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IEX CF
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AC
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IEX: IEC

GF SEC

AC

RPC

HIC

CF

CIPP:

CV

pKa 50% pH

pI pH

MPa

Psi /

SDS

A280nm A214nm

Mr

N

Rs

HMW

LMW

Tricorn PE

Tricorn GL

HR

PC precision column
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pH

pKa

pH

pH

pH pH

2 (

)

pH

pH

pH

pH
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3.

3

pH

1

156

1

156

pH

pH

pH
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Equilibration

Time/Volume

Absorption

Time/Volume

Absorption

Time/Volume

Absorption

Time/Volume

Absorption

Time/Volume

Absorption

Time/Volume

Absorption

Sample application

Elution 1

Elution 2

Elution 3

Wash

Matrix Low ionic
strength
buffer

Positively
charged
ionic groups

Negatively
charged
proteins

Neutral or
positively
charged
proteins

3
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Rs Rs

4.

VR1

VR12 ( )
=

+
–

R s

VR2

VR2

wb1

wb1

wb2

wb2

Volume

UV

Rs

1 5

98% 98%

Rs 1.5 100%

5
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3

6

6
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7

7
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pH

8

PH

pH

9 pH

pH
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pH

pH pH

pH pH

9 pH
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CV 5 CV=5 ml

1

10a

10b

10b (25-30 )

10a (25-45 )
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10c

10d

10c (25-35 )

10d
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pH

1

1

MiniBeads

3 m
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MonoBeads SOURCE

10 15 30 m 11

11 MonoBeads

Sepharose 12

Sepharose High Performance

34 m Sepharose Fast Flow (90 m)

Sepharose Big Beads (200 m)

12 Sepharose

Sephadex™, Sephacel™ and Sepharose CL-4B
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2

DEAE ANX DEAE

ANX DEAE

pH

pH 13

pH pH

Q S SP

13. Q S 5ml Q S Sepharose Fast Flow 1M KCL

0.1M NaOH

pH

pH



26

5.5 7.5

DEAE,ANX,CM

pH pH

14

Q, S SP

DEAE, CM ANX Sepharose Fast Flow
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/pH

pH

MonoBeads, Source Sepharose 1×106

pH

90-100%

Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
高亮
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pH pH

Sepharose Fast Flow 90 m -

300cm/h

Sepharose Big

Beads 200 m

Q, S, SP

DEAE,CM ANX Sepharose Fast Flow

Sepharose XL 90 m

Sepharose High Performance, MonoBeads MiniBeads

MonoBeads MiniBeads

Administrator
高亮
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SOURCE 15 15 m -

1800cm/h

Sepharose High Performance (34 m)-

150cm/h

Sepharose Fast Flow (90 m)- 300cm/h

MonoBeads MiniBeads

SOURCE 30 SOURCE

15 2000cm/h

MiniBeads (3 m)-

MonoBeads (10 m)- MiniBeads

SOURCE 15 (15 m)-

1800cm/h

SOURCE 30 SOURCE

15 2000cm/h

15
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15



31

MiniBeads
(Q or S)

Sepharose High Performance
(Q or SP)

SOURCE 30
(Q or S)

SOURCE 15
(Q or S)

MonoBeads
(Q or S)

STREAMLINE™
(Q XL, SP XL, SP, DEAE, CST 1)

Sepharose Fast Flow
(Q, SP, DEAE, CM, ANX)

Sepharose XL
(Q or SP)

Sepharose Big Beads
(Q or SP)

Q Sepharose FF (XK )16 × 50 mm

010 20min 30

Sample: Pancreatin
Gradient elution

A 280

Q Sepharose HP (XK )16 × 50 mm

02010 min 30

Sample: Pancreatin
Gradient elution

A 280

SOURCE 30Q (XK16 × 50 mm)

02010 min 30

Sample: Pancreatin
Gradient elution

A 280

RESOURCE Q, 1 ml

02010 min 30

Sample: Pancreatin
Gradient elution

A 280

02010 min 30

Mono Q (column 5 × 50 mm) Sample: Pancreatin
Gradient elution

A 280

0.510.010.5 ml

Mini Q (column 4.6 × 50 mm) Sample: Pancreatin
Gradient elution

A 280

Sample:     Recombinant
antigen binding
fragment

Pilot scale: Step elution

Pool
Elution, Buffer BSample application Washing, Buffer A

50 100 150 5 10 15
Volume (l)

STREAMLINE SP
A 280

10.0 15.05.00 20.0 Volume (l)

A 280

Q Sepharose XL Sample:     Recombinant
-amylase

Pilot scale: Gradient elution
begins after 20 l

a

noituloseR

STREAMLINE

STREAMLINE

www.bioprocess.amershambiosciences.com



32

HiTrap

HiTrap

HiTrap Sepharose Sepharose XL

ÄKTAdesign

BufferPrep ÄKTAdesign pH

pH 18

Bu erPrep pH

pH Bu erPrep

pH pH

1 156

pH

16

Administrator
高亮
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HiTrap

1 156

pH

pH pH1.

pH 0.5-1 pH 17 pH

2.

pH3.

4.

5.

20%-30%

17 ÄKTAexplorer™ pH

START CONDITIONS

pH 7

Run 2Run 1 Run 3

6.5 6

Run 4

5.5

Run 5

5

Run 6

4.5

Run 7

4

250

200

150

100

50

0

2.0

A 280 nm Conductivity (mS/cm)

80.0

60.0

40.0
pH 4.5

pH 4.0

pH 5.0

pH 5.5

pH 6.0

pH 6.5

pH 7.0

20.0

4.0 6.0 8.0 Time (min)

Column: RESOURCE S 6 ml
Sample: Fab fraction from HIC separation 20 ml
Eluents: Automatic BufferPrep with

0.06 M sodium acetate,
0.03 M sodium phosphate,
0.03 M sodium formate
0.1 M HCI and 2 M NaCI

Gradient: 20 column volumes, to I M NaCI
Flow: 60 ml/min
Curves: A280nm, from top:

pH 4.0; 4.5; 5.0; 5.5; 6.0; 6.5; 7.0

Administrator
高亮

Administrator
高亮

Administrator
高亮
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pH

pH 0-0.5M 0.05-0.1M

3-8

pH pH

pH 0.5-1 pH 1ml

HiTrap

pH

p H 4 - 8 S P, C M 5 - 91.

Q,DEAE,ANX 0.5-1 pH

2.

pH 1M2.

5ml 1ml/min 5ml3.

5-10ml4.

pH 1ml/min5.

56.

3-5ml7.

8.

pH 3-89.

pH pH10.

pH1.

10

0-50% 1M 10-20

2.

3.

20%-30%

Administrator
高亮

Administrator
高亮
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PD-10

PD-10

pH

1 156

pH

pH

10 PD-101.

PD-10 25ml2.

5ml 0.5M pH3.

pH 5-9 pH 4-8 pH

0.5 pH 2

5ml pH 0.02-0.05M4.

5.

pH6.

pH pH

10 PD-10 51.

5ml 0.5M pH2.

pH 0.01-0.3M NaCl3.

5ml 0.05M NaCl

4.

5.
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5-10 pH1.

pH2.

5-10 pH3.

10-20 0.5M NaCl 50%B4.

5 NaCl5.

5-10 pH6.

CV 3 CV=3 ml 1

pH

pH pH

pH pH

pH

pH

Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
高亮
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1 156

pH

0.5 pH 0.1M

Q,DEAE,ANX pH 0.5-1 pH

SP, CM pH 0.5-1 pH

—— Q,DEAE ANX

pH8.0

1M NaCl pH8.0

—— S, SP, CM

pH6.0

1M NaCl , pH 6.0

2.

pH

pH

pH 18

pH5-8

18

4

–

+

6 8 10

Range of
stability

tniop
cirtceleosI

nietorp
fo

egrahc
te

N

Attached to
anion exchangers

Attached
to cation

exchangers

pH

Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
高亮
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pH

3 pH

3

puorglanoitcnuFsregnahcxenoinA

Quaternary ammonium (Q) strong -O-CH2N+(CH 3) 3

Diethylaminoethyl (DEAE)* weak -O-CH 2CH 2N+H(CH 2CH 3) 2

Diethylaminopropyl (ANX)* weak -O-CH 2CHOHCH 2N+H(CH 2CH3) 2

puorglanoitcnuFsregnahcxenoitaC

Sulfopropyl (SP) strong -O-CH 2CHOHCH 2OCH 2CH 2CH2SO3
–

Methyl sulfonate (S) strong -O-CH 2CHOHCH 2OCH 2CHOHCH 2SO3
–

Carboxymethyl (CM) weak -O-CH 2COO–

DEAE ANX DEAE

ANX DEAE

pH

pH7.0 Q

pH

pH

pH

pH

pH

Administrator
高亮

Administrator
高亮
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pH

DEAE: pH 2–9

ANX: pH 2–9

CM: pH 6–10

pH pKa

pH 0.6

pH 20–50 mM

2

90 m

1 m 34 m 0.45 m 0.22 m

15 m

pH

pKa pKa

Tris™ pKa 8.85,25 8.06, 27 7.72 4 pH7.9

Tris pH pH pKa + 0.5

<10 °C

Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
高亮
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Na Cl

NaCl

Li , Br - ,SO4
2- ,CH3COO - HCOO -

19

A280 nm

Volume (ml)

0.35 M NaCl

1
a)

2 3

4

5

6
14.8 ml

A280 nm

Volume (ml)

0.7 M NaOAc

1 d) 2 3
4

5

6
15.0 ml

A280 nm

Volume (ml)

0.25 M Nal

1
c)

2 3–4

5

6
14.6 ml

A280 nm

Volume (ml)

0.28 M NaBr

1
b)

2

3

4

6

14.6 ml5

Elution buffer

Elution buffer

Elution buffer

Elution buffer

Column: Mono Q HR 5/5
Sample: carbonic

anhydrase,
transferrin,
ovalbumin,
a-lactalbumin,
b-lactoglobulin A and B

10 0.5-1M1.

10 12.

3.

pH

19 (Mono Q HR 5/5 Mono Q 5/50 GL 3 4

Administrator
高亮

Administrator
高亮
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5-10 pH

3

20cm

3

HiTrap HiPrep™

1

156 pH

pH

34 m

PVDF

Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
高亮
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1

50-70mg/ml

pH

5-10 pH

pH

20

Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
高亮

Administrator
高亮
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20

30%

pH/

400,000

DNA

pH pH

pH

0202 )nim(emiT)nim(emiT 00 0101

A280 nm A280 nm

)b)a

–

Administrator
高亮
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pH

——

——

——

——

10-20 0.5M NaCl(50%B)

21

21

pH

]lCa
N[

Column volumes [CV]
0

1 M
5 CV

unbound molecules elute
before gradient begins

high salt wash

tightly bound
molecules
elute in high
salt wash

5–10 CV
5–10 CV

10–20 CV

Administrator
高亮

Administrator
高亮
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pH

22

0.00

0.05

0.10

0.15

0.0 10.0 20.0 30.0 min

A280 nm

0.00

0.05

0.10

0.0 10.0 20.0 30.0 min

A280 nm

htgnerts
cinoI

Elution volume

htgnerts
cinoI

Elution volume

ÄKTAdesign

ÄKTAdesign Bu erPrep

pH

22

Administrator
高亮

Administrator
高亮

Administrator
高亮
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BufferPrep pH

23

5 NaCl

]lCa
N[

Column volumes [CV]
0

1 M
5 CV

high salt wash

equilibration re-equilibration

shallow
gradient

step
gradient

sample
injection
volume

5–10 CV 5–10 CV

10–20 CV

5 CV

5 CV

5–10 CV
5–10 CV

]lCa
N[

Column volumes [CV]

tightly bound
molecules

elute

elution
of target

molecule

high salt wash

0

1 M

5 CV

noitarbiliuqe-ernoitarbiliuqe

sample
injection
volume

unbound
molecules

elute

elution of
unwanted
material

23

24

Administrator
高亮

Administrator
高亮
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24

25 HiTrap Q HP

0

0.2

0.4

0.6

0.8

1.0

pool 1
pool 2

5 10 15 20 25 30

100% Buffer BA280 nm

Volume (ml)

25 HiTrap Q HP
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pH

pH pH

pH

pH

Q,DEAE,ANX pH

SP,S,CM pH

pH pH

48

pH

pH

pH

pH

pH

pH

pH pH pKa

1 pH pH pH

pH

26
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20 Time (min)0 10 Time (min)0 2 4 6 8

A280 nm A280 nm

)b)a

–

26

ml/min

cm/hour 5

4

MiniBeads, MonoBeads, SOURCE or Sepharose High Performance

Administrator
高亮

Administrator
高亮

Administrator
高亮
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5 1M NaCl 100%B

5-10 pH

pH

5 2 2M

NaCl 10 pH

pH

NaCl

4

Administrator
高亮

Administrator
高亮
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<10 °C

1.

pH

2.

3.

pH4.

——

——

——

—— LiClO4

5.

2M-8M /
3M-6M /

Triton™ X-100 2% /
N-octylglucoside 0.1%-0.5%

Sarcosyl 1.5% /
Nonidet P40 /

( Brij 35) /

TweenTM 80

/

CHAPS / pH
CHAPSO / pH
Deoxycholate

4
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>40% w/w

EDTA,EGTA

EDTA EGTA (2- ) .

EDTA EGTA

EDTA EGTA

8
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5

5

cm/h ml/min

1.

2.

3.

54.

SOURCE, Sepharose High

Performance, Sepharose Fast Flow or Sepharose Big Beads

3

Administrator
高亮
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4

3

10

Administrator
高亮

Administrator
高亮

Administrator
高亮
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156

pH pH

pH

]lCa
N[

Column volumes [CV]
0

1 M
5 CV

unbound molecules elute
before gradient begins

high salt wash

tightly bound
molecules
elute in high
salt wash

5–10 CV
5–10 CV

10–20 CV

]lCa
N[

Column volumes [CV]

equilibration
5–10 CV

sample
injection
volume

0

1 M

re-equilibration
5–10 CV

high salt wash
5–10 CV



56

pH pH

pH pH pH

6

pH pH

pH 6

6

]lCa
N[

Column volumes [CV]

equilibration
5–10 CV

sample
injection
volume

0

1 M

re-equilibration
5–10 CV

high salt wash
5–10 CV

]lCa
N[

Column volumes [CV]

equilibration
5–10 CV

sample
injection
volume

0

1 M

re-equilibration
5–10 CV

high salt wash
5–10 CV

Administrator
高亮
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1 10
pH

10

20%

10.

pH

pH

pH
pH

50mg/ml
3

1

20%

10.

pH

pH
pH

pH
10%

4%

20%

10.

Administrator
高亮
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pH
pH pH

pH

5%

pH
pH

pH
pH

3

pH

3

3

3

pH

Benzamidine 4 Fast Flow

pH

10%

5%

10%
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214nm

280nm

20%

10.
1

25 10% w/v

25 pH8.5 4% w/v

pH pH pH
10%

0.2% 1M CaCl2 0.5M

3

3

3

0-20%

pH
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BioProcess ——

BioProcess™

BioProcess GE Healthcare BioProcess

BioProcess

BioProcess

BioProcess

www.bioprocess.amershambiosciences.com

CDM

CDM Amersham

Biosciences CDM

Amersham Biosciences

ISO9001
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pH

Sephadex, Sephacel Sepharose CL-4B

pH
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MiniBeads

MiniBeads

MiniBeads

MiniBeads

MiniBeads

ÄKTAdesign, FPLC™ System HPLC. MiniBeads 4

ÄKTAdesign

MiniBeads Q

S 3 m

pg g Q S pH

pH

MiniBeads www.chromatography.amershambiosciences.com
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27 Mini Q Mini S™ Tricorn™ (4.6/50 PE) Precision (PC 3.2/3)

Mini Q PC 3.2/3, 0.24 ml*** 1 ml/min 0.1–1.0 ml/min 3–11 10/1450

Mini Q 4.6/50 PE, 0.8 ml 2 ml/min 0.5–2.0 ml/min 3–11 18/2600

Mini S PC 3.2/3, 0.24 ml*** 1 ml/min 0.1–1.0 ml/min 3–11 10/1450

Mini S 4.6/50 PE, 0.8 ml 2 ml/min 0.5–2.0 ml/min 3–11 18/2600

pH *
**

(MPa/psi)
1 MPa=10 bar

1.44 mg (a-amylase,
Mr49 000)
1.44 mg (trypsin
nhibitor, Mr 20 100)

4.8 mg (a-amylase,
Mr 49 000)
4.8 mg (trypsin
inhibitor, Mr 20 100)

1.2 mg (ribonuclease,

Mr 13 700)

1.2 mg (lysozyme,

Mr 14 300) 1 ml/min
4 mg (ribonuclease,

Mr 13 700)

4 mg (lysozyme,

Mr 14 300) 2 ml/min

pH pH pH pH

ÄKTApuri er™ HPLC
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5.0
0.0

0.0
0.0000

0.0010

0.0020

0.0030

10. 0 15.0

100

% Elution buffer

Time (min)

A280 nm: Mini S 4.6/50 PE

: a-chymotrypsinogen A (25 μg/ml)

ribonuclease A (75 μg/ml)

lysozyme (25 μg/ml)

: 200 μl

: 20 mM sodium acetate, pH 5.0

: 20 mM sodium acetate, 0.4 M NaCl, pH 5.0

: 0.83 ml/min

: 0 – 100% elution buffer in 12 CV

28 Mini S 4.6/50

–

0.0

100

% Elution buffer

5.00.0
0.00

0.05

0.10

0.15

0.20

0.25

Time (min)

A280 nm

29 Mini S PC 3.2/3

20.0

20.0 20.0

0.00.0

0.00.0

20.030.0

Crude
synthesis
mixture

Biotinylated
20-mer

After
purification

30.040.0

40.0 40.0
50.0 50.0

40.0

A 260 nm A 260 nm

ml

mc/Smmc/Sm

ml

ytivitcudnoCytivitcudnoC

30 Mini Q 4.6/50 PE RESOURCE RPC 5'- 29mer
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5.0

201

51

1

Injection

10.0 15.0
Time (min)

A280 nm: Mini S PC 3.2/3

: chymotrypsinogen A, ribonuclease A,

lysozyme 6 mg in proportions 1:3:1

: 20 mM acetic acid, pH 5.0

: 20 mM acetic acid, 0.4 M NaCl, pH 5.0

: 0.4 ml/min

: 0–100% elution bu er in 12 min. (20 CV)

31 Mini S PC 3.2/3 1 5 201

pH

MiniBeads

1

0.22 m

Q pH 0.5-1 pH

S pH 0.5-1 pH

2
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—— Q

pH 8.0

1M NaCl pH8.0

—— S

pH 6.0

1M NaCl pH 6.0

BufferPrep ÄKTAdesign pH

8 6

4 0.5ml/min1.

0.8ml/min 4

0.8ml/min 42.

0.8ml/min 43.

4.

: 0.4 ml/min (PC ) 0.8 ml/min (PE ).

5-10 pH1.

pH2.

5-10 pH3.

10-20 0.5M NaCl 50%B4.

5 1M NaCl 100%B5.

5-10 pH6.

MiniBeads 19

5 2 2M NaCl

10 pH

3

Administrator
高亮
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1M NaCl

2M NaCl 0.2ml/min 21.

1M NaOH 0.2ml/min 42.

2M NaCl 0.2ml/min 23.

2 0.2ml/min pH4.

4 0.2ml/min5.

pH

1

3 m) Q

S

pH

Mini Q -CH2N
+(CH3)3 3-11 3 m

Mini S -CH2SO3
– 3-11 3 m

1-14

1-14

pH pH

pH pH Amersham

Biosciences

Administrator
高亮
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MiniBeads pH3-11

8M 6M 30%

MiniBeads DMSO, dimethylformamide

MiniQ MiniS

4 4 20% /

4 8
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MonoBeads

MonoBeads

MiniBeads

MonoBeads

MiniBead

MonoBeads

ÄKTAdesign, FPLC HPLC MonoBeads ÄKTAdesign

4

MonoBeads Q

S 32

10 m

Q S pH 33

pH

32 MonoBeads

33 Mono Q Mono S TM pH

MonoBeads www.chromatography.amershambiosciences.com

0.1 0.10

4

2
0.2 0.2

6

0.3 0.30.4 0.4

8

10

12

HOaNlommlCHlomm

Mono Q
1.0 ml ion exchanger in 1 M KCl

Mono S
1.0 ml ion exchanger in 1 M KCl

pH

0

4

2

6

8

10

12

pH
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34 MonoBeads Q S Tricorn PE (PEEK) Tricorn GL

Mono Q 5/50 GL, 1 ml 25 mg (thyroglobulin, 0.5–3.0 ml/min 3 ml/min 2–12 4/580
Mr 669 000)
65 mg (HSA, M r 68 000)
80 mg ( a -lactalbumin,
Mr 14 300)

Mono Q 4.6/100 PE, 1.7 ml 40 mg (thyroglobulin, 0.5–3.0 ml/min 3 ml/min 2–12 4/580
Mr 669 000)
110 mg (HSA, M r 68 000)
140 mg ( a -lactalbumin,
Mr 14 300)

Mono Q 10/100 GL, 8 ml 200 mg (thyroglobulin, 2.0–6.0 ml/min 10 ml/min 2–12 4/580
Mr 669 000)
520 mg (HSA, M r 68 000)
640 mg ( a -lactalbumin,
Mr 14 300)

Mono Q HR 16/10, 20 ml 500 mg (thyroglobulin, up to 10 ml/min 10 ml/min 2–12 3/435
Mr 669 000)
1300 mg (HSA, M r 68 000)
1600 mg ( a -lactalbumin,
Mr 14 300)

Mono S 5/50 GL, 1 ml 75 mg (human IgG, 0.5–3.0 ml/min 3 ml/min 2–12 4/580
Mr 160 000)
75 mg (ribonuclease,
Mr 13 700)

Mono S 4.6/100 PE, 1.7 ml 130 mg (human IgG, 0.5–3.0 ml/min 3 ml/min 2–12 4/580
Mr 160 000)
130 mg (ribonuclease,
Mr 13 700)

Mono S 10/100 GL, 8 ml 600 mg (human IgG, 2.0–6.0 ml/min 10 ml/min 2–12 4/580
Mr 160 000)
600 mg (ribonuclease,
Mr 13 700)

Mono S HR 16/10, 20 ml 1500 mg (human IgG, up to 10 ml/min 10 ml/min 2–12 3/435
Mr 160 000)
1500 mg (ribonuclease,
Mr 13 700)

pH pH pH pH



71

100 20 30

0.5

Time (min)

A280 nm

100 20

0.5

Time (min)

A280 nm

: Mono Q HR 5/5

: 500 ml of T. reesei crude cellulases in bu er start

bu er, 2.5 mg

: 20 mM Tris-HCl, pH 7.6

: 20 mM Tris-HCl, 0.5 M NaCl, pH 7.6

: 1.0 ml/min

: 0% elution bu er (4 CV), 0–40% elution bu er (21

CV), 40–100% elution bu er (15 CV)

: Mono S HR 5/5

: Peak 3 from Mono Q HR 5/5

: 20 mM acetate, pH 3.6

: 20 mM acetate, 0.2 M NaCl, pH 3.6

: 1.0 ml/min

: 0–100% elution bu er (26 CV)

35 Mono Q Mono S HR 5/5 Mono Q 5/50 GL and Mono S 5/50

GL

Lane 1. Sample, clarified extract
diluted 5-fold

Lane 2. Pooled from
SOURCE 15Q 4.6/100 PE

Lane 3. Pooled from HiTrap Heparin
Lane 4. Pooled from Mono S 5/50 GL
Lane 5. LMW-SDS Marker Kit

1200

1000

800

600

400

200

0

0.0 10 20 30 40 ml

% Elution buffer

Pool

100

A280 nm

1 2 3 4 5

Mr

97 000
66 000
45 000

30 000

TniA

36 DNA transposase TniA MonoS5/50 GL a

SDS-PAGE b PhastSystem™ SDS-PAGE PhastGel™

Homogenous – 12.5

: Mono S 5/50 GL

: Recombinant transposase TniA partially puri ed on SOURCE 15Q 4.6/100 and HiTrap Heparin HP, 5 ml

: 14.5 ml

: 20 mM MES, 1 mM EDTA, 2 mM MgCl2, 1 mM DTT, pH 6.5

: 20 mM MES, 1 mM EDTA, 2 mM MgCl2, 1 mM DTT, 1M NaCl, pH 6.5

: 1 ml/min

: 0–100% elution bu er in 20 CV

5

SOURCE 15Q 4.6/100 PE

HiTrap Heparin

Mono S 5/50 GL

SDS marker
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A280 nm A280 nm

150

100

50

0
0.0 5.0 10.0 15.0 20.0 ml

Injection # 4001

% Elution buffer

100

150

100

50

0
0.0 5.0 10.0 15.0 20.0 ml

Injection # 1

% Elution buffer

100

: Mono Q 5/50 GL

: conalbumin (3.0 mg/ml), a-lactalbumin (4 mg/ml),

STI (2.5 mg/ml)

: 20 mM Tris, pH 7.0

: 20 mM Tris, 0.5 M NaCl, pH 7.0

: 1.0 ml/min

: 0–100% elution bu er in 20 CV

Time

A280 nm: Mono S HR 5/5 A280 nm

: bacitracin 4 mg/ml in start bu er

: 200 l

: 90% methanol, 50 mM formic acid/

LiOH, pH 3.8

: 90% methanol, 50 mM formic acid/

LiOH, 0.35 M LiClO4, pH 3.8

: 1 ml/min

: 0–100% elution bu er in 20 CV

37 Mono Q 5/50 GL 1 1000 2000

38 Mono S HR 5/5 Monos 5/50 GL
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pH

MiniBeads

1

0.22 m

Q pH 0.5-1 pH

S pH 0.5-1 pH

2

—— Q

pH 8.0

1M NaCl pH8.0

—— S

pH 6.0

1M NaCl pH 6.0

Bu erPrep ÄKTAdesign

pH 8 6

1ml/min 1.7ml 1ml1.

2ml/min 8ml 4ml/min 20ml

1ml/min 1.7ml 1ml 2ml/min2.

8ml 4ml/min 20ml

23.

24.

5.



74

: 2ml/min 1.7ml 1ml 4ml/min 8ml 8ml/min 20ml .

5-10 pH1.

pH2.

5-10 pH3.

10-20 0.5M NaCl 50%B4.

5 1M NaCl 100%B5.

5-10 pH6.

MiniBeads 19

5 2 2M NaCl

10 pH

3

1M NaCl
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pH

Mini Q -CH2N+(CH3)3 2-12 10 m

Mini S -CH2SO3
– 2-12 10 m

2-14

2-14

pH pH

pH pH Amersham Biosciences

MonoBeads pH2-12
8M 6M 30%

MonoBeads DMSO, dimethylformamide

MonoQ MonoS

5 5 20% /
4 8

2M NaCl 2 0.2 ml/min (1.7 ml ), 0.5 ml/min (1 ml1.

), 2 ml/min (8 ml ) or 5 ml/min (20 ml )

1M NaOH 42.

2M NaCl 23.

2 pH4.

45.

pH

1

10 m) Q

S
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SOURCE

SOURCE

SOURCE 15 1800cm/h

SOURCE 30 SOURCE 15,

2000cm/h

SOURCE 30 SOURCE 15,

ÄKTAdesign, FPLC HPLC SOURCE

ÄKTAdesign 4

MonoBeads Q

S 39

Q S pH 33

pH SOURCE

SOURCE 15 1ml RESOURCE Q S

FvinegarLINETM

39 SOURCE
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up to 1 ml/min  4 ml/min 2–12 0.3/4350 mg
(HSA, Mr 68 000)

2–13 1.5/220

up to 5 ml/min

up to 5 ml/min

20 ml/min 2–12 0.3/43250mg
(HSA, Mr 67 000)

2–13 0.6/87275 mg (ribonuclease,

5 ml/min 2–12 0.3/43

0.3/43

<1200 mg
(BSA, Mr 67 000)

up to 13 ml/min 13 cm/h 2–12<3000 mg
(BSA, Mr 67 000)

2–12 0.5/7270 mg/ml
(HSA, Mr 68 000)

2–13 4/580

2 13 0 5/72

HiTrap Q HP, 5 ml

HiTrap Q HP, 1 ml

HiLoad 16/10 Q Sepharose
High Performance, 20 ml

HiLoad 26/10 Q Sepharose
High Performance, 53 ml

 Q Sepharose
High Performance

HiTrap Q HP, 5 ml

HiTrap Q HP, 1 ml

HiLoad 16/10 Q Sepharose
High Performance, 20 ml

HiLoad 26/10 Q Sepharose

55 mg (ribonuclease,
rM  13 700)

<3000 mg (ribonuclease

<1000 mg (ribonuclease,
rM  13 700)

rM  13 700)

150 cm/h30–150 cm/h

up to 1 ml/min  4 ml/min

up to 5 ml/min

up to 5 ml/min

20 ml/min

5 ml/min

up to 13 ml/min 13 cm/h

40 SOURCE Tricorn RESOURCE

cm/hour ml/min 5

pH pH pH pH
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RESOURCE 1ml 6ml

SOURCE 15Q PE 4.6/100

thgiehdeBemuloV

SOURCE 15

mc01otpulm8otpu001/01nrocirT

mc51otpulm21otpu051/01nrocirT

mc02otpulm61otpu002/01nrocirT

SOURCE 30

mc51otpulm03otpu02/61KX

mc51otpulm08otpu02/62KX

mc51>lm691otpu04/62KX

FineLINE

0.1

0.05

0
1.0 2.0 3.00 Time (min)

% Elution buffer
100

A280 nm

0.05

0
2.00 4.000.00 Time (min)

% Elution buffer
100

A280 nm

41 RESOURCE Q 1ml pancreatin

42 RESOURCE S 1ml

: RESOURCE Q 1 ml

: pancreatin 5 mg/ml

: 200 l

: 20 mM bis-Tris-propane, pH 7.5

: 20 mM bis-Tris-propane, 0.5 M NaCl, pH 7.5

: 9.6 ml/min, 1800 cm/h

: 0–80% elution bu er in 20 CV

: RESOURCE S 1 ml

: snake venom, 4 mg/ml

: 100 l

: 20 mM sodium phosphate, pH 6.8

: 20 mM sodium phosphate, 0.4 M NaCl, pH 6.8

: 1 ml/min, 180 cm/h

: 0–100% elution bu er in 20 CV
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0.50

0.40

0.30

0.20

0.10

0.00

0.0 2.0 4.0 6.0 8.0 10.0 12.0
Volume (litres)

Pool

A280 nm

Native PAGE results, Phast System, Coomassie staining
Lane 1. Pool from step 2 on Phenyl Sepharose

Fast Flow (high sub)
Lane 2. Pool from step 3 on SOURCE 30Q
Lane 3. Pool from step 4 on SOURCE 15PHE

1 2 3

reffubnoitulE%reffubnoitulE%

100

50

0

0.0 10.0 20.0 Time (min)

a)

0.0 20.0 Time (min)

0.04

0.05

0.03

0.02

0.01

0.00

b)

A280 nmA280 nm

100

50

0

: a) SOURCE 15S, 2.2 ml

b) SOURCE 15S, FineLINE 100, 390 ml

: ribonuclease, cytochrome C and lysozyme

: a) 0.46 mg in 200 l

b) 80.5 mg in 350 ml

: 20 mM sodium phosphate, pH 6.8

: 20 mM sodium phosphate,

0.4 M NaCl, pH 6.8

: a) 2.2 ml/min (300 cm/h)

b) 385 ml/min (300 cm/h)

: 0% elution bu er (2 CV)

43 2.2ml 390ml

44 SOUCE30Q P. aeruginosa

exotoxin A E. coli STREAMLINE DEAE

Phenyl Sepharose 6 Fast Flow (high sub) HIC

SOURCE 15PHE SOURCE 30Q

: SOURCE 30Q, FineLINE 100 (375 ml)

: Partially puri ed recombinant P. aeruginosa exotoxin A,

diluted 1:3 with water

: 1.8 g total protein ( 0.29 g exotoxin A) in 1.5 l

: 20 mM sodium phosphate, pH 7.4

: 20 mM sodium phosphate, 1 M NaCl, pH 7.4

: 785 ml/min (600 cm/h)

: 0–50% elution bu er in 20 CV

44 P. aeruginosa exotoxin A
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pH

SOURCE pH pH

45 46

0.010.0 Time (min)

A280 nm

45 RESOURCE Q, 1ml Bacillus subtilis bacitracin

46 20mer RESOURCE Q 1ml

SOURCE Q PE 4.6/100 10cm

0

200

400

600

800

0.0 10.0 20.0 30.0 min

)c)b)a

0

50

100

150

0.0 20.0 40.0 min

30.0

40.0

50.0

60.0

70.0

0.0 20.0 40.0 60.0 min

A260 nm A260 nm

Conductivity

Conductivity

Conductivity

Conductivity

a)
Column: RESOURCE Q 1ml
Gradient: 0–50% elution buffer in 30 CV

b)
Column: RESOURCE Q 1ml
Gradient: 20–35% elution buffer in 50 CV

c)
Column: SOURCE Q PE 4.6/100
Gradient: 20–35% elution buffer in 50 CV

: Crude oligonucleotide 20-mer (10 g)

: 1 ml/min.

: 10 mM NaOH, pH 12

: 10 mM NaOH, 2M NaCl, pH 12

: RESOURCE S, 1 ml

: partially puri ed bacitracin, 5 mg/ml

: 100 l

: 5 mM potassium phosphate, pH 2.8, 30% acetonitrile

: 5 mM potassium phosphate, 0.4 M KCl, pH 2.8, 30% acetonitrile

: 1 ml/min (180 cm/h)

: 0–100% elution bu er in 10 CV
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47 48 SOURCE 15 SOURCE 30

0.0 10.0 20.0 Time (min)

A280 nm

%

0.060

0.040

0.020

100

50

0

0.0 10.0 20.0 Time (min)

A280 nm

: SOURCE 30S, 2.2 ml, 4 separate batches

: chymotrypsinogen, cytochrome C and lysozyme

: 0.32 mg/ml bed volume

: 20 mM sodium phosphate, pH 6.8

: 20 mM sodium phosphate, 0.5 M NaCl, pH 6.8

: 2.2 ml/min (300 cm/h)

: 0–100% elution bu er in 20 CV

47 SOURCE 30S

: SOURCE 15Q, 2.2 ml, 4 separate batches

: ovalbumin (3 mg/ml), beta-lactoglobulin (3 mg/ml)

: 200 l

: 20 mM bis-Tris-propane, pH 7.00

: 20 mM bis-Tris-propane, 0.35 M NaCl, pH 7.00

: 2.2 ml/min (300 cm/h)

: 0% elution bu er (2 CV) 0–100% elution bu er (21CV)

47 SOURCE 30Q
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pH

MiniBeads

1

0.22 m

Q pH 0.5-1 pH

S pH 0.5-1 pH

2

—— Q

pH 8.0

1M NaCl pH8.0

—— S

pH 6.0

1M NaCl pH 6.0

Bu erPrep ÄKTAdesign

pH 8 6

2ml/min SOURCE 151.

4.6/100PE 4ml/min RESOURCE 1ml 200cm/h SOURCE

2ml/min SOURCE 15 4.6/100PE2.

4ml/min RESOURCE 1ml 200cm/h SOURCE

23.

24.

pH
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: 2ml/min SOURCE 15 4.6/100PE 4ml/min RESOURCE 1ml 200cm/h

SOURCE .

5-10 pH1.

pH2.

5-10 pH3.

10-20 0.5M NaCl 50%B4.

5 1M NaCl 100%B5.

5-10 pH6.

: 2ml/min SOURCE 15 4.6/100PE 4ml/min RESOURCE 1ml 200cm/h

SOURCE .

5-10 pH1.

pH2.

5-10 pH3.

5 NaCl4.

45.

5 1M NaCl 100%B6.

5-10 pH7.

5 2 2M NaCl

10 pH

3
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1M NaCl

2M NaCl 2 0.2 ml/min (SOURCE 15 4.6/100 PE ),1.

1 ml/min (RESOURCE1 ml ), 6 ml/min (RESOURCE 6 ml ) ; SOURCE

40cm/h 1-2

1M NaOH 42.

2M NaCl 23.

2 pH4.

45.

pH

1

pH

SOURCE 15Q -CH2N
+(CH3)3 2-12 15 m

1-14

SOURCE 30Q -CH2N
+(CH3)3 2-12 30 m

1-14

SOURCE 15S -CH2SO3
– 2-13 15 m

1-14

SOURCE 15S -CH2SO3
– 2-13 30 m

1-14

15 m) Q

S

pH pH

pH pH Amersham Biosciences
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SOURCE pH2-12
8M 6M 75% 1 M NaOH, 1 M HCl, 70%

30%

SOURCE Q SOURCE S

5 5 20%
SOURCE S 20% 0.2M /

4 8

20% 4 30

Administrator
高亮
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Sepharose High Performance

Sepharose High Performance

Sepharose High Performance 150cm/h

ÄKTAdesign, FPLC HPLC SOURCE
ÄKTAdesign 4

Sepharose High Performance 6% 34 m

pH
Q S pH

pH

Sepharose High Performance

34

HiLoad™ Sepharose High Performance www.chromatography.
amershambiosciences.com

49 Q S Sepharose High Performance HiTrap HiLoad
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up to 1 ml/min  4 ml/min 2–12 0.3/4350 mg
(HSA, Mr 68 000)

2–13 1.5/220

up to 5 ml/min

up to 5 ml/min

20 ml/min 2–12 0.3/43250mg
(HSA, Mr 67 000)

2–13 0.6/87275 mg (ribonuclease,

5 ml/min 2–12 0.3/43

0.3/43

<1200 mg
(BSA, Mr 67 000)

up to 13 ml/min 13 cm/h 2–12<3000 mg
(BSA, Mr 67 000)

2–12 0.5/7270 mg/ml
(HSA, Mr 68 000)

2–13 4/580

2–13 0.5/72

2–13 0.5/72

HiTrap Q HP, 5 ml

HiTrap Q HP, 1 ml

HiLoad 16/10 Q Sepharose
High Performance, 20 ml

HiLoad 26/10 Q Sepharose
High Performance, 53 ml

 Q Sepharose
High Performance

HiTrap Q HP, 5 ml

HiTrap Q HP, 1 ml

HiLoad 16/10 Q Sepharose
High Performance, 20 ml

HiLoad 26/10 Q Sepharose
High Performance, 53 ml

 Q Sepharose
High Performance

55 mg (ribonuclease,
rM  13 700)

55 mg (ribonuclease,
rM  13 700)

<3000 mg (ribonuclease,
rM  13 700)

<1000 mg (ribonuclease,
rM  13 700)

rM  13 700)

150 cm/h30–150 cm/h

up to 1 ml/min  4 ml/min

up to 5 ml/min

up to 5 ml/min

20 ml/min

5 ml/min

up to 13 ml/min 13 cm/h

150 cm/h30–150 cm/h

cm/hour ml/min 5

pH pH pH pH

HiTrap 1ml 5ml
3 HiTrap

HiLoad 20ml 53ml

thgiehdeBemuloVnmuloC

Tricorn 10/100 up to 8 ml up to 10 cm

Tricorn 10/150 up to 12 ml up to 15 cm

Tricorn 10/200 up to 16 ml up to 20 cm

mc51otpulm03otpu02/61KX

mc51otpulm08otpu02/62KX

mc51>lm691otpu04/62KX

FineLINE
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A280 nm

(ml)

0.0

100

0.0

40 48 57 52
300 500 680 980

0.6

1.2
% Elution buffer

(min)

Time (min)

0.0
0

1.0

2.0

100 200

50

100

A280 nm Conductivity

Time (min)

0.0
0 50 100 150 200 300 350

1.0

2.0

3.0 50

A280 nm Conductivity

: HiLoad 26/10 Q Sepharose High Performance

: Blue Sepharose

: 110 mg protein

: 20 mM bis-Tris-propane, 35 mM Na2SO4, pH 7.2

: 20 mM bis-Tris-propane, 35 mM Na2SO4, 0.5 M NaCl, pH 7.2

: 6.4 ml/min, 73 cm/h ( ) 24.7 ml/min, 282 cm/h

( ) 19.8 ml/min, 226 cm/h ( )

50 2-macroglobulin Blue Sepharose

Sepharose High Performance

51 52

: HiLoad 16/10 Q Sepharose High Performance

: 20 ml

: 10 cm

: 150 cm/h, 5 ml/min

: 0.02 M Tris-HCl, pH 7.6

: 0.02 M Tris-HCl, 0.5 M NaCl, pH 7.6

: 1000 ml diluted pool from Phenyl Sepharose 6

Fast Flow (high sub), 0.021 mg EGF/ml

: 1.05 mg EGF/ml medium

: BPG™ 200/500 Q Sepharose High Performance

e: 3140 ml

: 10 cm

: 150 cm/h, 48 l/h

: 0.02 M Tris-HCl, pH 7.6

: 0.02 M Tris-HCl, 0.5 M NaCl, pH 7.6

: 170 l diluted pool from Phenyl Sepharose 6

Fast Flow (high sub), 0.021 mg EGF/ml

: 1.09 mg EGF/ml medium

51 HiLoad BPG
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0.14

0.12

0.10

0.08

0.06

0.04

0.02

0
2 4 6 8 10 12 14 16 ml

Conductivitya)

A280 nm

0.14

0.12

0.10

0.08

0.06

0.04

0.02

0
10 20 30 40 50 60 70 80 ml

Conductivity

b)

A280 nm

0.14

0.16

0.12

0.10

0.08

0.06

0.04

0.02

0
40 80 120 160 200 240 280 320 ml

Conductivity
c)

A280 nm

0.14

0.12

0.10

0.08

0.06

0.04

0.02

0
100 200 300 400 500 600 700 800 ml

Conductivity
d)

A280 nm

: HiTrap SP HP, 1 ml

: Concanavalin A, ribonuclease A,

a-chymotrypsinogen A, lysozyme,

4 mg protein/ml (3:3:1:1) in start bu er

: 0.25 ml, 25% of column volume

: 0.5 ml/min (75 cm/h)

: 50 mM MES, pH 6.0

: 50 mM MES, 1.0 M NaCl, pH 6.0

: 0–43% elution bu er over 10 ml (10 CV)

: HiTrap SP HP, 5 ml

: Concanavalin A, ribonuclease A,

a-chymotrypsinogen A, lysozyme,

4 mg protein/ml (3:3:1:1) in start bu er

: 1.25 m, 25% of column volume

: 2.5 ml/min (75 cm/h)

: 50 mM MES, pH 6.0

: 50 mM MES, 1.0 M NaCl, pH 6.0

: 0–43% elution bu er over 50 ml (10 CV)

: HiLoad 16/10 SP Sepharose High Performance

: Concanavalin A, ribonuclease A, a-chymotrypsinogen A,

lysozyme, 4 mg protein/ml (3:3:1:1) in start bu er

: 5.0 ml, 25% of column volume

: 20 ml

: 2.5 ml/min (75 cm/h)

: 50 mM MES, pH 6.0

: 50 mM MES, 1.0 M NaCl, pH 6.0

: 0–43% elution bu er over 200 ml (10 CV)

: HiLoad 26/10 SP Sepharose High Performance

: Concanavalin A, ribonuclease A, a-chymotrypsinogen A,

lysozyme, 4 mg protein/ml (3:3:1:1) in start bu er

: 13.25 ml, 25% of column volume

: 53 ml

: 6.6 ml/min (75 cm/h)

: 50 mM MES, pH 6.0

: 50 mM MES, 1.0 M NaCl, pH 6.0

: 0–43% elution bu er over 530 ml (10 CV)

52 1 ml HiTrap 53 ml HiLoad 26/10 SP Sepharose High Performance



90

0.5

0.4

Fraction 2

16
17

2440%

10%

100% Elution Buffer

0.3

0.2

0.1

0
5 10 15 20 25 30

Volume (ml)

Fraction 9

A280 nm

1 2 3 4 5 6 7

Mr

97 000
66 000
45 000

30 000

20 100
14 400

1. Amersham Biosciences

Amersham Biosciences

2. , , 1 5

3. 2, 1:2

4. 9

5. 16

6. 17

7. 24

1.0

0.8
pool 1 pool 2

100% Elution Buffer

0.6

0.4

0.2

0
5 10 15 20 25 30 Volume (ml)

A280 nm

1 2 3 4

Mr

97 000
66 000

45 000

30 000

20 100

14 400

: HiTrap Q HP 1 ml

: (0.45 m ) PD-10

: 1.0 ml

: 0.5 ml/min (75 cm/h)

: 75 mM Tris-HCl, pH 8.0

: 75 mM Tris-HCl, 1.0 M NaCl, pH 8.0

1. Amersham Biosciences

2. 1:75

3. , 1, 10

4. , 2, 25

53 HiTrap Q HP, 1ml IgG SDS-PAGE

(Phast System, PhastGel 10–15,

: HiTrap SP HP, 1 ml

: Casein-precipitated human milk, (0.45 m )

PD-10

: 0.5 ml

: 1.0 ml/min (150 cm/h)

: 50 mM sodium acetate, pH 6.0

: 50 mM sodium acetate, 1.0 M NaCl, pH 6.0

54 HiTrap Q HP, 1ml SDS-PAGE (Phast System,

PhastGel 10–15,
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HiTrap 7 Sepharose HP

HiTrap Sepharose Fast Flow

Sepharose XL HiTrap

7 1ml HiTrap

HiTrap Q HP, 1 ml         Human IgG          23               450                   3180                             3.0                         150                92

                                                                     10               100                   4700                            2.0                           50                 93

                                                                     1010          10                      3370                            3.0                           3                 100

HiTrap SP HP, 5 ml Lysozyme           23               150                   3170                            16.0                         9                 100

                                                                     23               1500                 3720                           13.2                          150              92

pH

1

0.22 m

0.45 m

Q pH 0.5-1 pH

S pH 0.5-1 pH

2

—— Q

pH 8.0

1M NaCl pH8.0

—— S

pH 6.0

1M NaCl pH 6.0

Bu erPrep ÄKTAdesign

pH 8 6

Administrator
高亮
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1ml/min HiTrap 1ml1.

5ml/min HiTrap 5ml , 0.8ml/min HiLoad 20ml , 2.2ml/min

HiLoad 53ml 25cm/h Sepharose High Performance

1ml/min HiTrap 1ml 5ml/min2.

HiTrap 5ml , 3ml/min HiLoad 20ml , 8ml/min HiLoad 53ml

50cm/h Sepharose High Performance

23.

24.

5.

: 1ml/min HiTrap 1ml 5ml/min HiTrap 5ml , 3ml/min HiLoad 20ml

, 8ml/min HiLoad 53ml 50-100cm/h Sepharose High Performance

.

5-10 pH1.

pH2.

5-10 pH3.

10-20 0.5M NaCl 50%B4.

5 1M NaCl 100%B5.

5-10 pH6.

: 1ml/min HiTrap 1ml 5ml/min HiTrap 5ml , 3ml/min HiLoad 20ml

, 8ml/min HiLoad 53ml 50-100cm/h Sepharose High Performance

.

5-10 pH1.

pH2.

5-10 pH3.

5 NaCl4.

45.

5 1M NaCl 100%B6.

5-10 pH7.

Administrator
高亮
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5 2 2M NaCl

10 pH

3

1M NaCl

2M NaCl 2 1ml/min HiTrap 1ml 5ml/1.

min HiTrap 5ml , 3ml/min HiLoad 20ml , 8ml/min HiLoad 53ml

40cm/h 1-2 Sepharose High Performance

1M NaOH 42.

2M NaCl 23.

2 pH4.

45.

pH

1

Administrator
高亮

Administrator
高亮

Administrator
高亮
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SP Q 6%

pH pH

pH pH Amersham Biosciences

Sepharose High Performance 1 M NaOH,

8M 6M 70% 1M 30%

Sepharose High Performance

/ 50 50 /

Sepharose High Performance SP Sepharose High

Performance Q

5 5 20% Sepharose

High Performance 20% 0.2M /

4 8

20% +4° C +30° C

pH

Q Sepharose -CH2N
+(CH3)3 2-12 34 m

High Performance 1-14

Q Sepharose -CH2CH2CH2SO3– 4-13 34 m

High Performance 3-14
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Sepharose Fast Flow

Sepharose Fast Flow

Sepharose Fast Flow

300cm/h

Q, S SP

DEAE, CM ANX Sepharose Fast Flow

ÄKTAdesign, FPLC , HPLC Sepharose Fast Flow

ÄKTAdesign 4

Sepharose Fast Flow 6% 60 m

ANX Sepharose 4 Fast Flow (high sub) 4%

(Mr = 650 000)

Sepharose Fast Flow Q, DEAE, ANX, SP, CM

/ Q, SP

pH pH

DEAE, CM, ANX pH

55 Sepharose Fast Flow

pH

HiTrap Q FF (1 ml, Q Sepharose Fast Flow)

FineLINE Sepharose Fast Flow

Sepharose Fast Flow www.chromatography.amershambiosciences.

com
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: a) HiTrap ANX Sepharose 4 Fast Flow (high sub) 1 ml

b) HiTrap Q XL 1 ml

c) HiTrap Q Sepharose Fast Flow 1 ml

d) HiTrap DEAE Sepharose Fast Flow 1 ml

: 0.4 mg conalbumin (pI=6.3),

0.8 mg a-lactoglobulin (pI=5.8),

1.2 mg soya bean trypsin inhibitor (pI=4.5)

dissolved in 2 ml start bu er

: 2 ml

: 20 mM Tris-HCl pH 7.4

: 20 mM Tris-HCl, 0.5 M NaCl pH 7.4

: 1 ml/min (150 cm/h)

: 0% (25 CV), 0-80% (40 CV)

: 5 ml

: 40 ml, , 0–80 %

Conductivity

mS/cm
300

a)

b)

c)

d)

250

200

150

100

50

0

10.0 20.0 30.0 40.0 50.00.0 ml

0.0

10.0

20.0

30.0

40.0

I

II

III

I

II

III

I

II

III

I

II
III

HiTrap DEAE
Sepharose Fast Flow,
1 ml

HiTrap Q
Sepharose Fast Flow,
1 ml

HiTrap Q XL, 1ml

HiTrap ANX
Sepharose 4 Fast Flow
(high sub), 1 ml

A280 nm

55 conalbumin (I), a-lactalbumin (II) soya bean trypsin inhibitor (III) HiTrap

56 Sepharose Fast Flow HiTrap HiPrep
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HiTrap Q FF, 1 ml 3 mg (thyroglobulin, up to 1 ml/min 4 ml/min 2–12 0.3/43
Mr  669 000)
120 mg (HSA,

Mr  68 000)
110 mg (a –lactalbumin,

Mr  14 300)

HiTrap Q FF, 5 ml 15 mg (thyroglobulin, up to 5 ml/min 20 ml/min 2–12 0.3/43
Mr 669 000)
600 mg (HSA,
Mr 68 000)
550 mg ( a –lactalbumin,
Mr  14 300)

HiPrep 16/10 Q FF, 20 ml 60 mg (thyroglobulin, 2–10 ml/min 10 ml/min 2–12 0.15/22
Mr 669 000)
2400 mg (HSA,
Mr 68 000)
2200 mg ( a –lactalbumin,
Mr 14 300)

Q Sepharose Fast Flow 3 mg/ml (thyroglobulin, 50–400 cm/h 750 cm/h 2–12 0.3/43
Mr 669 000)
120 mg/ml (HSA,
Mr 68 000)
110 mg/ml, ( a –lactalbumin,
Mr 14 300)

HiTrap SP FF, 1 ml 50 mg (bovine COHb, up to 1 ml/min 4 ml/min 4–13 0.3/43
Mr 69 000)
50 mg (human IgG,
Mr 160 000)
70 mg (ribonuclease A,
Mr 13 700)

HiTrap SP FF, 5 ml 250 mg (bovine COHb, up to 5 ml/min 20 ml/min 4–13 0.3/43
Mr 69 000)
250 mg (human IgG,
Mr 160 000)
350 mg (ribonuclease A,
Mr 13 700)

HiPrep 16/10 SP FF, 20 ml 1000 mg (bovine COHb, 2–10 ml/min 10 ml/min 4–13 0.15/22
Mr 69 000)
1000 mg (human IgG,
Mr 160 000)
1400 mg (ribonuclease A,
Mr 13 700)

SP Sepharose Fast Flow 50 mg/ml (bovine COHb, 50–400 cm/h 750 cm/h 4–13 0.3/43
Mr 69 000)
50 mg/ml (human IgG,
Mr 160 000)
70 mg/ml (ribonuclease A,
Mr 13 700)

HiTrap DEAE FF, 1 ml 100 mg ( a –lactalbumin, up to 1 ml/min 4 ml/min 2–9 0.3/43
Mr14 300)
110 mg (HSA,
Mr 68 000)



98

HiTrap DEAE FF, 5 ml 500 mg ( a –lactalbumin, up to 5 ml/min 20 ml/min 2–9 0.3/43
Mr 14 300)
550 mg (HSA,
Mr 68 000)

HiPrep 16/10 DEAE FF, 20 ml 2000 mg ( a –lactalbumin, 2–10 ml/min 10 ml/min 2–9 0.15/22
Mr 14 300)
2200 mg (HSA,
Mr 68 000)

DEAE Sepharose Fast Flow 100 mg/ml 50–400 cm/h 750 cm/h 2–9 0.3/43
( a –lactalbumin,
Mr 14 300)
110 mg/ml (HSA,
Mr 68 000)

HiTrap ANX FF (high sub), 1 ml 43 mg (BSA, up to 1 ml/min 4 ml/min 2–9 0.3/43
Mr 67 000)
5 mg (thyroglobulin,
Mr 669 000)

HiTrap ANX FF (high sub), 5 ml 215 mg (BSA, up to 5 ml/min 20 ml/min 2–9 0.3/43
Mr 67 000)
25 mg (thyroglobulin,
Mr 669 000)

HiPrep 16/10 ANX FF 860 mg (BSA, 2–10 ml/min 10 ml/min 2–9 0.15/22
(high sub), 20 ml M r 67 000)

100 mg (thyroglobulin,
Mr 669 000)

ANX Sepharose 4 43 mg/ml (BSA, 50–300 cm/h 400 cm/h 2–9 0.1/14
Fast Flow (high sub) M r 67 000)

5 mg/ml (thyroglobulin,
Mr 669 000)

HiTrap CM FF, 1 ml 50 mg (ribonuclease A, up to 1 ml/min 4 ml/min 6–10 0.3/43
Mr 13 700)

HiTrap CM FF, 5 ml 250 mg (ribonuclease A, up to 5 ml/min 20 ml/min 6–10 0.3/43
Mr 13 700)

HiPrep 16/10 CM FF, 20 ml 1000 mg (ribonuclease A, 2–10 ml/min 10 ml/min 6–10 0.15/22
Mr 13 700)

CM Sepharose Fast Flow 50 mg/ml medium 50–400 cm/h 750 cm/h 6–10 0.3/43
(ribonuclease A,
Mr 13 700)

cm/hour ml/min 5

pH pH pH pH

HiTrap 1ml 5ml

3 HiTrap

HiPrep 20ml

HiTrap
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Tricorn 10/100 up to 8 ml up to 10 cm

Tricorn 10/150 up to 12 ml up to 15 cm

Tricorn 10/200 up to 16 ml up to 20 cm
mc51otpulm03otpu02/61KX

mc51otpulm08otpu02/62KX

mc51>lm691otpu04/62KX
mc41otpulm472otpu02/05KX

mc5.82otpulm955otpu03/05KX

I

II

III

I

II+III

I
II

III

mS/cm

150

60.0

40.0

HiTrap CM
Sepharose Fast Flow,
1 ml

100

50

0

30.0

20.0

10.0

40.020.00.0 ml

HiTrap SP
Sepharose Fast Flow,
1 ml

HiTrap SP XL,
1 ml

A280 nm

a)

b)

c)

Conductivity

BPG Chroma ow

: a) HiTrap SP XL 1 ml

b) HiTrap SP Sepharose Fast Flow 1 ml

c) HiTrap CM Sepharose Fast Flow 1 ml

: 3 mg ribonuclease A (pI=9.3),

0.8 mg cytochrome C (pI=10.3),

0.8 mg lysozyme (pI>11)

: 2 ml in start bu er

: 20 mM sodium phosphate pH 6.8

: 20 mM sodium phosphate, 0.5 M NaCl pH 6.8

: 1 ml/min (150 cm/h)

: 0% elution bu er (25 CV), 0–100% elution bu er (40 CV)

1 ml HiTrap

57

Q, S, SP

57 ribonuclease A (I), cytochrome C (II) and lysozyme (III) HiTrap CM Sepharose Fast Flow 1 ml,

HiTrap SP Sepharose Fast Flow 1 ml HiTrap SP XL 1 ml



100

0

15.0

1

2

3

5.0

a) HiTrap Q FF 1 ml

10.0 15.0 20.0 25.0 30.0 ml

10.0

5.0

0.0

A280 nm

0

25.0

1

2

3

20

b) HiTrap Q FF 5 ml

40 60 80 100 120 140

20.0

15.0

10.0

50

0.0

ml

A280 nm

0

25.0

1

2

3

100

c) HiPrep 16/10 Q FF 20 ml

200 300 500 ml

20.0

10.0

15.0

0.0

5.0

400

A280 nm

: HiPrep 16/10 DEAE Sepharose FF (20 ml)

: 200 ml clari ed E. coli supernatant,

diluted 1:2 with water pH 6.6,

conductivity 2.6 mS/cm

: 25 mM Tris-HCl, 10% glycerol, 1 mM EDTA, 2 mM DTT, pH 7.4

: 1 M NaCl, 25 mM Tris-HCl, 10% glycerol, 1 mM EDTA, 2 mM

DTT, pH 7.4

: 5 ml/min (150 cm/h)

: 0% elution bu er (6 CV)

0–50% elution bu er (20 CV)

50% elution bu er (1 CV)

100% elution bu er (2 CV)

58 HiPrep 16/10 DEAE Sepharose Fast Flow rPhosphatase

59 Sepharose Fast Flow 1ml HiTrap 20

: 1. Conalbumin, 2 mg/ml

2. a-lactalbumin, 4 mg/ml

3. Soy trypsin inhibitor, 6 mg/ml

: 1 CV (column volume)

a) 1 ml, b) 5 ml, c) 20 ml

: 50 mM Tris-HCl, pH 7.3

: 50 mM Tris-HCl, 0.5 M NaCl, pH 7.3

: 0–100% elution bu er in 20 CV

a) 20 ml, b) 100 ml, c) 400 ml

: 150 cm/h (1 ml/min using HiTrap 1 ml, 5 ml/min using HiTrap 5 ml

HiPrep 16/10 columns)

59 Q Sepharose Fast Flow 5 20

4.02.0
The phosphatase activity is
represented by the green bars.

3.0

2.0

1.0

0
500 007003 ml

A405 nmA280 nm
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50.0

0.0
0.0 10.0 20.0 30.0 ml

0.0

1.0

a)

A 405 nmA 280 nm

50.0

0.0
0.0 10.0 20.0 30.0 ml

0.0

1.0

b)

A 405 nmA 280 nm

50.0

0.0
0.0 10.0 20.0 30.0 ml

0.0

1.0

c)

A 405 nmA 280 nm

50.0

0.0
0.0 10.0 20.0 30.0 ml

0.0

1.0

d)

A 405 nmA 280 nm

50.0

0.0
0 100 200 300 ml

0.0

0.40

400

0.20

A 405 nmA 280 nm
: HiPrep 16/10 DEAE

: 12 ml centrifuged, ltered and desalted E. coli homogenate

: 10 ml/min, 300 cm/h

: 0–100% elution bu er in 200 ml (10 CV) where 100%=1 M NaCl

: AIEX pH 5–9.5 Bu erPrep

: HiTrap DEAE, 1 ml

: 1 ml centrifuged, ltered and desalted E. coli homogenate

: 2 ml/min, 310 cm/h

: 0–100% elution bu er in 10 ml (10 CV) where 100 %=1 M NaCl

: AIEX pH 5–9.5 Bu erPrep recipe in ÄKTAexplorer

1) 100 l + 100 l

(SIGMA FAST pNPP substrate tablet set, N2270, )

Blank = 100 l substrate + 100 l bu er.

2) 1

3) 405 nm.

60 DEAE Sepharose Fast Flowers
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61 HiPrep 16/10 CM FF pH

HiTrap 89 7 Sepharose

HP HiTrap Sepharose Fast Flow

Sepharose XL HiTrap

pH

1

0.22 m

0.45 m

pH

pH

200

100

0
0 200 ml

0

50

reffubnoitulE%reffubnoitulE%reffubnoitulE%

pH 5.0

200

100

0
0 200 ml

0

50

pH 6.5

200

100

0
0 200 ml

0

50

pH 7.5

A 280 nm A 280 nm A 280 nm

: HiPrep 16/10 CM FF

: 10 mg apo-transferrin, ribonuclease A and cytochrome C in 1 ml

: 10 ml/min, 300 cm/h

: 0–50% elution bu er in 300 ml (15 CV) where 50%=0.5 M NaCl

: CIEX pH 3–7.5 Bu erPrep recipe in ÄKTAexplorer

61 pH CM Sepharose Fast Flow (HiPrep 16/10 CM FF)
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Q DEAE ANX pH

0.5-1 pH S, CM pH

0.5-1 pH

2

—— Q

pH 8.0

1M NaCl pH8.0

—— S

pH 6.0

1M NaCl pH 6.0

Q SP

DEAE,ANX CM

Bu erPrep ÄKTAdesign

pH 8 6

1ml/min HiTrap 1ml 5ml/1.

min HiTrap 5ml ,2ml/min HiPrep 20ml , 50cm/h Sepharose Fast Flowers

1ml/min HiTrap 1ml 5ml/min HiTrap 5ml2.

, 5ml/min HiPrep 20ml

23.

24.

5.

: 1ml/min HiTrap 1ml 5ml/min HiTrap 5ml , 5ml/min HiPrep

20ml , 150cm/h Sepharose Fast Flowers .

5-10 pH1.

pH2.

5-10 pH3.

10-20 0.5M NaCl 50%B4.

5 1M NaCl 100%B5.

5-10 pH6.
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: 1ml/min HiTrap 1ml 5ml/min HiTrap 5ml , 5ml/min HiPrep

20ml ,150cm/h Sepharose Fast Flowers .

1. 5-10 pH

2. pH

3. 5-10 pH

4. 5 NaCl

5. 4

6. 5 1M NaCl 100%B

7. 5-10 pH

5 2 2M NaCl

10 pH

3

HiTrap HiPrep

1M NaCl
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2M NaCl 2 1ml/min HiTrap 1ml 5ml/min1.

HiTrap 5ml , 5ml/min HiPrep 20ml , 40cm/h 1-2

Sepharose Fast Flow

1M NaOH 42.

2M NaCl 23.

2 pH4.

45.

pH

1

SP CM Q DEAE

6%

ANX 4%

Q Sepharose -CH2N+(CH 3) 3 Long term: 2–12 90 μm
41–1:mrettrohSwolFtsaF

SP Sepharose -CH 2CH 2CH 2SO3
– Long term: 4–13 90 μm

41–3:mrettrohSwolFtsaF

DEAE Sepharose -O-CH 2CHOHCH 2N+H(CH 2CH3) 2 Long term: 2–13 90 μm
41–1:mrettrohSwolFtsaF

ANX Sepharose 4 -OCH 2CHOHCH 2OCH 2CHOHCH 2N+H(CH 2CH 3) 2 Long term: 3–13 90 μm
41–2:mrettrohSwolFtsaF

CM Sepharose -O-CH 2COO– Long term: 4–13 90 μm
41–2:mrettrohSwolFtsaF

pH

pH pH

pH pH Amersham Biosciences
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Sepharose Fast Flow 1 M NaOH, 8M

6M 70% 1M 30%

Sepharose Fast Flow

/ 50 50 /

Sepharose Fast Flow SP CM Sepharose Fast Flow Q

DEAE ANX

5 5 20% Sepharose

High Performance 20% 0.2M /

4 8

20% 4 8
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Sepharose XL——

Sepharose Sepharose XL

Sepharose XL

ÄKTAdesign, FPLC HPLC Sepharose XL

ÄKTAdesign 4

Q Sepharose XL

Sepharose XL 6% 90 m

Q SP

Q SP

Q S

pH pH pH

62 Q S Sepharose XL HiTrap HiPrep

Administrator
高亮

Administrator
高亮
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1 MPa=10 bar

HiTrap Q XL, 1 ml >130 mg (BSA, up to 1 ml/min 4 ml/min 2–12 0.3/43
Mr 67 000)

HiTrap Q XL, 5 ml >650 mg (BSA, up to 5 ml/min 20 ml/min 2–12  0.3/43
Mr 67 000)

HiPrep 16/10 Q XL, 20 ml >2600 mg (BSA,  2–10 ml/min 10 ml/min 2–12  0.15/22
Mr 67 000)

Q Sepharose XL and >130 mg/ml (BSA, 300–500 cm/h 700 cm/h 2–12 0.3/3
Q Sepharose XL M r 67 000)
virus licensed****

Strong cation exchangers

HiTrap SP XL, 1 ml >160 mg (lysozyme, up to 1 ml/min 4 ml/min 4–13 0.3/43
Mr 14 500)

HiTrap SP XL, 5 ml >800 mg (lysozyme, up to 5 ml/min 20 ml/min 4–13  0.3/43
M r 14 500)

HiPrep 16/10 SP XL, 20 ml >3200 mg (lysozyme, 2–10 ml/min 10 ml/min 4–13 0.15/22
Mr 14 500)

SP Sepharose XL >160 mg/ml (lysozyme, 300–500 cm/h 700 cm/h 4–13 0.3/43
Mr 14 500)

pH

(MPa/psi)

thgiehdeBemuloVnmuloC

Tricorn 10/100 up to 8 ml up to 10 cm

Tricorn 10/150 up to 12 ml up to 15 cm

Tricorn 10/200 up to 16 ml up to 20 cm

mc51otpulm03otpu02/61KX

mc51otpulm08otpu02/62KX

mc51>lm691otpu04/62KX

mc41otpulm472otpu02/05KX

mc5.82otpulm955otpu03/05KX

cm/hour ml/min 5

pH pH pH pH

Q Sepharose XL 6537793 B2 Gencell SAS Q Sepharose XL

Q Sepharose XL Q Sepharose XL

6537793 B2 Gencell SAS

HiTrap 1ml 5ml

3 HiTrap

HiLoad 20ml

HiPrep

Tricorn 10/100 up to 8 ml up to 10 cm

Tricorn 10/150 up to 12 ml up to 15 cm

Tricorn 10/200 up to 16 ml up to 20 cm

mc51otpulm03otpu02/61KX

mc51otpulm08otpu02/62KX

mc51>lm691otpu04/62KX

mc41otpulm472otpu02/05KX

mc5.82otpulm955otpu03/05KX

BPG Chroma ow



109

1 ml HiTrap

63

Sepharose XL

ribonuclease A

: a) HiTrap SP XL 1 ml

b) HiTrap SP Sepharose Fast Flow 1 ml

c) HiTrap CM Sepharose Fast Flow 1 ml

: 3 mg ribonuclease A (pI=9.3),

0.8 mg cytochrome C (pI=10.3),

0.8 mg lysozyme (pI>11)

: 2 ml in start bu er

: 20 mM sodium phosphate pH 6.8

: 20 mM sodium phosphate, 0.5 M NaCl pH 6.8

: 1 ml/min (150 cm/h)

: 0% elution bu er (25 CV),

0–100% elution bu er (40 CV)

63 ribonuclease A (I), cytochrome c (II) lysozyme (III) HiTrap

64 HiTrap Q XL 1ml

A280nm A405nm

Columns: HiTrap Q XL 1 ml

: 2 ml

: 2 ml

: 20 mM Tris-HCl pH 7.4

: 20 mM Tris-HCl, 0.5 M NaCl pH 7.4

: 1 ml/min (150 cm/h)

: 0% elution bu er (30 CV),

0–100% elution bu er (40 CV)

64 HiTrap Q XL 450nm

I

II

III

I

II+III

I
II

III

mS/cm

150

60.0

40.0

HiTrap CM
Sepharose Fast Flow,
1 ml

100

50

0

30.0

20.0

10.0

40.020.00.0 ml

HiTrap SP
Sepharose Fast Flow,
1 ml

HiTrap SP XL,
1 ml

A280 nm

a)

b)

c)

Conductivity

600

10.0

500

400

300

200

100

0

40.0

30.0

20.0

10.0

20.0 30.0 40.0 50.00.0 ml60.0

A280 nm

A405 nm
mS/cm

Conductivity
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65 Sepharose XL Q

Sepharose XL XK 16/20 pH

CaCl2 DNA,

75%

65 Q Sepharose XL SDS-PAGE (Phast

System, )

66 Q Sepharose XL

: Q Sepharose XL in INdEX 70, 385 ml bed volume

: Recombinant a-amylase produced in E. coli, homogenized, 2.2 l diluted in distilled

water to 15.4 l, 7.2 mS/cm, 10 mM CaCl2, centrifuged

: 20 mM Tris-HCl, pH 8, 10 mM CaCl2

: 20 mM Tris-HCl, pH 8, 1 M NaCl, 10 mM CaCl2

: 300 cm/h, 12 l/h

: 20 CV 0–1 M NaCl

: 1.48 l, 3.8 CV

Spec. act. a-amylase 6420 U/l

1. –

2. markers

3.

4.

5. 1st peak (containing a-amylase)

6. 2nd peak

7. Marker, Amersham Biosciences

: Q Sepharose XL packed in a 0.5× 10 cm column

: 0.5 ml of a 1:5 dilution (in start bu er) of a sample of wild type

adenoviral vector containing 5× 1012 virus particles

: 50 mM Tris-HCl, 5% glycerol, pH 8.0

: 50 mM Tris-HCl, 1 M NaCl, 5% glycerol, pH 8.0

: 75 cm/h

: 0–75% elution bu er in 20 CV

1.

2. CsCl

3. Q Sepharose XL

Mr

97 000

1 2 3 4 5 6 7

66 000
45 000

30 000

20 100
14 400

0 500 1000 Volume (ml)

A280 nm

mS/cm
Conductivity

Mr
185 000
118 900

85 000
62 000
51 000
38 000

26 000

20 000

14 500
9 000

1 2 3

0

20

40

60

80

100

120

140

0.0 10.0 20.0 30.0 40.0 50.0 60.0 ml

UV at 280nm
UV at 254nm
Conductivity in mS/cm

A280 nm
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HiTrap 89 7 Sepharose

HP HiTrap Sepharose Fast Flow

Sepharose XL HiTrap

pH

1

0.22 m

0.45 m

Q pH 0.5-1 pH

S pH 0.5-1 pH

2

—— Q

pH 8.0

1M NaCl pH8.0

—— S

pH 6.0

1M NaCl pH 6.0

Bu erPrep ÄKTAdesign

pH 8 6
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1ml/min HiTrap 1ml1.

5ml/min HiTrap 5ml ,5ml/min HiPrep 20ml , 50cm/h

Sepharose XL

1ml/min HiTrap 1ml 5ml/min2.

HiTrap 5ml ,5ml/min HiPrep 20ml , 150cm/h Sepharose XL

23.

24.

5.

: 1ml/min HiTrap 1ml 5ml/min HiTrap 5ml ,5ml/min HiPrep 20ml

, 50cm/h Sepharose XL

1. 5-10 pH

2. pH

3. 5-10 pH

4. 10-20 0.5M NaCl 50%B

5. 5 1M NaCl 100%B

6. 5-10 pH

: 1ml/min HiTrap 1ml 5ml/min HiTrap 5ml ,5ml/min HiPrep 20ml

, 150cm/h Sepharose XL .

1. 5-10 pH

2. pH

3. 5-10 pH

4. 5 NaCl

5. 4

6. 5 1M NaCl 100%B

7. 5-10 pH

5 2 2M NaCl

10 pH
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3

1M NaCl

2M NaCl 2 1ml/min HiTrap 1ml 5ml/1.

min HiTrap 5ml , 5ml/min HiPrep 20ml , 40cm/h 1-2

Sepharose XL

1M NaOH 42.

2M NaCl 23.

2 pH4.

45.

pH

1

SP Q 6%

pH pH

pH pH Amersham Biosciences

Q Sepharose XL -CH 2N+(CH 3) 3 : 2–12   90 μm
: 2–14

SP Sepharose XL -CH 2CH 2CH 2SO3
– : 4–13   90 μm

: 3–14

 pH
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Sepharose XL 1 M NaOH, 8M

6M 70% 1M 30%

Sepharose XL

/ 50 50 /

SP Sepharose XL Q Sepharose XL

5 5 20% Sepharose

High Performance 20% 0.2M /

4 8

20% 4 8
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Sepharose Big Beads

Sepharose Big Beads

Sepharose Big Beads

Sepharose Big Beads

ÄKTAdesign, FPLC HPLC SOURCE

ÄKTAdesign 4

Sepharose Big Beads 6%

100-300 m Q SP

2.5 500cm/h

1000cm/h pH

Q SP pH

pH

67 68 Big Beads .

67 Sepharose Big Beads

Pressure (bar)

Flow (cm/h)

BPG300/20 cm/dist.water/25 °C

0 1
0

1000

PP113/30 cm/65% ethanol/20 °C,
viscosity 2.5 times water

2000

3000

2 3 4
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68 Sepharose Big Beads BSA pH 5

pH4.1. 12 300cm/h

mg protein/ml medium

C/Co (%)
concentration in eluate as fraction of
concentration in sample

BSA/300 cm/h

0 100

20

0

40

60

80

100

200

b-lactogl./300 cm/h

BSA/12 cm/h

b-lactogl./12 cm/h

1 MPa=10 bar

Strong anion exchangers

Q Sepharose Big Beads tested for each up to 300 cm/h 1800 cm/h  2–12 0.3/43
specific application

Strong cation exchanger

SP Sepharose Big Beads tested for each up to 300 cm/h 1800 cm/h  4–13  0.3/43
specific application

(MPa/psi)

pH

cm/hour ml/min 5

pH pH pH pH

XK 16/20 up to 30 ml up to 15 cm

XK 26/20 up to 80 ml up to 15 cm

XK 26/40 up to 196 ml > 15 cm

XK 50/20 up to 274 ml up to 14 cm

XK 50/30 up to 559 ml up to 28.5 cm

BPG Chromaflow

Sepharose Big Beads 1-3bar
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pH 2

1

0.22 m

0.45 m

300cm/h1.

12.

13.

14.

5.

Sepharose Big Beads

200-

500cm/h

5 2 2M NaCl

10 pH

3
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1M NaCl

2M NaCl 2 40cm/h 1-21.

1M NaOH 42.

2M NaCl 23.

2 pH4.

45.

pH

1

SP Q 6%

pH pH

pH pH Amersham Biosciences

Q Sepharose Big Beads -CH 2N+(CH 3) 3 Long term: 2–12 200 μm
Short term: 2–14

SP Sepharose Big Beads -CH 2CH2CH 2SO3
– Long term: 4–13 200 μm

Short term: 3–14

pH
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Sepharose Big Beads 1 M NaOH, 8M

6M 70% 1M 30%

30%

Sepharose Big Beads

/ 50 50 /

Sepharose Big Beads SP Sepharose Big BeadsQ

5 5 20% Sepharose

Big Beads 20% 0.2M

/

20% pH

0.01M NaOH

4 8

20% 4 8
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CIPP

CIPP 69

CIPP

Amersham

Biosciences

1

IEX

IEX

IEX / pH

IEX

69 CIPP
Step

ytiruP

Administrator
高亮
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CIPP

8

8

GF

IEX

HIC RPC

AC

Resolution

Capacity

Speed Recovery
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9 CIPP

9 CIPP

9

XEI

CIH

CA

FG

CPR

Superdex TM

5%

pH

Administrator
高亮
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1

HIC HIC

IEX AC

GF

IEX,HIC,AC

70

70

Proteins with low solubility

SDS
extraction

SDS
extraction

Solubilizing agents
(urea, ethylene glycol
non-ionic detergents)

GF
(in non-ionic
detergent)

HIC HIC

GF GF

Clear or very dilute samples

AC IEX IEX Precipitation
(e.g. in high ionic strength)

HIC Resolubilize

GF Treat as for
sample in high salt
concentration

Capture

Intermediate
Purification

Polishing GF
or

RPC

GF
or

RPC

Crude sample or sample in high salt concentration

GF
desalt mode

GF
desalt mode

GF
desalt mode

AC IEX HIC
dilution may
be needed

IEX

IEX HIC

GF
or

RPC

GF
or

RPC

GF GF

Sample
clarification

Capture

Intermediate
Purification

Polishing
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/

IEX-HIC-GF

IEX HIC

IEX-HIC-GF

/

pH

IEX

IEX

Sepharose Fast Flow (90 m )——1.

300cm/h

Sepharose XL (90 m )——2.

300cm/h

Sepharose Big Beads (200 m )—— IEX3.

300cm/h

1000cm/h

MonoBeads MiniBeads MonoBeads

Administrator
高亮

Administrator
高亮
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0 100 200 300

100

200

300

400

0 0

20

40

60

80

ml

mS/cmA280 nm

0

1000

2000

3000

0 100 200
0

20

40

60

80

mS/cm

ml

A280 nm

05 0 100 150 200
0 0

20

40

60

80

1000

2000

3000

mS/cm

ml

A280 nm

71 DAOCS

DAOCS pI=4.8

HiPrep 16/10 Q XL

HiTrap IEX

DAOCS 18-1128-91 Amersham Biosciences

: ÄKTAFPLC™

: HiPrep 16/10 Q XL

: Clari ed E. coli extract

: 40 ml

: 50 mM Tris-HCl, 1 mM EDTA, pH 7.5;

2 mM DTT, 0.2 M benzamidine-HCl,

0.2 mM PMSF

: + 1.0 M NaCl

: 10 ml/min (300 cm/h)

71 IEX DAOCS



127

IEX

IEX

Sepharose High Performance (34 m )——1.

150cm/h

SOURCE 15 15 m ——2.

1800cm/h

SOURCE 30 30 m —— 2000cm/h3.

SOURCE 15

Sepharose Fast Flow (90 m )——4.

300cm/h

MonoBeads MiniBeads

72 EGF

73 Chiron-Cetus Corp., Emeryville, CA, USA

HIC Superdex 75

Q Sepharose High Performance

Sepharose Fast Flowers Sepharose High Performance
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: BPG 200/500 Q Sepharose High Performance

: 3140 ml

: 10 cm

: 150 cm/h, 48 l/h

: 0.02 M Tris-HCl, pH 7.6

: 0.02 M Tris-HCl, 0.5 M NaCl, pH 7.6

: 170 l diluted pool from Phenyl Sepharose 6

Fast Flow (high sub), 0.021 mg EGF/ml

: 1.09 mg EGF/ml medium

Process scheme

Yeast supernatant

Centrifugation Centrifugation / 5 μm filtration 5 μm filtration

(NH 4)2SO4 to 0.5 M

2 × 100 min Phenyl Sepharose Fast Flow (high sub) 2 × 100 min

100 ml 0.21 mg EGF/ml 16.4 l 0.21 mg EGF/ml

Dilution 1/10, 0.02 M Tris, pH 7.6

1000 ml 0.021 mg EGF/ml 170 l 0.021 mg EGF/ml
Purity: 20%

HiLoad 16/10
10 cm bed height Q Sepharose High Performance BPG 200/500

10 cm bed height

38 ml 0.60 mg/ml
Recovery: >99%

Purity: 95%

4.87 l 0.73 mg/ml
Recovery: >99%
Purity: 96%

Superdex 75 prep grade

Laboratory scale Process scale

72 EGF

Time (min)

0.0
0

1.0

2.0

100 200

50

100

A280 nm Conductivity

Time (min)

0.0
0 50 100 150 200 300 350

1.0

2.0

3.0 50

A280 nm Conductivity

: HiLoad 16/10 Q Sepharose High Performance

: 20 ml

: 10 cm

: 150 cm/h, 5 ml/min

: 0.02 M Tris-HCl, pH 7.6

: 0.02 M Tris-HCl, 0.5 M NaCl, pH 7.6

: 1000 ml diluted pool from Phenyl Sepharose 6

Fast Flow (high sub), 0.021 mg EGF/ml

: 1.05 mg EGF/ml medium

73 HiLoad BPG
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IEX

74 Mono S 5/50 GL

DNA transposase TniA

>90%

74 Mono S 5/50 GL

IEX

MiniBeads 3 m ——1.

MonoBeads 10 m —— MiniBeads2.

SOURCE 15 15 m ——3.

1800cm/h

SOURCE 30 30 m —— 2000cm/h4.

SOURCE 15

: Mono S 5/50 GL

: 14.5 ml from HiPrep 26/10 Desalting

: 20 mM MES pH 6.5, 1 mM EDTA, 2 mM MgCl2, 1

mM DTT

: 20 mM MES pH 6.5, 1 mM EDTA, 2 mM MgCl2, 1

mM DTT, 1 M NaCl

: 1 ml/min

: 0–100% elution bu er, 20 CV

Mono S 5/50 GL TniA

0.5M NaCl

1200

400

600

800

200

0

1000

0. 0 10.0 20.0 30.0 40.0 ml

A280 nm
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75

Superdex

Superdex

RPC RPC

RPC

RPC

RPC

CIPP

: XK 16/60 packed with Superdex 75 prep grade

: Partly puri ed ZZ-brain IGF

: 1.0 ml

: 0.3 M ammonium acetate, pH 6.0

: 0.5 ml/min (15 cm/h)

75 Superdex 75

monomeric
ZZ-Brain IGF

0.01

0.005

0 1
Fraction 1 2 3 4 5 6

2 3
Time (h)

4

VtVo

A 280 nm
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0.02pH

pH

pH

pH

pH

76

76

pH pH

Polybu er 74, Polybu er 96 Pharmalyte™ 8–10.5

Mono P™, PBE 118 PBE 94

Su
rf

ac
egrahc

ten
e

pH

+

0

–

2 3 4 5 6 7 8 9 10 11 12 13
pH gradient

pI of each protein

A 280 nm

6

9

pH gradient

IpotgnidroccanoitarapeS)bsevrucnoitartitlaciteroehT)a
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pH

pH pH

pH

pH pH

77

77 pH pH a pH Polybu er

b,c,d pH

pH pH

pH

pH 78

6

7

8

9
pH

pre-gradient

Volume (ml)

a b c d

high pH

low pH
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78

pH pH

pH

pH pH

pH pH

pH

78

pH pH

pH

pH
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Mono P PBE

Mono P 5/200 GL

Mono P 5/50 GL pH

PBE 94 Mono P

pH9 pH PBE118

Mono P Mono Q Mono S 10 m MonoBeads

Polybuffer PBE118 PBE 94 Sepharose CL-6B

90 m Sepharose CL-6B

pH PBE118, PBE94 Mono P

79 80

79 10ml PBE118 PBE94 1M KCl NaOH pH

80 Mono P

3

4

5

6

7

8

9

10

11

12

3.02.01.0
meq NaOH

pH

PBE 118

PBE 94

pH

0

1

2

3

4

5

6

7

8

9

10

0 0,5 1 1,5 2
meq NaOH/10 ml medium
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7 4 pH Polybuffer 74

7-4 pH

7 pH Polybu er 96 7

pH Pharmalyte pH 8-10.5

“pH ”

Polybuffer PBE118, PBE94 Mono P pH

Polybuffer pKa

pH pH Polybu er 96 Polybu er 74

81

81 0.1M NaOH 2ml Polybu er

3

4

5

6

7

8

9

10

0.50.3 0.40.1 0.2
meq NaOH

pH

Polybuffer 96

Polybuffer 74



136

(MPa/psi) 1 MPa=10 bar

Mono P 5/50 GL 10 mg/column 0.5–1.5 ml/min 3.0 ml/min 4–9 4/580
(305–450 cm/h)

Mono P 5/200 GL 40 mg/column 0.5–1.5 ml/min 2.0 ml/min 4–9 4/580
(305–450 cm/h)

PBE 118 1–20 mg/ml medium 30–40 cm/h 115 cm/h 8–11 0.015/2

PBE 94 1–20 mg/ml medium 30–40 cm/h 115 cm/h 4–9 0.015/2

pH

cm/hour ml/min 5

pH pH pH

pH

Polybuffer 74 7–4 PBE 94
Mono P

Polybuffer 96 9–6 PBE 94
Mono P

Pharmalyte pH 8–10.5 11–8 PBE 118

              pH

82 A F

0.05 pH pH

82

:

: Mono P 0.5 cm× 20 cm

: 0.025 M triethanolamine-methanesulfonic acid, pH 8.1

: 1 ml/min (305 cm/h)

: Polybuffer 96-methanesulfonic acid, diluted in distilled

water 1:16, pH 6.65

6.5

0

E S

A

F

10 20

7.0

7.5

8.0100

50

elacslluf
%

30

pHA280 nm

Time (min)
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Polybu er Mono P

83 0.02pH Polybu er

83

84

84

: Whale myoglobin (2 mg), horse myoglobin (2 mg),

carboxyhaemoglobin (2 mg)

: PBE 94, 1 cm× 18 cm bed height

: 0.025 M ethanolamine, pH 9.5

: 15 cm/h (0.2 ml/min)

: Polybu er 96, pH 7, dilution 1:10 from stock bu er

2.0

1.0

0.5

25 50 75 100 125
Volume (ml)

1.5

A280 nm

: Iron-saturated diferric transferrin

: Mono P 0.5 cm× 20 cm

: 0.025 M bis-Tris HCl, pH 6.45, 10% betaine hydrate, 3 mM

FeCl3

: 1 ml/min (305 cm/h)

: Polybuffer 74 diluted 1:10 in distilled water, pH 5, 10%

betaine hydrate, 3 mM FeCl3

Volume

S–4 S–5

0 min

A280 nm

1 h

2 min

S–0

5 days
S–2

S–3

S–6
S–7 ?

S–1
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85

vleukotriene A4 His

Mono P

85 leukotriene A4 hydrolase Eva Ohlson, Karolinska Institutet, Stockholm, Sweden

MonoBead Mono P

5/50 GL Mono P 5/200

PBE94 PBE118

3

10 11 12 13

Tricorn 10/300

20-30ml Polybu er 1-200mg /pH

3 marker c

10.5

: Mono P 5/200 GL (Tricorn)

: Recombinant LTA4 hydrolase partially purified with nickel ion

a nity chromatography

: 25 mM BisTris pH 7.0

: Polybu er 74, diluted 1:10 in water, pH 4.5

: 0.7 ml/min

0 10 20 30 40 50

A280 nm

ml
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pH

p H

Polybuffers pH pH

pH

10 11 12 13

pH

>0 +1

25mM pH pH 0.4 pH

pH

25mM

Mono P pH9 pH9

pH pH 30-50% pH

7-4 PBE94 Mono P pH

7-4 7 pH

pH pH

Mono P 5/200 GL Mono P 5/50 GL

pH Mono P

5/50 GL
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10 Mono P 5/50 GL Mono P 5/200 GL pH

* pH

11 Mono P 5/50 GL Mono P 5/200 GL pH

* pH
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12 PBE118

13 PBE94

pH
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pKa 2 pH

Polybuffer 74 pKa -1

pH

pH 5.5-

6-5 pH

pH 6 Polybu er 96

6.5 3-8

0.45 m 0.22 m

Polybuffer 4

pH

1 pH

pH

pH pH

pH 10 11 12 131.

Polybu er Pharmalyte2.

95%

pH 1-2M3.

.

pH 100ml4.

pH
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1

Mono P

PVDF

pH

HiTrap HiPrep 26/10

156 pH pH

: 0.5–1.5 ml/min, 305–450 cm/h (Mono P 5/50 GL, Mono P 5/200 GL), 30–40 cm/h (PBE 118, PBE 94).

10 11 12 13

Polybu er 280nm 280nm pH

pH

0.5 5M NaOH1.

pH2.

0.5 2M pH3.

pH4.

pH

10 11 12 13



144

pH1.

10 11 12 13

pH pH HiTrap 1562.

pH3.

10 11 12 13

4.

10 11 12 13 pH5.

2 2M NaCl6.

pH/7.

0.5 1M NaOH

NaOH 0.5 75%

Polybuffer

Polybuffer

Polybuffer

280nm

pH Polybu er pKa

pH pH 9-4

pH pH

10 11 12 13 0.5 pH
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(10% w/v), (4% w/v)

(1–2%)

—— Polybu er 1 20

——

—— MonoP 0.25ml/min

pH pH

Mono P

1.5ml/min 86 PBE118

86

: Cytochrome c (5 mg), ribonuclease (8 mg), lentil lectin (10 mg)

: PBE 118, 1 cm× 30 cm

: 0.025 M triethylamine HCl, pH 11

: a) 15 cm/h

b) 117 cm/h

: PharmalytepH 8–10.5, pH 8.0

8

9

10

a)
11

1.0

0.5

5 10 15 20
Time (h)

1.5

pH

b)

1.0

0.5

1 2 3 4
Time (h)

1.5

pH

8

9

10

11

A280 nm A280 nm
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pH

pH

pH pH

pH 87 pH

pH

87 pH

0

1.0

0.5

40

plateau in
gradient

A280 nm

Volume (ml)
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14

10
 (10% w/v),  (4% w/v)

or  (1–2%) pH

pH

pH

4  2M NaOH

pH

Polybuffer

Polybuffer

10
 (10%

w/v), (4% w/v)  (1–2%) pH

143

1

3 10

20%
10

pH

pH pH

HiTrap
156 pH



148

10

20%
10

pH
 (10% w/v), (4%

w/v)  (1–2%) pH

pH

10
pH pH

 (10% w/v), 
(4% w/v)  (1–2%)

pH

Benzamidine 4 Fast Flow (high sub)

10

(10% w/v), (4% w/v)  (1–2%) 

Polybuffer Polybuffer 148 Bradford

Polybuffer Polybuffer 148 Bradford
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10

(10% w/v), (4% w/v)  (1–2%)
pH

20%
10

1
 (25� 10%

w/v), (25� 4% w/v)
(1–2%)

*

20%

3

* 0-20%

pH
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Polybu er

Polybuffer Polybuffer

Polybu er

ienei Polybuffer

88 Sephacryl™ S-100 HR Superdex 75 Polybu er

Sephacryl™ S-100 Polybuffer

Polybu er A215nm A280 nm, A254 nm A215

nm

Amersham Biosciences “ —— ”

88 Polybu er

Mono P 5/50 GL, Mono P 5/200 GL, PBE 94, PBE 118

0.5

ml/min (Mono P) 30 cm/h (PBE)

: Superdex 75 10/300 GL

: 0.7 ml/min

: phosphate bu ered saline

: myoglobin (Mr 17 500) + Polybu er 9–6

: HiPrep 16/60 Sephacryl S-100 HR

: 0.5 ml/min

: phosphate bu ered saline

: myoglobin (Mr 17 500) + Polybu er 9–6

0

500

1000

1500

2000

2500

mAU

0.0

5.0

10.0

15.0

mS/cm

0.0 5.0 10.0 15.0 20.0 25.0 ml

myoglobin

Polybuffer

Conductivity
A     , protein
A     , protein

215

254

0

500

1000

1500

2000

2500

mAU

0.0

5.0

10.0

15.0

mS/cm

0 20 40 60 80 100 120 ml

myoglobin

Polybuffer

Conductivity
A     , protein
A     , protein

215

254



151

0.25–0.50 ml/min

1M NaCl 41.

22.

1M NaOH 43.

24.

0.1M HCl PBE 1M HCl Mono P 0.55.

1M NaCl 46.

7.

100% 20% 2M NaOH 75% 20% 100%

6M

5 0

100% 5 100% 0 1%

0.1M 0.5M NaCl 1mg/ml 37

DNase

pH pH

pH pH Amersham Biosciences

Mono P 5/50 GL Tertiary and quarternary amines Long term: 2–12 10 μm (monosized)
Short term: 2–14

Mono P 5/200 GL Tertiary and quarternary amines Long term: 2–12 10 μm (monosized)
Short term: 2–14

mμ0931–3:mretgnoLsenimayranretrauqdnayraitreT811EBP
Short term: 2–14

mμ0921–2:mretgnoLsenimayranretrauqdnayraitreT49EBP
Short term: 1–14

pH
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Mono P 5/50 GL, Mono P 5/200 GL

Mono P pH2-12 8M 6M

PBE94 PBE118

Polybu er pH3-12

Mono P 5/50 GL, Mono P 5/200 GL, PBE 94, PBE pH 8–10.5

5 5 20%

Polybu er 96, Polybu er 74, Pharmalyte 118

3–8 °C

1M HCl 1M NaOH

CIPP

85

CIPP
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1

Amersham Biosciences

pH2-9 1 pH pH

0.5M 0-2M NaCl 0-2M (NH4)2SO4

10% 0-50%

+10°C +4 to +40°C

280nm

Administrator
高亮
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5

10000g 15

40000-50000g 30

PVDF

mμ09mμ1

mμ43ro03mμ54.0

mμ51,01,3mμ22.0

156

pH
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>5000

100mM 100mM

89

89

pellet*

Redissolve
pellet*
*

Sephadex G-25

HiTrap PD-10

Administrator
高亮
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15

15

0.04ml 10%
1ml 1M

CaCl2 15 10000g

3% w/v

17000g

20% w/v

80% v/v
Eppendorf TM

PEG, 4000

0.1% w/v

1% w/v

1% w/v

X/15 g X

>1mg/ml

1mg/ml

HIC

IEX AC

Scopes R.K., Protein Puri cation, Principles and Practice, Springer, (1994), J.C. Janson and L. Rydén, Protein

Puri cation, Principles, High Resolution Methods and Applications, 2nd ed. Wiley Inc, (1998).

Personal communications

1mg/ml

:

100g 100ml

1M Tris-HCl pH 8.0
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0.45 10 000 g +4°C1.

10 1 1M Tris-HCl pH 8.0 pH2.

50% 13.

10000g 204.

5.

6.

Sephadex G-25 1567.

16 20

16 20

20 25 30 35 40 45 50 55 60 65 70 75 80 85 90 95 100

0 113 144 176 208 242 277 314 351 390 430 472 516 561 608 657 708 761

5 85 115 146 179 212 246 282 319 358 397 439 481 526 572 621 671 723

10 57 86 117 149 182 216 251 287 325 364 405 447 491 537 584 634 685

15 28 58 88 119 151 185 219 255 293 331 371 413 456 501 548 596 647

20 0 29 59 89 121 154 188 223 260 298 337 378 421 465 511 559 609

175225574924683443403562822191751321190692052

335584834393153903072232591061521291603003

594744204853613572632991361821492603053

754014563223182142202661031693613004

914373923682542602961231894613054

183533292052012271531995623005

3438926525125718311016633055

5031629129710413017633006

7624223813415019643056

70 0 34 70 107 146 186 228

75 0 35 72 110 149 190

80 0 36 73 112 152

85 0 37 75 114

90 0 37 76

95 0 38

20
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17

17

Sephadex

G-25

30%

70mg/ml

Scopes R.K., Protein Puri cation, Principles and Practice, Springer, (1994), J.C. Janson and L. Rydén, Protein

Puri cation, Principles, High Resolution Methods and Applications, 2nd ed. Wiley Inc, (1998) and other

sources.

pH

2M-8M

3M-6M

2%

1.5%

2%

0.1%-0.5%

>pH 9, NaOH

Triton X-100

Sarcosyl

N-octyl glucoside

/

Sephadex G25

Sephadex G25

Sephadex G25

Sephadex G25
Sephadex G25

pH

Administrator
高亮

Administrator
高亮
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25mMNaCl

NaCl 100mM 100mM

90

90 10ml HiPrep 26/10

18

18

0.0 1.0 2.0
0.00

0.05

0.10

0.15

0.20

0.25

A 280 nm

5.0

10.0

(mS/cm)

protein salt

(min)Time

—— 5 5ml 2

3ml 5 7.5ml

—— 4 HiPrep 26/10 2

4ml 4 60ml

4 20-30

5

95%

lm51.0–1.0lm51.0–1.052-G™nipSorciM

lm5.3–5.2lm5.2–5.1)nmulocdeefytivarg(01-DP

lm0.2–0.1lm5.1–52.0lm5gnitlaseDparTiH

lm02–5.7lm51–5.2gnitlaseD01/62perPiH

Administrator
高亮
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1 5ml HiTrap
1.

2.

25ml 5ml/min 20%3.

2-5ml 1-10ml/min4.

1.5ml 1.5ml5.

196.

5ml HiTrap 5ml/min 120 /min

1.5ml 19.

19 Multipipette™

0.25 1.25 1.0 > 95 0.0 4.0

0.50 1.0 1.5 > 95 < 0.1 3.0

1.00 0.5 2.0 > 95 < 0.2 2.0

1.50 0 2.0 > 95 < 0.2 1.3

 ml  ml  ml  %  % 

2 ÄKTAprime
5ml HiTrap HiPrep 26/10

ÄKTAprime™

500ml

ÄKTAprime™1.

2.

3.

OK4.
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91 ÄKTAprime

91 ÄKTAprime His

polyvinylpyrrolidine

pH

pH 7

( )

: (His)6 protein eluted from HiTrap Chelating HP with sodium

phosphate 20 mM,

sodium chloride 0.5 M, imidazole 0.5 M, pH 7.4

: HiTrap Desalting 5 ml

: Sodium phosphate 20 mM,

sodium chloride 0.15 M, pH 7.0

0

0.05

0.10

0.15

–– UV 280 nm
–– Conductivity

(His)  protein

Salt

6

Inject

2 min10

A 280 nm
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2

54 6 7 8 9 10 11pH

4.75
5.33
6.48
6.65; 9.10

7.76
8.07
8.52
8.88
9.50
9.73
10.55
11.12

Piperazine

bis-Trispropane

Triethhanolamine
Tris

N-methyldiethanolamine
Propane-1,3-diamino

Ethanolamine
Piperazine

Propane-1,3-diamino
Piperidine

pKa 1

(25 °C)

N-methyl piperazine

bis-Tris

4.3–5.3 N-Methylpiperazine 20 Cl - 4.75 -0.015

lC02enizarepiP8.5–8.4 - or HCOO - 5.33 -0.015

lC02eniditsiH-L5.6–5.5 - 6.04

lC02sirT-sib0.7–0.6 - 6.48 -0.017

6.2–7.2; 8.6–9.6 bis-Tris propane 20 Cl - 6.65; 9.10

7.3–8.3 Triethanolamine 20 Cl - or CH 3COO- 7.76 -0.020

lC02sirT6.8–6.7 - 8.07 -0.028

8.0–9.0 N-Methyldiethanolamine 20 SO 4
2- 8.52 -0.028

8.0–9.0 N-Methyldiethanolamine 50 Cl - or CH 3COO- 8.52 -0.028

8.4–9.4 Diethanolamine 20 at pH 8.4 Cl - 8.88 -0.025

50 at pH 8.8

8.4–9.4 Propane 1,3-Diamino 20 Cl - 8.88 -0.031

9.0–10.0 Ethanolamine 20 Cl - 9.50 -0.029

lC02enizarepiP2.01–2.9 - 9.73 -0.026

10.0–11.0 Propane 1,3-Diamino 20 Cl - 10.55 -0.026

lC02enidirepiP6.11–6.01 - 11.12 -0.031

pH mM pKa (25 °C)1 d(pKa)/dT(°C)

1 83 CRC,2002-2003
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1

3.13
3.86
4.21
4.75
5.76
6.27
7.20
7.56
8.33

ph 2.5 3 4 5 6 7 8 9
pKa

(25 °C)

Citric acid
Lactic acid

Butanedioic acid (succinic acid)
Acetic acid

Methyl Malonic acid
MES

Phosphate
HEPES

BICINE

1 83 CRC,2002-2003

aN02dicacielaM4.2–4.1 + 1.92

2.6–3.6 Methyl malonic acid 20 Na + or Li + 3.07

aN02dicacirtiC6.3–6.2 + 3.13 -0.0024

aN05dicacitcaL3.4–3.3 + 3.86

aN05dicacimroF3.4–3.3 + or Li + 3.75 +0.0002

3.7–4.7; 5.1–6.1 Succinic acid 50 Na + 4.21; 5.64 -0.0018

aN05dicacitecA3.5–3.4 + or Li + 4.75 +0.0002

5.2–6.2 Methyl malonic acid 50 Na + or Li + 5.76

aN05SEM6.6–6.5 + or Li + 6.27 -0.0110

aN05etahpsohP7.7–7.6 + 7.20 -0.0028

aN05SEPEH0.8–0.7 + or Li + 7.56 -0.0140

aN05ENICIB8.8–8.7 + 8.33 -0.0180

pH mM pKa (25 °C)1 d(pKa)/dT(°C)

HdicacimroF3.4–3.3 + 3.75

3.3–4.3; 4.8–5.8 Pyridine/formic acid HCOO - 3.75; 5.25

3.3–4.3; 9.3–10.3 Trimethylamine/formic acid HCOO- 4.75; 9.81

HCdicaciteca/enidiryP8.5–3.4 3COO- 4.75; 5.25

4.3–5.3; 9.3–10.3 Trimethylamine/acetic acid CH3COO- 4.75; 9.81

3.3–4.3; 8.8–9.8 Ammonia/formic acid HCOO - 3.75; 9.25

4.3–5.3; 8.8–9.8 Ammonia/acetic acid CH 3COO- 4.75; 9.25

5.9–6.9; 9.3–10.3 Trimethylamine/carbonate CO3
2- 6.35; 9.81

5.9–6.9; 8.8–9.8 Ammonium bicarbonate HCO3
- 6.35; 9.25

5.9–6.9; 8.8–9.8 Ammonium carbonate/ammonia CO3
2- 6.35; 9.25

5.9–6.9; 8.8–9.8 Ammonium carbonate CO3
2- 6.35; 9.25

4.3–5.3: 7.2–8.2 N-ethylmorpholine/acetate HCOO- 4.75; 7.72

pH pKa 1

1 83 CRC,2002-2003
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3

Amersham Biosciences

HiTrap IEX

5-15cm

Amersham Biosciences Tricorn XK

CD
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1.

2.

1-2cm

3.

Amersham biosciences IEX

4.

5.

6.

7.

8.

9.

75%

10.

11.

12.

13.

20%

PBS 4 1
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Tricorn XK

IEX

I E X

A m e r s h a m B i o s c i e n c e s B i o D i re c t o r y ™ ( w w w. c h ro m a t o g r a p h y .

amershambiosciences.com) www.tricorncolumns.com Tricorn

N H HETP

L

VR =

wh =

H

L =

VR wh

N As)

92

N = 5.54 × ( V R ) 2

wh

LH N
=
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Ve

a b

50%

10%

wh

Volume

Absorbance

H 2 3 90

H 0.018-0.027cm

As

a=10%

b=10%

As 1 IEX As 0.80-1.80

pH pH

92

bAs a
=
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169169

4

HiTrap

Pilot Explorer Purifier FPLC Prime
01001

Proven sanitary design for cGMP
with easily exchanged wetted parts

ÄKTAdesign

+HiTrap

GLP

pH

ÄKTAprime

ÄKTA reifirupATKÄrerolpxeATKÄ

ÄKTApilot™
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5
cm/hour ml/min

cm/hour

ml/min

Y= cm/h

d= cm

XK 16/17 1.6cm , 150cm/hour

Y= =150cm/h

d= =1.6cm

Z= ml/min

d= cm

HR 5/5 0.5cm 1ml/min

Z= =1ml/min

d= =0.5cm

ml/min
1ml/min= 1ml HiTrap 30 /min

5ml/min= 5ml HiTrap 120 /min

ml/min = (cm/h)
60

x (cm2)

Y x p  x d 2

60 4
=

= 150  x p  x  1.6  x  1.6
60  x 4

ml/min

= 5.03 ml/min

=
x 60

(cm 2)

= Z  x  60 x
4

p  x d 2

1  x  60 x
4

p  x  0.5  x  0.5
cm/h

= 305.6 cm/h

=
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6

=120g/mol

MPa bar psi

1MPa = 10 bar = 145 psi

1 kb of DNA =  333 amino acids of coding capacity

=  37 000 g/mol

270 bp DNA =  10 000 g/mol

1.35 kb DNA =  50 000 g/mol

2.70 kb DNA =  100 000 g/mol

Protein A280 for 1 mg/ml

53.1GgI

02.1MgI

03.1AgI

Protein A 0.17

05.1nidivA

Streptavidin 3.40

Bovine Serum Albumin 0.70

Mass (g/mol) 1 μg 1 nmol

10 000 100 pmol; 6 x 10 13 molecules 10 μg

50 000 20 pmol; 1.2 x 10 13 molecules 50 μg

100 000 10 pmol; 6.0 x 10 12 molecules 100 μg

150 000 6.7 pmol; 4.0 x 10 12 molecules 150 μg
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7

AalAeninalA

RgrAeninigrA

NnsAenigarapsA

DpsAdicAcitrapsA

CsyCenietsyC

EulGdicAcimatulG

QnlGenimatulG

GylGenicylG

HsiHeniditsiH

IelIenicuelosI

LueLenicueL

KsyLenisyL

MteMeninoihteM

FehPeninalalynehP

PorPenilorP

SreSenireS

TrhTeninoerhT

WprTnahpotpyrT

YryTenisoryT

VlaVenilaV

CH3

HOOC

H2N

HOOC

H2N

HOOC

H2N

HOOC

H2N

HOOC

H2N

HOOC

H2N

HOOC

H2N

HOOC

H2N

HOOC

H2N

HOOC

H2N

HOOC

H2N

HOOC

H2N

HOOC

H2N

HOOC

H2N

HOOC

H2N

HOOC

H2N

CH2CH2CH2NHC

NH2

NH

CH2CONH2

CH2COOH

CH2SH

CH2CH2COOH

CH2CH2CONH2

H

CH2

CH(CH3)CH2CH3

CH2CH

CH3

CH3

CH2CH2CH2CH2NH2

CH2CH2SCH3

CH2

HOOC

H2N

HOOC

H2N

HOOC

H2N

CH2OH

CHCH3

OH

CH2

CH(CH3) 2

HOOC

H2N

OHCH2

NH

NH

N

NH
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C3H7NO2 89.1 C3H5NO 71.1 Neutral

C6H14N4O2 174.2 C6H12N4O 156.2 Basic (+ve)

C4H8N2O3 132.1 C4H6N2O2 114.1 Neutral

C4H7NO4 133.1 C4H5NO3 115.1 Acidic(-ve)

C3H7NO2S 121.2 C3H5NOS 103.2 Neutral

C5H9NO4 147.1 C5H7NO3 129.1 Acidic (-ve)

C5H10N2O3 146.1 C5H8N2O2 128.1 Neutral

C2H5NO2 75.1 C2H3NO 57.1 Neutral

C6H9N3O2 155.2 C6H7N3O 137.2 Basic (+ve)

C6H13NO2 131.2 C6H11NO 113.2 Neutral

C6H13NO2 131.2 C6H11NO 113.2 Neutral

C6H14N2O2 146.2 C6H12N2O 128.2 Basic(+ve)

C5H11NO2S 149.2 C5H9NOS 131.2 Neutral

C9H11NO2 165.2 C9H9NO 147.2 Neutral

C5H9NO2 115.1 C5H7NO 97.1 Neutral

C3H7NO3 105.1 C3H5NO2 87.1 Neutral

C4H9NO3 119.1 C4H7NO2 101.1 Neutral

C11H12N2O2 204.2 C11H10N2O 186.2 Neutral

C9H11NO3 181.2 C9H9NO2 163.2 Neutral

C5H11NO2 117.1 C5H9NO 99.1 Neutral

pH6-7
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8

Lowry Bradford Bradford

Lowry

SDS-PAGE

SDS-PAGE

6X SDS loading bu er: 0.35 M Tris-HCl (pH 6.8), 10.28% (w/v) SDS, 36% (v/v) glycerol, 0.6 M dithiothreitol (or
5% 2-mercaptoethanol), 0.012% (w/v) bromophenol blue.

0.5 ml -80°C.

2 l 6 X SDS loading bu er 5-10 l1.

+90 +100°C 52.

SDS-PAGE3.

(Coomassie Blue R Tablets (PlusOne™ Silver4.

Staining Kit, Protein

SDS 20.

20

“ ”

000002–00063%5:egatnecrepelgniS
000002–00042%5.7
000002–00041%01
000001–00041%5.21
*00006–00041%51

000002–00041%51–5:tneidarG
000002–00001%02–5
000051–00001%02–01
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SDS-PAGE Western blot

SDS-PAGE1.

Hybond™ ECL™ ( ECL ) Hybond P (2.

ECL Plus™ )

3.

Hybond ECL Amersham Biosciences www.amershambiosciences.com

ELISAs

BIACORE™

SDS-PAGE,Western blooting ELISAs

GST GST

GST His 6 Amersham

Biosciences “ ” “GST ”
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9

-20——-70

/

pH

+4 °C 24

merthiolate 0.01%

156

4M

50%

5-20% 10mg/ml

/

156

IgG3 +4 °C
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10

1M NaCl

2M NaCl 2 211.

1M NaOH 42.

2M NaCl 23.

2 pH4.

4 pH5.

1.

(1 mg/ml in 0.5 M NaCl, 0.1 M acetic acid) 37 12.

2 21 pH3.

4 2 pH4.

6M 2 , 211.

pH7-8 5 212.

2 21 pH3.

4 2 pH4.
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21

* 1M NaOH

** 1-2

4

100% 100% 100% 2M NaOH

75% 100%

Q,DEAE ANX S,SP CM

nim/lm1.0nim/lm1.0nim/lm2.0)lm42.0(sdaeBiniM

nim/lm1.0nim/lm1.0nim/lm2.0)lm8.0(sdaeBiniM

nim/lm1.0nim/lm1.0nim/lm2.0)lm7.1(sdaeBonoM

nim/lm52.0nim/lm52.0nim/lm5.0)lm1(sdaeBonoM

nim/lm1nim/lm1nim/lm2)lm8(sdaeBonoM

nim/lm5.2nim/lm5.2nim/lm5)lm02(sdaeBonoM

nim/lm5.0nim/lm5.0nim/lm1lm1ECRUOSER

nim/lm3nim/lm3nim/lm6lm6ECRUOSER

SOURCE in larger columns** 40 cm/h 20 cm/h 20 cm/h

nim/lm5.0nim/lm5.0nim/lm1)lm1(parTiH

nim/lm5.2nim/lm5.2nim/lm5)lm5(parTiH

nim/lm5.2nim/lm5.2nim/lm5)lm02(perPiH

nim/lm5.2nim/lm5.2nim/lm3)lm02(daoLiH

nim/lm5nim/lm5nim/lm8)lm35(daoLiH

Sepharose High Performance in 40 cm/h 20 cm/h 20 cm/h
larger columns**

Sepharose Fast Flow in larger columns** 40 cm/h 20 cm/h 40 cm/h

Sepharose XL in larger columns** 40 cm/h 20 cm/h 40 cm/h

Sepharose Big Beads** 40 cm/h 40 cm/h 40 cm/h

2M
NaCl 1M NaOH 6M 70% 30%
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70% 30% 4 211.

2 21 pH2.

3 23.

2 0.1M 0.1-0.5%1.

21

5 70% 212.

2 21 pH3.

3 14.
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18-1037-46

18-1132-29

18-1142-75

GST 18-1157-58

18-1022-29

18-1022-18

18-1020-90

18-1112-93

18-1124-26

18-1128-63

18-1128-62

18-1124-19

18-1127-31

HIC 18-1121-86

18-1121-86

HiTrap 18-1128-81

ÄKTAdesign 18-1158-77

ÄKTA 3D Kit 18-1160-45

GST 18-1159-30

18-1155-49

J-C. Jansson and L.Rydén 18-1128-68

PAL 17-0893-01

NTSC 17-0894-01

—— 18-1124-82

80-6429-60

80-6013-88

ECL Western and ECL Plus Western Blotting 18-1139-13

www.chromatography.amershambiosciences.com.

www.hitrap.com www.tricorncolumns.com.
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'

www.chromatography.amershambiosciences.com

HiTrap Desalting 18-1156-70

HiPrep 26/10 Desalting 18-1156-89

HiLoad Q Sepharose HP and HiLoad Q Sepharose FF 18-1156-98

HiLoad SP Sepharose HP and HiLoad SP Sepharose FF 18-1156-99

HiPrep 16/10 CM FF 18-1156-91

HiPrep 16/10 DEAE FF 18-1156-90

HiPrep 16/10 Q FF 18-1156-92

HiTrap Q HP and HiTrap Q FF 18-1156-82

HiTrap SP HP and HiTrap SP F F 18-1156-83

HiTrap CM FF 18-1156-84

HiTrap DEAE FF 18-1156-85

Mono Q (2000–2002) 18-1166-18

Mono S (1998–2002) 18-1166-16

MiniBeads (1998–2002) 18-1166-17



182

SOURCE, Sepharose High Performance, Sepharose Fast Flow. Sepharose XL Sepharose Big

Beads BioProcess Amersham

Biosciences

MiniBeads

1*3/2.3CPQiniM × 0.24 10-6860-71lm

1*3/2.3CPSiniM × 0.24 10-7860-71lm

1EP05/6.4QiniM × 0.8 10-7715-71lm

1EP05/6.4SiniM × 0.8 10-8715-71lm

MonoBeads

Mono Q 5/50 GL 1 × 1 10-6615-71lm

1LG001/01QonoM 10-7615-71lm8×

1EP001/6.4QonoM × 1.7 10-9715-71lm

101/61RHQonoM × 20 10-6050-71lm

Mono S 5/50 GL 1 ×1 10-8615-71lm

1LG001/01SonoM 10-9615-71lm8×

1EP001/6.4SonoM × 1.7 10-0815-71lm

Mono S HR 16/10 1 × 20 10-7050-71lm

SOURCE

x1QECRUOSER 10-7711-71lm1

x1QECRUOSER 10-9711-71lm6

SOURCE 15Q 4.6/100 PE 1 x 1. 10-1815-71lm7

01Q51ECRUOS 02-7490-71lm

05Q51ECRUOS 10-7490-71lm

002Q51ECRUOS 50-7490-71lm

01Q03ECRUOS 01-5721-71lm

05Q03ECRUOS 10-5721-71lm

002Q03ECRUOS 50-5721-71lm

×1SECRUOSER 10-8711-71lm1

×1SECRUOSER 10-0811-71lm6

1EP001/6.4S51ECRUOS × 1.7 10-2815-71lm

01S51ECRUOS 01-4490-71lm

05S51ECRUOS 10-4490-71lm

002S51ECRUOS 50-4490-71lm

01S03ECRUOS 02-3721-71lm

05S03ECRUOS 10-3721-71lm

002S03ECRUOS 20-3721-71lm

Sepharose High Performance

5PHQparTiH × 1 10-3511-71lm

5PHQparTiH × 5 10-4511-71lm

HiLoad 16/10 Q Sepharose High Performance 1 × 20 10-4601-71lm

HiLoad 26/10 Q Sepharose High Performance 1 × 53 10-6601-71lm

Q Sepharose High Performance 10-4101-71lm57
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Sepharose High Performance (continued)

10-1511-71lm1×5PHPSparTiH

10-2511-71lm5×5PHPSparTiH

HiLoad 16/10 SP Sepharose High Performance 1 × 20 10-7311-71lm

HiLoad 26/10 SP Sepharose High Performance 1 × 53 10-8311-71lm

SP Sepharose High Performance 10-7801-71lm57

HiTrap IEX Selection Kit** 7 × 1 33-2006-71lm
** Q Sepharose Fast Flow, DEAE Sepharose Fast Flow,
SP Sepharose Fast Flow, CM Sepharose Fast Flow,
ANX Sepharose 4 Fast Flow (high sub),
Q Sepharose XL and SP Sepharose XL

Sepharose Fast Flow

5FFQparTiH × 1 10-3505-71lm

5FFQparTiH × 5 10-6515-71lm

10-0915-71lm02×1FFQ01/61perPiH

Q Sepharose Fast Flow 01-0150-71lm52

Q Sepharose Fast Flow 10-0150-71lm003

5FFPSparTiH × 1 10-4505-71lm

5FFPSparTiH × 5 10-7515-71lm

1FFPS01/61perPiH × 20 10-2915-71lm

SP Sepharose Fast Flow 01-9270-71lm52

SP Sepharose Fast Flow 10-9270-71lm003

5FFEAEDparTiH 10-5505-71lm1×

5FFEAEDparTiH 10-4515-71lm5×

1FFEAED01/61perPiH × 20 10-0905-71lm

DEAE Sepharose Fast Flow 01-9070-71lm52

DEAE Sepharose Fast Flow 10-9070-71lm005

5FFMCparTiH × 1 10-6505-71lm

5FFMCparTiH × 5 10-5515-71lm

1FFMC01/61perPiH × 20 10-1905-71lm

CM Sepharose Fast 01-9170-71lm52wolF

CM Sepharose Fast 005wolF 10-9170-71lm

HiTrap ANX FF (high ×5)bus 1 ml 17-5162-01

HiTrap ANX FF (high ×5)bus 5 ml 17-5163-01

HiPrep 16/10 ANX FF (high sub) 1 × 20 10-1915-71lm

ANX Sepharose 4 Fast Flow (high sub) 01-7821-71lm52

ANX Sepharose 4 Fast Flow (high sub) 10-7821-71lm005

Sepharose XL

5LXQparTiH × 1 10-8515-71lm

5LXQparTiH × 5 10-9515-71lm

1LXQ01/61perPiH × 20 10-2905-71lm

Q Sepharose XL 10-2705-71lm003

Q Sepharose XL virus licensed 25 01-7345-71lm

10-0615-71lm1×5LXPSparTiH

10-1615-71lm5×5LXPSparTiH

1LXPS01/61perPiH × 20 10-3905-71lm

SP Sepharose XL 10-3705-71lm003



184

Tricorn www.tricorncolumns.com

Tricorn 10/100 column 1 18-1163-15

Tricorn O

M6 FPLC

XK AK TEFZEL 0.8mm XK16 XK26 1.2mm

XK50 M6 snap-on XK16 XK26

A m e r s h a m B i o s c i e n c e s B i o d i r e c t o r y w w w. c h r o m a t o g r a p h y .

amershambiosciences.com

Packing Connector XK 16 1 18-1153-44

Packing Connector XK 26 1 18-1153-45

Tricorn 10/100

Tricorn 10-10

Tricorn 10/100 1 18-1153-25

Tricorn 10-10*

Tricorn10

1 18-1153-23

Sepharose Big Beads

Q Sepharose Big 30-9890-71l1sdaeB

SP Sepharose Big Beads 30-7560-71l1

Desalting columns

5gnitlaseDparTiH × 5 10-8041-71lm

001gnitlaseDparTiH × 5 92-3000-11lm

HiPrep 26/10 D  ×1gnitlase 20 ml 17-5087-01

HiPrep 26/10 D  ×4gnitlase 20 ml 17-5087-02

PD-10 Desalting columns 10-7580-7103

PD-10 Desalting columns 10-5370-7105

Column Packing CD

The Movi 33-5611-811e
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1LG05/5PonoM × 1 10-0715-71lm

1LG002/5PonoM × 4 10-1715-71lm

PBE 118 Polybuffe r exchanger 200 10-1170-71lm

PBE 94 Polybuffer exchanger 10-2170-71lm002

05247reffubyloP 10-3170-71lm

05269reffubyloP 10-4170-71lm

Pharmalyte pH 8–10.5 10-5540-71lm52
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A
ANX Sepharose 4 Fast Flow

181,301,69,49,39,42)bushgih(

C
CM Sepharose Fast Flow 24, 96, 97, 100, 103, 104, 107, 181

D
DEAE Sepharose Fast Flow 24, 94, 96, 98, 99, 103, 181

H
181,971,671,621,19,09,78–48daoLiH

HiLoad 16/10 Q Sepharose
High Performance 85, 86, 126, 181

HiLoad 16/10 SP Sepharose
High Performance 85, 87, 181

HiLoad 26/10 Q Sepharose
High Performance 85, 86, 181

HiLoad 26/10 SP Sepharose
High Performance 85, 87, 181

,011,601,501,301–89,69–49,93perPiH
111, 124, 127, 141, 148, 157, 158,
176, 179, 181, 182

HiPrep 16/10 ANX FF (high sub) 96, 181

HiPrep 16/10 CM FF 96, 100, 179, 181

HiPrep 16/10 DEAE FF 96, 179, 181

HiPrep 16/10 Q FF 95, 98, 179, 181

HiPrep 16/10 Q XL 106, 124, 181

HiPrep 16/10 SP FF 95, 181

HiPrep 16/10 SP XL 106, 182

HiPrep 26/10 Desalting 127, 141, 157, 158, 179, 182

,19–78,58,48,96,54,93,23–92parTiH
93–103, 105–107, 109–111, 124,
141, 142, 145, 153, 157–159, 162,
167, 168, 176, 178, 179, 181, 182

HiTrap ANX FF (high sub) 96, 181

HiTrap CM FF 96, 179, 181

HiTrap DEAE FF 95, 96, 179, 181

HiTrap Desalting 141, 142, 145, 153, 157–159, 179, 182

HiTrap IEX Selection Kit 30, 124, 162, 181

HiTrap Q FF 93, 95, 98, 179, 181

HiTrap Q HP 45, 85, 88, 89, 179, 181

HiTrap Q XL 94, 106, 107, 181

HiTrap SP FF 95, 179, 181

HiTrap SP HP 85, 87, 88, 89, 179, 181

HiTrap SP XL 97, 106, 107, 182

L
LabMate PD-10 Buffer Reservoir 182

M
081,66,56,36–16,92,61QiniM

Mini Q 4.6/50 PE 61, 62, 180

Mini Q PC 3.2/3 61, 63, 180

081,66,56,36–16SiniM

Mini S 4.6/50 PE 61, 62, 180

Mini S PC 3.2/3 61, 62, 63, 180

,76,66,46,36,06,74,92,72,62,12sdaeBiniM
123, 125, 127, 176, 179, 180

381,051–841,341,141,831–231,921PonoM

Mono P 5/200 GL 132, 134, 136–138, 141, 148–150, 183

Mono P 5/50 GL 132, 134, 136–138, 141, 148–150, 183

081,971,231,37,07–76,34,83,92,61QonoM

Mono Q 10/100 GL 68, 180

Mono Q 4.6/100 PE 68, 180

Mono Q 5/50 GL 38, 68–70, 180

Mono Q HR 16/10 68, 180

081,971,231,721,37,07–76SonoM

Mono S 10/100 GL 68, 180

Mono S 4.6/100 PE 68, 180

Mono S 5/50 GL 68–70, 127, 180

Mono S HR 16/10 68, 180

MonoBeads 21, 22, 25–27, 29, 47, 60, 67, 68,
71–73, 123, 125, 127, 132, 176, 180

P
PBE 118 Polybuffer exchanger 129, 132–134, 136, 139, 141, 143,

148–150, 183

PBE 94 Polybuffer exchanger 129, 132–137, 139, 141, 148–150, 183

PD-10 Desalting column 88, 182

Pharmalyte pH 8–10.5 133, 134, 138, 139, 143, 183

Polybuffer 74 133–136, 138–140, 150, 183

Polybuffer 96 129, 133–135, 138–140, 150, 183

Q
Q Sepharose Big Beads 114, 116, 117, 182

Q Sepharose Fast Flow 16, 23, 29, 93–95, 98, 103, 181

Q Sepharose High Performance 16, 29, 85, 86, 92, 125, 126, 181

Q Sepharose XL 16, 29, 105, 106, 108, 111, 112,
181, 182

Q Sepharose XL virus licensed 105, 106, 108, 182

R
RESOURCE 16, 29, 31, 62, 74–76, 78, 80–82,

176, 180

RESOURCE Q 16, 29, 74–76, 78, 180

RESOURCE S 31, 75, 76, 78, 180

S
,72,52,22,12ECRUOS 29, 41, 47, 51, 69,

74–83, 125, 127, 147, 151, 176, 180

SOURCE 15Q 69, 75, 76, 79, 82, 180

SOURCE 15Q 4.6/100 PE 69, 75, 180

SOURCE 15S 75, 77, 82, 180

SOURCE 15S 4.6/100 PE 75, 180

SOURCE 30Q 29, 47, 75, 77, 82, 180

SOURCE 30S 41, 75, 79, 82, 180

SP Sepharose Big Beads 114, 116, 117, 182

SP Sepharose Fast Flow 23, 95, 97, 103, 104, 107, 181

SP Sepharose High Performance 85, 87, 92, 181

SP Sepharose XL 106, 111, 112, 181, 182

T
281,261eivoMehT

,631,601,79,58,67,57,07,86,16,9nrocirT
162, 164, 182
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Mini Q, Mini S, Mono Q, Mono S, Mono P, RESOURCE, SOURCE, Sepharose, BioProcess, HiTrap, HiLoad,
HiPrep, Tricorn, FPLC, MiniBeads, MonoBeads, ÄKTA, ÄKTAexplorer, ÄKTApurifier, Sephadex, Sephacel,
Sephacryl, BPG, Pharmalyte, ÄKTAprime, ÄKTApilot, STREAMLINE, Hybond, ECL, ECL Plus, Superdex,
PhastGel, PlusOne, PhastSystem, BioDirectory, FineLINE and Drop Design are trademarks of Amersham
Biosciences Limited.

Amersham and Amersham Biosciences are trademarks of Amersham plc.
Multipipette is a trademark of Eppendorf-Netheler-Hinz GmbH.
Tween is a trademark of ICI Americas Inc.
Coomassie is a trademark of ICI plc.
Tris and Triton X-100 are trademarks of Rohm & Haas.
MicroSpin is a trademark of Lida Manufacturing Corp.

All goods and services are sold subject to the terms and conditions of sale of the company within the
Amersham Biosciences group, which supplies them. A copy of these terms and conditions is available
on request. © Amersham Biosciences Limited 2004 – All rights reserved.

Amersham Biosciences AB, Björkgatan 30, SE-751 84 Uppsala, Sweden
Amersham Biosciences UK Limited, Amersham Place, Little Chalfont, Buckinghamshire HP7 9NA, England
Amersham Biosciences Corp., 800 Centennial Avenue, PO Box 1327, Piscataway NJ 08855, USA
Amersham Biosciences Europe GmbH, Munzinger Strasse 9, D-79111 Freiburg, Germany
Amersham Biosciences K.K., Sanken Bldg. 3-25-1, Hyakunincho Amersham Shinjuku-ku, Tokyo 169-0073, Japan
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www.gehealthcare.com

www.chromatography.amershambiosciences.com


