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What works?

• Approximately 50% of the targets have at least 
one highly soluble construct.

� 50% have only low or no solubility.

• Soluble expression in E.coli does not imply 
crystallisation - but it is a good start. 
– It allows higher throughput.
– Less ”problematic”.

• Desired criteria:
– Proteins that can be purified and concentrated.



Why things don’t work

• Low expression:
– Toxicity
– Degradation (mRNA / protein)
– Codon usage / mRNA structure

• Low solubility:
– Slow folding
– Stability
– Aggregation

• Low purification yield:
– His tag inaccessible
– Very low abundance
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Considerations before trying 
alternative strategies

• Is it a real protein?
• Is it the correct sequence variant?
• Is it the mature form?
• Is the protein post-translationally 

modified?
• Does it require co-factors?
• Is it part of a complex? 
• Important interaction partners?



Alternative strategies

• Chaperone co-expression
• Fusion proteins
• Alternative purification tags



Chaperone co-expression

Baneyx & Mujacic, Nat Biotech (2004)

Aggregating proteins 
induce chaperone 
expression in E. coli. 
Over-production of 
chaperones could be a 
way to improve solubility 
of aggregation-prone 
proteins



Chaperone co-expression

• A set of Co-expression vectors (Takara). 
Different combinations of Trigger factor, 
DnaJ/K, and GroEL/GroES systems.
1. pG-KJE8 dnaK+dnaJ+grpE

+groEL+groES
2. pGro7 groES+groEL
3. pKJE7 dnaK+dnaJ+grpE
4. pG-Tf2 groEL+groES+tig
5. pTf16 tig

Not compatible with ”rare codon” plasmid



• Side-by-side comparison of 
32 constructs (1 mL scale).

• On average: 
– Slight improvement in yield, 

often associated with 
increased co-purification.

– Small differences between the 
different chaperone plasmids.

Chaperone co-expression



Chaperone co-expression

• Decided to use co-expression as a rescue 
alternative. Use only plasmid with both 
DnaJ/K and GroEL/ES.

• Select domains that produced no or low 
amounts of soluble proteins in the 
standard process.

• Approximately 400 constructs were tested 
(1 mL scale).



Chaperone co-expression

Only slight improvement compared to standard 
condition (with large variations). 

Gel example with 
purified proteins .

Clear target-dependant 
differences in co-
purification of 
chaperones (GroEL).



Chaperone co-expression
Difference in score between chaperone 

strain and normal strain  
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Chaperone co-expression

• The most promising were scaled-up in a 
side-by-side comparison (4.5 L culture and 
IMAC+Gel filtration):
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Chaperone co-expression
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Chaperone co-expression

• Conclusions:
– Chaperone co-expression not useful to get a 

protein to crystallisation.
– Can perhaps help to get small amounts of 

protein.

– Importance of controls.



MBP fusion system

• Some proteins used as solubilizing fusion 
partners (Glutathione S-Transferase, 
thioredoxin, Maltose Binding protein, 
SUMO etc.).

• Mechanism not clear.
• Known problem with false positives (target 

protein aggregates upon removal of fusion 
partner).



MBP fusion system

• Construct with two different protease 
recognition sites.

MBP His-
tag

Target

TVMV TEV

His-
tag

Target

TEV

• Co-expression of protease (TVMV).

• Soluble protein (with 
”normal” N-terminal tag) 
available for purification.



C-terminal his-tag

• Increase success-rate in crystallization.

• N-terminus not accessible for purification.

N-terminal tagC-terminal tag

Neither 
or either



C-terminal his tag

Downstream Box

• With a native start, the gene sequence will 
effect translational efficiency: 

� Ribosome Interactions �
AAGGAGAUAUACAUAUGAAUCAUGAAUCACAAAGAGGAGAUAAUUAAUG XXXXXX 

Shine-Dalgarno Start

• Use an alternative ribosome binding site 
and translational coupling:

� Ribosome Interactions �
AAGGAGAUAUACAUAUGAAUCAUGAAUCACAAAGAGGAGAUAAUUAAUG XXXXXX

Shine-Dalgarno Start
MetAsnHisGluSerGlnArgGlyAspAsn***



StrepII tag

• Proteins at low levels often 
difficult to purify using IMAC.

• The StrepII-tag offers higher 
specificity.
– But lower capacity.

• Interaction between eight aa 
sequence and streptavidin, 
elution with biotin (desthiobiotin).

IMAC Strep



Conclusions

• Attempt systematic evaluation of 
alternative strategies to produce protein 
for crystallization.
– Chaperone co-expression not useful.
– Will test solubilizing fusion protein (MBP).

• Alternative purification strategies:
– C-terminal his-tag.
– StrepII tag.



Thanks for the attention


