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USt Platform optimization requires large data input
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Analytical data drives platform improvement
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USt Cell metabolism is perturbed by high expression of biologics

@, cvoTec BiotoGics

Biomarkers of high expression allow for optimization across platform

O Biomarkers can be O’

tools to select
clone and media to
optimize viability
and titer
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Inducible Cell Line allows seperation of growth

ust and production phases
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6F5 Inducible Cell Line
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Ong et al. 2019 Biotechnology Progress



Inducible Cell Line allows seperation of growth

ust and production phases
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]“St Experimental Design
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16 Media and cell pellet samples collected for proteomic and metabolomic analysis

Day 3 Day 6
Clone A Clone B Clone A Clone B
+Dox  + Dox +Dox  + Dox
Day 8 Day 10
Clone A Clone B Clone A Clone B

VU7 VYUV

+Dox  + Dox +Dox  + Dox




]USt Cell culture performance
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Less viability and slightly faster growth without doxycyline
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,IISt Metabolomics Sample Prep
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Media and Cell Pellets

Media

50 pL media kept on
ice and extracted with <,
-20° C MeOH *e,

*

flash frozenin N, -

Cells | P>

-==» Progenesis Q

10E6 cells kept on ice ’01 Centrifuge to remove

and extracted with _«* ininsoluble proteinand ~ Analyze on Q-Tof using e )
» MeOH at-20°Cfor20 * dry supernatantin 30 min HILIC method identifications using

) Progenesis
mins speed-vac

Process data and perform

washed in PBS, flash frozen in N,




]USt Proteomics Sample Prep
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Media

Automated ProA
purification of all Precipitate in acetone,

mmnmm ) Samp|eS, ﬂOW through nems .> re_suspend in 8 M urea EEmEw > pY .
collected for analysis A

BCA of all samples,
flash frozen in N,

\
i Reduce, alkylate, dilute to
<Illllll. :-"ég ',fl_: <-IIIIIII SOmMTl'IsanddIQESt
¥ overnight with trypsin
Analyze on QE-HF using 2.5 hr RP De-salt with HLB
method cartridges and dry in

speed vac
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Proteomics Sample Prep

Cell Pellets

Cells

1E6 cells re-suspended
in8 M Urea/7 M GnH(l,
DNA dispersed using
probe sonicator,
centrifuge and transfer
supernatant

Cells washed in PBS, flash frozenin N,

sanadp

<IIIIIIII

Analyze on QE-HF using 2.5 hr RP
method

T S \g TTTLLLT
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BCA of all samples, aliquot
100 pg
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De-salt with HLB
cartridges and dry in
speed vac

Reduce and alkylate
samples, precipitate
protein in cold EtOH

<IIIIIII

Re-suspend dried cell pellets
in8 M Urea, dilute with 50
mM Tris, digest with trypsin
overnight
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,“St Glucose

@, evoTec Biotogcs

Doxycycline appears to decrease overall consumption of glucose

Glucose - Media

(Day3 Y IDayiSNgeEd | Day6 " Day6induced  Day8  Day8induced [Day107 Y Dayl0Induiced

Normalized Abundance
¢ oo
" e

¢ o0

Glucose - Media
« Cells treated with doxycydine typically

z grow slower consuming less glucose and
W Clone A E take longer to reach carrying capacity
M CloneA+Dox & - Hypothesize that this is due to increased
B CloneB S

S

energy being put toward antibody

M Clone B + Dox ]
production




, “St Lactate
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Shift to less lactate production, more lactate consumption

Lactate - Media

(9]

f,_\_.__---/\ - Lower lactate could also maybe
4 /,. - ;Y. ~o \ explain growth/viability differences
/ S
Lol -—— N\
Bl Clone A 3 i S « This shift could also be explained b
B Clone A + Dox A,’/ So . ' u . P - y
M CloneB 2 i NN differences in GS expression, possibly
N\ .
B Clone B+ Dox /’ N through a push in the
1 N TCA-aKG-Glutamate cycle
0
0 2 4 6 8 10

Lactate - Cells
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*
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'“St Over 200 metabolites identified from each sample set
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Metabolomics results

Media Cells

Positive Positive

27,317 features 73,648 features

9'66? put_aFlve Identifications 22,707 putative identifications
309 identified features 469 identified features
Negative Negative

13,144 features 9,096 features

3,658 putative identifications 2,730 putative identifications

279 identified features 343 identified features
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Antibody removal with ProA improved media analysis

More low abundant proteins are visible in flow through
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]“St Over 3,500 proteins identified in cells and 1,500
from media
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Proteomics results

All samples were normalized to

equivalent abundances 3,953 proteins identified

with FDR < 1%

SRR SRR SRR R R R R AR R R 1,679 proteins identified
with FDR < 1%

H ’ } H Raw data searched against

database of mouse proteins
using Proteome Discoverer
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Cells and media show seperation by time in PCA

Cells show better separation by condition in metabolomics

Cells

» 12.79%

* Principal Component 2

Media

» 17.92%

" Principal Component 2
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Distinctive grouping by category seen in PCA

analysis

Proteomics Results - Cells

Data Source: | Proteins XDats: PC1 ~ Y Data: | PC2 ~
Loadings Plot || Variances Plot
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,“St Media shows seperation by time in PCA analysis
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Proteomics Results - Meida

Data Source: | Proteins ~ XData: | PC1 ~ Y Data: | PC2 ~ [«f] Center and scale [] Use normalized abundances
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t Fewer proteins associated with transport, more with
,“S differentiation in untreated cells
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GO enrighment of KEGG pathways

All proteins Up-requlated proteins without doxycycline

cell a
RTERTRRT 2
egulation of biological proc
I metabolic process (23.72%) B Other (11.31%) I metabolic process (24.08%) [} transport (9.94%)
[ regulation of biological process (19.34%) [Iregulation of biological process (20.85%) Il cell differentiation (3.84%)

B cell organization and biogenesis (13.72%) [l Other (14.58%)

I response to stimulus (14.23%) B response to stimulus (12.98%)

I cell organization and biogenesis (12.77%)
[_Jtransport (7.66%) FDR < 1%, >2 peptides
B cell differentiation (6.20%)

[_lcellular component movement (4.74%)
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Induced and uninduced samples similar at day 3

Metabolomics and Proteomics results: Day 3 Cells

Metabolites Proteins
5 15 v
Alpha actinin Glutamine Synthetase Heavy Chain Light Chain
3-Hydroxy-L-proline O O O OO O
(@)
4
5-(3.4,5'-Trihydroxyphenyl)-gamma-valerolac-
tone-3'-O-glucuronide
N-Acetylglutamine (o) o
10 O
‘a. 3 gamma-Glutamylserine
= o
> ®)
& Vulgaxanthinl O
g‘ 2 (Z)-Resveratrol 4'-glucoside
— O N-Carbamylglutamate
! 0)
Glycyl-Asparagine () 0] O 5
o Acetylhomoserine ,:)
g - l-beta-aspartyl-L-glutamic acid ,
‘I L-Threonire O
o
0 0
-6 -4 -2 0 2

8 6 4 -2 0 2 4 6 8

Log 2 Fold Change Induced - Uninduced

Log 2 Fold Change Induced - Uninduced




IISt Induced and uninduced samples similar at day 3
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Metabolomics and Proteomics results: Day 3 Cells

Metabolites Proteins
5 15 |
Alpha actinin Glutamine Synthetase Heavy Chain Light Chain
3-Hydroxy-L-proline O O
(@]
l Glutamine
O Synthetase . . + ADP
OWOHT + ATP + NH, ﬁ HQNJ\/\HLOH l+ Phosphate
NH, NH>
Glutamate Glutamine
0 0
-8 6 4 -2 0 2 4 6 8 -6 -4 -2 0 2

Log 2 Fold Change Induced - Uninduced Log 2 Fold Change Induced - Uninduced




'USt Decreases seen in Glutamine and NAD
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Metabolomics and Proteomics results: Day 6 Cells

- log (p-value)

Metabolites Proteins
4 15
Conserved Oligomeric Golgi Complex subunit Centrosomal protein
O Lysyl oxidase homolog Om O o
Glutamine synthetase Probable glycokinase
Serylserine ) o o
Rhosphodimethylethanolamine
3 Asparaginyl-Aspartic acid
(O]
. o 10 o
L-Glutamlneo L-4-Hydroxyglutamine
Histidinyl-Glutamate o) O O
NAD
2 o 5-(2-carboxylatoethyl)-4-oxo-4,5-dihydro-1H-imidazol-5-ide
o) @) O
gamma-Glutaminyl-4-hydroxybenzene (o)
Ribothymidine Glutamylthreonine 5 Beta-glucouronidase 8 %@
1 Light Chain
H Chai
: 3 eavy Chain
N
0 0
-8 -6 -4 -2 0 2 4 -6 -4 -2 0 2

Log 2 Fold Change Induced - Uninduced Log 2 Fold Change Induced - Uninduced




'USt Increasing number of proteins down-regulated
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Metabolomics and Proteomics results: Day 8 Cells

Metabolites Proteins

1 5 Glutamine Synthetase
aD

5 o

Conserved Oligomeric Golgi Complex subunit

g (O Asparaginyl-Aspartic acid o
(] Deoxyadenosine monophosphate
? (o) O Phosphodimethylethanolamine o
o8
Glucarate (o) Capi
g Histidnyl-Glutamate Alanyl-Serine °
— 2 5-(3/4,5"-Trihydroxyphenyl)-gamma-valerolactone-3-0-giu-
! o curonide 00
5-(3'4.5"-Trihydroxyphenyl)-gamma-valerolac- Phosphoserine 0O
tone-3"-0O-glucuronide @) 5
o o o
N-lactoyl-Tyrosine () S-(Hydroxymethyl)glutathione o
1 d

Log 2 Fold Change Induced - Uninduced

Light Chain Heavy Chain

o o o
Glial fibrillary acidic protein

Signal recognition particle
receptor subunit
(o]

0 2

Log 2 Fold Change Induced - Uninduced




Large number of proteins down-regulated by day 10
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Metabolomics and Proteomics results: Day 10 Cells
Metabolites Proteins
s 15 e
Lysyl oxidase homolog Light Chain
@ o
Bromodomain containing protein 3
4 0 5
Dimethylglyci
© Dimethylglycine Prolyl 4 hydroxylase subunitalpha ©Q %
Deoxyadenosine monophosphate O Glutamate
Tyrosine protein kinase O
—a O Pyrophosprate ,I 0 C@
= | (S)-a-Amino-2,5-dihydro-5-oxo-4-isoxazolepro 8
T 3 NAD O panoic acid N2-glucoside o
>
6_ 5-(2-carboxylatoethyl)-4-oxo-4,5-dihydro-1H-imidazol-5-ide
- O
g Gluconolactone O High affinity cationic amino acid
— Imidazoleacetic acid ribotida D-Fructose 2,6-bisphosphate transporter
! i . o amma-Glutamylthreonine
2-(S-Glutathionyl)acetyl glutathione Ol_
Asparaginyl-Serine -Threonine i
parmaginy. O C{ OD-Erythrose 4-phosphate 5 O Heavy Chain
N-Carbamylglutamat
arbamylglutamate Q D-Glucaro-1,4-lactone (9 ®
1 3
'@
D
0 0
10 8 6 -4 2 0 2 4 6 8 10 6 4 P 0 7
Log 2 Fold Change Induced - Uninduced

Log 2 Fold Change Induced - Uninduced




]“St Metabolomics - Cells: Effect of Induction
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Species increased by induction

Average higher in induced A

hifts t d induced
shifts toward induice (5)-a-Amino-2,5-dihydro-5-oxo0-4-isoxazolepropanoic acid N2-glucoside

Glutamate P Glutamate
’ Uridine diphosphaate glucose
Citricacid

UDP-D-galacturonate
Dimethylglycine

Average higher in induced Imidazolelactic acid
A constant over time Histidine

Asparaginyl-Glutamic acid
3 6 8 10 Uridine diphosphaate glucose 5-(1,2-dicarboxyethyl)glutathione
Day Arginine
Phosphodimethylethanolamine
Malic acid

Aspartic acid

UDP-L-arabinose

UMP

Adenosine diphosphate ribose

Relative Abundance

B Uninduced
" Induced

Relative Abundance

3 6 8 10
Day Pantetheine 4'-phosphate

ASCA - ANOVA Stimultaneous Component Analysis

Smilde et al, "ANOVA-simultaneous component analysis (ASCA): a new tool for analyzing designed metabolomics data', Bioinformatics, 2005.
Zwanenburg et al., "ANOVA-principal component analysis and ANOVA-simultaneous component analysis: a comparison”. J. Chemometrics, 2011

Average

A over time




,“St Metabolomics - Cells: Effect of Induction
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Species decreased by induction

Glutathione Gluconic acid Histidinyl-Glutamate -
Q
e 3-Hydroxyglutaric acid -
(4]
° Hypoxanthine -
>
2 NAD -
2 gamma-Glutamylaspartic acid -
% Gluconolactone -
e 1-(sn-Glycero-3-phospho)-1D-myo-inositol -
3 6 Day8 10 N-Acetyl-D-Glucosamine 6-Phosphate -
Lacto-N-triose - g
()
2-0-(6-Phospho-alpha-mannosyl)-D-glycerate - o o
(MP-2-aminoethylphosphonate - § E
Glutathione - (20H22085 - <T g
N-Carbamylglutamate - g g dCMP -
L-beta-aspartyl-L-glutamicacid - g § 3,4,5-trihydroxy-6[(oxolan-2-yl)methoxy]oxane-2-carboxylic acid -
trans-3-Hydroxycotinine glucuronide - 2‘: ° AMP -
Oxidized glutathione < Adenylsuccinic acid -
(DP-Ethanolamine -
B Uninduced Guanidylic acid (GMP)
U Induced 5-(3,4,5-Trihydroxyphenyl)-gamma-valerolactone-3-0-glucuronide

} Gluconic acid




Relative Abundance

Relative Abundance
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Proteins - Cells: Effect of Induction

Species increased by induction

Light Chain

Day

405 ribosomal prtn 513

6 8 10
Day

P Light Chain
Eukaryotic translation initiation factor 4 gamma 2

(alpain 1 catalytic subunit

Arginine - tRNA ligase cytoplasmic Cofilin-2
) ) N 405 ribosomal prtn 524
PDZ and LIM domain prtn 7

s> 405 ribosomal prtn 13

Heavy Chain

Prtn ADP-ribosylarginine hydrolase

Relative Abundance

3 6 8 10  Fibronectin type lll domain containing prtn 3B

Day _
Four and a half LIM domains prtn 1

} Arginine - tRNA ligase cytoplasmic

. Eukaryotic translation initiation factor 3 subunit H
B Uninduced Y

" Induced

Elongation factor Tu, mitochondrial

Drebrin

405 ribosomal prtn SA

]

(o))
(]

-

2
<<

A over time
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Proteins - Cells: Effect of Induction

Species decreased by induction

Endoplasmin

B Uninduced

Laminin subunit gamma-1
GDP-fucose prtn O-fucosyltransferase 2

—l Endoplasmin

! Induced ER degradation-enhancing alpha-mannosidase-like prtn 3

Glutamine synthetase

Relative Abundance

Relative Abundance

Neuroplastin

Nucleotide exchange factor SIL1

DNAj homolog subfamily C member 10
_’ Glutamine synthetase
Prolyl 4-hydroxylase subunit alpha-1
Twisted gastrulation prtn homolog 1
TPR region domain containing prtn

TPR region domain containing prtn
Tubulointerstitial nephritis antigen-like
GPI transamidase component PIG-T
Selenium binding prtn 2

Chitinase domain containing prtn 1
Collagen alpha-1 (XII) chain

Neuronal pentraxin receptor
_’ Neuroplastin

Prtn 0S-9

—’ Nucleotide exchange factor SIL1
Prtn disulfide isomerase Creld2

Laminin subunit beta 1
Beta-hexosaminidase subunit alpha




Just

@, cvoTec BiotoGics

Agenda

Just - Evotec Biologics - Why Omics?

Inducible Cell line and Experimental Design

Results

Conclusion




]HSt Summary
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- Omics can provide a snapshot of cell physiology at different conditions

« An inducible cell line exhibits slightly slower growth and decreased glucose
consumption while producing protein

« Over 3,900 protein and 650 metabolites were identified in cells

- Over 1,679 proteins and 500 metabolites were identified in media

- Significant shifts are seen in protein expression and metabolism are seen
during protein production

- Glutamine synthetase downregulated as part of induction system,
corresponding metabolites affected

- Ribosomes up-regulated in induced state, predicted to be due to high
demand for protein production
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