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Precision medicine for cancer, Biologic Therapy

(A) Naked mAb

[apec |

Radioimmunotherapy

Immunotoxins

(B) Conjugated mAb

fan

siRNA particles

Inhibit receptor
dimerization

Induce apoptosis

(C) CAR-T cell

Inhibit ligand
binding
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(:;:) Immune checkpoint
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CAR T-cell Therapy, Exosome Therapy and Versus Stem

Cell Therapy ) Cels are
reinfused h
into the @
Source Engineering Function patient at
clinical
Immune cellsare center
collected by a ‘
* (CO%, €063, co81) — procedure called Cells are tested for safety and
MSCs R\ \, apheresis potency and packaged for

Biomarker .. . . .
injection backinto the patient

/.‘ Ugand (RAL) Y ™ Giycoprovens | Drug delvery 107Tcells
OB 2 il 50-100mL
Vaccination

CRISPR-Cas SIRNA, mRNA, RNA

06 Y 108Tcells
H;::u ; Immunomodulation 50-100mL
Tumor cells proteins ;
8 exprossing
' ’ Gene therapy | T coll
ph-sensitive peptide |
HEk 293 cells | i

107 T cells protein
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Development of drug utilizing gene therapy technology

Gene Therapy

niE M REES N

XE/®

b1

SRE /TR
IRmSae mMRNA mMRNA E:EA{= E:EA=
2-8[ EF70E FTF208E 2-8[E 2-8[E
70% 95% 94% oF N DF F/N
A mE af afel M
B &k e KETHE BT SHERPEER s AR P ER

Cytiva Ref.: https://m.match.net.tw/pc/life/health/20210612/5921991 4



Exosome
~ 60-120 nm

>

L=
MRNA
~1-25 nm

Lentivirus
~ 80-120 nm SARS-CoV-2
(COVID-19) LNPs Vector NN Ve

~ 60-140 nm for mRNA AAV Antibody
~ 80-100 nm Adenovirus ~ 25 nm Spike
(AdV) ~5nm
~ 90 nm
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Adenovirus vector platform

Final product

Upstream Harvest Clarification Buffer exchange Capture Polishing Formulation Sterile filtration
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Introduction to protein
purification




Sample purification and preparation

DNA/RNA §

Cell lysis

°© S P proteins e

.\ © Antigen (e.g. virus) g

Organelles/cellmembrane
/lipids ==
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LC, Liquid Chromatography

Crude sample Buffer
xS
.‘ * Collection

Absorption

w
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Protein properties that matter for protein purification

Biospecific affinity ---- Affinity chromatography (AC)
(e.g., a tag)

Net charge ------ lon exchange chromatography (IEX)

Hydrophobicity --- Hydrophobic interaction
chromatography (HIC)

Size exclusion chromatography (SEC)
or gel filtration

Cytiva
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The Principle of Affinity Chromatography

GE Healthcare
Life Sciences

imagination at work

Cytiva
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The Principle of lon Exchange Chromatography

GE Healthcare
Life Sciences

imagination at work

Cytiva
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The Principle of Hydrophobic Interaction Chromatography

GE Healthcare
Life Sciences

imagination at work
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Principles of gel filtration chromatography- size
exclusion chromatography

GE Healthcare
Life Sciences

imagination at work

Cytiva
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The principles of chromatography techniques

Affinity lon exchange
Chromatography  Chromatography interaction
Chromatography

(AC) (IEX)

Hydrophobic

Size exclusion
Chromatography
(SEC)

* Bind - elute principle

» Requires specific elution conditions

» Concentrating effect

Cytiva

Diffusion - no binding
Any elution conditions

Diluting effect
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Purification strategy




Purification protocol development - step by step

Define the

purification
objectives

Cytiva

Consider
what’s
known about
the target
protein

Develop the
individual
purification
steps

Combine
techniques

Develop
analytical
assays
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Introduction to CiPP purification strategy

Purification strategy combining
multiple steps

. ,\Purity
Polishing
Remove final

'contaminants

intermediate
Purification

Remove bulk impurities
Capture

Isolate, concentrate
and stabilize

Sample prep

Cytiva

Stage

Protein recovery plotted against the
number of purification steps

Yield (%)
100 —
80 -\
95%/step
60 -
40 - 90%/step
85%/step
0= 80%/step
75%/step
o I | 1 1 1 1 I I 1
1 2 3 4 5 6 7 8 9 10

Number of purification steps
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AKTA™ system provides efficient purification of your

target protein
o

=
=
=

19

Capture: "
Isolate, concentrate, stabilize

Intermediate purification:

Remove bulk impurities

Polishing: :
Remove final contaminants

Cytiva



Application examples:
Recombinant protein




How are affinity-tagged proteins purified?

/ AC \ IEX SEC HIC

\ His-tagged protein _/

purification

Chromatography techniques enable separation of proteins based on

differences in specific properties.

Cytiva



Principle of histidine-tagged protein purification

IMAC resin Binding of histidine- Elution of bound
tagged protein protein with
imidazole

IMAC = Immobilized metal ion affinity
chromatography

Cytiva
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There are many ways to improve protein purity and yield

« Sample conditions . %
 Optimize binding conditions B O

» Optimize elution conditions

» Multi-step purification

Cytiva
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Addition of imidazole to the binding buffer has a positive
impact on protein purity*

No imidazole in the binding buffer Imidazole in the binding buffer
maL sl
3500 3500
3000 3000
300 2500
000 2000
1500 1500
1000 1000
500 500 \ s |
29 A 20 N e —
o 20 ] (] BD 100 il i) 20 & B0 BD 100
8 f 1] fraction
o3 ™ M e M, Mo L 3 a 5 6 7 8
S 175000 175900
' B3000 83000 -
!. 62 000 62 000
= 47500 47 500 ~
Ly
. 32500 32 500 = = a2
’ { 25000 25000 ﬁ i‘ o
16 500 -
16 500
Ry o .-
= (=3

Adding imidazole to the binding buffer prevents nonspecific binding of other proteins that

occur naturally in the host cell.

Cytiva * In all application examples shared in this presentation, different AKTA™ chromatography systems from GE Healthcare’s Life Sciences were used for purification.



Optimizina usina different metal ions

%
mAU 100

4000 e @
3000 60
2000 40
1000 20
0 — —lo E)
0.0 100 200 300 4 500 600 ml
B)
%B

mAU

%

9
pool 100
4000 Zne+ a0
3000 60
2000 40
1000 20
0 10

] 00 100 200 300 400 0.0 60.0 ml
Cl

mAU pool

100

4000 Co? |7 a0
3°°° “ 1 2 3 4 5 6 7 8 9 10 11 12
2000 40
1000 20

0 —lo * Ni 2+ is generally used for histidine-tagged

0.0 100 200 300 400 50 60.0 il . .
- - % recombinant proteins.
4000 N ( “ « Co 2+ is also used for purification of histidine-
3000 60 tagged proteins, since it may allow weaker binding
2000 0 and reduce the amount of contaminants that may
1000 20 1

Cytiva D /\J\ | bind.

00 100 200 300 400 so.ogo.o ml

pool



Method Optimization

® Increasing imidazole concentration
® Coion

Selectivity

Cytiva

capacity
® Decreasing imidazole

concentration
® Nior Cuion
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Different elution conditions can be used

Cytiva

Bound histidine-tagged proteins are eluted by increasing the imidazole concentration
This can be done by using linear gradient elution or step elution

Linear gradients are conveniently created using a chromatography system

Method

Step elution

Linear gradient
elution

Pros

Quick elution

Simple to perform with a single pump
Lower buffer volume needed
Concentrated eluate

Better peak separation is achieved,
high purity of target protein

« Allows scanning for optimal elution
conditions

COHS ,"r o _I Elutign
II | COmdong
 Eluted peak may I |
contain several | II
components || Bndng | |
] " —
not
s
 Eluted protein is ‘ } L’.’:,__,r
more dilute | 1 || inekion
,I /IJ/ | conditions
Bincing I'.I A | | |
corditions %, " | | [

] — N

Tt
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Different elution conditions can be used

A)

Imidazole
Absorbance (AU) conc. (mM)
Elution 3
3.0
23] 400
2.0+ Elution 2
- 300
15
1.0 e
0.5 - 100
0 0
0 5 10 15 20 25 30

Elution volume (ml)

1 ml/fraction
B)
IMWSW 1 2 3 4 5 6 7 8 9 10111213 1415 16 17 18 19 20 21 22 23 24 2526 27 28 29 30

MI’
97 000
66 000 =

Cytiva

Wash 1:10 mM Wash 2:30 mM Wash 3:50 mM Elution 1:100 mM Elution 2:300 mM  Elution 3:500 mM



Impact of multi-step purification on protein purity

Affinity
GST His Ab

Cytiva

Gel filtration

Flow through DS and
2nd UV, bypass AC
column

Size exclution
(4]

—

-

3000 -
adsorption of wash elute 25001
equilibration— S8MPleand ___ away __ po g reequilibration
elution of unbound protein(s) = 2000
unbound material ~ material ?é
€ 15001
2
<
1000 1
Q
2
.‘-‘S begin_sample change to 500 4
ﬁ application elution buffer
<C
0=
Watch: Flow Watch:
L through DS Bypass DS
1 and 2nd UV and 2nd UV
X cv 1-2 cv Kv 1-2 cv -
Column Volumes (¢ Aggy IMAU)
140 Run no. 1
120
1. 2 3 4 5 ?
M (1]
P —
97000 -
66000 W
20
45000 W m
0
30000 &= !! 0 100 200 305 400 500 600 Vol (ml
20100  w-—= i i .
14 400 -
LMW Start| FT washeluted |1 2 g [P

HisTrap Superdex
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Application examples:
Antibody purification




Introduction to antibody purification and analysis

Prevent clogging of
prefilters and columns
* Protain Prap syringe
Y filters for everyday use
L * Whatman GD/X™ syringe
L filters for difficuit-to-filtter
‘ F<3 Whatman™
syringe filters
Affinity, IEX Maximized protain
Automated AKTA™ CLELLEE Rl recovery during capture step
columns
protein purification U EILEIERY * HiTrap™ Protein A HP
« AKTA start system systems » HiTrap Protein G HP
A systam * HiTrap MabSalect™ Prisma if
Sl wemziﬁm puritying antibodies from different
UNICORN re Tt
Quick neutralization of
antibodies with desalting
* HiTrap Desalting,

PD-10 columns

Western
blotting

High-performance imaging
to verify protein identity

R yofh g * Amarsham™ Imagar 680

antibodies with aggregate removal « Amersham ECL™

* Superdex™ 200 Increase 10/300 GL

for sampla volumes up to 0.5 mL
* HiLoad™ Superdax 200 pg for sample
. volumes up te 13 mL

Cytiva



Use of affinity chromatography for antibody purification

" . Kappa or Lambda * g

"/ f \\ CQPtQ L :

I=TTT== === ! l\ /‘ !

' MabSelect \ 4 |

] T = S |

: O : scFv v, domain |

I I Fv Heav chaln Lightchain ~~ "~~~ """ """ " """ ------- -
| - ' Protein L Y g

omain A Y T R

" . ligand > l

\ Protein Aligand
Protein G ligand

— Fc

Kappa and

lambda ligands

Cytiva



Use of affinity chromatography for antibody purification

Affinity*
Species Antibody class Protein A Protein G Protein L
Human lgG +44 +++ 4
lgis, +++ +4+ +++
IgG, . +4+ et
I +44 +44 44 Rabbit Total lgG HHE e nd
4 1 oy
lg4 Wariable . e Avian agg yolk IgY - - nd
gD . . 4 Guinea pig Igi5, +H + nd
IgE . . 4 Hamster Total lgG + - nd
Igha** Variable . t Horse Total IgG + +e nd
Mouse 1943, + R +H Koala Total g . + nd
Iy ht 4+ . Llama Total IgG - + nd
IgG : 4+ 4+ S+ Maonkey rhesus) Total kpG + +m nd
IgG - + St -+ Other Kappa light chain nd nd +8
1 bt 1.3.4
lgha** Wariable - et {aubtypes 1,3.4)
Rat 195 B 5 it Lembda light chain ni nd
IEIG. T+ + Heavy chain nd nd
IHG1l + it Fab - - .
G, -
Schy d d .
G nd nd 4 G n n Ve
| Gk + + a Dab nd nd e
g5, n
Pig Total lgG 4+ 4+ T+ vt = S binding
+ = waak binding
Dog Total lgh + + + - = no binding
Cow Total lgh + +++ - +e = yaak binding in some caees
Goat Total lgh - + - nd = i data available
Sheep Total lgl +- + -
Chicken Total lgh il il -

Cytiva



A platform approach for the purification of antibody or
antibody fragments (Fabs)

Heavy chain

Light chain P

N
> \@
’0(\6((@ 3°
mAU - pH 35 %\' %(b‘ @0
2500
4
» 1 ﬂ -
A
5 1500 .
h N N 1000 : 2 -
ki N 500 9
N MabSelect™ 0k : : : . S
ProteInA 0 10 20 30 40 50 ml
Sepharose . i i
KappaSelect Prcftein G Column: HiTrap™ protein A 1 ml
LambdaFabSelect Sepharose
- - .%Z:""s:/

Cytiva



Sample preparation
Sources and their associated contaminants

Cytiva

Molecular types Significant contaminants Quantity
Source: native
Human serum Polyclonal 1gG, albumin, transferrin, lgG 8-16 mg/ml
lgM, IgA, IgD, Igk o.,-macroglobulin, other lgM 0.5-2 mg/ml
serum proteins lgA 1-4 mg/ml
gk 10-400 ng/ml
lgD up to 0.4 mg/ml
Hybridoma: Monoclonal Phenol red, water, albumin, Upto I mg/ml
cell culture supernatant transferrin, bovine 1gG,
with 10% foetal calf serum o.,-macroglobulin, other
serum proteins, viruses
Hybridoma: Monoclonal Albumin, transferrin Up to 0.05 mg/ml
cell culture supernatant (often added as supplements)
serum free
Ascites fluid Monoclonal Lipids, albumin, transferrin, 1-15 mg/ml
lipoproteins, endogenous 1gG,
other host proteins
Egg yolk lgY Lipids, lipoproteins and vitellin lg¥ 3-4 mg/ml

Source: recombinant

Extracellular protein

expressed into supernatant

Tagged antibodies,
antibody fusion proteins,
Fab or F(ab'), fragments

Proteins from the host, e.g. E. coll.

General low level of contamination

Depends upon
expression system

Intracellular protein
expression

Proteins from the host,
e.g. E. coli, phage

Depends upon
expression system

35



What is your associated contaminants?

Cytiva

Two-step process Three-step process
I |
( Protein A/G or ] ( Protein A/G or
Mabslelect L Mabsl:elect )
Polishing ] Polishing 1
: , :
J/ Polishing 2

Common contaminants after initial purification are albumin, transferrin,
DNA, immunoglobulins, antibody aggregates and leached protein A.

Protein purity — defined by Resolution
Amount of target protein — defined by recovery

Ability to purify more protein if needed — defined by reproducibility

36



Example: Application: Endotoxins, DNA Cleaning

oo

. 0-specific (outer) (inner)
; li i
LPS Molecule ;;Eﬁ;?tc chride core oligosaccharide

10~20 KD ~ 4 x105 KD
<0.25EU/mI

HiScreen™ Capto Q

Cytiva 37



SEC: Product-related impurities

500
450
400
350
300

S
~ 250

<
200
150
100
50

Cytiva

Aggregation
30 4
f\
20 - f\
é 15 -
10 A
5 .
0 T T
15 1,7 19
ml
—0 week
—2 week
—4 week
-

0,5

1

1,5 2
Retention volume (ml)

2,5

3,5

300

250

200

Abs 220

100

50

—0 week

—2 week

4 week

0,5

Column: Superdex™ 75 Increase 5/150

Sample volume: 10 uL, Flow rate: 0.5 mL/min

System: Agilent 1100

1

Degradation

30 ~
25 A

0

S

S 15 -

<
10 -
5 4

1,7

2,2
ml

2,7

1,5 2
Retention volume (ml)

2,5

3,5
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Example: Application: Multimodal functionality gel

OH OH
|
A \)\/0\)\/'\"\/\04

® aggregates
® DNA, viruses
® HCP

® endotoxin

Cell culture

Cell removal

MabSelect SuRe

MabSelect SuRe LX

[ Virus inactivation and filtration

|
Capto SP ImpRes
Capto S
| Capto adhere
Capto Q, Capto adhere,
Capto Q ImpRes

\

|
Capto Q
I

Capto adhere

\

[ Virus filtration and final formulation

Cytiva

Column:
Sample:
Sample load:
Loading buffer:

Flow rate:
System:

A?SO [mAU] 7

300 A

250 1

200 -

150 +

100 -

50 4

e X
s {'n

i P
I =
Superdex 200 10/300

Flowthrough fraction (red) and eluate (blue) from the Capto adhere step
50 uL each

0.01 M sodium phosphate, 2.7 mM potassium

phosphate, 137 mM sodium chloride, pH 7.4

0.5 mL/min

AKTA chromatography system

Capto adhere

monomeric 1gG
— g

monomeric 19G

low molecular
weight impurities

5.2 % aggregates

5 10 15 20 25 30 mL



Application examples:
Exosome




Exosome
iR MES

e Exosomes
pPb e
e
-
Secreting cell \ " :
»’ 3 ,
'./\v \‘ﬂ N
—~ TSG101 ,r oj ’
@ s
‘ A Recipient cell
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Exosome

Ectosomes
(50-1000 nm)

t Early sorting e o o
g Exosomes
(~40-160 nm)

endosome
E"d'}ylosas ’// \\
Size heterogeneity  Content heterogeneity  Functional heterogeneity  Source heterogeneity

0 Biomarker: CD63 Imparts pro-survival Brain-derived
m . m m signals on

£X050mes
Poctelc acids X recipient cells
40-75nm Protein content "X
Biomarker: CD9 Imparts pro-apoptotic Pancreas-
- - @ o - Nucleic acids signals on derived
@ o ' recipient cells exosomes
Protein content 'Y

75-100 nm
ExoC ee Exo3 Biomarker: CD81 E Imparts immuno- Exolll Liver-derived

Nucleic acids modkulation on Sosomes

recipient cells
Protein content 'Z'

100-160 nm

Kalluri et al., Science 367, (2020)
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Transmembrane
proteins

Q
HSP70

@Q . acids

ALIX

R R NS

FIXFINERE

Nucleic acid
(DNA, RNA)

Q Flotillin-1
90
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© Amino

.
...
o
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Metabolites

Kalluri et al., Science 367, (2020)
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Exosome

(A) Exomeres and
nanoparticles
<50 nm

(8)

Exocytosis and apoptosis

SE+B+

SEe6

4E+ 6

4E+6]

Exosomes

~30-150 nm

Outward membrane budding

Microvesicles

~100-1000 nm

E 3E+6
£

3E+6

& 2846
28464

1E+61-

SE+5

OE+0-

Cytiva

10

ey

V
100
Diameter / nm

1000

i
o000

Apoptotic bodies

w )9,
gwg@

Cell apoptosis

Srujan.G et al.,, 2020

Table 1 Comparison between extracellular vesicles

Exosomes

Types

Microvesicles

Apoptotic bodies

Origin  Endocytic pathway
Size 30-150 nm
Function Intercellular communication

Markers  Alix, Tsgl01, tetraspanins (CD81, CD63,
CDY), flotillin

Contents Proteins and nucleic acids (mRNA, miRNA,

and other non-coding RNAs)

Plasma membrane

50-1000 nm

Intercellular communication
Integrins, selectins, CD40

Proteins and nucleic acids (mRNA,
miRNA, and other non-coding
RNAs)

Plasma membrane

500-2000 nm

Facilitate phagocytosis
Annexin V, phosphatidylserine

Nuclear fractions, cell organelles

B WB

Syntenin 1

TSG101

CD63




Integrated Bioprocess




EFFECTIVE BIO-PROCESSING EXOSOME PLATFORM {’
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Bioprocess Downstream




Introduction to CiPP purification strategy

Purification strategy combining
multiple steps

. ,\Purity
Polishing
Remove final

'contaminants

intermediate
Purification

Remove bulk impurities
Capture

Isolate, concentrate
and stabilize

Sample prep

Cytiva

Stage

Protein recovery plotted against the
number of purification steps

Yield (%)
100 —
80 -\
95%/step
60 -
40 - 90%/step
85%/step
0= 80%/step
75%/step
o I | 1 1 1 1 I I 1
1 2 3 4 5 6 7 8 9 10

Number of purification steps
47



Exosome

Isolation method ~ Tangential Differential Size exclusion Density gradient
Flow Ultracentrifugatio chromatography ultracentrifugati
Filtration n an
Concentration of
the EVs “ = g .
Host-cell
protains - + ++ +4
purification
Recovery ++ + + .
Scalable 4+ +
++: Best method; +: correct method; *: variable; = insufficient

Cytiva

Uttrafiltratio
n

Anlon
exchange
chromatograph
¥

+

Immunoatfinkt
y capture



Exosome

[+] oe °
Dead cells Cell debris 70 il :

200000 g Buffer
10 min 30 min Exosomes Exosomes Feed : Reten ta te
=> - v R, =]
@2000g @100009 ©00°gg°o © o0

° o, °°° ° o /o O (] o
Density gradient ° —_— _Q_M 5} eolation

Ultracentrlfugatlon ° [+) 0 o
E IR :
@100000-2000009 Kosemes 0°°, 0°0 00 0

Permeate
B0 Sepoed iR R0 ER0 Poct s foo BB 8sc 59200 008

Time sequence
"
Size Large  Medium  Small
4 solutes  solutes  solutes
e eluted eluted eluted 1.Initial stage 2. Adsorption 3. Startingof 4. End of 5. Regeneration .. .° . B|OﬂUId
of target elution elution . J
uge * _
Bal Amaleooe °o 0o ncubatlon Elution
gag D AD|e@eee|eeee|o0 oo ’
o, o A ) o o
8@ oo | Afane | o a | o e | oo Wash
2ad 2
R AR A oo PN,
o O0O|(AAA|(DBEBE|0O@6E@ indi ; i .3 3052 &* %
<t = S B Binding ligands/solid phase 020 °od%
Elution i Counterions in ] lons in the PrOteln & non- Exosome
UG , / ‘ o thié initial Buffer A Different ions in the sample @ gradient exosome EV

Retention time or Elution volume

—
Cyuva 6



Exosome Purification

Exosome
Purification

Exosome Protein

Isolation removal

R H IS - Streptavidin
/L;g/¥ ‘?m% =) 8 4R B /N SEC sepharose +
ENE Biotin Ab

Mag Separose

PEG STL e

Cytiva

* 3000rpm 30min <+ 2000rpm 2min
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NFF vs. TFF -

®
Normal Flow Filtration (NFF) « Tangential Flow Filtration (TFF)
Fluid is pumped directly The fluid is pumped tangentially e
toward the membrane under along the surface of membrane.

a applied pressure.

solution

«bwl.v =2, B
- ‘Qn&d’ \
- — w—
D
L I Flow
Fressure
Cytiva " * 6
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AKTA™ flux: a new cross flow filtration system

« Concentration
« Diafiltration (buffer exchange)
 Cell harvest

e Clarification

retentate
pressure

backpressure valve

AN
N~ —
—
~—
MF 0.1, 0.2, 0.45, 0.65 um Depth filter —
UF 1, 3, 5, 10, 30, 50, 100, 300, 500, 750 kDa |
: P — g 85,80
' . = S f"oo%"oof%oo
. | Y diafiltrati o0 €20g 0900 6
; ._-' J! ; t = Iablufrfael!on recirculation p:Sse;jur :°°°§}§§° ::°°°
| 0 B pump T
Jd pr— € permeate

Cytiva (filtrate)



AKTA™ flux: a new cross flow filtration system

Concentration

Cell harvest

e Clarification

retentate

backpressure valve pressure

MF 0.1, 0.2, 0.45, 0.65 um Depth filter
UF 1, 3, 5, 10, 30, 50, 100, 300, 500, 750 kDa

dilute feed

material recirculation feed
pump pressur
e

Cytiva

Diafiltration (buffer exchange)

permeate
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AKTA™ flux: Filter selection

For target passage: Examples

Pore size should be 5-10X larger than MAb concentration: 30-50 kD

the molecule.
Virus concentration: 300-700 kD

For target retention:

, Exosome concentration: 100-500 kD
Pore size should be 3-5X smaller than

the molecule. Plasmid concentration: 300 kD

For species separation: LNPs and Liposome concentration: 100-300 kD

A 10X size difference is usually
required.
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AKTA™ flux: Effect of cross flow and TMP
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AKTA™ flux: CFF process parameters

pressures I flow rates
feed <= 2 ‘@ feed
retentate g retentate
permeate permeate
deltaP flux
™P - # i

pressure drop (AP)
permeate flux

AP=p¢-p, i
permeate flow divided by 2
transmembrane pressure (TMP) membrane area [LMH] w/m2h) o
™ P=[(pf + pr)/z] - pp

diafiltration

buffer recirculation feed
pump pressur
e

permeate
(filtrate)
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AKTA™ flux: Effect of cross flow

Shear rate T = (4*q)/T*R’

r = shear rate, sec™
q = flow rate through the fiber lumen, cm?/sec
R = fiber radius, cm

Nominal Shear rate Shear rate Shear rate Shear rate
lumen ID (mm) ~2,000 sec™ ~4,000 sec™ ~8,000 sec™ ~16,000 sec™
0.5 0.06 012 0.25 0.5

0.75 0.1 0.2 0.4 0.8

1 0.15 0.3 0.6 1.2

By CEREER) HmEE

2000-4000sec'! 166 FH T 5 A £ e 2L 3 P 4 TR s 2

6000-8000 sect 1 FH - kil B 1 P )

8000-16000 sec® 3@ FH Ji~ A 11 A M, A M 2R AR, A& K
ZHEAY
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AKTA™ flux: Effect of cross flow and TMP

Cytiva

Permeate Flux (Imh)
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TMP (psig)
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Hard (non-deformable)
e easy to filter
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e difficult to filter
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AKTA™ flux: a new cross flow filtration system

User interface

Touchscreen
Tonz\?’ith miTler / USB memory stick
o for data logging
Permeate
Control control pump
valve and pressure
———"Sensor
D s o - __Pressure
outiet E \ ‘ Sensors
Transfer — :
pump il Filter holders for HF
and/or cassettes
Feed punmp Low point
o drain
AKTA flux s
20-350 ml/min

Cytiva
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Return to Configure Alarms

AKTA™ flux: a new cross flow filtration sys|®& st

A Trans
O ) Membrane | ()Temperature|
Warning High Pressure Pressure
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~
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0.0 S ~ Mixer O rpm m
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[
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-
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Feed Pump Filter Area (cm?)
122l i
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AL 1= |
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E
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|
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1
P
3
4
5.
6
/
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New Generation of AKTA System

Transition from manual to Achieve desired purity with Flexibility in research Productivity in process development
automated purification ease in routine purifications Match most current and future Fast and secure development of
Education in protein Make the most of valuable purification challenges purification processes
purification bench/cold room space -

[_TO U

K|

New System

-
Adggen &

e

AKTA™ start AKTA™ go
Functions & Price

Classic System
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Desalting/Buffer exchange & Size

EXCIUSion ChrOmatography gEV Columns Gen 2 315

CRESREAEERE 150 pl- 100 mL
CEBEEE15-25°C(EE)
i

The gEV Range

n EETE: —25 0.8-12 mUmin (18 °C)
onms | ’I i i BEEOR/\EH - 35 nm / 70 nm (2ER )

1
2
3
| 4
' : J 5 BESISAEN 1 m
1200 v
;
3
9

ERAEIEEELST 20 pm
CEIEEESR pH E2E 313
CEIEEEER pH EEE  2-14
IR ERRANFEES 1 year

- Protein -

35nm+ 1 i I 5 §

1000 concentration .
(pg/mL) =

C 10 AN EEENFES TEERNEEHERE BEEIEER
'E EEH:I #-| % ZREEEIEY Agarose resin £3589 "Gen 2" FEEH columns
] i E12 7 Elig s
;é. r '.'. = MNall
g 200 f T in eluate
I_. [ |
Eu f imMj 2 4 - 035
I_I dr_lr_l :' 18 4 ::nkl'. EVzone Protein zone
J F _ Discard F o3
so 1.6 4 - E b
'I 1 % 14 ;N L 025 g E g
2000 E P 8 :
r .H E 1.2 o N \ L 02 g % §
R b 5 g
S \ L 015 © g 3
0, e Do 1
§ 0.6 - 1 \ - 01 % ° *
0 2 4 & 8 10 12 14 P P i .
-‘- ! \ - 0.05
i 0.2 A \
Elution valume [ml) J _~

Volume (mL)

05 1.5 2.5 3.5 45 55 6.5
Volume (mL)

Extracellular vesicles

Proteins
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SEC on Sepharose 4 Fast Flow

{A) Usa m:ple"llucalumn 0{]5
Virus recovery (%) 69
DMNA removal (%) 96
Total protein removal (%) 67
Ratio areas (virus peak/total area) 37
600 -
= 400 -
<T
£
2
< 200 -

0 20 40

Fig 6. Summary of virus recovery and impurity removal by SEC on Sepharose 4 Fast Flow using SV-to-CV ratios of (A) 0.05, (B) 0.1, and (C) 0.2. The shadowed

Volume (mL)

60

(B] IIII"s-arn;.}e"ﬂ\"rn:f:.lumn 0.1
Virus recovery (%) 65
DMNA removal (%4) 94
Total protein removal (%) 80
Ratio areas (virus peak/total area) 34
600 -
= 400 A
<
£
g
< 200 -

20 40

Volume (mL)

[C] UsampleNcclen 0.2
Virus recovery (%) 70
DNA removal (%) 97
Total protein removal (%) 72
Ratio areas (virus peak/total area) 42
600 -
= 400 -
<L
£
a2
< 200 -
O J T T 1
0 20 40 60
Volume (mL)

area represents the collected fractions. The recovery and impurity removal results are presented in the table on top.
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SEC on Sepharose 4 Fast Flow
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Fig 6. Summary of virus recovery and impurity removal by SEC on Sepharose 4 Fast Flow using SV-to-CV ratios of (A) 0.05, (B) 0.1, and (C) 0.2. The shadowed
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area represents the collected fractions. The recovery and impurity removal results are presented in the table on top.
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lon exchange chromatography/Exosome _@ %Mwmieé?
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lon exchange chromatography

IgG monomer

D il 2500 A W/ 5
! O-specific polysaccharide chain Core glycolipid
| p poly glycolip 5000
i =)
; <
; £ 1500 4
: 8 Dimers,
: <
g 1000 A ates
ospecic  (outer) (inner) ' Fragment,
LPS Molecule :353::: chareR e oligosaccharide 500 - Contaminants
""""""""""""" 10~20 KD ~ 4x105KD 0 b - - -
0 50 100 150 200

< 0.25EU/ml Volume (mL)

Column: Capto™ SP ImpRes
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LNPs, Virus, VLPs, Exosome Multimodal
chromatography

A @ aggregates
» @ DNA RNA

e e 3
- i »,
\- > SN .
= 3 e .V v B\ < N
R -
/NM N .

Gel Filtration vs. Capto Core 700 performance AL SO ol protees (107 ® HCP
. Octylamine - Multimodal ligand \ DNAfragments .
" vos N 4 ) o ® endotoxin
wd N
1.703.i 9 s 0.
1 60 E-'i 'é 3000 4 3
e 3
- R 3 R on @ & W
Column volume V) Column volume (CV)
Media Virus HCP Column | Dilution
Recovery | Removal load factor
(%] (%] [CV]
Sepharose™ 4 FF 100 95 0.1 ~2
Capto™ Core 700 97 95 10 1
| Host cell proteins—° *
Cytiva




Core 700 or Core 4007

Retroviridae Flaviviridae Picornaviridae
Size 100 nm 50 nm 30 nm
Type Enveloped, RNA Enveloped, RNA Naked, RNA
Sample tested Clarified harvest Clarified harvest Purified virus suspension
Columns HiScreen 4.7 mL (0.77 cmi.d, 10 cm bed height)
Sample and load Clarified harvest, 10 CV Clarified harvest, 20 CV Purified virus, 6 CV
Equilibration/wash 50mM Tris, pH 7.3 + 50 mM NaCl 50 mM Tris, pH 7.5 + 150 mM NaCl 35 mM phosphate buffer, pH 7

Host cell proteins

Flow velocity 150 em/h (Capto Core 400) 150 em/h (Capto Core 400) 150, 325, and 500 em/h
during loading 300 cm/h (Capto Core 700) 400 cm/h (Capto Core 700) (Capto Core 400 and Capto Core 700)
Elution 50 mM Tris, pH 7.3 + 1.2 M NaCl 50 mM Tris, pH 7.5 + 1 M NaCl 35 mM Phosphate buffer, pH 7
CIP (cleaningin place) 1 N NaOH, 30% isopropanol
System AKTA™ pure
. Extlfacellular ) Qaptq core inert shell excl'u‘ding
_ G (7). vese . ) diffusive entry of large entities
O = Capto Core 700> 90nm ST | /8 / \
- 5
O =Borderiine for Capto Core 700 \\{ e
Q = Capto Core 400 <40nm ' B

Cytiva

Capto core interior with
multimodal ligand

96

79.6 77
68.3 m Capto Core 700

Capto Core 400

ug 3888

40
30 4
20 4
10 -

Recovery (%6}

011

Retrovirus Flavivirus Picornavirus

Fig 6. ELISA results from study with Capto Core 400 and Capto Core 700
on flavivirus, retrovirus, and picornavirus.

100 a5
90 87
80
80 m Capto Core 700
70 4 Capto Core 400
= 60
fond
@ 50 -
3
g 40 -
o
30 A
20
10 - 2 496
0 I -
150 cm/h 325 cm/h 500 cm/h

Fig 7. ELISA results from study with Capto Core 400 and Capto Core 700
on picornavirus at three different flow velocities: 150, 325, and 500 cm/h.
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Separation of CHO-derived vesicles through multimodal and heparin
affinity chromatography
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endocytosis-competent extracellular vesicles
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ABSTRACT

Isolation of extracelular vesiches (E¥s) from cell culture supernatant or plasma can be accom-
plished in & variety of ways. Common measures 16 quantily relative success are: concentration of
- ated protein, size homogeneity and funciionality of the final
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Industrial-scls inpu volumes with few cantaminants relative ta ather

Introduction

The zu\: of extracellular vesicles (EV) bas received con-
in recent years, in particular the class of
EVs with a diameter < 120 nm. MicroRNA (miftNA),
messenger ANA (mBNAJ long non-coding RMA
(IncRNA) malecules, as well a5 proteins (both host and
virus-encoded), lipids, and small metabolites have all been
found in EVs. EVs have demonstrated roles in cancer
progression, metsstasis, the response 10 invading patho-
gens, and normal development and physiology, sach s
symaptic transmission and immune responses Creviewed in
[11 Modified EVs are ander consideration as vaccine and
drug delivery modalities (revsewed i [2]). This principle
borrows from the successful encapsulation of the anti-
cancer drugs doxorubicin and paclitel into liposomal
wvehicles and albumin nanoparticles, to vield the clinically
approved farmulations Denil and Abraxane [3-5]. Lasily,
EVs have gained popubirity as disease biomarkers, and
substantial effarts are underway 10 smnslate EVs prafiling
into & clinical modality, termed “Hiquid biopsy™ [16-140],
Exsames are distinguished from ofher EV because of
their intracellalar origin, Exosomes arfse from the inward
budding of endasomes into multivesioular bodies (MVE).
The exosome-dosded MYE then traffic o the plasma

mernbrane and relesses the exasomes inta the cll sur-
roundings. Exosomes and ather chses of Evs are even-
tually taken up by recipient cells-and the packaged contents:
are unkiaded Whereas the majority of EVs are likely
invoived in modulating the praximal micreenvironment,
akin to synaptic vesicles. a sgnificant faction circulates
sysemically and can affect distant organs/tissues thraugh-
aut the boddy [7,11-13], EVe are present in bodily swere-
tions sach & milk, wrine, semen or saliva Despiie
ssgniicant progses, many of the ndamental molscilr
cking remain

unknown [14,15]. This rqmnls a
standing that prevents successial appli .

Central to the study of EVs fundtion is the ability to
isolate robust quantities of EVs, reproducibly and from
a variety of sources and volumes. This includes isola
tion under enhanced bipsafety measures, e.g. in order
to study the rale of EVs in human immunodeficiency
winas [HIV) infection [15-21], Here, we present a
workflaw that improves upan this esseatial first step
in Vs research. Cross-flow filtration (CFF)-hased EVe
enrichment offers several benefits compared to prior
metheds, and as we describe here, can be used o
rapidly, continsously and automatically isolate pure
populations of EVs from large volumes of fluids
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OPEN Reproducible and scalable
purification of extracellular vesicles
using combined bind-elute and size

1 s 1 exclusion chromatography

Published online: 14 Seplember 2017
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Givlia Corso?, Imre Mager>5, Yi Lee ()%, André Gorgens (%3, Jarred Bultema®, Bernd Giebel®,
Matthew 1. A. Wood™>®, Joel Z. Nordin™* & Samir EL Andaloussi™>*

Extracellular vesicles (EVs) play a pivotal role in cell-to-cell communication and have been shown to
take part in several physiological and pathological processes. EVs have traditi y been purified N N
by ultracentrifugation (UC), however UC has limitations, including resulting in, operator-dependant 0 2 2 um L’% 7}% AKTAprime plus
yields, EV aggregation and altered EV morphology, and moreover is time consuming. Here we show - chromatography
that commercially available bind-elute size exclusion chromatography (BE-SEC) columns purify EVs — syslem
with high yield (recovery - 20%¢) in a time-efficient manner compared to current methodologies. This
technigue is reproducible and scalable, and surface marker analysis by bead-based flow cytometry
revealed highly similar expression signatures compared with UC-purified samples. Furthermore, uptake 300 X g 5:
of eGFP labelled EVs in recipient cells was comparable between BE-SEC and UC samples. Hence, the BE-

3 . . _ - - N\ ’
SEC based EV purification method rep an important methodological advance likely to facilitate 2000 X 1 0
robust and reproducible studies of EV biology and therapeutic application. j( %E 5 O ~2 O O m L Tj( D u ’ D 22 “m %tered

N cell culture media
Extracel lular vesiches (EVs) arc nanosized cell-derived vesichs' delimited by a lipid bilayer and typically divided U F/D F( “\1ﬁ % *ﬁ' ) ’ ;E
inio three subgroups, according to their biogenesis pathways; exosomes, microvesicles (MVs) and apopiotic bod-

ies™, In this artick, the term EVs will refer 1o exosomes and MVs only. Exosomes are 70-150nm in size and orig- o
inate from the endocytic pathway® whereas MVs are generally larger, 100-1000nm in diameter and bud directly -H: % B‘% AN
from the plasma membrane®”. They carry proteins and RNAs, both miRNAs and mENAs, and have been shown \_ z/ ZIN
1o transfer their cargo to recipient cells***. EVs are of fundamental importance in conveying critical intercellular
messages™ ' both in physiological and pathological processes, such as taking part in the coagulation cascade’’,
immune response' ™ as well as aiding the spread of malignancies® ™ and viral infections ",

Because of their small size, physicochemical properties and the complexity of the surrounding fluid, puri- r faras ¢£ EE 1 t N\

AZB0 (maAU)

Time (min)

\Tn 4 Collection
followed by
concentration step

fication of EVs is a great challenge. The gold standard in the fiekd is to purify EVs by sequential centrifugation
followed by an ultracentrifuge (UC) step to pellet the EVs at 110,000 x g™, We and others have previously shown
that ll'u:)IU( step damages the It;{';)l(lcl- and keads to aggregation' ™, which can ultimately affect downstream
analysis™ or application of EVs'™*_ Furthermore, this technique is umccunwnungamipmmlavanable resulis .
due to the diverse protocols and equipment used in different laboratories™. To overcome these issues, several H | S C ree n Ca pto CO re Downstream
wother promising purification techniques have been proposed, such as precipitation kits™ * and size exclusion analysis
chromatography (SEC) . . 700 ) s

I this article, we have evaluated a novel liquid chromatography technique for EV purification: using core LR =AY
bead chromatography. The technology combines both size separation with bind-ehite chromatography (BE
where large molecules bypass these beads while molecules smaller than 700 kIDa penetrate the inert outer Sllf_'“
and bind to hydrophobic and positively charged octylamine ligands within the core. We hypothesised that the N

A =a
: */\/\/ IRERIA/N ~ SEEE M

1Department of Laboratory Medicine, Kzrolinska Institutet, Stockholm, Swaden. 2Department of Physiclegy,
Anatomy and Genetics, University of Oxford, Cocford, United Kingdom. #institute for Transfusion Medicine, University
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Tetraspanins
/’ ’/7/ CD9, CDB3,

AKTA™ system provides efficient i

purification of your protein

Biotinylated Antibody Streptavidin Biotin Conjugate Biotin Streptavidin Complex

Tagged
protein

HGF, EGF, IL-6, SCF, Supportive
TNF-q, collagen type I, =i fun‘::‘t,ion
Fibronectin, LRP

IL-1, IL-10, TNF-a, HGF, supress
TGF, FGF, EGF ! inflammation

Inhibit
SDF-1, VEGF, IGF-1 1 apoptosis

;I‘.'-Jg:gTNF-a‘ HGES jfii>| anti-fibrosis

HGF, FGF, EGF, TNF-a, o
IL-3, IGF, SCF | Differentiato

Cytiva 6
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Proven technology
Continues AKTA™ tradition effcient purifcation ofyour

Cytiva

+ 2012 - AKTA pure: protein
purification your way

2019—AKTA™ go : provides * 2015 upgrade

Incorporates over 50 years of experience in protein
research

Backed by 30 years of experience in developing protein
purification systems

AKTA systems are used by 100,000 researchers globally

1996—AKTAexplorer™,
single platform for all
chromatography
techniques

1959—Sephadex™, the world’s

first gel filtration medium 1982—FPLC™ system released,

predecessor to AKTA systems
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New Generation of AKTA System

Transition from manual to Achieve desired purity with Flexibility in research Productivity in process development
automated purification ease in routine purifications Match most current and future Fast and secure development of
Education in protein Make the most of valuable purification challenges purification processes
purification bench/cold room space -

[_TO U

K|

New System

-
Adggen &

e

AKTA™ start AKTA™ go
Functions & Price

Classic System

Cytiva " .. " N " 78
AKTAprime™ AKTApurifier™ UPC AKTAFPLC™ AKTApurifier™ AKTAexplorer™



AKTA™

Productivity in process development

Prepare for GMP environment.

Flexibility in research Productivity in process ST”?”er GM_P batches for early
Match most current and future development clinical stles Scale-up and
purification challenges Fast and secure development of robustpgss-testing

purification processes

AKTA™ pure AKTA™ avant

Functions & Price & Scale-up

R
" Hirap PR

_,":
Cytiva L ] L

AKTAprocess is a versatile platform
providing thousands of configuration
possibilities. The system is available in
three flow rate ranges that extend up to




AKTA Pure

o Column Conductivity
Mi Injection valve Column monitor
Ixer valve
i - -
Pressure UV monitor Outlet
monitor valve
System 5
pumps 8
1outlet Waste
position L
Fraction collector
Conductivity
Column monitor

Mixer valve

UV monitor

Injection
Presgure valve Outlet valve
monitor
System
pumps
SUTnﬁ’g?[ Pressure oot '
i outlet positions
valve Sample monitor Columns + woste
pump
l l l | I Flexible fraction collector
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Conductivity
monitor

Column
Mixer valve

Injection
valve

UV monitor
Pressure

monitor

AKTA Pure

Outlet valve
Inlet

valve
System
pumps

Pressure

I sample monitor ol 10 ouﬂagstseitions
I | | | | I pump
Flexible fraction collector
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AKTA™

Cytiva

Standardization

Automation

() .
AKTA #5Y MiREE i [EZ fEFR EEs

Avant & Pure 0.001-25 20 MPa DT RIEFE R UNICORN 7.3
Documentation 25 ml/min

o Column Conductivity
Mi Injection valve Column monitor
Ixer valve
- - -
Pressure UV monitor Outlet
monitor valve
System <&
pumps \ 4
1outlet Waste
position L
Fraction collector
Conductivi
. Column monitor
Mixer valve
- 3
iecti V monitor
Pressure Inje‘f;llsg UV monito Outlet
e monitor valve
System
pumps
loutlet Waste
Pressure position
Sample monitor Columns
pump
. y

Flexible fraction collector
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System Pump Design

Rinsing outletﬁ Solution outlet

I
3

i)

Rinsing inlet

Solution inlet

Cytiva

Pump head rinsing system

Function:
--Rinse piston;
--Rinse out buffer salt;

Maintenance: 20% EtOH
( change rinsing solution every week )
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System Pump Design

Buffer outlet

e |f air gets stuck in the pump,
manual purge might be
necessary

Air bubble

e For lower amount of air, use
pump wash

Buffer inlet

Cytiva



Injection Valve

Cytiva

/Munuul load

/System pump
waste
LoopE

Sample
pump load
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Injection Valve-Loop

« Sample loop- 10uL, 100uL, 500uL, 1mL,

2mL,5mL

» Superloop- 10mL, 50mL, 150mL

Cytiva

Overfilling - high r

Partial filling—minimal sample loss :

eproducibility

60 il load

; —_—
: —_-zlzﬂ—n

100 plload

:ﬁﬂE@}'

200 pl load

: _ﬂE@

100 pl amp\ e loop
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AKTA™

SCIENTIFIC - SUPPORT

Pog

Standardization

Scalability

Documentation
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Analyze, Qualitative, Quantitative

Identification

88



: : - = Dimensions (mm):
theSIZer 500 ~' e D460 x W485 x H135 ;\7 Anton Paar

Weight (kg): 18 kg

Measurement Mode Method Highlights & Specification
Particle Size & o . - 3 detection angles with automatic angle selection
Particle Size Distribyt Dynamic Light Scattering (DLS) g g
artcle size bistribution “ » Measurement range: 0.3 nm — 10 ym
T E o Hm=0 « Min. sample volume: 12 pL
: N . * signal processing via patented cmPALS (patented
Zeta Potential Electrophoretic Light Scattering (ELS) 'gnatp ngviap (P )
s 7 e s » Anton Paar Omega cuvettes (patented)
RIESUSH BRI GH B
« Measurement range: £ 1000 mV
Molecular Mass Static nght Scattering (SLS) « Measurement range: 980 Da — 20 MDa
n¥f==il BFRE YL RIS B D i » Measuring range (particle size): up to 40 nm
Transmittance Light Permeability . gggtrigggtgjnmeasurement for monitoring of sedimentation &
[
PosE T ) | & ML3TZ L
FEREN BICEDW - Measurement range: 1.28 - 1.50
Refractive Index Focus-dependent Scattering Intensity - required input parameter for DLS and ELS
o == 4| Focus-d ependentﬁﬂl%ﬂﬁfiﬁ*ﬁ  only DLS based instrument on the market (patented)

21 CFR part 11 software: Audit trail, customizable user management, electronic or hard copy signing
500 DSZIVODTEN-FI s AU S




A\j Anton Paar

Dynamic Light Scattering — DLS
Basic Setup

—  Sample is contained in a cuvette
—~  If particles are present an incident laser light gets scattered in all directions

— Time dependent changes of the intensity of the scattered light are detected

Al

Time

Scattered light

DLS is also named: Photon Correlation Spectroscopy (PCS), Quasi-Elastic Light Scattering (QELS);




Dimensions (mm): f\
D460 x WA485 x H135 /\7 Anton Paar

Weight (kg): 18 kg

Litesizer 500

Particle size distribution (intensity)

4.0

OE ]

= J

.2 i

5

9 2.0

= ]

]

o 4

0.0
0.10 1.00 10.00 100.00 1000.00 10000.00
Particle diameter [nm]
Statistics table
Name Hydrodynamic Polydispersity index Peak 1 [nm] Peak 2 [nm] Peak 3 [nm] Transmittance [%]  Diff. coeff. [um?/s]
diameter [nm] [%]
Mean value 253.8 33.8 597.2 (Intensity) 33.56 (Intensity) - (Intensity) 0.5 3.4
Standard deviation 239.1 6.5 633.8 (Intensity) 22.01 (Intensity) - (Intensity) 0.3 3.2
Rel. standard 94.21 19.15 106.13 (Intensity)  65.60 (Intensity) - (Intensity) 61.2 94.2
deviation
Measurements (intensity)
Name Color Hydrodyn. diam. Polydispersity Peak 1 [nm] Peak 2 [nm] Peak 3 [nm] Transmittance [%] Diff. coeff. [um?s]
[nm] index [%]

PEG —_— 422.8 38.4 1045.4 (Intensity) 49.12 (Intensity) - (Intensity) 31.04 1.1
TFF — 84.72 29.2 149.02 (Intensity) 17.99 (Intensity) - (Intensity) 78.38 5.7

21 CFR part 11 software: Audit trail, customizable user management, electronic or hard copy signing
500 DSZIVODTEN-FI s AU S




Function assay, Quality control

”QUALITY
STRUCTURE

FUNCTION

= 75 Physico-Chemical Functional
. characterization characterization
e MY '
2 \\< /:; B Dedicated functional analytical panels for each drug
v B
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Real-time monitoring of binding events

Nucleus

Cytiva

Association Dissociation

Antibodies

Proteins

Peptides

Compounds and fragments
Nucleic acids

lons

Virus

Exome, Whole Cell, T Cell

Affinity

Kinetics
Screening
Specificity
Concentration
Epitope binning
Immunogenicity
Thermodynamics
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Biacore

Characterization

analyt' cal
cIl ist
Subscriber access provided by UMKC Libraries

Screening

Determination of exosome concentration in solution
using surface plasmon resonance spectroscopy

Deborah L. M. Rupert, Cecilia Lasser, Maria Eldh, Stephan Block,
Vladimir P. Zhdanov, Jan Lotvall, Marta Bally, and Fredrik Ho66k

Anal. Chem., Just Accepted Manuscript » DOI: 10.1021/ac500931f « Publication Date (Web): 22 May 2014

Yes/No
Binding

Kinetic |
Screen

D d from http://p .acs.org on May 26, 2014
A T v 1 ¥ T ¥ T L2 | v T
8 _150 "
= CD63-positive exosomes
o
=.100
Concentration = ©
2 6F & s0 |
How How much active < x negative control LB DRIV
selective? \ sample? " & 0 g - - exosomes
2 ,f\ = 15 30 45 60
2 ¥ %% — 4} Time [s]
o) X ‘ -
Xio ,gé‘ ,9%/) g)
.J / N 2 ‘
' ’ Tim (h'd ;
a —— 7
— B Thermodynamics » ) B'Ot'_ny'at‘edi
anti-CD63 antibodies :
What drives th NeutrAvidin_______ ]
Functionality: How strong? at drives the
How fast? / g interaction? : Biotinylated SAM -
L 1 1 n " L
0 50 100 150 200 250

Time [min]

Cytiva https://pubs.acs.org/doi/10.1021/ac500931f 6



https://pubs.acs.org/doi/10.1021/ac500931f

Biacore™ 1 series
Our next generation one needle SPR systems

Biacore™ 1K Biacore™ 1K+ Biacore™ 1S+
Your research — streamlined Your development — Your discovery — elevated
adv~~~~-
o e
= o = |

~ |
i é =" ‘ Upgradeable l ‘
n :

Biacore™ 1 series — three system configurations

Cytiva



Expand application versatility — more injection tools
developed

Dual injection ABA injection Poly injection (3- 5 injections)

Running Solution A Solution B Running Running Solution A  Solution B Solution A Running Running  Solution A Solution C Solution E Running
buffer buffer buffer buffer buffer Solution B Solution D buffer

Faster buffer screening, and enables competition assays and
multi-complex analysis in a novel way

Cytiva 96



Build Covid protein complex using Poly injections

Example:
Three Poly injections to study

Covid proteins complex
formation

Cytiva

Resporse (RU)

225 -
200
X SolutionC Dissociation
st a-Human
150 -
SolutionB
125 a-RBD
1004 a-Human
i Solution A ACE2
= f\‘\‘ :’RSD
50 ACE2 )4
reO (L)
25
S 28D Sensor Chip CMS
0 100 200 S00 400 S00 600

Time (3)
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