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Histidine-tagged protein purification




Two-step purification of a histidine-tagged
protein

Fig. 1A: First purificotion step with IMAC Fig. 1B Second step with gel filtnotion
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Conclusions
* The high molecular weight protein histidine-tagged

mannanase Man 26A was purified in its enzymatically y
active form a7 000
* Excellent binding properties of Ni Sepharose™ High e T
Performance (HP) e P—
« 60 mg of purified protein in a single run om0 e ——
A second purification step using gel filtration with 20 100 Lane & Early MAC Fockon

Lame & MAC & tsd poal
Lame & el St Son poal

Superdex 200 was added for high purity needs of 95 % w1«
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Ni Sepharose High Performance (HP)

Ni Sepharose HP delivers narrow peaks and high target
protein concentration. It gives:

* High performance purification

* High target protein concentration

« Can be used with a syringe, pump, or system

Ni Sepharose HP is available as bulk media and in expertly
prepacked HisTrap HP columns.
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Scaling up a histidine-tagged protein
purification

Fig. 2A: Scabe-up purificoiton of a histidine-togg ed protein

Somple: Huidine-tagged Matose binding proten in £ colf eroct isomples looded ammaned 8 &0 and 150 mg respectively)
Columnz HisTrap FF 1 ml HisTrap FF S mil HsPrep™ FF 16710 20 ml. Al caumns areprepackesd with MiSepharnase § Fast Flow

Bnding buffer: 20 m™ sodium phasphate, 25 mM imidazale, 500 m® Mall, pH 7.a
Bhurtion buffer: 20 m sodum phas phote, 500 m® imidazoke 800 ms dad pH T.a
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Conclusions

 Scale-up from HisTrap FF 1 ml via HisTrap FF 5 ml to
HisPrep FF 16/10 (20 ml) is easy and efficient

« Scaling up column dimension while running at the same
linear flow rate provides highly consistent results

* Pooled fractions analyzed by SDS-PAGE showed
almost identical results in terms of purity and recovery

* Consistently high recovery and purity can be obtained
in the different scales using the same linear flow rates
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Ni Sepharose 6 Fast Flow (FF)

Ni Sepharose 6 FF delivers fast flow rate purification and easy
scale-up.

» Expression screening in multi-well plates

 Available expertly prepacked in convenient HisTrap FF and
HisPrep 16/10 FF prepacked columns as well as in bulk

« Manual purification, such as gravity flow and batch
purification, and fast flow rate purification on systems
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Purification of histidine-tagged
proteins

Ni Sepharose™

cleavage site

TEV protease



Histidine-tagged Protein

Transition metals : Cu?*, Zn?* Co?*, Fe?*, Fe3*, Cd?* and H

| .
r-Protein

Imidazole
(elution solution)




Purification of MBP-(His),

HisTrap™ FF 1 ml Non-reduced SDS-PAGE
mAU Mr
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Lane 1: Low Molecular Weight Marker (LMW)
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Lane 3: Eluted pool

Lane 4: Start material
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Effect of flow rate

mAU
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Optimize your histidine-tagged protein
purity

 Imidazole concentration



Purity of target protein with/without
iImidazole

No imidazole 45 mM imidazole
mAU mAU

3500 4 W 3500 1
3000 - 3000 1
2500 | 2500 |
2000 - 2000 |
1500 1500 1
1000 1000 A

500 | 500 | Er B

0 ¢ ) — ot/ o : AN , ‘
0 20 40 60 80 100 mi 0 20 40 60 80 100 ml
imidozole

””””” MM

175000 Work done by:
i‘- B 55000 K. Holscher, M. Richter-Roth and
62 000 B. Felden de Neumann
: 47 500 GBC Biotech AG, Martinried, Germany

16 500
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His SpinTral

Simple protein

mini-preps




His SpinTrap™ —
optimizing purification conditions

mM imidazole in
K — S U000 sample and binding

buffer

Lanes:

1. LMW markers

2. Start material (diluted 1:10)
3-6: Eluted pools
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20-40 mM Imidazole

in sample
t\b and binding buffer




Optimize your histidine-tagged protein
purity

 Different metal ions



Selecting metal ion

« Ni*" most commonly used for purifying histidine-
tagged proteins

« Co”" also used for histidine-tagged proteins
— when a weaker binding of the target proteins is preferred

« Cu”" & Zn*" mainly for purification of untagged
proteins

— Cu* gives strong binding to a range of proteins - some proteins will
only bind to Cu*”’

— Zn*" generally gives a weaker binding (could give more selective
elution)

— Both Cu*" & Zn*" can also be used for histidine-tagged proteins

imagination at work



Purification of histidine-tagged
proteins with YOUR choice of metal

lION  HiTrap™ IMAC HP & HiTrap IMAC FF 1 ml (uncharged)




IMAC

Immobilized Metal ion Affinity Chromatography

Transition metals : Cu?t, Zn?*,Co?*, Fe?*, Fe3*, Cd?* and H

imagination at work :
& Cu?*, Zn?*, Co?%*, Ni2*



Purification of a histidine-tagged
protein using different metal ions

\ Cu?t

pacl

imagination at work

\ Zn2*

600 ml

IIIIII

ml



SDS-PAGE analysis

LMW markers

Start material, diluted 1:10
Flowthrough, diluted 1:10, Cu
Wash, Cu

Eluted pool, Cu

Wash, Zn

Eluted pool, Zn

Wash, Co

Eluted pool, Co

10. Wash, Ni

11. Eluted pool, Ni

12. LMW markers

WR N EWNPRE
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Optimize your histidine-tagged protein
purity

* Add more purification steps



2-step purification of a
(histidine),,-tagged protein

1. HisTrap™ FF 2. HiLoad™ 16/60 Superdex™ 200 pg




SDS-PAGE analysis (reduced conditions)

. oge,

97 000
66 000

45 000
30 000

20 100
14 400

WiEgEl

LMW Start
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FT wash eluted
HisTrap™ FF

1 2 3 F
Superdex™ 200 pg




Prechke\j columns-
Autodas ed preparative purification
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HisTrap™ FF crude

1-ml and 5-ml columns

* Prepacked with Ni
Sepharose™ 6 Fast Flow

* Preparative purification of
histidine-tagged proteins

« Load unclarified lysates

* High protein binding capacity
> 40 mg/ml

imagination at work




" g . Nati Denaturi
P U rlfl Catl O n conadli}t/i?)n nggiﬁg;‘g
S
Of I Binding buffer

Binding buffer

. r A including 20 t
histidine- (5=
imidazole) M guanidine

tagged = hydrochloride)
protein

- (including 20 to

-
I Cell lysis 40 mM imidazole
\ and 8 M urea or 6

Binding buffer

media (including 20 to
Binding buffer 40 mM imidazole
(including 20to 1N e A andsMureaor6
40 mM = Wash ™R, M guanidine
imidazole) ] ‘. hydrochloride)
Elution buffer (Binding buffer Elution buffer (Binding buffer
. . . Elute . . .
with higher concentration of with higher concentration of
|m|da2(;)le) ; pan | imiéiazgle) e ;
ure _tagge BT B ure enatug
protein tagged protein
bwl
Refolding
B toggec protein pas
imagination at work [ = Y EECT Pure tagged
RS conaiursd Woged proter protein




NI Sepharose

The best choice

_Greatest binding capacity
~40 mg/ml

-Tolerance of a wide range of additives
8 M urea or 6M GuaHCI

-Negligible nickel ion leakage

-Saving time & cost

imagination at work



NI Sepharose FF/ HP

Bulk media with empty column Prepacked column
& HisTrap

HisPrep FF

1401
] 1

1 Bputaale 2 1004 saToi Lwash ABuo Totol

His SplnTrap His MultiTrap His GraviTrap © © O O wm
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HiTrap
é@'"@jrﬁ?ﬁtaltic pump, FPLC system

Equilibrate column Apply sample Elute
with wash with with
binding buffer binding buffer elution buffer
3 min 5to 15 min 2min
Waste Collect flowthraugh Collect fractions

imagination at work



GST-tagged Protein

; 0% /O _
Glutathlone°> Cleavage site

H=N

-Glutathione S Transferase (GST), 26
kD

-GST is fused via its C terminus to the target
protein

-Thrombin, Factor Xa and PreScission™ Protease
cleavage site at C terminus of GST

-Elution : reduced glutathione (competition)

imagination at work

-GST activity is easily assayed.
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Glutathione Sepharose HP
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Glutathione Sepharose 4B
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Detection

ELISA (TMB)
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Detection Module
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GST Detection
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StrepTrap™

I_gﬁep(ll)-technology

ib—%l -Strep(ll)-tag, 8 aa, 1 kD

(Trp-Ser-His-Pro-GIn-Phe-Glu-Lys)
M -Often no cleavage of tag is necessary
f: -Placement of tag both N- or C-terminal
Dl

@‘ﬁ:ﬁi{, Strep-tag protein is binding
: o Lo a Strep-Tactin tetramer.
o~ Recombina

R -WSHPQFEK-COOH Streptavidin nt protein

Q t Strep-Tactin
wr
host proteins o-b -
>~ Q' :
Strep-tag |l
) imagination at work
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MBP Trap ™
HP

MBP-technology

MBP (maltose binding protein) - tag, 42.5 kD

« Cleavage of tag is often necessary-
Enzymes: Factor Xa, Genease™, Enterokinase

« Most frequently placed in the N-terminal

« Expression in E. coli

Structure of MBP
bound to maltose

imagination at work



Analytical tools

Is the recombinant protein correctly expressed?

SDS-PAGE, e.g. Phast Size

and immuno-blotting Proteolytic cleavage

Native PAGE Aggregation

IEF, Precast Phast Gels Heterogeneity

Biological activity Stability at different pH, ionic strengths,
protein concentrations, detergent
concentrations

N-terminal sequencing Truncated forms
Heterogenous N-terminus

imagination at work



Recombinant protein modifications

Proteolytic
cleavage

NH,

Heterogeneity
in N- or C-
terminus

Other modifications
- glycosylation

- phosphorylation

- acylation

imagination at work

Incorrect
reading frame

Oxidation of
methionine

Aggregation

Misfolding, random
disulfide bridges

Deamidation of
asparagine
and glutamine

COOH



Expression systems

Processing Bacteria  Yeast Insect Mammalian

cells cells
Inclusion bodies + + - -
Secretion + /- +- + +
Glycosylation - + + +
Proteolytic + /- + /- - -
cleavage / /

+ =Yes - =No

imagination at work



Location of proteins in E. coll

imagination at work

Medium

~10 proteins

Periplasm
~100 proteins

Cytoplasm

~2000 proteins

Lipopolysaccharide

Outer membrane

Peptidoglycan

Inner membrane



Sample preparation

Intracellular expression Extracellular expression

Insoluble in Soluble in Periplasmic Culture medium
cytoplasm cytoplasm space

Cell lysis Cell wall disruption Cell removal
|

Cell debris removal Clarification Clarification

Harvest Recover Recover Recover
inclusion supernatant clarified clarified
bodies sample sample

//,/’

Purification

imagination at work



Refolding Proteins

Refolding by chromatography

imagination at work



Only a fraction of expressed proteins will
be soluble....

Non-membrane proteins
cloned | from Methanobacterium
thermoautotrophicum
expressed expressed in E. coli.

30-50% of expressed
proteins were insoluble.

purified
ising HSQC
m< 20 kDa
|
0 50 100 150 200 250

Number of Proteins

From: Christendat et al. Structural proteomics of an archaeon.
Nature Struct. Biol. 7, 903-909 (2000). With permission of the publisher.
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A typical [Protein expression}

workflow |
for inclusion [Cell harvest and Iysis}
bodies l

[Inclusion body preparation}

v
[Solubilization}i

K///////////// Purification]

4 N

On-column [Refolding} Analytical
refolding and :echmq_ltje
11 ' Y O monitor
purification — .
. / [Purlflcatlonl refolding
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Techniques for refolding proteins
from inclusion bodies

Dilution

+ Simple

- Slow

- Low sample concentration and large volumes

Dialysis
+ Simple
- Low sample concentration and large volumes

Chromatography

+ Fast, and can be combined with purification
+ Potential for automation

+ Higher initial concentration and higher yields

imagination at work



Refolding by Gel Filtration
chromatography



Gel filtration

can be used for...

« Refolding

 Removing aggregates, thereby
improving the refolding yield

* As an analytical technique to
monitor folding

imagination at work
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Refolding by gel filtration

Gel filtration in refolding buffer Gel filtration on a column pre-
(no denaturant). equilibrated with a gradient of
decreasing urea concentration.

Unfolded & Unfolded,
K high urea
Folded | &

Folded, low

- urea

imagination at work



Refolding by gel filtration

Column:

Superdex™ 75 10/300 GL
(Tricorn™)

Sample:
Lysozyme in 8 M urea, 0.2 M DTT

Refolding buffer:

0.1 M Tris-HCI, pH 8.7,

1 mM EDTA, 150 mM NacCl,
3 mM GSH/0.3 mM GSSG
Column equilibrated with

6 ml gradient from 8 M to 2 M urea
in refolding buffer

imagination at work

+ Conductivity curve

2.0 - —Urea concentration
%HWHWM
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Elution volume (ml)

Zhenyu et al. (2001) J. of Chromatogr. A, 918; 311-318.



Refolding by ion exchange
chromatography



Refolding by anion exchange chromatography

Elution profile from Q Sepharose™ FF

Column: 5004 88
HiTrap™ Q FF ol i3
Sample: ;52 e fas %—-
1 ml BSA 0.5-20 mg/ml denatured- - g
reduced g 200 - t2s &
Buffer A: 100 Ls
50 mM Tris HCL, 3 mM EDTA, B N il I =

8 M urea, pH 8.5 -
Refolding Buffer: Analysis on reverse phase column
50 mM Tris HCI,

1 mM EDTA, 79 mM urea, b

1.1 mM GSSG, 2.2 mM GSH, pH E

8.5

Elution Buffer:
Qe-flalr\élenwoﬁ,\%,:elt.lap(gg) %Mﬂ :)I;Elnsronlw_e!m(:g!éppylzl, 1069 pp.195-201 h

14 F-f F2
° BN
® i e .
. : =
i 4 % 1
imagination at work * ’ Timszmm) ®




A three-buffer system...

Column:;

DEAE Sepharose™ FF (7 ml) Buffer 1

Sample: 580

Recombinant non-structural (NS3) protein = °

from Hepatitis Virus C ” !
- 5§ E

Buffer 1: % 520 5 2

50 mM Tris/HCI pH 9.0, E 50 i

10 mM b-mercaptoethanol, £ %0 N

25 UM ZnCl,, 8 M urea < *0 =

440
Buffer 2: 420 1
50 mM Tris/HCI pH 9.0, 400 0

10% glycerol, 10 mM
b-mercaptoethanol, 25 yM ZnCl,,
0.1% CHAPS Buffer 2 Buffer 3

Buffer 3:
Buffer 2 + 0.5 M NaCl

Ref: Li, M et al. (2003) Biotech. Letters 25, pp. 1729-1734
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Refolding by affinity chromatography



Refolding of extracellular superoxide
dismutase from E. coli inclusion bodies

Sample:

his-SOD from E. coli IB 0 -
Column: .
Chelating Sepharose™ FF (1.5 x 1 cm) 503
Flow during refolding: 0.6 ml/min .
L. ]

Volume (ifl)

Fiow through in 50 mM Tris HCI, pH 8, 4 mM C.u. ,,
1 mM GSSG, 8 M urea

R: kl;i: M 1 2 3
Urea gradient from 8 Mto 1.5 M - ===

E: 31 _— ia —
Elution with 100 mM histidine, o

50 mM Tris HCI, pH 8 N ==

Ref: Zhu X. et al. (2005), Acta Biochimica et Biophysica Sinica, 37 (4) 265-269

imagination at work
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On-column refolding and purification
of a histidine-tagged protein

Refolding IMAC Column: HisTrap™ (1
Gradient: 6 M — 0 M urea ml)
30 ml gradient volume

Ago Flow rate: 0.5 ml/min System: AKTAprime™

Re!‘oldingqadi\m Elution gradient Elution gradient:
20 mM - 500 mM imidazole

Flow rate: 1.0 ml/min

Volume

imagination at work



Monitoring refolding

Gel filtration column: Superdex™ 75 10/300 GL
System: AKTAprime™
A280

Monomeric histidine-
tagged protein

25000

Molecular weight
standards

\67000

43000

Volume
imagination at work



On-column refoldlng of a chemokine

Solution RHefolding

1 hour J’—\
Sample: 3 hours J,:_;:M
Recombinant SDF-1a from E. coli § hours J\ﬁjk,_\

. . . O
inclusion bodies ==

COlumn: 12 hours
Ni Sepharose™ 6 FF (2 ml in a gravity 54 hours
column)
B On Column Refolding
Figure: J\N/L/\\___
Refolding monitored by RP HPLC = L-cls
0.25 hour J\/\q’_\_&\

41.5 min — protein reduced

38 min - completely oxidized. 5.5 hour ‘/\,\
0. 75 hour -
1 hour J

Ref: Veldkamp, C. T. et al. (2007), Protein Expression j\
and purification, 52, pp 202-209 DTT reduced

30 az 34 A6 38 40 42 244 46 48
| tmogmotlon atwork Retention Time (minutes)




Screening of refolding conditions can
easily be done on MultiTrap

Fine screening of salt at
optimal pH

Jini

imagination at work

Inclusion bodies denatured
by 8 M guanidine HCI

Target protein: GFP F64L S65T

96-well His MultiTrap™ FF plates were used
Refolding criteria were fluorescence readings
in 96-well reader and fluorescence
spectrometer

Screenings were done to select the best:

 pH/salt (Example shown on the left)
* Folding time
» Gradient types

Data kindly provided by J. Buchner, Munich Technical University, Germany.



Optimize your histidine-tagged protein
purity

 |Imidazole concentration

 Different metal ions

* Add more purification steps



SUMMARY

There are no general methods for refolding every
protein. Optimization and screening should be done
on a case-by-case basis

Refolding by chromatography gives higher yields
because it allows much higher starting
concentrations and simultaneous removal of
aggregates

Gel filtration, ion exchange, HIC and affinity
chromatography can be used for refolding

imagination at work
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