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Overview

* N-linked glycosylation
 Importance of glycans in biotherapeutics
* Regulations

* Analysis of released N-glycans
» Applied Biosystems™ GlycanAssure™ HyPerformance APTS kit

* Glucose Unit (GU) libraries
« Construction of APTS GU library

 Transferability of APTS GU library
« eWorkflow




N-linked Glycans

~50% of biopharmaceuticals are glycosylated

* N-glycan attached to Asn residues
« Consensus sequence N-X-S/T

Glycosylation can have an impact on

* Immunogenicity

* Biological activity, drug clearance and half-life
- Stability

Therefore is a Critical Quality Attribute (CQA)
- ICH Q6B

Microheterogeneity affected by manufacturing process

« Both a manufacturing and analytical challenge

Galactosylation Core Fucosylation

l TCDC .~ |lAccc
Terminal Sialyation —
|Clearance
Anti-inflammatory
A Fucose
O Galactose
@ Mannose

[ ] N-acetylglucosamine

. —_—
High Mannose . N-acetylneuraminic acid

11 Clearance

Reviewed in:
Liu, J Pharm Sci. 2015; 104: 1866-1884
Abes & Teillaud, Pharmaceuticals 2010; 3:146-57

Fab glycans Q
{non-conserved) ﬁ’?‘;
t‘.”'_
o -
o

ADCC: Antibody-Dependent Cell-mediated
Cytotoxicity
CDC: Complement-Dependent Cytotoxicity

- ~o

ThermoFisher
SCIENTIFIC



N-linked Glycans

ICH (Q6B) recommends 6 test approaches for characterization
and confirmation of biological products:

« Amino acid sequence

* Amino acid composition

* Terminal amino acid sequence

* Peptide map

« Sulfhydryl group(s) and disulfide bridges
« Carbohydrate structure

* “For glycoproteins, the carbohydrate content and structure
(neutral sugars, amino sugars, and sialic acids) is determined.”

Early development (High throughput clone screening) > QC (CQA monitoring)




Analysis of N-linked Glycans
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GlycanAssure HyPerformance Kit — Denaturation and Deglycosylation

Glycoprotein

» Denatures and solubilizes protein

« Enables rapid and complete
deglycosylation




GlycanAssure HyPerformance Kit — APTS Labelling

Glycoprotein

In-solution labelling

No use of sodium
cyanoborohydride

Retention of labile sialic acid




GlycanAssure HyPerformance Kit — Sample Clean-up

Glycoprotein

Analysis

Efficient clean-up of labelled
glycans

Magnetic bead-based

Bind and elute workflow




Overview of Glycan Labelling Using GlycanAssure

AutoMate Express™
Forensic DNA 3500XL with
Extraction System GlycanAssure Software
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Hands-On Method

Thermo Scientific™ Vanquish™ Horizon UHPLC
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GU Libraries

External retention calibration approach

Uses labelled dextran (poly-glucose) ladder standard
« Generates retention time calibration curve
« Converts chromatographic time to GU value

Critical for glycan library search robustness

« Minimizes chromatographic variation associated with HILIC
« System-to-system
« Day-to-day
« Site-to-site

Requires method standardization

i

i

%ffﬂﬂ%%

APTS-labelled dextran ladder (GU 3- 12)

Ig{GUu}

111
10+

08

06 +

05 +

04

5 10 15 20 25 30 35 40 45
Retention Time (min)

Retention time/GU calibration curve

10

ThermoFisher
SCIENTIFIC




Importance of GU Calibration

, GOF
* Human IgG — different == I
* Analysts | | ; i
* Mobile phase i
« Sample preparation :
* Instruments .
* Columns... i i i i :
i Retention times differ by .-..-1 min_ Ei}m 100 12.i * 14.0 i 16.0 18.0 i 200 220 240 i 26.0 280 31}.1}i 320 340 360 380 400 425
across the run i | i W \ i i
- Dextran ladder calibration applied i i i i i
to correct this difference ; ; ; ; ;
For GOF peak (n=12) “MJ U«} UUL\J i i
RSD of RT = 3.5% | | | : : T
RSD Of GU - 0.90/0 8.0 10.0 12.0 14.0 16.0 18.0 200 220 240 260 2680 300 320 340 36.0 380 400 425
Human IgG analysed across different sites
ThermoFisher
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Method Parameters

Mobile phase A 100 mM ammonium formate, pH 4.4
Mobile phase B Acetonitrile
Column temperature 50°C

Injection volume 2 uL

Thermo Scientific™
Excitation wavelength 455 nm Accucore™ 150 Amide

General Settings  Flow Gradient
. column (2.1 x 150 mm,
Emission wavelength 500 nm 1003 = %A
26 um) % mifmin |[ — el
ano o T 1 75 L3 75 Flow[ml/min]
Sensitivity 7 :
SU-X\I:—Z_SD
Lamp mode High power :
254 F1.25
Data collection rate 10 Hz oI , | | , Tt . 00
—-15_0 (1] 12.5 25.0 37.5 50.0
No Time [m'rl'?""“i“] %B Curve e
1 15000 ¢ Equilibration
2 -15.000 0.450 68.0 5 S
3 New Row
4 0.000 Run
5 0000 0.450 68.0 5
6 45000 0.450 55.0 5
7 45500 0.450 40.0 5
8  47.000 0.450 40,0 5
9 47.500 0.450 68.0 5
10 New Row
11 50.000 Stop Run
12 ThermoFisher
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Overview of Library Construction

- Biopharmaceutical relevant samples
* NIST mAb
 RNase B
* Human IgG

- Individually labelled, N-glycan standards
» Supplement the sample glycan pools
 Aid and confirm glycan identifications

» Two analysts; Two different sites; Two column lots
« Different UHPLC instruments, mobile phase preparations, sample preparations
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Typical Sample Chromatograms Used in Library Construction

14

NISTmADb
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Glycans Incorporated into APTS GU Library
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» APTS GU library contains 29 glycans S
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GU Annotated Chromatograms
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Biotherapeutic samples annotated with library GU values
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Preparation of eWor

@ Chrormeleon Consaole

@ Back | Create

Folder
Instrumen H | €3 eworkiiow Editor - new_eWiorkiiow™ - =

m Sequenceerl!
F @I m 4 010 724 B

it BSA Systel

Se quenc oy (Bl Seguence General Seguence General Sequence Lavout
B5SVBSP2 = State | € ewvorkfiow Editor - new_eWorklow* _ox |
Instrume
@ In Development 1 File
i 4 -
)Y, Processi eworklow Genersl | Seguence Gen
State S‘ C_} eWorkflow Editor - new_eWWorkflow* = x|
F_l'] Report T General . __ 3 File @
. . eWorkflow Type: E— 0 5 & 7 g U
Injection o sworkflow Geners equence General squence Layout
Defaults |
Sp ectral eworkflow Tags General Dafault Repart Template: —
eworkflow Type: = | €3 avioriiow Editar - new_ewaridiows _=x
"Wien Sedt HPLL Save only a link to the selected Report Template File )
Show Description at Launch sworkflow Tags D e View Setting ewarkflow General  Sequence General | Sequence Lavout
O eilorkflo - M. Sompies pe Beckel:  Mor. Brockelspor Seqirce:  No.of semele Backels. {100 o et Bock aier ) Use Bracke Bock beore
- Associated ems 3 HE S i g Sequence Header Sequence Footer
3 Electroni Save only a link to the selected View Settings
Imstruments ‘Show Description at Launch
Default Channek Chromatogram Ne. of Inj Name Type Level Spike Group Posifion Volume Status
A ted It tL M
ssoolated liems 4 nA 7 Berk iBlank 1.0000 [u] : Instrument  Processing Ide
Instiuments: Autoreporting Setlings : HIN : c : :
=) Vanquish_DAD Print repart Export report * New ebforkflow Injection Template
‘ Auto generate report. | Alter whole sequence - ] 5] Sample Biock - Titem
Notficaian Setings 3|l | A : g Smee : Unknovn 25000 [ul] :Instrument e
Enable notificatons E * New elvlorkflow Injection Template
Electronic Signature EEEEREE
| Submit electronic signatures ciim nA i3 @ Dexiran iCalibration 25000 [ul] Instrument iGU Processing ldfe
Addtional signature steps: (V] Review ] Approve [ = ladder i Standard H H
Queus Seltngs * New eWorkflow Injection Template
Enzble Smart Startup when adding the sequence to the queue @] == i
Add. Fema R A i & Snwidom [Blenk 1.0000 [uL] nstrument Processing E Idt=
Custom Variables and Formulas — E S 8 : :
| N | Descri | 1 ‘ * New ewfarkflow Injection Template
lame cription | Type =
s N ;
Sequence Preview ¥
Number of Samples: |3 H <Holnstnment Selected> || S.ampler start position: ~| [ TpLaunch
#  Chromatogram Name Type Level Spike Group Position Volume Instrument Method  Processing Method Status Inject Time [CT I
L[| 1
|| 2
T 3 MNone Dextran ladder  : Calibration na 25000 Instrument GU Processing Idle
4 TMione Dextran ladder : Calibration na 3 5000 Instrument Gl Processing Idie
*_{Custom Variables: Custom Formulas 5 Hione Dextran ladder : Calibration na 35000 instrument Gl Processing idie
& [Hane Sample Unknown na. 25000 Instrument Processing Idle £
7 [Nane Sample Unknown na. 25000 Instrument Processing Idle
g [MNone Sample Unknown na 25000 Instrument Frocessing Idle
g MNone Dextran ladder  : Calibration na 2.5000 Instrument G Processing Idle
10 Hone Dextran Isdder  : Calibration na 25000 Instrument GU Processing die
11 Hone Dextran lzdder  : Calibration na 25000 Instrument Gl Processing die
12 [Hione Shutdown Blank na 1.0000 Instrument Processing dle 2
gl m J ’
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« APTS GU library has been created
» GlycanAssure HyPerformance Kit

« 29 biopharmaceutically relevant glycans incorporated

» Use of GU library increases robustness and confidence in glycan assignments
« Without the requirement for mass spectrometry

- Library in the process of internal/external validation

* Creation of an eWorkflow
« Seamless transfer of methods between laboratories/sites
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