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Macromolecular and Vaccine Stabilization Center (MVSC) is
located in

Department of Pharmaceutical Chemistry in School of
Pharmacy at KU:

Characterization, stabilization and formulation

Vaccines (live and recombinant purified antigens, adjuvants)

» Biopharmaceuticals (proteins, peptides)
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» Our research grants and fee-for service contracts include complete analytical
characterization and formulation development studies as well as per sample testing.

» Our focus is on the science of CMC development.

« Early-stage Characterize and compare candidates with structural assays, develop stability-indicating
assays and identify degradation pathways

« Translational-stage Characterize, stabilize and formulate biological candidates for first-in-human clinical
trials (Phase 1).

« Late-stage Develop final formulations and perform analytical comparability assessments to support
Phase 3 trials.

Formulation
Development
Stability,

» Our research goals include developing analytical tools, AdjavantsiDelivery
elucidating degradation mechanisms, improving stability and
correlating physicochemical changes with loss of potency

Comparability, Analytical
Support Methods

Process (Characterization,
Development Stability)
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Analytical Characterization
of Vaccines and Biopharmaceuticals

Formulation
Development
Stability,
Adjuvants/Delivery

Comparability, Analytical
Support Methods
Process (Characterization,

Stability)

Development
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Requires an overall assessment of results from a family of assays
Physical, chemical, biological, immunological...
Key role in vaccine and biopharmaceutical development

e.g., process/formulation, testing, comparability, stability

Physical & Chemical Attributes

Appearance

Purity

Primary Structure

Secondary Structure

Tertiary Structure

Overall Conformational Stability
Characterize Size (Oligomeric State)
Measure Aggregation/Particles
Charge Heterogeneity
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Carrier Proteins In Polysaccharide-Conjugated Vaccines

A. Polysaccharide vaccine B. Polysaccharide-conjugate vaccine Vaccine Polysaccharide Source (Organism) Manufacturer Carrier Protein
o Menveo® Neisseria meningitidis Novartis CRMq7
Polysacchaside k Prevnar® Streptococcus pneumoniae Pfizer CRMq7
p o Prevnar-13% Streptococcus pneumoniae Pfizer CRM g7

-’\ 8 coll ﬂ Hiberix® Haemophilous influenzae GlaxoSmithKline Tetanus Toxoid

| o 3 P ActHIB ® Haemophilous influenzae Sanofi Pasteur Tetanus Toxoid

v Menhibrix® Neisseria meningitidis GlaxoSmithKline Tetanus Toxoid

= Tcell help Haemophilous influenzae
Menactra® Neisseria meningitidis Sanofi Pasteur Diphtheria Toxoid

l PedvaxHIB® Haemophilous influenzae Merck OMPC
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Natural & Recombinant CRM197 ("“CRM?)

» Produced in Corynebacterium diptheriae (low yield) and

requires BSL-2 manufacturing facility CRM (58 kDa)

» Natural CRM is commercially available but costly and
potential issues obtaining sufficient material for Fragment A (~21 kDa)
preclinical/clinical studies Catalytic domain — {8

» CRM can be produced in recombinant expression systems
(E. coli and P. fluorescens)

» How does recombinant CRM compare to natural CRM?

PDB ID:4AEQ
\ J

I
Fragment B (~38kDa)
Binds to host cell and helps transfer
A fragment into cytoplasm

pmolecule und\’nﬂilon; e d THE UNIVERSITY OF
(www.mvsc.ku.edu (2012) Malito, E. et al, Proc. Natl. Acad. Sci, 109:5229-5234 KAN SA S




Recombinant CRM Natural CRM
1 1

f ¥ \
Biological E. Limited @ Ins \ “ LlST BIOLOG'@L
FinaBio | @ ez o | © ReagentProteins| R/ vaxForm... LABORATORIES, INC.

* Commercial product | * Commercial product » Commercial product * Non-commercial product + Commercial product
(2006, stored frozen)
» Expression System: | «+ Expression System: » Expression System: * Expression System:
Escherichia coli Escherichia coli Pseudomonas fluorescens » Expression System: Corynebacterium diptheriae
Corynebacterium diptheriae
*  Procurement: *  Procurement: e  Procurement: * Reference C7 “natural” CRM
Collaboration Collaboration Purchased *  Procurement:
- - Donated *  Procurement: Purchased

wm Analytical Comparison

i i Physical Stabilit _ In vitro
Physicochemical y ility as Relative Solubility mmunological

Properties a function of stress

(pH vs. Temp.) Profiles Assays

— - 8
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Recombinant CRM Natural CRM
A 1
(

Fﬁ%Blo @B v imies | © Reagent Proteins N\ VaxForm.. LIST BIOLOGICAL

Fina Biosolutions LLC Celebrating L= Every Day PFEnex MBOMTOR'ES; |NC-
» Commercial product | + Commercial product « Commercial product * Non-commercial product » Commercial product
(2006, stored frozen)
» Expression System: | «+ Expression System: » Expression System: _ * Expression Sy_stem: _ _
Escherichia coli Escherichia coli Pseudomonas fluorescens » Expression System: Corynebacterium diptheriae
Corynebacterium diptheriae
*  Procurement: *  Procurement: e  Procurement: * Reference C7 “natural” CRM
Collaboration Collaboration Purchased *  Procurement:
Donated «  Procurement: Purchased

wm Analytical Comparison

Physicochemical
Properties
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Overview of comparing the physicochemical properties of five CRM samples

EcoCRM™
Fina Biosolutions LLC
rCRM
. Biological E. Limited
Celebrating Life Every Day
Pfenex CRM

Analytical
comparisonina
common buffer

(PBS pH 7.2)

Structural Attribute

Analytical Techniques for CRM Comparison

Appearance,
Protein concentration,

UV-Visible Spectroscopy (+/- Light Scattering correction, +/-
Centrifugation)

Purity

SDS-PAGE (Reduced vs. Non-reduced)

Intact Mass (Reduced vs. Non-reduced)

Primary Structure

Peptide Mapping (Non-reduced)

Additional Assays for

Capillary Isoelectric Focusing (clEF)

Primary Structure/Protein
Heterogeneity
(Purity)

Anion Exchange Chromatography (AEX)

Secondary Structure

Far UV Circular Dichroism

Fourier Transform Infrared Spectroscopy

@ ReagentProteins

PFEnex

Vaxform CRM

N/
/"VaxForm..
«Z

C7 CRM

LIST BIOLOGICAL
LABORATORIES, INC.

Intrinsic Fluorescence Spectroscopy

Tertiary Structure

Extrinsic Fluorescence Spectroscopy

Overall conformational
stability
vs. temperature

Intrinsic Fluorescence Spectroscopy

Static Light Scattering

Extrinsic Fluorescence Spectroscopy

Differential Scanning Calorimetry (DSC)

Characterization of Size
and Presence of
Aggregates

Sedimentation Velocity Analytical Ultracentrifugation

Size Exclusion Chromatography (+/-MALS)

Archimedes (RMS)

Micro Flow Imaging (MFI)
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Comparison of Purity and Presence of Covalent-Linked Aggregates

Lane 1) EcoOCRM™
Lane 2) rCRM

Lane 3) Pfenex CRM
Lane 4) Vaxform CRM
Non-Reduced Reduced Lane 5) C7 CRM
CRM (~58 kDa) 1 2 3 4 5 1 2 3 4 5
— kDa kDa

260 260

160 — 160 s

110 —

o = o

F;’fg;“f;t)/-\ — 60 | W - [ I p——— CRM Monomer
a 50 | e 50 e (Proenzyme)
40
- 40 <€~ B fragment
0 - 30 -
- 20 <A fragment

— 20 —
Fragment B 15

(~38kDa) - 15 -

3.5 . ~

PDB ID:4AEQ 3.5
Proenzyme is cleaved by \_Y_}\ | \_Y_I\ )
trypsin-like protease in C. . .
diptherige and fragments A Recombinant Natural Recombinant Natural
and B are associated through CRM CRM CRM CRM

one disulfide bond

11

THE UNIVERSITY OF
(2012) Malito, E. et al, Proc. Natl. Acad. Sci, 109:5229-5234 K A N S A S

pmolecule and Va n Ce
(www.mvsc.ku.edu




Primary Structure (Intact mass analysis & peptide mapping)

58541

) 58410 CRM with

CST wnt_hori < N-terminal
- el\;'lr:tma \% Met

Recombinant <

CRM

58410
5
5
E
5 Plenex CRM
: S840
Jk‘_ Vadorm CRM
Nglt?;ll\r/lal B 58410 Unknown Species
JCRM MW + 324/648 Da)
|| -
[ N\ P oo
58000 BH00 50000 0500

Deconvoluted Mass (Da)

ple iemd"’a i .7;’\‘:-'“:

Cys462_cys472
N-terminal disulfide bond

~

Pl T pp—— L

N

i

D¢

o — — i o,

[ T————t ] T ———

Pfe;ex CRM

UV 214nm
—_———————

Vaxform CRM

o — i o,
i —— — -

—
h)
e d

£

—

¢ Y

~

———
e

emmm ==~
i

14 16 18 20 22 24 26 28 30 32 34 36 3
Time

Cys187_cy5201
disulfide bond

miﬁ()) 42 44 46 48 50 52 54 56 58 60 62 6P 66 68 70

THE UNIVERSITY OF

p
(www.mvsc.ku:edu

KANSAS



Higher Order Structure Comparison at 10°C

Circular Dichroism Fourier Transform Infrared Spectroscopy
20 EcoCRM
= |— rcrm
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Size Analysis and Quantitation of Soluble Aggregates

Soluble Aggregate
Characterization Particle Characterization

P A
{ \/ i Turbidimetry

W— R W} W W F W e F W F W F wm—— 6 e—

i isual Inspection
: Coulter Counter RPN O N —
ME’croﬂow Digital Imagin:g

FTIR and Oph’ca}l Microscopes
TEM-EDX

Resonant Mass Méasu rement
e

DLS SLS

Visible

100 pum 1 mm

Soluble aggregates Submicron Subvisible

1nm 10 nm 100 nm 1pm

10 um

309 EcoCRM
rCRM
25 — Pfenex CRM
M Vaxform CRM
onomer C7 CRM
—~ 204 (3.9s)
jo))
@
Qo
kel
g 1.54
@ |
8, 1 _Fragment Larger Aggregate
& |Species Species
S 15 }1-3-1.89) (5.9-10.4s)
o0 AN
T T T T T T T T T T 1
2 4 6 8 10 12

Sedimentation Coefficient (Svedbergs)

Size Exclusion Chromatography (SE-HPLC)

(SEC Standards) 158 kDa 44 kDa 17 kDa
EcoCRM
rCRM
Pfenex CRM <€ Monomer
Vaxform CRM
Larger
Aggregate
V Species Fragment
N Species
P r—

11.5 12.0 12,5 13.0 13.5 14.0

14.5 15.0 15,5 16.0

nolecule and Vac dizat n Ce ;
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Sedimentation Velocity Analytical Ultracentrifugation (SV-AUC)
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Sub-Micron and Sub-Visible Particle Analysis

Soluble Aggregate ) o Sub-Micron Particle Quantification by Sub-Visible Particle
Characterization Particle Characterization Resonance Mass Measurement Quantification by MFI

A P .9

Turbidimetry | 600 -

_______ R oo s 6x10° M
H “isual Inspection ‘_é'
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 E Eg
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o E =
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H ° [}
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b e b o>
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— i i O Y ) o & & &
i i & & & & d & < < 4
SECHPLC i i « P & & ¢
; ; l } - \ I J
Soluble aggregates Submicron Subvisible i Visible ! 1 Y
Recombinant Natural Recombinant Natural
| | | | | | CRM CRM CRM CRM
1nm 10 nm 100 nm 1um 10 pm 100 um 1 mm
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Comparison of Protein Charge Heterogeneity

Capillary Isoelectric Focusing (clEF)

Acidic-side
of Main

Peak
pl Marker =4.7

T VI

Natural —
CRM

Main Peak pl Marker =7.1

Vaxform CRM

Recombinant
CRM ] J\

JL
|

A_ Pfenex CRM
rCRM
’A EcoCRM
LY T
4.0 45 5.0 5‘.5 60 6.5 7.0 7|.5 8I.0

UV 214nm

Anion-Exchange Chromatography

0%

Main Peak =

Main Peak ECOCRM

rCRM

Pfenex CRM

Acidic-side of
'\S Main Peak
Vaxform CRM

Additional Peak
I(C7 CRM only)

Retention Time (min)

pmolectule and Va i : Ce
(www.mvsc.ku.edu

Recombinant
CRM

L Natural

CRM
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Recombinant CRM

\

Natural CRM

A

[

FmaBio

Fina Biosolutions LLC

Commercial product

Expression System:
Escherichia coli

Procurement:
Collaboration

. Biological E. Limited
Celebrating Life Every Day

Commercial product

Expression System:
Escherichia coli

Procurement:
Collaboration

Commercial product

* Expression System:

© ReagentPro

teins

PFEnex

Pseudomonas fluorescens

¢  Procurement:
Purchased

\

N/
/" VaxForm..
o

Non-commercial product
(2006, stored frozen)

Expression System:
Corynebacterium diptheriae

Procurement:
Donated

wm Analytical Comparison

LIST BIOLOGICAL
LABOTATORIES, INC.

Commercial product

Expression System:
Corynebacterium diptheriae

Reference C7 “natural” CRM

Procurement: Purchased

ecule and Vaccin
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Physical Stability as

a function of stress
(pH vs. Temp.)
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Overview of comparing the physical stability of each CRM molecule as a
function of stress (pH & temperature)

EcoCRM™
FmmaBio

Fina Biosolutions LLC
jiological E. Limi rCRM Structural
- B:"."ﬂg’ml LL’”'I'“:“' Atr::' fb::: Analytical Techniques
Secondary Ci . .
Structure Far UV Circular Dichroism PBS _
> pH5.8
Pfenex CRM > PHE.3
= : X Intrinsic Tryptophan Fluorescence > pH 6.8
@ Rffﬂg@ﬂtﬁ()t@lﬂs Tertiary Structure Spectroscopy > pH 79 10-90°C
ssion o PFEnew and Aggregation p '
Behavior > pHT.6
Static Light Scattering » pH 8.0 |
’ Overall
{d Vaxform CRM Conformational | Differential Scanning Calorimetry (DSC)
/ VaxForm... Stability
=
LIST BIOLOGICAL _CTCRM

LABORATORIES, INC.
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Construction of Empirical Phase Diagrams Techmiques: | Emn || opatn || s |
, L : , e b ol T L e e Sl
Data Visualization: Large Biophysical Stability Data Sets e | |
Pre- P || Wil | e
Secondary Structure Tertiary Structure Processing: H‘l‘:_"::"f; 4
(Circular Dichroism) (Intrinsic Trp Fluorescence) Normscon | Nermalaston | e
*]—wHss) = : s
= EEEEE """ ::f:::?;: AR GRS AR &
2ot ——pHT6 3‘3';:2: ;: Input Matrix Preparation

EPD

” ing: SingularValue Decomposition _
Processing: SingularValue Decomposition

Molar ellipticity (dsg*cm'idmol}
MSM Peak Position (nm)
b4

4x10° el Color Mapping
o M1 ez 0 mmmemmmmmommoooooooooooooos R
338 4 Empirical Phase Diagram
-6x10" - 336
o 1’0 2‘“ 3’0 4:“ SIQ ;ﬂ 7lﬂ ’;n 9“7‘ 1] |'n 2‘0 3’0 4:0 5‘0 Elﬂ 7'n GID o'n
Temperature ("C) Temperature (°C)
Overall Conformational Stability Aggregation Propensity
(Differential Scanning Calorimetry) (Static Light Scatter)
P —eHss iy |y Various states of
——pHE.3 ) | ——pHBE.3
 wof —pHes £ soner] —pHes - altered structure and
S 1 —fn7e i it g aggregation
""" £ eoxte’ || —pH 80| 2 formation
S ks g
£ 20 8 sox10° ] H
a2 x
o
10 é 2.0x10"
\ & - Native-like structure
-1 O.I’l- B v ea " 10UE, -~
ot e ety ’ Pfenex CRM
1 2 30 40 5 & T B W 0 10 20 30 40 50 6 70 80 90 19
Temperature ("C) o,
olecule and Vaccin silizal on Ce g TempsEmm £ THE UNIVERSITY OF
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Empirical phase diagram of CRM molecules in PBS

Natural CRM Recombinant CRM

85.0 . ]
78.75 78.75 .
725 Various states
66.25 66.25 L of altered
g %o g G structure and
gs37s g € 53.75 t
§ ws g 2. aggrega} ion
s e £, § s ) formation
35.0
2B.75 . i
225 Native-like
e Vaxform CRM structure
e 5.8 6.3 6.8 7.2 76 8.0
pH J
pH
85.0
78.75
725
s::: Relative area of
F ° Source CRM native-like
£ s 2 structure
£ -— H
# a2 & EcoCRM ~35%
z::: Recombinant rCRM ~37%
22s Pfenex CRM ~37%
Vaxform CRM ~37%
o C7 CRM Natural o°
100 5.8 6.3 6.8 7.2 7.6 8.0 ex CR C7CRM ~36%
pH 8.0
— - 20
ecule and Vacein enter THE UNIVERSITY OF
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Overall comparison of natural and recombinant CRM

Recombinant CRM . . .
ecombinant C IR > Overall similar structural integrity and
Properties conformational stability but measurable
10 EcoCRM™ differences were observed

Fina Biosolutions LLC

- Biological E. Limited rCRM
Celebrating Life Every Day

© ReagentProfeins  Pfenex CRM

Physical Stability as
a function of stress
(pH vs. Temp.)

» Similar conformational stability/aggregation
propensity as a function of pH (5.8-8.0) and
temperature (10-90°C).

Natural CRM

Relative Solubilit .. . o
\Y/ VaxForm..  Vaxform CRM Profi & > Similar solubility profile in PBS pH 7.2
D> rofiles

LIST BIOLOGICAL
BORATORES, NC,  C7 CRM

In vitro
atneeee= 18 > Similar in vitro immunological reactivity

Assays 21
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Macromolecule and Vace

Thank you for your attention!

Questions?

Formulation
Development
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Adjuvants/Delivery

Comparability, Analytical
Support Methods

Process (Characterization,
Development Stability)
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Overall Conformational Stability as a Function of
Temperature

Differential Scanning Calorimetry (DSC)

50—

) EcoCRM
Ty rCRM
\ Dronex CRY T, (‘C) Tul (C) Tw2 ('C)

40 —— Vaxform CRM onset M M
5 ——C7CRM Source CRM Mean+3SD | Mean:3SD | Mean +3SD
% 301 rCRM 35.0+0.2 42.8 £0.1 51.1+£0.1
% Recombinant EcoCRM 32.7+0.3 42.0+0.1 51.3+£0.2
:‘o, 20 Pfenex CRM 348 +0.2 42.8 +0.1 51.1+0.2
o
o Vaxform CRM 335+0.2 42.8 £0.1 51.1+£0.3

Natural
10 C7 CRM 35.2+0.6 44.0 £0.1 51.7 +0.1
04

Temperature (°C)
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Recombinant CRM Natural CRM
A 1
(

Fﬁ%Blo @B v imies | © Reagent Proteins N\ VaxForm.. LIST BIOLOGICAL

Fina Biosolutions LLC Celebrating L= Every Day PFEnex MBOMTOR'ES; |NC-
» Commercial product | + Commercial product « Commercial product * Non-commercial product » Commercial product
(2006, stored frozen)
» Expression System: | «+ Expression System: » Expression System: _ * Expression Sy_stem: _ _
Escherichia coli Escherichia coli Pseudomonas fluorescens » Expression System: Corynebacterium diptheriae
Corynebacterium diptheriae
*  Procurement: *  Procurement: e  Procurement: * Reference C7 “natural” CRM
Collaboration Collaboration Purchased *  Procurement:
Donated «  Procurement: Purchased

wm Analytical Comparison

In vitro
Immunological
Assays

ule and Vacein
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Measuring binding affinity between CRM and mAbs

Ad
BLI signal ] B
Incident processing 08! losensor
white E‘
light £
E 06
Bocompatle 5 anti-CRM mAb
surface 3 04 (Abcam)
Bound ,
molecule 02
I
o Unbound molecules
have no effect Wavelength (nm)
FIGURE 3: BL is an optical analytical technique that analyzes the interference pattern of white light reflected from ;i Al
two surfaces. Changes in the number of molecules bound to the biosensor causes a shift in the interference pattern £ u

-
z% §
that is measured in real time. \!_‘ :\\ N ,‘ \\
. . 5 )

Pall Life Sciences 2013 - -
100 nM CRM Dissociation
0.25

SR (L, nl:;,;:llvg?’ss-})’ e (:s;)sn e e iji

EcoCRM 4+1x105 1+1x103 3+5nM £ 0:10_

Recombinant rCRM 5+1x10° 1+1x103 3+6nM ) 0054 _
Pfenex CRM 542 x 105 1+£1x103 3+5nM - 5%
Natural Vaxform CRM | 51 x 108 2+1x10% 3+3nM 005 | | | |
atura C7 CRM 4+1x108 2+1x108 5+6nM 0nMCRM ° 200 400 Ti,i:lj(s) 800 1000 1200

o 26
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ELISA using polyclonal anti-CRM

Absorbance at 450 nm

—— EcoCRM
——rCRM

—— Pfenex CRM
—— Vaxform CRM
—+— C7 CRM

/ \% Secondary antibody

P Polyclonal a-CRM

T T T T 11Ty

0.01

T T T T TT1TT

7\ antibodies
§¢ L <« CRM
i*!»"‘ Heparin-Binding
| | EGF-Like Growth
Factor
LogECs, 99% Confidence
Source CRM Mean + 3SD Interval R2
(ug/ml CRM) (ug/ml CRM)
T T T llllll T T lllllll T T T llllll rCRM 2.3i0.9 1.5t0 3'1 0'97
0.1 1 10 100 Recombinant EcoCRM 1.6+0.9 09t02.3 0.99
CRM Concentration (ug/ml) Pfenex CRM 1.8+0.3 141022 0.99
Vaxform CRM 1.3+0.3 1.1t0 1.5 0.99
Natural
C7 CRM 1.3+0.3 1.0t0 1.6 0.98
27
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Recombinant CRM Natural CRM
A 1
(

Fﬁ%Blo @B v imies | © Reagent Proteins N\ VaxForm.. LIST BIOLOGICAL

Fina Biosolutions LLC Celebrating L= Every Day PFEnex MBOMTOR'ES; |NC-
» Commercial product | + Commercial product « Commercial product * Non-commercial product » Commercial product
(2006, stored frozen)
» Expression System: | «+ Expression System: » Expression System: _ * Expression Sy_stem: _ _
Escherichia coli Escherichia coli Pseudomonas fluorescens » Expression System: Corynebacterium diptheriae
Corynebacterium diptheriae
*  Procurement: *  Procurement: e  Procurement: * Reference C7 “natural” CRM
Collaboration Collaboration Purchased *  Procurement:
Donated «  Procurement: Purchased

wm Analytical Comparison

Relative Solubility
Profiles

ule and Vacein
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PEG relative solubility of CRM molecules
(Overview of PEG assay)

Buffer (no PEG) 40% PEG-6,000

1) Combine buffer and 40% PEG
to desired %PEG solutions,
and mix thoroughly.

= = = e e
Lkaid i
AR MR A #m wsss= S5 AR

2) Add to 96 well 0.2um filter plate 0% 2% 4% 6% 38% 40%

3) Add protein, incubate at room temperature
overnight.

4) Centrifuge plate @3500 rpm for 15 min

5) Transfer equal volumes to a clean UV plate
and measure A,g, on plate reader
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Data analysis from PEG Assay of CRM molecules
Three types of information can be obtained:

a 14
1 1) Overlaying of curves :
£ » To compare solution conditions for a single molecule
S 0.2+
+ To compare different molecules under similar solution conditions
-0.. T T T T T T

T T
2 4 6 8 10 12 14 16 18 20
% PEG-6000

ol . st 2) % PEG 4 - is the weight% PEG in solution required to
il ST decrease the protein concentration by 50%.
ay =tp —
o8] peton . Quicker way of relative solubility assessments, and for high throughput apparent solubility
:‘ screening of different molecules.
b 100 3) Apparent solubility (thermodynamic activity): calculated based on assumptions (not

shown) and resulting in the equation.

1 log Sp =loga,-A,,[PEG] where:
0.1 '

Sp is the concentration of soluble protein in a solution containing PEG-precipitated protein in
equilibrium with soluble protein
o0t} ™ a, is the activity of the protein in a saturated PEG-free environment

L T A, is virial coefficient
= 30
o THE UNIVE Y OF

RSITY
(1979) Middaugh CR, et al, JBC, 254(2):367-370 KANSAS
(2011) Gibson TJ, et al J Pharm Sci, 100(3):1009-1021

Conc. (mg/mL)

% PEG-6000
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Relative PEG solubility of CRM molecules in PBS pH 7.2

PEG

miapt -PEG concentration at which 50% of the
protein has precipitated out of solution

Apparent Solubility

0.25 . :
e Vaxform CRM Natural CRM Recombinant CRM
L] rCRM 102 -
0.20 e FEcoCRM e Vaxform CRM * ICRM
e Pfenex CRM °_ C7cRm ® EcoCRM
—_ e Pfenex CRM
TE' e C7CRM 10" 10!
2on|
H £ £
i "4 s s
= S 10° % 10°
£ 0.10f £ £
T 8 3
8 107! 107
0.05} Y
PEG,,; 2 107
0.00 " "o : 1 % pEG_lezoo W) o ® % ’ ’ “JIQGFEG-G,UOO (wﬁ) ° “
0 5 10 15 20 25 30 35
% PEG-6,000 (w/v)
A lubili
%PEG g (WIV) pparent Solubility
Source CRM (Mean + 3SD) (mg/ml)
- (Mean * 3SD)
rCRM 23.0+0.2 27+9
Recombinant EcoCRM™ 23.3+0.2 30+£12
Pfenex CRM 23.5+0.1 31+11
Vaxform CRM 21.5+0.2 16 £ 10
— Natural 31
e and Vacein C7 CRM 24.0+0.2 34 +12

(www.mvsc.Kute
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Pharmaceutical Quality/CMC of CRM

» Can be used to assess comparability, lot-to-lot variability,

process changes, etc.

Structural Attribute

Analytical Techniques

Protein Concentration, Purity, and

UV-Visible Spectroscopy

Proenzyme “nicking”

SDS-PAGE (Reduced vs. Non-reduced)

Primary Structure

Intact Mass

Peptide Mapping

Additional Assays for Primary

Capillary Isoelectric Focusing (clEF)

Structure/Protein Heterogeneity
(Purity)

Anion Exchange Chromatography (AEX)

Secondary Structure

Far UV Circular Dichroism

Tertiary Structure

Intrinsic Fluorescence Spectroscopy

Overall Conformational Stability
vs. Temperature

Differential Scanning Calorimetry (DSC)

Characterization of Size and Presence of

Size Exclusion Chromatography (+/-MALS)

Aggregates

Archimedes (RMS)

Micro Flow Imaging (MFI)

» Critical quality attributes?

» Polysaccharide conjugation and immunogenicity of recombinant

vs. natural CRM?

Factors that could influence immunogenicity:
‘ ..“ L 1. Length of the sugar chain: 3. Homogenicity of chain length -

short, medium or long 4. Ratio of sugar/carrier protein
2. The polysaccharide downsizing

procedure ‘

5. Madifications such as O-
acetylation

_—

6.a. Direct conjugation

without a linker 6.b. Indirect conjugation via a linker

6.c. The linker molecule used for
conjugation

7. The nature of the carrier protein

The conjugation biochemistry

Presence or absence of an adjuvant

Presence of certain ions (phosphate, borate)
Additional: Presence or absence of preservative

Stabilizers

pH

lonic strength
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