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Precision medicine for cancer, Biologic Therapy
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CAR T-cell Therapy, Exosome Therapy and Versus Stem 

Cell Therapy
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Immune cellsare  

collected by a  

procedure called  

apheresis

107 T cells  

50-100mL

Cells are tested for safety and  

potency and packaged for  

injection back into thepatient

Cells are  

reinfused  

into the  

patient at  

clinical  

center

108 T cells  

50-100mL

107 T cells  

50-100mL
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Development of drug utilizing gene therapy technology



Cytiva

The sizes of viral vectors
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Lentivirus

~ 80–120 nm

AAV

~ 25 nm

Antibody

Spike 

~ 5 nm

Adenovirus 

(AdV)

~ 90 nm

SARS-CoV-2 

(COVID-19)

~ 60-140 nm

LNPs Vector 

for mRNA

~ 80-100 nm

Exosome

~ 60-120 nm

mRNA

~ 1-25 nm
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Adenovirus vector platform
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Scale-X™ carbo Bioreactor

ÄKTA oligosynt™
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Introduction to protein 
purification
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Sample purification and preparation
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LC, Liquid Chromatography
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UV

Column Gel media

Crude sample Buffer

Monitors 

Collection 
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Protein properties that matter for protein purification
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Hydrophobicity

Net charge

Size

Ion exchange chromatography (IEX)

Affinity chromatography (AC)

Hydrophobic interaction 
chromatography (HIC)

Size exclusion chromatography (SEC)
or gel filtration

Biospecific affinity
(e.g., a tag)
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The Principle of Affinity Chromatography
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The Principle of Ion Exchange Chromatography
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The Principle of Hydrophobic Interaction Chromatography
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Principles of gel filtration chromatography- size 

exclusion chromatography
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The principles of chromatography techniques
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Affinity 
Chromatography
(AC)

Ion exchange 
Chromatography
(IEX)

Hydrophobic 
interaction 
Chromatography
(HIC)

Size exclusion
Chromatography
(SEC)

• Bind – elute principle

• Requires specific elution conditions

• Concentrating effect

• Diffusion – no binding

• Any elution conditions

• Diluting effect
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Purification strategy
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Purification protocol development - step by step
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Define the 
purification 
objectives

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
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Yield (%)

Number of purification steps

Protein recovery plotted against the 

number of purification steps
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ÄKTA™ system provides efficient purification of your 

target protein
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Application examples: 
Recombinant protein
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How are affinity-tagged proteins purified?
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His-tagged protein 

purification

Chromatography techniques enable separation of proteins based on 

differences in specific properties.
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Principle of histidine-tagged protein purification
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Me2+

Protein

Binding of histidine-

tagged protein

Elution of bound 

protein with 

imidazole

Me2+

IMAC resin

IMAC = Immobilized metal ion affinity 

chromatography
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There are many ways to improve protein purity and yield
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• Sample conditions

• Optimize binding conditions

• Optimize elution conditions

• Multi-step purification
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Addition of imidazole to the binding buffer has a positive 

impact on protein purity*
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No imidazole in the binding buffer Imidazole in the binding buffer

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

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

occur naturally in the host cell.
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Optimizing using different metal ions
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• Ni 2+  is generally used for histidine-tagged 

recombinant proteins.

• Co 2+  is also used for purification of histidine-

tagged proteins, since it may allow weaker binding 

and reduce the amount of contaminants that may 

bind.
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Method Optimization
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Selectivity

capacity

 Increasing imidazole concentration

 Co ion

 Decreasing imidazole 

concentration

 Ni or Cu ion
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Different elution conditions can be used
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• 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 Pros Cons

Step elution • Quick elution

• Simple to perform with a single pump 

• Lower buffer volume needed

• Concentrated eluate

• Eluted peak may 

contain several 

components

Linear gradient 

elution

• Better peak separation is achieved, 

high purity of target protein

• Allows scanning for optimal elution 

conditions

• Eluted protein is 

more dilute
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Different elution conditions can be used
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Impact of multi-step purification on protein purity
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97 000

66 000

45 000

30 000

20 100

14 400

Mr
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66 000
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Mr
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LMW Start FT wash eluted 1 2         3

HisTrap Superdex

F

Desalting

Affinity

GST  His  Ab

Gel filtration

Size exclution
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Application examples: 
Antibody purification
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Introduction to antibody purification and analysis
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Use of affinity chromatography for antibody purification
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Use of affinity chromatography for antibody purification
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A platform approach for the purification of antibody or 

antibody fragments (Fabs)
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Column:    HiTrap™ protein A 1 ml

pH 3.5

Protein A 

Sepharose

Protein G 

Sepharose
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Sample preparation

Sources and their associated contaminants
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What is your associated contaminants?
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Protein A/G or 

Mabselect

Protein A/G or 

Mabselect

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 byrecovery

• Ability to purify more protein if  needed – defined by reproducibility
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Example: Application: Endotoxins, DNA Cleaning
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HiPrep DEAE FF 16/10

10~20 KD  ~  4 ×105 KD   

＜0.25EU/ml

HiScreen™ Capto Q
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SEC: Product-related impurities
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Aggregation
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Column: Superdex™ 75 Increase 5/150 

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

System: Agilent 1100

Degradation
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Example: Application: Multimodal functionality gel
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Capto adhere

 aggregates

 DNA, viruses

 HCP

 endotoxin



Cytiva

Application examples: 
Exosome

40



Cytiva

Exosome
命名和歷史
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根據國際細胞外囊泡協會的說法，細胞外囊泡
（或 EV）是普遍存在的從細胞中自然釋放的
納米顆粒，由脂質雙層分隔且無法複製。

細胞外囊泡的不同亞型根據它們的大小、組成
和生物發生來區分：外泌體（小於 150 nm）、
微泡或膜外泌體（50 nm 和 500 nm 之間）和
凋亡小體（直到 2,000 nm）。

細胞外囊泡富含蛋白質、核酸和脂質，通常在
表面發現並用作細胞外囊泡標記的蛋白質是四
跨膜蛋白tetraspanins（CD9、CD63、CD81、
CD82）和主要組織相容性複合物。
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Exosome

6



Cytiva

Exosome

6

粒徑分析
NTA/DLS

西方點墨 WB 電顯 TEM
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Integrated Bioprocess
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Cytiva

EFFECTIVE BIO-PROCESSING EXOSOME PLATFORM

Upstream       Harvest / Clarification Downstream Analyze & Quality

Scale-X™ carbo Bioreactor

ReadyToProcess WAVE™ 25 ÄKTA flux tangential flow filtration ÄKTA Pure FPLC Purification Cytiva Biacore™ SPR systems for titer analysis

Naica® 6-color Digital PCR-Gene absolute quantitation
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Bioprocess Downstream
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Introduction to CiPP purification strategy
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Yield (%)

Number of purification steps

Protein recovery plotted against the 

number of purification steps
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Exosome

6
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Exosome

6
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Exosome Purification
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MSC 樣品前處理
Exosome
Isolation

Protein 
removal

懸浮培養
微載體

3D/2.5培養

離心/去除細
胞

0.22 filter

RNAseA去除
non-EV

高超速離心

TFF
100/300KDa

SEC

Capto Core

PEG沉澱 IEX

Exosome 
Purification

Streptavidin 
sepharose + 

Biotin Ab

IEX

Mag Separose

+ Ab

• 2000rpm 2min• 3000rpm 30min
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膜過濾系統 AKTAflux
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NFF vs. TFF
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• Normal Flow Filtration  (NFF)

Fluid is pumped directly

toward the membrane under

a applied pressure.

• Tangential Flow Filtration  (TFF)

The fluid is pumped tangentially    

along the surface of membrane.
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ÄKTA™ flux: a new cross flow filtration system
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• Concentration

• Diafiltration (buffer exchange)

• Cell harvest

• Clarification

MF 0.1, 0.2, 0.45, 0.65 μm   Depth filter

UF 1, 3, 5, 10, 30, 50, 100, 300, 500, 750 kDa

feed 

pressur

e

retentate 

pressure

permeate

(filtrate)

backpressure valve

recirculation 

pump

UF or 

MF 

device

diafiltration

buffer
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ÄKTA™ flux: a new cross flow filtration system

6

• Concentration

• Diafiltration (buffer exchange)

• Cell harvest

• Clarification

MF 0.1, 0.2, 0.45, 0.65 μm   Depth filter

UF 1, 3, 5, 10, 30, 50, 100, 300, 500, 750 kDa

feed 

pressur

e

retentate 

pressure

permeate

(filtrate)

backpressure valve

recirculation 

pump

feed

reservoir
UF or MF 

device

dilute feed 

material

( concentrate )
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ÄKTA™ flux: Filter selection
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For target passage:

Pore size should be 5-10X larger than 
the molecule.

For target retention:

Pore size should be 3-5X smaller than 
the molecule.

For species separation:

A 10X size difference is usually 
required.

Examples

MAb concentration: 30-50 kD

Virus concentration: 300-700 kD

Exosome concentration: 100-500 kD

Plasmid concentration: 300 kD

LNPs and Liposome concentration: 100-300 kD
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ÄKTA™ flux: Effect of cross flow and TMP
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High cross flow

Low cross flow

High TMP

Low TMP
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ÄKTA™ flux: CFF process parameters

6

pressures flow rates
P

F

Rfeed
retentate

permeate
deltaP

TMP

feed

retentate
permeate

flux

permeate flux
permeate flow divided by 
membrane area [LMH] (L/m²h)

pressure drop (ΔP)
ΔP= pf -pr

transmembrane pressure (TMP)
TMP=[(pf + pr)/2] - pp

F

P
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ÄKTA™ flux: Effect of cross flow
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Shear rate

剪切力（迴圈速率）樣品類型

2000-4000sec-1 適用于易破碎的哺乳動物細胞和病毒

6000-8000 sec-1 適用于高粘度的酵母

8000-16000 sec-1 適用於細菌細胞，細胞裂解液，和絕大

多數蛋白質
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ÄKTA™ flux: Effect of cross flow and TMP
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Hard (non-deformable)
• easy to filter

Soft (deformable)
• difficult to filter
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ÄKTA™ flux: a new cross flow filtration system
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20-350 ml/min 

ÄKTA flux 6

0.1-6 l/min 

ÄKTA flux s
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ÄKTA™ flux: a new cross flow filtration system
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資訊版面 控制版面

1. 設置按鈕
2. 信息欄
3. 資料記錄
4. 關機鍵
5. 控制版面
6. 流路圖
7. 停泵按鈕
8. 資訊版面
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膠體純化系統 AKTApure
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New Generation of ÄKTA System
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ÄKTAprimeTM ÄKTApurifierTM UPC ÄKTApurifierTMÄKTAFPLCTM ÄKTAexplorerTM

ÄKTA™ pure
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Functions & Price

ÄKTA™ goÄKTA™ start ÄKTA™ avant

Transition from manual to 
automated purification
Education in protein 
purification

Achieve desired purity with 
ease in routine purifications
Make the most of valuable 
bench/cold room space

Flexibility in research
Match most current and future 
purification challenges

Productivity in process development 
Fast and secure development of 
purification processes
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Desalting/Buffer exchange & Size 
Exclusion Chromatography
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SEC on Sepharose 4 Fast Flow
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SEC on Sepharose 4 Fast Flow
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Ion exchange chromatography
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Titration curves
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Ion exchange chromatography/Exosome

6
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Ion exchange chromatography
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10~20 KD  ~  4 ×105 KD   

＜0.25EU/ml

Column: Capto™ SP ImpRes

IgG monomer

Dimers, 
Aggregates

Fragment,
Contaminants
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LNPs, Virus, VLPs, Exosome Multimodal 
chromatography
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VirusDNA fragments

Host cell proteins

 aggregates
 DNA, RNA
 HCP
 endotoxin
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Core 700 or Core 400?
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Core 700 or Core 400?
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• Exosomes

Harvest CM(貼壁細胞)

離心去除細胞碎片

0.22 μm 過濾

大體積50~200 mL樣品，

UF/DF(濃縮透析)，進

一步去除雜質。

管柱純化

HiScreen Capto Core 
700

檢測顆粒大小、完整性、

濃度、纯度；蛋白

Markers；標靶確認。
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0.22 μm 過濾

UFDF

100KD or 300KD

PEG沉澱

RNaseA去除non-vesicular

RNA

管柱純化

HiTrao Capto Core 700

檢測顆粒大小、完整性、濃

度、纯度；蛋白Markers；標

靶確認。

血漿

Ficoll-Paque Plus血

漿分離,取上層血漿

離心去除血小板,凝

血因子和生物大分子

懸浮細胞

兩步離心,去除細

胞碎片和大囊泡

• Exosomes
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ÄKTA™ system provides efficient 
purification of your protein
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ÄKTA™ system provides efficient 
purification of your protein
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Proven technology
Continues ÄKTA™ tradition
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• Incorporates over 50 years of experience in protein 

research

• Backed by 30 years of experience in developing protein 

purification systems

• ÄKTA systems are used by 100,000 researchers globally

• 2012 - ÄKTA pure: protein 

purification your way

1982—FPLC™ system released, 
predecessor to ÄKTA systems

1996—ÄKTAexplorer™, 
single platform for all 
chromatography 
techniques

1959—Sephadex™, the world’s 
first gel filtration medium

• 2015 upgrade
2019—ÄKTA™ go : provides 
efficient purification of your 
target protein
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New Generation of ÄKTA System
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ÄKTAprimeTM ÄKTApurifierTM UPC ÄKTApurifierTMÄKTAFPLCTM ÄKTAexplorerTM

ÄKTA™ pure

N
e

w
 S

y
st

e
m

C
la

ss
ic

 S
y

st
e

m

Functions & Price

ÄKTA™ goÄKTA™ start ÄKTA™ avant

Transition from manual to 
automated purification
Education in protein 
purification

Achieve desired purity with 
ease in routine purifications
Make the most of valuable 
bench/cold room space

Flexibility in research
Match most current and future 
purification challenges

Productivity in process development 
Fast and secure development of 
purification processes
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ÄKTA™ 
Productivity in process development
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ÄKTA™ pure

Functions & Price & Scale-up

ÄKTA™ avant

Flexibility in research

Match most current and future 

purification challenges

Productivity in process 

development 

Fast and secure development of 

purification processes

ÄKTA pilot 600

Prepare for GMP environment. 

Smaller GMP batches for early 

clinical studies Scale-up and 

robustness testing

ÄKTA process

ÄKTAprocess is a versatile platform 

providing thousands of configuration 

possibilities. The system is available in 

three flow rate ranges that extend up to 

2000 L/h.

AxiChrom

BPG

Hitrap

HiScreen

XK/Hiscal

e
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ÄKTA Pure
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ÄKTA Pure
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ÄKTA™
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System Pump Design
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Rinsing outlet

Solution inlet

Solution outlet

Rinsing inlet

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
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Buffer inlet

Buffer outlet

• If air gets stuck in the pump, 
manual purge might be 
necessary 

• For lower amount of air, use 
pump wash

Air bubble
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Injection Valve
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Injection Valve-Loop
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• Sample loop- 10μL, 100μL, 500μL, 1mL, 

2mL,5mL

• Superloop- 10mL, 50mL, 150mL
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ÄKTA™ 

Productivity in process development
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Analyze, Qualitative, Quantitative

88

FunctionIdentification



D51IV001EN-H Overview

Measurement Mode Method Highlights & Specification

Particle Size & 

Particle Size Distribution

粒徑分佈量測

Dynamic Light Scattering (DLS)

動態光散射射分析

• 3 detection angles with automatic angle selection

• Measurement range: 0.3 nm – 10 μm

• Min. sample volume: 12 µL

Zeta Potential

界達電位量測

Electrophoretic Light Scattering (ELS)

電泳光散射射分析

• signal processing via patented cmPALS (patented)

• Anton Paar Omega cuvettes (patented)

• Measurement range: ± 1000 mV

Molecular Mass

分子量量測

Static Light Scattering (SLS)

靜態光散射射分析

• Measurement range: 980 Da – 20 MDa

• Measuring range (particle size): up to 40 nm 

Transmittance

穿透率量測

Light Permeability

透光率分析

• continuous measurement for monitoring of  sedimentation & 

aggregation

• Measurement range: 1.28 - 1.50

Refractive Index

折射率量測

Focus-dependent Scattering Intensity

Focus-dependent散射強度分析

• required input parameter for DLS and ELS

• only DLS based instrument on the market (patented)

Litesizer 500 

21 CFR part 11 software: Audit trail, customizable user management, electronic or hard copy signing

Dimensions (mm): 

D460 x W485 x H135

Weight (kg): 18 kg
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D51IV001EN-H Overview

Litesizer 500 

21 CFR part 11 software: Audit trail, customizable user management, electronic or hard copy signing

Dimensions (mm): 

D460 x W485 x H135

Weight (kg): 18 kg
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Function assay, Quality control
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T cell

QUALITY

STRUCTURE

Physico-Chemical 
characterization

Dedicated functional analytical panels for each drug

FUNCTION

Functional
characterization
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Real-time monitoring of binding events
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Association Dissociation Sensorgram

Antibodies

Proteins

Peptides

Compounds and fragments

Nucleic acids

Ions

Virus

Exome, Whole Cell, T Cell

Affinity

Kinetics

Screening

Specificity

Concentration

Epitope binning

Immunogenicity

Thermodynamics

T cell
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Biacore

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

https://pubs.acs.org/doi/10.1021/ac500931f
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Biacore™ 1 series
Our next generation one needle SPR systems

Biacore™ 1K

Your research ― streamlined

Biacore™ 1K+

Your development ―

advanced

Biacore™ 1S+

Your discovery ― elevated

Biacore™ 1 series  ― three system configurations 

Upgradeable
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Expand application versatility ― more injection tools 
developed

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

Faster buffer screening, and enables competition assays and

multi-complex analysis in a novel way
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Build Covid protein complex using Poly injections

Example: 

Three Poly injections to study 

Covid proteins complex 

formation
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