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Introduction SCIEX

WHY MONITOR COMPOSITION MEDIUM DURING BIOTHERAPEUTICS PRODUCTION?

* Biopharmaceuticals are produced by wide
range of media systems

Vitamins

* Cell culture medium components, levels,
and consumption can vary by product, cell
type and cell line

Nucleic acids

~_

Fatty acids

* Qualitative understanding followed by
guantitative tracking, is critical in meeting
guality requirements and inefficient
manufacturing

Other

metabolites
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Analytical requirements and challenges for CCM analysis ~SciEx
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ANALYTICAL REQUIREMENTS ANALYTICAL CHALLENGES

=  Monitor and identify high number of Analysis of polar and non-polar metabolites
metabolites with diverse chemical in a single chromatographic run

RIGPERtES = Retention of polar analytes (amino acids)

= Analyze complex matrices with wide =  Separation of isomers
natural abundance and chemical Cover a wide dynamic range

properties Build a robust and comprehensive LC-MRM
method

Ultra sensitive targeted quantification
Detection of low-level target analytes

= Targeted quantification and unknown
compound ID in parallel
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CCM analysis workflow SCIEX

Sample Targeted identification/quantification/ Cross sample

injection non-targeted screening comparison

Metabolite identification Statistical analysis
and quantification

SHIH NI

i w0 e ES

£

Targeted data extraction using a T-tests, PCA analysis and
library and quantification others



Overview of the methodology




SCIEX

Sample preparation
Q _, [Polar and non-
<1V \ .'J polar metabolites

|

v — Protein pellet

1. Vortex and 2. Dilute 25 pL of the 3. Vortex for 10 sec and
centrifuge samples sample with 100 pL of centrifuge at 10,000 g for

4. Collect the supernatant
and dilute 10-fold with

for 10 sec 50:50 (ACN/0.1% FA) (aq) 10 min 0.1% FA (aq)
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SCIEX

LC conditions and MS parameters
LC opt 20 min gradient Kinetex F5 T — 50 psi
Injections 5 ul of extracted sample T 50 psi
Flow rate 0.2 mL/min

Source temperature 400°C
Mobile phase | 0.1% formic acid in H,O/ACN
lon spray voltage (+/-) 5500V /-4500 V
TOF MS 50-700 m/z
- Accumulation time 0.100 sec
I
22 e TOF MS/MS 25-700 m/z*
L, I Accumulation time 0.025 sec
I
“ N No. of variable windows 25
X 50 -
., I Total scan 0.860
otal scantime i sec
>, I
10 = *All CE and CXP parameters were
. , . " - o 1 a0 optimized per compound.
Time (min)
| T J

Compound elution time frame
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Chromatography: representative components
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Chromatographic separation of closely related compounds
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Separation between L-cystine and its dimers

Separation between isoleucine and leucine

9.5e5

' Homocysteine
RT 1.25 min
L-cystine
RT 1.15 min A L-cysteine
Al A\ RT 2.86 min
LA\
1.20 150 2.9

:

- BEE8EIEIISEHAREERS

Time, min

L-isoleucine
RT 3.13 min

s
L-leucine

RT 3.51 min

Separation between L-arginine and its metabolites

Intensity, cps

2.5e6 . .
L-ornithine
RT 1.01 min
1.5€5
L-arginine ,
RT1.15min Lcmulhm_;
9.0e5 N\ RT1.18 min
/ \
.‘ \\\
L \
3.0e5 e F i
© iy N . .
0.0e0 = - 10 130 B

Time, min




Targeted identification and
guantification of cell culture

components




SWATH data acquisition

SCIEX
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Intensity

[ ——

- = = = = =

12

m/z

Cycle time

HRMS SWATH acquisition provides complete qualitative and quantitative data
High resolution MS/MS data for compound identification and confirmation
Superior sensitivity and reproducibility
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SWATH acquisition with variable windows SCIEX
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IMPROVE SELECTIVITY BY VARY WINDOWS SIZE

All precursors Mass density 25 variable
from ToF-MS profile (+ve) (\ windows
1 245 59.9
; . 2 58.9 82
z 3 81 102.5
SWATH Variable Window Assay Controls variable Window Calculation e ; o s
Jortuct @ moy te les degaending on 6 134.7 155.5
T et 2| e o ""”’_‘"‘ 7 154.5 1753
1 8 1743 194.5
B — -~ £ 9 193.5 209.4
el E ; 10 208.4 227
Rouna s edged 10 s Rguren i o H M| 217 235
R £ 12| 2301 2481
e e (o] - - - 13 2471 2621
Mhimieme o ardorm wédth (Da| 14 261.1 277.3
15 276.3 291.6
s 5 m am o0 00 16 290.6 307.6
- 17 306.6 3248
18 3238 351.1
geted number of windows 19 350.1 382
20 381 419
v 21 a8 4645
22 463.5 518.5
23 517.5 566.3
24 565.3 627.1
‘ ' 25 626.1 699.9

* Adjusts Q1 selection window to maintain a roughly constant number of analytes in each window
— Narrower window in m/z dense regions
- Optimal cycle time maintained by adjusting accumulation time and number of windows

* Reduce number of precursors in dense windows for increased specificity
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Targeted analysis of CCM analytes
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ADENINE POSITIVE ION MODE
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Library matching
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ADENINE (POSITIVE ION MODE)

Spectrum from 900 Lys_2 pos.wiff2 (sample 1) - 900 Lys, Experiment 7, +SWATH TOF MSMS [134.7 - 155.5...ple 1) - 900 Lys, Experiment 7, +SWATH TOF MSMS [134.7 - 155.5] (25 - 700) from 2.498 to 2.633 min]
@ Library Spectrum: Adenine (73-24-5) , CE=35215

100%
1190349
1360614
50% 920241
94,0396 1200382 137.0647
280183 67.0290 770134 520398 109.0510 | |
0% | l I I
=1 -
-50%
“100%
30 35 40 45 s0 ss 60 e 70 75 s 8 % 95 100 105 10 115 %20 125 130 135 140 145
a Library Search Results
-

Name

A% Adenine 73
[ Adenine 73-24-5 CSHSNS

CAS# Formula MM (Da) Fit Rev.Fit
98.5 1000

944 296

Purity
98.5
223 40

CE (eV)

‘C5H5NS 13!

13505449

Spectrum from 900 Lys_2 poswiff2 (sample 1) - 900 Lys, Experiment 7, +SWATH TOF MSMS [134.7 - 155.5] (25 - 7..iff2 (sample 1) - 900 Lys, Experiment 7, +SWATH TOF MSMS [124.7 - 155.5] (25 - 700) from 2.498 to 2.633 min]
@ Library Spectrum: Adenine (73-24-5) , CE=35+15

100%
50%
% T ‘ | } I L
. 550289 i l )
650132 670289 920041 94039 1090099 136.0209
0% 190348
1360617
-100%
30 35 40 45 50 55 6 e 70 75 80 8 @ 95 100 105 10 115 %0 125 130 135 10 145
4 Library Search Resuits
-

Name

Ty N

/
"

CAS#

l N BAden'\ne 73-24-5 C5H5NS 13505449 944 296
T

Formula
C5H5NS

MM (Da)  Fit  Rev. Fit

Purity

CE (eV)

15

Acquired MS/MS spectrum

Library MS/MS spectrum
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Quantitative analysis of CCM components SCIEX
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CALIBRATION CURVES AND EVALUATION OF AMINO ACID CONTCENTRATION IN CELL CULTURE MEDIA

Calibration for L-Aspartic acid 1:y = 481725€5 1 + -8..5.73279 (1 = 0.99682, F = 0.99364) [
o ngam ix_0.2 - L-Aspartic acid 1 (Standard) 74.01..onik SWATH\Sigma mix 02.wiff2), (sample Index: 1)

2: 9.2394, Height: 18694, RT: 1.59 min 0_3 Mmome

.
16e5
14e5

15000

L-ASPARTIC ACID == )
(134.04 ->74.024) : : S

0ok / E
5000

4084 /

2084 /

0.0e0

005 010 015 020 025 030 035 0.40 045

o Concentration
Calibration for L-lsoleucine 2:y = 43575165 x + -1731941125 {r = 0.99921, ©* = 0.59842) REN

1805 Sigma mix_0.3 - L-Isoleucine 2 (Standard) 69.0603 ..onik SWATH\Sigma mix_0.3.wiff2), (sample Index: 1)
Area: 1.320e5, Height: 9.024e3, RT: 3.12 min

/ ey 0.3 umol/mL

L-ISOLEUCINE - The accuracy was less
- - 1s = r2: 0.998 than £10% of the

-> g ™ B . .
(132.02->69.070) & . nominal concentration
/ . for all concentrations

measured.

20e4 1000

1595

r2: 0.993

Are:

05 10 15 20 25 30 15 40 45
Time, min

.
05 10 15 20 25 30 35 40 45 50 55 60
Time, min

0.0e0

005 0.10 015 020 025 030 035 040 045

Concentration
Calibration for L-Leucine 2 y = 4907095 x + -3129.84966 (r = 0.99865, = 089731) 174

o |fSigma mix 0.3 - L-Leucine 2 (Standard) 43.0440 - 4..nik SWATH\Sigma mix_0.3.wiff2), (sample Index: 1)
Area: 1.424e5, Height: 1.281e4, RT: 3.50 min

= 0.3 umol/mL

1665 / 12000 3502

L-LEUCINE 148 -
/

r2: 0.997

1.2e5
- 2 8000
(132.02 -> 43.050) ; :
< =z
804 § 6000
£
6.0e4 4000
o
4084
2000
2064
2o b
’ 005 010 015 020 035 030 035 040 045 15 20 25 3D 35 40 45 S0 S5 A0
< e, min © 2022 DH Tech. Dev. Pte. Ltd




Quantitative analysis of CCM components
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I QUANTITATIVE RESULTS IN SAMPLES

LEUCINE

Sigma mix 0.3 - L-Leucine..wiff2), (sample Index: 1)
lArea: 1424¢5, Height 1.281e4, RT: 3.50 min

12000 2502
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Intensity, cps

4000
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0

Standard mix

Sigma mix 0.1 - L-Leucine..wiff2), (sample Index: 1)
Area: 5.034e4, Height: 4.716€3, RT: 3.40 min

3404
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Intensity, cps
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Time, min

0.3 umol/mL

30 35 40
Time, m
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ISOLEUCINE

igma mix_0.3 - L-Isoleuci...wiff2), (sample Index: 1)
wrea: 1.320e5, Height: 9.024e3, RT: 3.12 min
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) Nvl

3123
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Standard mix

Sigma mix_0.1 - L-Isoleuci_.wiff2), (sample Index: 1)
Area: 4.057e4, Height: 2.689%3, RT: 3.00 min

0
25 30 35 40
Time, min

0.3 umol/mL

17

3002
2500
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g
1500
£
= 1000
500
v N s
25 30 35 40
Time, min

0.1 umol/mL

001 - L-Leucine 2 (Unkno..wiff2), (sample Index: 1)
Area: 1.296e6, Height: 1.551e5, RT: 3.51 min

3509
1.4e5

1.2e5
1.0e>

8.0e4

Intensity, cps

6.0e4

4.0e4

2.0e4

0.0e0

35
Time, min

30 40

2.65 pmol/mL

001 - L-lsoleucine 2 (Unk..wiff2), (sample Index: 1)

Area: 5.968e5, Height: 7.446e4, RT: 3.17 min

Ted

Ged

5ed

ded

Intensity, cps

3ed

2ed

Ted

Oe0

900 - L-Leucine 2 (Unkno..wiff2), (sample Index: 1)
Area: 1.550e5, Height: 1.986e4, RT: 3.38 min

20000

15000
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2 10000
z
g
=
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0

30 35 40
Time, min

101 Lys - L-Leucine 2 (Unk..wiff2), (sample Index: 1}
Area: 1.420e4, Height: 1.935e3, RT: 3.42 min
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0
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3416

30 35 40
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900 Lys - L-Leucine 2 (Unk..wiff2), (sample Index: 1)
Area: 4.270e3, Height: 4.474e2, RT: 3.45 min
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N
40
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0.32 umol/mL

0.03 umol/m
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2.5 30 35
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4.0

900 - L-Isoleucine 2 (Unk...wiff2), (sample Index: 1)
Area: 1.457e5, Height: 1.964e4, RT: 3.02 min
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101 Lys - L-Isoleucine 2 (...wiff2), (sample Index: 1)
Area: 6.933e3, Height: 9.857e2, RT: 2.04 min
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900 Lys - L-Isoleucine 2 {...wiff2), (sample Index: 1)
Area: 2.717e3, Height: 3.018e2, RT: 3.01 min
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3014
e
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1.24 umol/mL
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0.04 umol/mL

0.03 umol/mL
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Non-targeted analysis and
putative identification of
components present in
media




Non-targeted analysis on CCM samples
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IDENTIFY DIFFERENTIAL FEATURES THROUGH MULTIVARIATE ANALYSIS

Score

588

Treated samples

g o

ShabEbyy;

1 Untreated sampl
./
.1_0“.),'5

10 Lys

101 Lys, 900 Lys
Sample

10LLlys
101 Lys

1Llys 900 Lys 500 Lys

101 Lys
Lys

Loading

0.45 |
040 4
035
030
025
020 §
0.15

0.10 4

0.05

0.00

-0.05 4

-0.10 4

-0.204

-0.25 4

0304

7777”'7””””””"
147.115(31)
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; treated samples
| 1050

g 114m
¢
2932115 (200)

391.22 (295)

2271147 (102) 247.1122(129) i
138.1114 (26) 2752111 (175)
1891742 (89 A7 (144) 292.1/7.0 (198) 5373 a7y 635315406
s - 2paep 284.1/1.gN81) 437610.8(325)  §10.31.20397)
.iﬁl Al il gos 771 [226) )
Ig
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Eaol173 (150 el coe ML)
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PRpIEE L St e e 05

0 g
162 1S (43) 61047 3043146 (21 152141 (3T
98.1/16 (63)

32510 (242)
53.1/4.1(35)

Differential features in
fEirerauntreated samples

175.1/1.6 (50) 261.2/13.8(150) 330.314.3 (250)

Peak

484.3/14.1(350)

19

101 Lys: medium
900 Lys: medium fermented with lysine

i’% Compound interest list
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Non-targeted analysis on CCM samples
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PUTATIVE IDENTIFICATION OF DIFFERENTIAL FEATURES USING FORMULA FINDER AND
LIBRARY SEARCH

Compound -
interest list

Samples | Components and Groups I

All Components

147.1/1.5(31)
153.1/4.1 (35)
189.1/2.3 (63)
198.1/1.6 (69)
211.1/136 (79)
227.1/3.7 (101)
227.1/4.7 (102)
261.0/1.6 (147)
293.2/1.5 (200)
325.1/1.7 (242)
391.2/1.5 (295)
415.2/14.1 (311)
537.3/1.5 (371)

[AutoPeak] Results Table (Pos.qsession) | [MQ4] Results Table (211119_Neg_Nolys_2nBatch_ExportToMW.gsession) ‘ [MQ4] Results Table (211119_Untargeted_InterestList_101Lys_300Lys_Pos_1stBatch.qsession) _

{b 6rows Filters:0 ' Qualify for Rules Filters

(c]7]=]=]=N] Wuvoe -]

66 | 900 Lys Unknown | 118.1/1.8(12) | 1585e6 174 118085 | A ¥ 1180859 54 Betaine [Smart Confirmation] 1000
[ a2 |9001ys Unknown  118.1/1.8(12)  1.636e6 1.74 118085 | 4 v 1180861 64 Betaine [Smart Confirmation] 1000
BERETS Unknown | 118.1/1.8 (12) | 1.590e7 175 118085 | A ¥ 1180859 50 EHSEAH Betaine [Smart Confirmation] | 86.4
N ( BHSET# Betaine [Smart Confirmation]
|| Unknown ( 1.572e7 118.085 EH3E 1 Betaine [Smart Confirmation] | 81.5

101 Lys - 118.1/1 S
Area: 1.694e7, Height: 2.695e6, RT: 1.75 min
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2.0e6

1.5e6

Intensity, cps
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0.0e0 4 2
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Time, min
¥ Peak Details

sample Index: 1)

Intensity, ¢ps

19 20 21 22

118.085 5.0 175

Precursor m/z Mass Error (ppm) Retention Time (min) lon Ratio

N/A

Spectrum from 101_|

6e5

2e5

1e5

0e0

4 Formula Finder Results

118.0859

1

19.0893

to 1.773 min

16 117 118

119 120

Mass/Charge, Da

121 122

Name Formula Score

C5HTINS

02 66.9 1

m/z (Da)
18.08626

-
aa

Error

~ @ Spectrum from
@ Library Spectrum: & 3£ # Betaine (107-43-7) , CE=40+20
100%
58.0649
= s0% 50,0727
3
E sa3060 583292 118.0858
< 120336 58 1 15.4307J
Ew 0% +—. 2
|
=
= -50%
-100%
40 60 80 100 120
Mass/Charge, Da
4 Library Search Results &
Name CAs#

o8 C"&B Betaine [Smart Confirmation] 107-43-7 C
[N Betaine (NIST) [Smart Confirmation] 107437 __C




Conclusion SCIEX

* A superior separation of critical CCM components over a broad range of
chemistries was performed

* A highly sensitive workflow for monitoring >110 analytes target analytes
was developed

* The developed Data Independent Acquisition (DIA) workflow allowed for
enhanced qualitative analysis and most comprehensive gquantification
method

* Quick putative identification of differential features is possible by
combining the formula finder and library matching tools
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