High-Throughput Capillary Electrophoresis of
Biopharmaceutical Modalities using the
SCIEX BioPhase 8800 System

CE Pharm 2024 :
September 17, 2024

John Orlet

Analytical R&D
Biotherapeutics Pharmaceutical Sciences

Pfizer Inc.
St. Louis, MO

é P/;Zel' Breakthroughs that change patients’ lives Confidential 1



Organizational Context

e Project Progression Lines (PPL)

@ Heightened Characterization

Bioassay and Impurity

Micro Strategy and Testing

Y S <e.

Antibodies Therapeutic Vaccines ADCs
Proteins

e P/12€I’ Analytical R&D Pfizer R&D — St. Louis

ARD

Nanoparticles Bispecifics

Key Functions: Method
development,
characterization, process
support,
qualification/validation,
small molecule impurities

Key Technologies: CE,
HPLC, NGS, Biochemical
techniques

Stage of Development:

DV‘I‘\ f\lihif\")I L 7o I innnonrr\

Y @2Y & Y VY

Gene Therapy Fc-fusions Trispecifics



Presentation

Plasmid DNA Analysis
Molecular Background
Introduction to SCIEX BioPhase 8800
Characterization of pDNA

Analysis of a Few Additional Biologics
MmRNA
Proteins

Conclusions

é P/;Zel' Breakthroughs that change patients’ lives

i



Presentation

> Plasmid DNA Analysis
Molecular Background
Introduction to SCIEX BioPhase 8800
Characterization of pDNA

Analysis of a Few Additional Biologics
MmRNA
Proteins

Conclusions

é P/;ZGI' Breakthroughs that change patients’ lives




DNA Plasmids are the Starting Material for Gene Therapies and mRNA

Plasmids: Starting Materials Triple-Plasmid Transfection
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MmRNA Vaccine
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Molecular Properties and Topological Isoforms of pDNA

Native Duration of Single-Site
gﬁ% Plasmid Endonuclease Treated Plasmid

Monomer Dimer
Relaxed Open
Circular Form
? @ (low mobility)
Linear Form
Monomer Dimer (moderate mobility)
Supercoiled Form
(high mobility)
Monomer Dimer

1 Methods addressing topology can be useful for setting
specifications around supercoiled plasmid content
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Conventional Analytical Methodologies for Plasmid DNA Analysis

Aqgarose Gel Electrophoresis HPLC Capillary Gel Electrophoresis

* Well-established * Quantitative, robust * Quantitative, sensitive
technique

* Time and labor-intensive » Good resolution of isoforms

 Poor recovery of some
isoforms

» Semi-quantitative,
poor resolution

AEX 4

A’ L4 N e Supercoiled Assay Repeatability with SYBR Gold Dye
35 4 45 5 55 6 65 100: monomer % Corrected Peak Area for 21 Runs
e ®
o :..“ H . x 2 Open
2 Y 80~E T’ln:mld Supercoiled Supe.rcoﬂed Circular
£ ) bl -.\ soform Monomer Dimer Monomer
i " Average 76.83 3.96 15.44
g 4 5 6 7 8 2 60; Open Circular STDEV 085 007 B
€ ©) @ monomer % RSD 111 177 2.79
3 :
< Y 40 Supercoiled Open Circular
2 Ao DN o ; monomer Supercoiled dimer monomer
K] 2 7 i
° 7.2 8 88 96 104 112 12 128 go.E / /
®
J\,_L“" G T T T g g g
T P 30 Minutes 6
Time (min)
Smith et al. J.Chrom.B., 2007, Cook e; (%OC;BF- '1\/|gl- Med.,
854 (1-2), 121-127 , 20, 1-8.
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SCIEX BioPhase 8800 is a New Generation of CE Instrumentation

Capillary Cartridge

* Next-generation CE system from SCIEX
enabling higher throughput

« 8 fixed capillaries in a cartridge -
Simultaneous data collection

*8x50 um ID; 20 cm L 30cmlL .,

effective’

» Currently, 2 available capillary chemistries:

» Bare-fused silica

........

* Neutral-coated T - 4
Reagent Inlet Tray — L~
* Integrated UV & LIF detectors

» 96-well plate-based configuration
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Comparison of SCIEX PA 800 Plus and SCIEX BioPhase 8800 Systems

Attribute PA 800 Plus Biophase 8800

# of Capillaries 1 8
Modifiable Capillary 4 4
Capillary Coatings Vv v
Detectors Swappable UV or LIF Integrated UV and LIF
Max Samples 32* 96
Ease of Automation v Vv
Empower Integration v v
Ease of Use 4 Vv

* Due to method structure, not inherent to instrument capacity

o The BioPhase 8800 is a streamlined platform for generating data in a
high-throughput manner, with potential for future capabilities.
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» Plasmid topology and size methods provided

« 30 cm and 50 cm BFS capillaries available

» Bare-fused silica capillary relies on capillary

* 50 cm recommended for “enhanced” linear size

analysis

coating step

SCIEX DNA 20 kb Plasmid and Linear Kit

Component List

» Acid Wash/Regenerating Solution

 CE Grade Water

* DNA 20 kb Plasmid and Linear Conditioning Solution
 DNA 20 kb Plasmid and Linear Gel

 DNA 20 kb Plasmid and Linear Sample Buffer
 DNA 20 kb Plasmid Test Mixture

« SYBRGold Nucleic Acid Gel Stain

« Reagents are compatible with SCIEX PA 800
Plus and BioPhase systems

Capillary Preconditioning

Electrophoresis

Conditioning/
Rinsing

Separation

Method Duration: 22.0 min.  Number of Actions: 8 Duration: 2.0 min.
, -30.0 kV Inlet: gel
Capillary Cartridge: 22.0 °C, Wait _ Sample Storage: 10.0 °C, Wait Separate R THhe: 02 il Outet: o
Settings Capillary Length:  30.0 cm Detector Type:  LIF, 520 nm, Wait,... Disable Data Collection
Capillary Type: Bare Fused Silica Peak Width: 1 sec. ( Dok 00T et Veier Do 1
Current Limit: 600 pA Data Rate: 8 Hz ‘Wait i 8:{@: WS@{ 0:51
: Duration: 1.0 min. Inlet:  Acid Wash/Rege... ' : Duration: 5 sec. . )
| Rinse 70.0 psi Outlet: Waste Inject 0.5 psi Plate: Sample Outlet: Waste
; Duration: 1.0 min. Inlet: Water - Rinse Wait Biston: Sagnin: et Wister bip 2
finee 70.0 psi Outlet: Waste ‘ Outlet: Water Dip 2
Duration: 15.0 min.
. Duration: 3.0 min. Inlet: gel Separate D0kV" : Inlet: gl
| Rinse 50.0 psi Outlet: Waste Ramp Time: 2.0 min. Outlet: gel

Autozero: 2.5 min.




Evaluating Injection Reproducibility Across Different Parameters
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o Intercapillary and intracapillary
analysis produce consistent and
reproducible quantitative results

o Observable, but consistent,
differences in migration times by
capillary

é Pﬁzer Analytical R&D Pfizer R&D — St. Louis

: SC
120.00"
100.00"
— 80.00°
T ]
¥ 60.00] |
] /’b -
40007 )LA — S
] /
20.00° _“%&Lt
o.oo-:_w‘ S
3.00 4.00 5.00

Intercapillary —
Capillary Performance

Row AVG (%SC) STDEV RSD
A 91.2 0.6 0.6
B 914 0.6 0.6
C 914 0.4 0.4
D 91.6 0.3 0.4
E 91.3 0.5 0.6

Performance of a single
capillary across multiple
injections

RFU

140.00*: SC
120.00—;
100.00*;
80.00‘; |
60.00’; } L
40.00° - J H[A e
: L o
20.00 . -
T ]
O —
3.00 4.00 5.00 6.00
Intracapillary -
Array Performance
Column AVG (%SC) STDEV RSD
2 91.3 0.2 0.3
3 91.4 0.7 0.7
4 91.3 0.2 0.2
5 91.6 04 0.5
6 91.4 0.5 0.5

Performance of the array
in the same injection



Run-to-run Variability of pDNA Topology Analysis

Overlay of sequential injections on different capillaries Overall Array Variability (n=120)
140.001 SC Capillary E 1900 00’: sC  Capillary F Average Standard Deviation % RSD
120.00] e %SC  91.4 0.5 0.5
450 00; %SC-D 4.1 0.3 6.5
AR %O0C 4.5 0.5 10.5
80.00° SCD o
60.00 S T )&\(o 2
40.00] il O S
20.001 A — (\\(bg)\ (\\@3}
e D—
O —— _ A A
E 4.00 6.00 8.00 10.00 4.00 6.00 8.00 10.00 120.00 4.45
] 4.43
e 10.00] = | = 100.00 1 = 441]o
.007] : ] i ] S 4394
f Capillary G 120,00 Capillary H = 50,001 £ 1o es
120.00 : T : — 4.35- *%%cee,
f X 60.00 °
100.00 100.004 4 ] = ol ®ee
u 80.007] 40.00 1] 2 4-29_
80.007 SC-D o | SCD . ] 429
50.00- Y- 60.00] A 20.00 3 4 25+——————1—
’———_-__J\—,g—"%_ﬁ—w 7_V*JL—M~__,__W,— b
] 1 000 =" 0 2 4 6 8 10 12 14 16
40.00y —— " 4,097 e T 430 435 440 445 Injection .
_ _
20.00] / 20001 ] . . : i
! e S — Migration Time (min)
1 —— 0 ——
400 6.00 8.00 10.00 400 6.00 8.00 10.00
Time (min)

o Highly reproducible results for multiple injections across well-plate
é Pﬁle" Analytical R&D Pfizer R&D - St. Louis o Migration time shifts slightly across injections



Comparison with Agarose Gel Electrophoresis (AGE)

Quantitative
Agarose Gel Electrophoresis Electropherograms collected with SCIEX Kit Comparison

| Linear Sampic I N
|

| 40,007 %SC 9.5 15.5
| L o | SC -
‘, Yol 84.5 81.5
SC . \ . oC L & 20.00] OC °
—— S — ] %0C 6.0 3.0
S

Circular Sample 60.00 %SC 75.5 94.5
SC E 40.00*E SC.D %L 0.0 0.0
)\ 20C — 2000 OC %0C 245 55
_ 60007 S L %SC 49.2 66.8
SC) ’h. L Mixture Sample 5 40001 ﬁ H\ :
- Tt sc.p J | oc %L 33.5 29.3
L . 0C ., 2000 |
— A A A @ @ A N - %0C 17.3 4.0
L , , 420 440 460 480 500 520 540 5
SC = Supercaoil T
L=Lj o o
OC = Open Circle » CGE and AGE demonstrate similar migration patterns

1 Observe some quantitative differences, different peak resolution
@ Pﬁzer pnalytonl R&D P KD - 5 Lous No ability to generate gel images from BioPhase electropherograms yet



Linear concentration response for plasmid topology

Overlay of sequential injections on different capillaries 1605709
1.40E+09- ®
| 1 | 1.20E+09 s
450.007 00 0.5 ug/mL
] ] 0.1 pg/mL 5 1.00E+09
400_00_: | 0.05 pug/mL L 8005084
] 1 [
] ) /\ . 6.00E+08
350.00] | LI ) 4.00E+08 o
] 17—
300.00- H ~% 2.00E+08-e Full range
: — 0.005+oo} . : . : .
E 550.00" 5.0 imL 0 10 20 30 40 50 60
o 5 P Y Hg [PDNA] (ug/mL)
200.007] 2.0 /mL 2.00E+08
. M9 1.80E+08 .
150.007 : 1.0 ug/mL 1.60E+08- :
J LA
] 1.40E+08
100.00- JL 0.5 pg/mL =) 1.20E+08 .
j 0.1 pg/mL L 1.00E+081 >
50.007 A 8.00E+07- :
] 0.05 pg/mL 6.00E+07
| 2 4.00E+07 :
e S oosord o Linear range
3.00 4.00 5.00 6.00 7.00 8.00 9.00 1 ' o
nar 0.00E+00-¢* T T T T T
0.0 02 0.4 0.6 08 1.0 12

e [PDNA] (ug/mL)
1 Quantitative linear response below 2 pg/mL
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Sample Digestion and Forced Degradation for Peak Identification

Single-cutting of circular pDNA Heat-based degradation generates
produces linear isoform higher open circle isoform
1 50.00° -
120.007 § Pesmia @ L : SC Species % Q
] e 45.007 —
100,00 T J 40,007
: n_' 1 ]
- T | 35.00
e v 30.00°
E : (linear) E E
= 60.00 SC Species S
] 20.00°
40007 15.007 OoC
20,00 10.00-5
] 5.007
0.00"| [ & o 0'00{|"'|"‘|"'\'“|"'\"‘|"'|"‘|"'\"'|"
3.80 2 440 460 8 5.20 400 420 440 460 480 500 520 540 560 580 6.00
Minutes Minutes

o Enzymatic treatment (BspQl) generates linear isoform, peak identification
1 Heat-degradation of sample degrades circular species, producing higher open circle levels
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Varying Minor Species Concentration Response for Circular Plasmids
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20.00] Q| L/M;WE
1000 ﬂ* L/ 500, — 7 1.0% OC

L L B I L B B B
420 440 460 480 5.00 520 540 560 580 6.00 6.20 640 660 6

Miniiteaq

Varying the concentration of different isoforms produces
linear response at lower impurity levels

Open circle isoform in sample containing ~4% shows
more challenging recovery



Separation Voltage Impacts Peak Resolution with a Dependence on Size

150.00r;

> 100.007
LL -

o I
50.00“:

9 kV Separation Voltage

0.00"

100.007]

RFU

50.007

| 15 kV Separation Voltage

0.00

1 00.00_:
- ]
LI_ 4
x 50.00]

000

300 400 500 600 700 800

B B N S DL S S B B C S ) B S e B Sy R E S e s (R B

Minutes
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| H
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1 Opportunity to resolve different isoforms that may not be
detectable via alternative methods

1 Recommended to use a lower V method for smaller
plasmids, higher V for larger (empirical)



In-process Samples with Variety of Matrices Show Compatibility with Kit

60.007
50.007
40.007

= E

L 30'00§
20.007
10.007

Circular In-Process

A

0.007

100.007
80.007

S 60.007
LL d
m )
40.007

20.00°

iLinearized In-Process

0.00"

60.007
T 40.00]
o ]

20.007]

| High Salt In-Process \

0.00

||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||||

320 340 360 3.80 400 420 440 460 480 500 520 540 560 580 6.00 6.20 6.40 6.60
Minutes
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» Tested multiple process-related matrices,
examples:

Circular: 10 mM Tris, 1 mM EDTA, pH 8.3
Linearized: 40 mM HEPES

High Salt: 50 mM Tris, 10 mM EDTA,
660 mM NaCl, pH 7.5

« Compatible with a wide variety of salts and
concentrations

20.007

RFU

10.00':

0.007]

e Seeb

J

W s & @& ] ® @ @ | W W & [ & & @ ] % 98| & & [ H @ u W]
400 420 440 460 480 500 520 540 560
Minutes

roader peaks in baseline for some high-salt

samples



Plasmid Size for Topology Compatibility

Circular pDNA analysis with minor isoforms

140.00-2
130.00-% 54 kB
120.00 -

' 7.1 kB

110.00

100.00 12.8 kB
90,00 13.8 kB
—, 80.00 -
B 70.00 1
60.00
50.00
40.00
30.00

20.00 1
10.00 7 U

0.00 1=

360 3.80 400 420 440 460 480 500 520 540 560 580 6.00
Minutes

1 Evaluated circular and linear plasmids ranging in size from approximately 3 - 16 kb

1 Have found general compatibility with a wide range of plasmid sizes, however,
decreased resolution with larger pDNA
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Linear Sizing and Calibration Using 30 cm Capillary Cartridge

Size calibration with
logarithmic fit

1 G “" - - - -
< 4L T Examples of different pDNA sizes overlaid with a
f= | & ¢ linear species ladder
~ MWo0F e @. : ]
[0) o ** " 100.00
£ T e 80.001 13 kB pDNA
S S o 60.00-
.5 8b 8" O 40.00
T ep [ 20.00; .
o)) F 4 0.00 '
= 75 ,
E 7/ P 1 1 1 1 1 1 1 10000_ 7 kB pDNA :
-1 1 3 5 7 9 11 13 15 80.001 :
T 60.00- !
Standard Length (kb) AN :
40.00 ,
20.007 !
. ] !
« 30 cm and 50 cm capillary lengths 000 -
available depending on level of - = 5 —
recision necessa woor] 22 gg 2 = 2 < b
P ry L e 0 I
. . . oy -} ] ©c 60 ° 5 o f = 2 o o222 b o
» Plasmid migration within expected L N L X X o2 8
. : : : o 50-00 © < 25 0
migration for linear species A A A A M K,,\‘\_ 2
. . ] NN
« Recommend using Ie_ldder in each well nnn-—"“—”'o = 00 D 500 T 1050100
to ensure accurate size Minutes
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Restriction Enzyme Digestion Produces Expected Linear Species

S 2 2 2 2 £ £33 S 2 2 222 2
- N @ ¥ v N o Q9 N o © e @9 a9
(=) (=) (=) (=) (=) (=) (=2 = = N [a2) < n O 0
| | [ L[ | [ [ | I I I L adder
In silico
Predicted | | Accl
Gel Pattern | | M T | Avall
| | BsrGl
E 100_005 M\ Accl
o ]
0.00
é 100.00? J\ -
0.00" sy
Sample ,
Electropherograms ;mo,oo—i BsrGl
0.005
, [fe gt ez 2 E e 2 2 ggg8g ¢
T 50.00-§J§ o i E 5 § § = 0 o - e 4 o~ po o Ladder
0.00 == e e e - =

720 740 760 7.80 800 820 840 860 880 000 920 940 960 980 10.00 10.20

Minutes
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Adapting Prior Methodology Using a Neutral-Coated Capillary

to the SCIEX BioPhase

120.00]
1 0.00-2
100.00-2
90.00-2
ao.oo-i
70.00-2
60.00‘2
50.00-2
40.00-2
30.00-?

20.00-;

SC

Analysis of a 7.1 kB Circular Plasmid

SCIEX Kit

SC-D

=3

OC

10.007

SC

Cook et al. Method

W
A

OC
SC-D

B NN

AV SV

0.007
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3.00

T T
4.00

Minutes

T T— T T T [ T T T
7.00 8.00 9.00

— 1 T T T T [ T T T T [ T 1T
10.00 11.00 12.00

T T
13.00

Cook et al. Method

dsDNA 1000 Kit gel + 1x TBE

SYBR Gold Stain

SCIEX BioPhase Neutral Capillary, 30 cm
-5.8 kV Separation Voltage

488 nm Excitation, 520 nm Emission

» 7.1 kB pDNA analyzed using SCIEX and
published conditions

» Use similar method parameters to published
literature, but shorter capillary

» Consistent migration patterns are observed
with both methods, minor difference in

quantitation
SCIEX Cook et al.

SC 87.1% 84.0%
SC-D 4.7% 5.0%
oC 8.2% 11.0%

Cook et al. Current Molecular Medicine, 2020, 20, 1-8 1 10.2174/1566524020666200427 110452
He et al. Electrophoresis, 2024; 1-9. https://doi.org/10.1002/elps.202300212
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SCIEX RNA 9000 Purity & Integrity Kit on the BioPhase

Analysis of various RNA ladders

MRNA DS and SCIEX ssRNA Ladder

S | N
65,00, 18.00. QQ = MRNA Sample
: e dsRNA Ladder T '\Q - SSRNA Ladder
& = ssRNA Ladder INE /ﬂy
20007 — Short ssRNA Ladder 16.00] | |
45.00’ ] e
14.00‘_ 50
40.00 00 “
; 507 é\'
35 00 %QQQ 12.00_ ) QQD
B a0 )] - Ao Rhis . i‘/ ) é’
5 30.00] 10007 s
& N = %
& ]
25.00 b& 8.00‘_
20.00+ S ]
e S 6.007]
15.00 S * 1
& 4.007
10.00 (DQQQ,\QQQQ 1
$ QQQ ]
5.00- > 2.007
“4\@ A A L W LAY hnoJ _ e e -
O.Oo_ll- I"'|'"'Im“ﬁ"‘l""l'"'I""I""I""I"'l|-l=l|=ll 0-00_""I'"‘I""I'"‘I""I“"I""I""I“"I“"\'T—T'
8.00 9.00 10.00 11.00 12.00 13.00 14.00 15.00 16.00 17.00 18.00 19.00 14.00 14.50 15.00 15.50 16.00 16.50 17.00 17.50 18.00 18.50 19
Minutes
__ 8000 - ssRNA Ladder Size Calibration
¥ 6000
o 4000 _ _ _ _
o 200 o Kit was applied to a range of different RNA molecules, and obtained
0 1 1 1 ] [l
14 16 18 expected electropherograms for ladders, mMRNA molecules in single
Time (min) run.
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SCIEX PA 800 Plus vs BioPhase 8800 Electropherograms with rCE-SDS

Signal intensity differs between instruments Observe slight improvements in resolution

24 . BioPhase rCE-SDS

0.27]
0207 0012
0.189
0.169
0.14]
0.1
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0.087
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0.0
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Zoomed
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0.0057]
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AU
=—LC-15.188

0.0067]

0.0047]

+21.498
o
=1
5]

[

0.0 iy Y

L
L
B
L
o

0.127]

PA 800 P|US I'CE-SDS 0.0057

0.0047

A 800 Plus rCE-SDS
Zoomed

LC - 14.929
HC - 18.500

0.107]

0.003]
0.087]

LC-14.929

0.002]

e

AU
AU

0.06]
0.0017]

21.020

0.04] 0.000]

0.07] -0.0017

+17.356
-21.020

-0.0027

0.0 A A A 4 ATA

800 900 1000 1100 1200 1300 1400 1500 1600 1700 1800 1800 2000 2100 2200 2300 400 2500 2600 1300 1400 1500 1600 1700 1800 1900 2000 2100 2200 2300
Minutes Minutes

PA 800 Plus BioPhase %A

% Fragment 0.8 0.8 4.2 . . .. . . .
% HC+LC 992 99.2 00 o Peak intensity greater for same injection parameters on BioPhase. This

Total TCA 182783 305708 503 results in increased peak areas overall, though reportable values appear
similar for both instruments for rCE-SDS.
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Summary

In this work, the SCIEX BioPhase 8800 demonstrated higher throughput CE-SDS, CGE-LIF

. The BioPhase can be used to measure plasmid topology and size
Profile for plasmids is consistent with AGE

Linear quantitation of topology is achieved in <2 pg/mL
Abundance, specifically of OC, is still being understood

This procedure worked for in-process and fully formulated sample

. The SCIEX BioPhase performs similarly to current instrumentation with critical exceptions
. Straightforward implementation with differences in detection

. Proof of concept data supports the potential application of BioPhase for mRNA and protein
therapeutics
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