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Category Quality Attribute Methods Purpose / Description
e  Orbitrap MS
e Quadrupole TOF MS
e MALDITOF Determine molecular
. . e Reduced&Nonreduced SDS-PAGE weight, purity,
Molecular Weight or Size (Silver and Coomassie staining) aggregation (HMWS),
e Reduced/Nonreduced ESI-MS and size distribution.
e SEC-MALLS
Physicoche
properties Molar Absorptivity e Amino Acid Analyzer Determine protein
(Extinction coefficient) & o UVRggspectroscopy concentration and
Spectroscopic profiles spectrosc-oplc
properties.
IEF
: iCCIEF Evaluate charge isoform
Isoforms Pattern & pl e IEF pattern and isoelectric
point (pl).
e 2D-GEL (IEF/SDS-PAGE)
e  ESI-MS analysis
e MALDI-TOF MS
e Peptide Mapping with RP-UPLC Confirm amino acid
. . analyzed by LC/MS & LC/MS/MS sequence and detect
Amino Acid REHES° e  Edman Degradation with LC- modifications or
MS/MS truncations.
e Reduced RP-HPLC-UV peptide
mapping
Primary Amino acid Analyzer Determine amino acid
structure composition and

Amino Acid Composition

confirm overall protein

identity.
LC-MS/MS
* / . . Identify terminal
. . e N & C-terminal Sequencing by .
N&C-Terminal Variants . modifications
Edman Degradation
(Pyroglutamate, VHS, e HIC-HPLC (pyroglutamate,
Lysine,Proline Amidation) [EX-HPLC amidation, lysine
° ) truncation).
e HPLC and MALDI-TOF/MS
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Category Quality Attribute Methods Purpose / Description
e LC-MS/MS
e MALDI-TOF
e Electrospray MS
e Reduced Tryptic/Asp-N Peptide e e
Disulfide bond localization Map (Free "lyk?iol /Derli)vatiza?ion) Identify disulfide lm%(age
& Free sulfhydryl groups e Enzymatic peptide mapping with pattern and quantify
free sulfhydryl groups.
LCMS (reduced&nonreduced)
e Enzymatic peptide mapping with
RP-HPLC-ESI-MS (nonreduced)
e Ellman’s assay
e Nonreduced peptide mapping, LC-
UV-MS FarUV-CD
Higher e FT-IR .
Order Secondary & Tertiary e NearUV-CD Evaluate foldmg,
Structures Structure e Intrinsic fluorescence secondary and tertiary
structure integrity.
spectroscopy
e HDX-MS
e X-ray crystallography
e DSC Determine protein
Thermal Transition thermal stability
Analysis (melting temperature,
Tm).
e SE-HPLC Evaluate protein
e SEC-MALLS oligomerization,
Quaternary Structure e Dynamic light scattering aggregation, and
e Analytical ultracentrifugation quaternary
conformation.
e CE-LIF
o [EX
e HILIC-UPLC/FLD
e  HPAEC-PAD
Glycosylation * RPHPLC .
(Oligosagchal}‘,ide Profiling, * CESDS Cl}aracterlze glycar.l
Monosaccharide Analysis, * MALDITTOF MS L profile, rr.1(_)nosaccha}r1(.1e
Sialic Acid Content, e (CE after fluorescent derivatization compos.ltlon, and sialic
PTMs antennary profile, ...) e ESIMS acid content.
e Tryptic peptide mapping with

LCMS

ESI-TOF (with DTT and PNGaseF)
2-AB Labeled NP - UPLC
LC/ESI-QTOF-MS

Other PTMs (Oxidation,
Deamidation, Glycation,

Tryptic Peptide Mapping
(reduced&nonreduced) with
LC/MS

Detect and quantify
oxidative, deamidated,
or glycated variants
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Category Quality Attribute Methods Purpose / Description
Pyroglutamate formation, e Reduced S-Carboxymethylated
IsoAsp formation, ...) Asp-N Peptide Map
e Peptide Mapping (reduced)
Separated by RP-UPLC analyzed
by LC/MS & LC/MS/MS
e CE-SDS/RP-HPLC
e JEC
e HIC
e SE-HPLC & Gel permeation
chromatography (GPC)
e SEC-MALLS
e SE-HPLC-SLS
. . e Nonreduced and reduced CE-SDS Detect aggregates
- S&Zrieti‘g(ﬁr(‘)?i‘ner ¢  CE-SDSNGS (HMWS), fragments
Size & HpMWS LMWS, ..) ’ e  SDS-PAGE (reduced and non- (LMWS), and monomer
C}llze ’ T reduced) purity.
He teizgin e Asymmetrical Flow Field-Flow
cit & Fractionation (AF4)
Y e SV-AUC
e DLS
CZE
* Characterize charge
. e |EF .
Charge Variants & - IEF heterogeneity and
Impurity S identify acidic/basic
e iclEF .
variants.
o [EX
e ELISA
o e SPR o .
BIXdlpg Assays (Target «  Cell-based competitive-binding Measure bmd.mg affinity
ntigen, FcRn, Clq, assay to target antigen or Fc
FcgR t tors.
Functional cgReceptors) e Competitive ELISA receptors
Properties e FcRn Affinity Chromatography
F ional cell-
Activity Assays (Target : B?;lcc}f;%litacleasszassed assay Evaluate biological
activity, ADCC, CDC, ADCP, . . Y . potency and effector
A . e Animal-based biological assays .
poptosis) function.
e FACS
e Elemental analysis
e FTIR (ATR) .
ADC Drug (Chemical Structure, e UV Spectrum Conﬁrn;ts;rlilj[llll;r:olecule
Specific Stereochemistry, e 1H-NMR Spectroscopy stereochemistr’y and
polymorph screening ) e  13C-NMR Spectroscopy . polymorphism
e 1H-1H Homonuclear Correlation

Spectroscopy (COSY)
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Category

Quality Attribute

Methods

Purpose / Description

1H-13C Heteronuclear Multiple
Quantum Coherence (HMQC)
Spectroscopy

1H-13C Heteronuclear Multiple
Bond Coherence (HMBC)
Spectroscopy

High Resolution Positive Mode
ESI-MS

Crystal X-ray structure analyses
Solvent vapor exposure method

Free Drug °

RP-HPLC

Unconjugated mAb °

HI-HPLC

Purity of Payload .

RP-HPLC

Cross-linked species .

CE-SDS

Non-proteinaceous .
impurities

RP-HPLC

Elemental impurities .

ICP-MS

Antibody Drug Conjugate

Residual Solvents e GC

Related Substances .

RP-HPLC

DAR (drug-antibody .
ratio)

ESI-MS

o UV
spectrosc
opy

e RP-HPLC

Assay

e RP-HPLC

Determine ADC purity,
DAR (drug-to-antibody
ratio), and residual
impurities.

Sl y5 Jgoz 8 4 Doswgn Js¥90 olpiin o Q}.A)'T )

Abbreviation

Full Form

MS

Mass Spectrometry

TOF

Time-of-Flight

SDS-PAGE

Sodium Dodecyl Sulfate-Polyacrylamide Gel Electrophoresis

ESI-MS

Electrospray lonization Mass Spectrometry

SEC-MALLS

Size-Exclusion Chromatography coupled with Multi-Angle Laser Light
Scattering

LC/MS

Liquid Chromatography-Mass Spectrometry

UV-Vis

Ultraviolet-Visible Spectroscopy

cIEF

Capillary Isoelectric Focusing

iCIEF / iclIEF

Imaged Capillary Isoelectric Focusing

IEF

Isoelectric Focusing

40




) s
=74
fl 4y s .
Ul

ol 5 i lojls

Ploswgn Cod Ol gl olge
VEXIAY syl g90% E,U GUI-DPNA-BIO-013 0lots
- Sbael &b 00 65553k 0 yledts
2D-GEL Two-Dimensional Gel Electrophoresis
RP-UPLC Reversed-Phase Ultra-Performance Liquid Chromatography
LC/MS/MS Liquid Chromatography-Tandem Mass Spectrometry
RP-HPLC Reversed-Phase High-Performance Liquid Chromatography
Hydrophobic Interaction Chromatography-High Performance Liquid

HIC-HPLC Chromatography

IEX-HPLC / IEC

Ion-Exchange Chromatography-High Performance Liquid
Chromatography

FT-IR

Fourier Transform Infrared Spectroscopy

CD (FarUV-CD / NearUV-CD)

Circular Dichroism

HDX-MS Hydrogen-Deuterium Exchange Mass Spectrometry
DSC Differential Scanning Calorimetry
SE-HPLC Size-Exclusion High-Performance Liquid Chromatography
DLS Dynamic Light Scattering
Analytical Ultracentrifugation / Sedimentation Velocity-Analytical
AUC / SV-AUC Ultracentrifugation
CE-LIF Capillary Electrophoresis-Laser-Induced Fluorescence

HILIC-UPLC/FLD

Hydrophilic Interaction Liquid Chromatography-Ultra-Performance
Liquid Chromatography with Fluorescence Detection

HPAEC-PAD

High-Performance Anion-Exchange Chromatography with Pulsed
Amperometric Detection

CE-SDS / CE-SDS NGS

Capillary Electrophoresis-Sodium Dodecyl Sulfate / Next Generation
CE-SDS

ESI-TOF

Electrospray lonization-Time-of-Flight

PNGase F

Peptide: N-Glycosidase F (used for deglycosylation)

NP-UPLC

Normal-Phase Ultra-Performance Liquid Chromatography

QTOF / LC/ESI-QTOF-MS

Quadrupole Time-of-Flight Mass Spectrometry / Liquid
Chromatography-Electrospray lonization-Quadrupole Time-of-Flight
Mass Spectrometry

HIC

Hydrophobic Interaction Chromatography

AF4 Asymmetrical Flow Field-Flow Fractionation

CZE Capillary Zone Electrophoresis

ELISA Enzyme-Linked Immunosorbent Assay

SPR Surface Plasmon Resonance

FACS Fluorescence-Activated Cell Sorting

ATR-FTIR Attenuated Total Reflection Fourier Transform Infrared Spectroscopy

NMR (*H-NMR, *C-NMR)

Nuclear Magnetic Resonance (Proton / Carbon-13)

COSY

Correlation Spectroscopy

HMQC

Heteronuclear Multiple Quantum Coherence
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HMBC Heteronuclear Multiple Bond Correlation
ICP-MS Inductively Coupled Plasma Mass Spectrometry
GC Gas Chromatography
uv Ultraviolet Spectroscopy
MALS Multi-Angle Light Scattering
SLS Static Light Scattering
RP-HPLC-UV Reversed-Phase HPLC with Ultraviolet Detection

ol 325 U3 550 4 mgezer J5Sgn 008 sl Jsbos (A ) Slllas

Characterization of MCB and WCB for Mammalian Cell Lines (CHO, SP2/0, Vero)

Test Category Test Performed MCB WCB EPC
VIABILITY &
GROWTH
Post-Thaw Viability v v v
Doubling Time / Growth Kinetics v v v
IDENTITY
Species Identification (Isoenzyme / W) v
DNA Barcoding)
STR DNA Profiling v v V)
PURITY & STERILITY
Sterility (Bacteria & Fungi) v v v
Mycoplasma (Culture & PCR) v v v
VIRAL SAFETY
In Vitro Adventitious Virus Assay v (Note 1) v
In Vivo Adventitious Virus Test v (Note 1) v
Mouse Antibody Production (MAP) v (Note 2) (Note 1) v (Note 2)
Hamster Antibody Production (HAP) v (Note 3) (Note 1) v (Note 3)
Retrovirus Testing (TEM/Infectivity) v (Note 4) (Note 1) v (Note 4)
Virus-Specific. PCR Par%el (e.g., MMV, v (Note 1) Y
Bovine, Porcine)
Reverse Transcriptase (for Retrovirus) | (v') (Note 4) (Note 1) v (Note 4)
GENETIC
CHARACTERIZATION
Copy Number Analysis (qPCR/ddPCR) v - v
Sequence Verification (Sanger/NGS) v - v
Genetic Stability Assessment v - v
PRODUCTIVITY
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Test Category Test Performed MCB WCB EPC
Specific Productivity / Titer v - v
Notes:

1. WCB Viral Testing: Per ICH Q5A, viral testing for WCBs is generally not required if the MCB has
been thoroughly tested and the WCB is derived under a well-controlled system.

2. MAP Test: Essential for cell lines of murine origin (like SP2/0) or those exposed to murine-
derived materials.

3. HAP Test: Essential for cell lines of hamster origin (like BHK) or those exposed to hamster-
derived materials. May be considered for VERO based on risk assessment.

4. Retrovirus Testing: A core battery for SP2/0. For CHO and VERQO, it is performed to detect
contamination with exogenous retroviruses, not endogenous ones.

Characterization of MCB and WCB for Hi-5 and Sf9 Insect Cell Lines

Test / Analysis MCB (Master WCB (Workin
Ca/tegor;r, Cell(Bank) Celf Bank) ’ Recommended Method(s)

1. Identity

Species Verification Y i Isoenzyme Analysis by electrophoresis
(e.g., on agarose gel).
DNA Fingerprinting: PCR-based methods
like RAPD (Random Amplification of

Genetic Identity v v Polymorphic DNA), AFLP (Amplified
Fragment Length Polymorphism), or STR
(Short Tandem Repeat) analysis.

Cell Morphology v ins(;)/::l:foln) Phase-Contrast Microscopy.

2. Purity (Freedom from

Contaminants)

Sterility (Bacteria & Direct Inoculation according to USP <71>

Fungi) v v or Membrane Filtration according to Ph.
Eur. 2.6.27.
Culture Method (the gold standard, 28-day
incubation) and/or Indicator Cell Culture

Mycoplasma v v (DNA staining with Hoechst 33258) per
Ph. Eur. 2.6.7. Nucleic Acid Amplification
Test (NAAT/PCR) as a rapid alternative.
PCR or RT-PCR with virus-specific primers
for pathogens like:

Specific Insect Viruses Y (Reduced Panel | ¢ *Insect Iridescent Virus (11V-6)*

or PCR)

* Cytoplasmic Polyhedrosis Virus (CPV)
» Densonucleosis Virus (DNV)
e Spodoptera exigua Ascovirus (SeAV)
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Test / Analysis MCB (Master WCB (Working
Category Cell Bank) Cell Bank) Recommended Method(s)
Broad Viral Screening v - Transmission Electron Microscopy (TEM).
In Vitro Assay: Inoculation of cell lysates/
Adventitious Viruses s.upernatants onto a panel of indicator cell
v - lines (e.g., Vero, MRC-5 for mammals; Sf9,
(General) . ; o
Hi-5 for insects) and monitoring for
Cytopathic Effect (CPE).
3. Genetic Stability &
Function
Trypan Blue Exclusion (for viability) and
Viability & Growth Y Y Cell Counting (for growth curve:
Kinetics population doubling time, maximum cell
density).
. Karyotyping/Giemsa Banding of
Karyotype Stability v metaphase chromosomes.
Infection Test: Infect cells with a standard
Susceptibility to baculovirus (e.g., baculo-GFP) at a specific
. v v " . : :
Baculovirus MOI and monitor infection progression via
fluorescence or cell morphology.
4. Baculovirus-Specific
Safety
PCR with primers for common baculovirus
Freedom from genes (e.g., polyhedrin, gp64). In Vivo
Adventitious v - Assay: Amplify cell lysate in permissive
Baculovirus cells and check for viral production (e.g.,
by plaque assay or TEM).
Characterization of MCB and WCB for yeast (Pichia pastoris )
Test / Analysi
est / Analysis MCB WCB Recommended Method(s)
Category
1. Identity
Species,/Strain PCR Amplification of species-specific ger'lomlc
Verification v v sequences (e.g., AOX1 gene) or Sequencing of
the D1/D2 domain of the 26S rRNA gene.
Plasmid,/Expression Re.strlctlon Endo.nuclease Mapping (Digestion)
Construct Identi v v of isolated plasmid DNA followed by agarose gel
v electrophoresis. PCR of the HBsAg gene insert.
. (Confirmation . . . .
Host Strain Genotype v from MCB) Phenotypic Testing on selective media
2. Purity (Freedom
from Contaminants)
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Test / Analysis MCB WCB Recommended Method(s)
Category
Sterility (Bacteria & v Y Membrane Filtration per USP <71>/Ph. Eur.
Fungi) 2.6.27 or Direct Inoculation of culture media.
Culture Method and/or Indicator Cell Culture
Mycoplasma v v (DNA staining) per Ph. Eur. PCR as a rapid
method.
Bacteriophage & (Optional, or PCR for known yeast viruses (e.g., L-A virus).
Yeast Viral v by process Plaque Assay or Biolayer Interferometry for
Contaminants validation) bacteriophage detection.
In Vitro Assay: Inoculation of cell bank lysate
. . onto a panel of mammalian indicator cell lines
Adventitious Viruses .
(General) v - (e.g., Yero, MRC-5) and o.bservatlon for
Cytopathic Effect (CPE). In Vivo Assay (e.g., egg
embryonation).
3. Genetic Stability
Plasmid Sequence & (Targeted Full Plasmid Sequencing (')f multiple clones. from
Integrity v testing) the MCB. Sange.r Sequf'encmg of the HBsAg insert
and critical regions from the WCB.
gPCR to determine the average plasmid copy
Plasmid Copy v v number per cell. Plating on Selective vs. Non-
Number & Retention Selective Media to determine plasmid retention
rate (>90% is typical).
Fermentation Performance in lab-scale
bioreactors: Assess growth rate, methanol
Phenotypic Stability v v metabolism (if applicable), and consistent
HBsAg expression levels compared to the MCB
baseline.
4. Vector-Host
System Specifics
Integration into
Genome (if v v Southern Blot Analysis or Long-Range PCR.
applicable)
Abse?nce OfAntlblOt,lc PCR and Culture on media containing the
Resistance Genes (if v v o
. relevant antibiotic.
claimed)

Characterization for E. coli Cell Banks

Test Category Test Performed MCB | WCB EPC
VIABILITY & GROWTH
Post-Thaw Viability (Cell Count) v v 2
Growth Kinetics (Doubling Time) v v 2
Plating Efficiency (CFU) v v -
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Test Category Test Performed MCB | WCB EPC
IDENTITY
Genotypic Identity (DNA Fingerprinting) v v V)
Phenotypic Identity (Biochemical Profile) v V) -
Plasmid Retention (without selection) v - v
PURITY & STERILITY
Sterility (Bacteria & Fungi) v v v
Bacteriophage Contamination v - V)
Absence of Host Cell Proteins/Contaminants - - v
GENETIC CHARACTERIZATION
Plasmid Sequence Verification v - v
Plasmid Copy Number v - v
Restriction Map Analysis v - V)
Genetic Stability (at or beyond EPC limit) v - v
PRODUCT-SPECIFIC ANALYSIS
Expression Stability & Productivity v - v

v = Routinely Performed. A core test for that bank type.

(V) = May be performed or conditionally required. Often done as in-process testing or based on risk
assessment.
- = Typically Not Performed. The test is not a standard requirement for this bank type.

«Waive ol sise il ks asdlas i 0L, 5,5Y55, sl Jlo— E congn
CES»
 CES i <SS (5951 (pins] o5 by ool 5 915) G-CSF )
+ g8 ldumnylin 5b Juloxs L oS o0t sy ThG-CSF _olazsl slosal, ;5 : (EMA) g9 s5 ) zudgn @
lyiea ANC ) sls ol | aalgd S o Lot ;5 CES plosil g0 olsi oo « (HV) pllas slallogls ,sPK/PD
(lPD
ThG-CSF jMaosugnr (o 51 SLST (sl pllw 31,81 13 PD gewly (250 el S5kid iy yo slaatlisyl @
ol o i pdy by O yg00 PK/PD Gzl 5 d9d g0 (AL (S
a6 5 cnd HV JoPD ol i s ce 125 EPAR/PAR asmiot (gl dolosl) oukid yibiin 25Las
Censl 00 (5155 el Sl (slaaaliy 5l (65l (s lie iy ol 00 0000 i e Lo CES

(w‘ OOL..S‘L> «)5241 PK/PD‘&}E.”» ‘-,’Js ‘ML: asls S¢>9 GLﬁUBL‘U Sl OSM A.ALJ)JAJMLJ)J)

46




) s
=74
L,é‘; S .
lfr”' "L‘Jéfn‘_"/.&‘-f-:u[u i

ol 5 i lojls

Plorwg Cod Oladlao glosal, Olene
VE¥ A ¥ Uyl 5 b GUI-DPNA-BIO-013 o ylocid
- Sbael &b 00 65553k 0 yledts

w55 FDA oo il 5w 5 slial :( G-CSF ey pros u15) CES (gl> PK/PD 0,10 FDA jgp pudgo o
aal o el sy 51 andlla (903 ccnlin (51,5 logas PD g PK L 6 juo wilg o b Dronmasga 45 05 o

55 oo ol LHV s el eaigs

(s3lw PD g PK & Lol 5151 L) «CES-Light» wUl,4s,5 PTHY
ouplonil gl ity 5| wladllae) oS o g ya5 EPAR . Terrosa/ RGB-10 Uyl asolxil (yivgy digos @
gools las 1) agzlee (65, e pdlw 3 OF JoPK adllas S «(0gus 41,55 Terrosa gly couwws 3L Forsteo
el 0d 355 Sle PD lgicas oy95 munlS g aslino il
LHV j3 j920BE- o Su5; clas o ole (sl g 50 9 TETTOSA slil: Jguarmo iledlbl 45 pf (oSS Sloiiune @

«Waive CES» wua> 4L y> (MAbS) — b gob T JUslSgigo ¥
2195 o PK/PD (il (i 33 (b 55 slogus PD (B9 45 05 o dlel by oo FDA (s S @
b oS o0 o5 1)y sylobae Comladonce =Lr§|5 CES U 45 oo Wb el PD sgi jo > 5 9940 CES (35 >
co2 ol el ST wigul el HV o aliled oo baol . jus
Iy Miw!/ Sloginsiwsl onig s MAD G (619 CES Gi> o iy (o @
40939 y5T ol o 30 0y 5 Consl 438 3y (60b HT JUslSgige Sy (612 1 CES Bix jLendsl (s »FDA
- (MADS)lasoly 5T JUslS sige 0 CES Gl 5 b3l sl soleitin 5550
b5, « (binding/kinetics)Gae 4 Jlasl 385 (wyp Jolis 1 (MOA) 51 paanilfo 1 (Sino 0, Slos g zol> Judoxi
L STAT oudls j50md jloo siile Cewd iyl Sidlifws (sl yumn iomiw g o Sl bLS )| &5 40 Fe-effector slas Slas
05 plol (ol (g o B F) ap0 03,513 (6 0y s atals Jol5 (udigy b ool dnlio (ol Lol s it 5
aalllas 35 coales 5 Gloabl sl PK mlis 5 (ADA) 5 ls as slaggoly 2
it il C gl 0B a4 sagy) 45 99 solitl cazli 5l b e S leg S99 D yg0 50 1 (PD) Saoliy 94500yl wilaliae

el 518 3, 8has o b e s ol Sl Su5sdesTa 18 L 51 Lol oo s ol

47




() %

s 3 .
Aty

9yl g 13& lojle
o gy o ldllan slodal oleis
VE-¥-A-F slyerl g9 )b GUI-DPNA-BIO-013 o Loy
- el )6 00 6595 o los

9SS S lo )b (59, » gl S ko 5 o i Litel slasog, LNAD g ADA romis Jolis timui Saigas| a¥ iz b3,
rsrel glacasbloas oS S sl (290 Eb
‘Sﬁla.m 6)[.\»54[@.% CJLJ‘ 6‘)4 ‘LS‘A'»{‘ LngoéL) 9 M;Lc)l_‘) )LJ) ‘).1‘ W&A d,«.&) Sl AJLJ );: Lbd,.uﬂls.!u\.;‘ L;?b‘.)j)"‘ MU)‘!

d),.a.o o)‘}o chu )Q

48




