc-Fusion Protein in

Cell Culture Supernatants

Kamvasri Jonnalpadda Lam & Markedy: Scoli Estes Shashi Fraiapathi. Cell Line Development, Biogen IDEC. Comibridge. MA, USA
Rashi Takkor. Sriram Kumaraswarmy. Applicrtions Development. Pall Fortobio Com. CA US4

BACKGROUND

The cell fne develapment graug at Bogen IDEC reeded = robust
assay fior the measurement of Fo-fusion protein {Progein 1) in crude
cell culturs . The group had historically used HPLC for
protein quanttation disring scresning and selection of pramising
mammalian cdlones at every scale-up step, from 36-well micoplates
ta 3L bicreactors. They wanied io replace the HPLC method due to
its low throughput, cumbersome sample processing, and lang run
times with 2 higher-throughput altemative that pravided accurte,
refiable rezults.

OCTET PLATFORM SOLUTION

The Octet QK384 insbrument was evaluated as an alternative to
HPLC due toits many advantageous features and suitability far
screening preteins in cell culture supematant fuids. Gctet systems
hiawve the sbiity to anslyze crude samples, sllowing usersto
bypass sample pre-processing. In additian, 96 samples caud be
analyzed in less than 30 minutes, expediting screening that toak
mare than 18 haurs ta complete by HPLC. A higher throughput,
sutomated screening warkflow with sigrificantly reduced analyst
imvalvement was achieved via integraticn of the Octet systern and
a PerkinElmer (farmerty Caliper Life Scicnces) Scickane rabat. This
document summarizes the performance of Biogen IDECE Fo-fusian
protein assyy.

ASSAY DEVELOPMENT AND RESULTS

Mathod

An Octet QK3B4 instrument integrated with a PerkinBimer
Scickone robot was used for all experiments Samples were ans-
tyzed in S6-well, biack, palypropylene, flat-bottom microplates
fram Greiner {Part No. 635209). Prabein A and Probein G bicsensors
were selactad bacause of their high specificity and selectivity for
Fe-fusion protein detection in supematants. Default s=ttings of 2
2-minute read tims= and 400 RPM shake spaad ware sslacted.

Octet Assay Proven Robust and Reliable

During 2ssay development, standard curves were canstructed by
diliting the purified bulk drug substance at cancentrations fram 0
t0 100 pgfmL in cell culture media {OOM). Assays were performed
in triplicate, wsing identical well lcations in three independent
experiments. The average coefficient of varation (OV) for the entire
standard curve rnge was less than 9% for the three combined runs
(Figures 1A and TE). A dyramic range of 1-100 pg/mi was faund

to be optimal, with acceptable recovery vahues and O, Standard
curves were slso assaped in different wedl locstions in three inde-
pendent experiments to account for any well-o-wel variability
(Figures 24 and JE). Assay performance was similar scross all well
locations, demonstrating good consistency across the plate.

Life Sciences




Cell Culture Media Had No Impact on Quantitation
Data courtesy of Biogen IDEC
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Octet Titer (ug/mL)

1000

500

<10% Variation Between HPLC and Octet
Data courtesy of Biogen IDEC

HPLC Vs. Octet
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3500

ProG Fortebio
HPLC Octet %
Sample D | (ug/mL) | (ug/mL) | Difference

S1 357 318 11%
S2 2672 2395 10%
S3 388 373 1%
S4 421 448 -6%
S5 2397 2254 6%
S6 1275 1266 1%
S7 1299 1235 5%
S8 1493 1313 12%
S9 2645 2521 5%
S10 1555 1578 -1%
S11 2327 2104 10%
S12 2009 1883 6%
S13 710 708 0%
S14 551 545 1%
S15 3233 2971 8%
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Fig. 3. Typical chromatogram from purification of cell culture supernatant on protein A resin. Fractions were collected and tested by biolayer interferometry for IgG concen-
tration. These concentrations are plotted (in light blue) directly on the chromatogram. Dynamic binding capacity was calculated based on the first fraction for which [gG was
detectable. FT, flowthrough; Min FT, earliest flowthrough fraction in which lgG was detectable by biolayer interferometry.

Tri Do et al., A rapid method for determining DBC of resins for the purification
of proteins. Protein Expression and Purification. 60 (2008) 147-150
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Process Troubleshooting

Data courtesy of Aragen Bioscience

[

Lot 1

High
Specific
Binding
Activity

Lot 2

Presence of large
Low second peak
Specific
Binding
Activity

Ref: O Beske, The Three A’s of Biologicals: Activity, Activity, Activity: Guidung Process
Development Using Bioactivity Measurements, Bioprocessing Summit, August 2011
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Peak 2 in New Lot — Less-active Fraction

Data courtesy of Aragen Bioscience
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Confirmed by Cell-Based Assays

Data courtesy of Aragen Bioscience
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The reduced
binding fraction
had 100-fold
reduced cell
based activity
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Bioprocess Impurity Analysis

= Host Cell Proteins (HCP) are produced or encoded by the organisms and
unrelated to the intended recombinant product

— Heterogeneous family

— Few hundreds daltons to few hundreds kDa

— In mammalian cells, as CHO cells, >10,000 proteins

— In bacteria, as E.Coli, >1,000 proteins

— Safety risk

— Can be used as a marker of the purification process efficiency

= Residual Protein A
— Derived from affinity chromatography columns
— Required test for monoclonal antibody products

Confidential 29 Life Sciences



Octet HCP Assay Format

= Multistep Streptavidin Biosensor
= Amplified detection

= Detection range:
— 0.5 to 250ng/ml

?’ oty S 1:.\~.'_',-:-'F_

Bt

wd
HRP anti-tag conjugate Precipitation
HRP
Metal DAB

Confidential 23 Life Sciences



CHO HCP Octet Workflow

Assay Steps on Shakers

= Streptavidin Biosensor

Biotin anti-CHO HCP Ab
CHO HCPs
Fluorescein anti-CHO HCP Ab

} Standards

3

Octet Biosensors
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Biotin anti-CHO HCP Standard/Sample Plate Flu<_)rescein anti-CHO HCP
Antibody Plate Antibody Plate
= Entire rack of 96 sensors treated by dipping into plate
= No washing steps needed between steps

Ref: Dan Schuessler, GSK 24 Life Sciences



CHO HCP Octet Workflow

Assay Steps in Octet QK384

Streptavidin Biosensor

Biotin anti-CHO HCP Ab
CHO HCPs A
Fluorescein anti-CHO HCP Ab
HRP anti-FITC Ab
Metal DAB Precipitating Substrate

Binding (nm)

Q } Standards
(D

Biosensors

© © | samples — >
‘ ‘ ‘ . ‘ ‘ . . Biosensors Time (sec) 300

Biosensors from Shakers

QLWL
000000
000000

Assay Buffer

HRP anti-FITC Ab
Substrate Buffer
Metal DAB Substrate

Binding Rate

000
@000
@000

O
[ 4
@
o

@000
@000
@000
000

Reagent Plate

»
»

Concentration

Ref: Dan Schuessler, GSK 25 Life Sciences



Switching Assay Plates on
Custom Octet Plate Shakers

Octet Instrument Loading

Beneft ____|Detals

Precision Liquid handling robot reduces pipetting variation inherent in manual pipetting
L:eliability Method performed exactly the same each time
treamlined Process  Worklist drives robotic method and creates sample plate importation files
Robotic method automatically creates & executes Octet method file
Walk Away No analyst intervention needed to complete method after instrument loaded and diluent volumes are
checked
Washing Steps No washing steps needed & plate washer integration not required

Analyst Involvement Automated Octet > ~30 minutes for 1-3 assay plates
Manual ELISA - ~2.5 hours per assay plate

Throughput 3 assay plates can be run in ~5 hours
- 38 samples/plate in duplicate wells - 108 samples in 3 plates

Antibody Consumed Re-use of coating antibody can significantly reduce consumption over multiple assay plates

Ref: Dan Schuessler, GSK 26 Life Sciences



Residual Protein A Contamination Assay

Concentration of Protein A/

Standard Curve MabSelectSure (N=4)
o Binding
[ng/mL] ng/m  Rate  %Cv
o5 0.1 0.10 4.2%
0.25 0.15 6.1%
0.5 0.22 3.6%
1 0.33 3.4%
10 2.5 0.66 5.4%
5 1.11 3.6%
10 1.84 2.2%
5 25 2.82 1.5%
2.5
1.0
0.5 =
0.25 o
0.1 <
Trg e 0 c%

1 10
All dilutions include 0.5 mg/mL human IgG

Assay LLOD =43 pg/mL

conc. in ng/mL
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Activity Assays in PD and Manufacturing

Rapid Assessment of Fab Activity Using Octet
BioLaver Interferometry (BLI)

S}'dl‘lE}' Zg.remb a

Sr. Assodate Scientist | . 5 - 5
RnlyficliSciane) 0 0 0w o ow e Boehrmger
Fremont CA . . . . . . ||||| Iﬂgﬁ]hﬁlm
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~ Boehringer
I|||I Ingelheim

Urgent Need to Develop Two Assays

*Transferred in a Fab molecule for development at Bl Fremont

*Two assays needed:
 Titer - for samples in cell culture fluid
 Activity — a surrogate bioassay for in-process and lot release samples

*Options
 ELISA
* QOctet

*Assay qualities
* Speed
« QC friendly

29



~\ Boehringer
I|||I Ingelheim

Standard Curve - Range Determination

[Theoreti %
cal ] Accura
ug/mL cy

= }
=30
=]

s 1000 702 122 70%
o 500 526 11.3 105%
15
10 250 265 2.3 106%
- 2000 — 16 ug/mL 125 128 13 102%

0 10 20 30 40 a0 B0 70 80 Ell 100 110
T 62.5 64 2.1 102%
Sensor AR Sensor BA Sensor CB Sensor DB Sensor EG Sensor FB Sensor GB Sensor HB
31.3 30 2.7 96%

Binding (nm)
(%)

2%

1
o 400 — 3 ug/mL

0 5 10 15 20 25 a0 3 40 45 a0 B 60
Tirme (sec)

Sensor A7 Sensor B7 Sensor C7 Sensor D7 Sensor E7 Sensor F7 Sensor G7 Sensor HY | 3 1 3 3 1 26 990/0 |




~\ Boehringer
I|||I Ingelheim

Linearity and Repeatability

Repeatability
n=8
Linearity of the Standard Curve 97%
500
0
100 | ¥=1.0005x - 0.0204 _ 95%
3 R?=0.9989 /' 101%
&340 99%
[ai]
S 200 100%
=]
“ 100 99%
o | | | | 90%
0 100 200 300 400 500 960/0
Theoretical Concentration (ug/mL) Ave = 97 %

%CV = 3.6
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~\ Boehringer
I|||I Ingelheim

Regenerating Ligand Bound Biosensors

2em N T : Neutralization
Regeneration |—*| . .. — Read Sample
| Dilution Buffer
\ {k A ical | Eiulil-’:‘pr:;llprl:;lil:-k-
oclecus
® Binding Curve Graph NaOH - Binding Curve Graph NaCH & SDS

Sensor
re-used
10 times

Fab not
stripped off
sensor

Time (sec) Time (sec)
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Boehringer
Il

In-Process Activity Assay Results Ingelheim

Octet A280 %C % Major
Mg/mL | pg/mL Act|V|ty Impurit
y

First purification step /7680 9500 15%
First intermediate step 4220 4380 4.4 96 <1%
Second intermediate

step 7570 /680 1.8 99 <1%
Final purification step 67880 65790 7.6 103 <1%
BDS 50100 49500 5.0 101 <1%

% Activity = (active concentration) X 100
(A280 concentration)

33



_ ~\ Boehringer
Accuracy and Precision llw 1ngelheim

% %
pg/mL | pg/mL Activit | Accuracy
y
99% Fab 49100 50500 5.0 97 98
50% Fab 430 880 6.7 49 98
5% Fab 46 1100 3.3 4 84

Intermediate Precision

Oneway Analysis of % Activity By Analyst .
Control Chart - % Activity
115 -
| 125
190 - 100 - o M Sh JUPUIR, o SV, %o .
£ 05 - : z ¢ -
=N : "
> 100 T <&~ 2 o
954 - * 25
. 1 "2 Anpais 0 T T
Analyst Tukey -Kramer 0 5 10 15 20 25 30 35 40
0.05
Number of Assay's
Means and Std Deviations |
Std Err -
Level Number Mean StdDev Mean Lower95% Upper95% % ACthlty
1 26 102923 483258 0.9477 100.97 10487
2 10 101200 698888 22101 96.20 10620
Ave 102 5.3
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Assay Run Time

Boehringer
I|||I Ingelheim

10 Samples Octet ELISA Biacore
(Mmutes) (Mmutes) (Mlnutes)

Sample prep

Software data 10 10 10

entry

Run time 20 240 270

Data analysis 3 3 3

Total time 65 (~1 hr) 285 (~5hr) 315 (~5 hr)
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