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Not all proteins are easy to express...

Statistics from the SPINE project

SPINE Partner: All

SPINE Parimer: All SPINE Partner: All

Calculation for the species: "herpes”

C'aleulation for the species: "bacillus" Calculation for the species: "homo "

 Selected 2T Selected - - 76 Selected ‘139
Cloned 220 Cloned . 453 Cloned ‘184 | ©
Expressed 150 Expressed (363 Ezpressed 131

Soluble 140 Soluble ‘m173 Soluble 13
Punfied 1115 Punfied ‘128 Punfied -9
Crystallized 185 Crystallized 174 Crystallized 3
Diffraction-quality Crystals | 37 Diffraction-quality Crystals ;| 34 Diffraction-quality Crystals - 4
Crystal Structure 136 Crystal Structure 180 Crystal Structure 4

52% 30% 11%

Fraction of constructs that give purifiable protein
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Large proteins can often be divided into
functional domains

Tetramerisation
domain

Transactivation
domain

DNA-binding
domain P53 tumour suppressor
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Cycles of hypothesis and testing

. N
Sequence alignments
Bioinformatics

Biochemistry > Hypothesise domain location

Literature )
— Gene
PCR
[ PPETX J
Cloning Expression

From weeks...to years
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A different approach to construct design

—>
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Hypothesis

l

PCR cloning

l

EXxpression test

7

J

Make all constructs in
a single experiment

EXxpression test

ESPRIT (Expression of Soluble Proteins by
Random Incremental Truncation)




Random DNA Truncation Libraries

lVVVVV

»

/ Exo lll-sensitive cut site (5’ overhang)

Exo lll-insensitive cut site (3’ overhang)

1. Randomly truncate gene
2. Clone & express fragments
3. Screen for soluble protein
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Library Colony Picking

* Picker-gridder robot from genomic science
» 2,500 colonies ht into 384 well plates
 Prints colony arrays

* Rearrays hits

Video
camera
Plated colonies 96 pin picking
head
Lid lift
| 384 well plate

Pin sterilisation
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In vivo Biotinylation as a Readout for Solubllity
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Test for Protein Expression

From this...
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Test for Protein Expression

To this...

Printing clones on membranes Colony arrays for protein expression
28,000 genetic constructs
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Array-Based Expression Analysis

 Membrane probed for
biotinylated proteins

» Streptavidin Alexa488

» 56,000 colonies

Typhoon Fluorescence Imager
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High Throughput Protein Purification Test

96 well robotic protein purification system
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High Throughput Gels

96 Purified fractions, coomassie blue staining

« 128 lanes per run
» Gels stained or blotted
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Some Examples
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Example: NFkB

Single amino acid resolution on expressible domains
Several constructs available per domain
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NF- B : Expression of Selected Forms




Influenza Virus

« Rapid mutation of flu RNA genome

* Haemagglutinin Q226L or G228S : Avian — Human transmission
* Recently, Polymerase mutations described (incl H5N1)
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Influenza Polymerase (EU FP6 “FLUPOL")

@® PB2 (cap-binding)
@ PB1 (polymerase)
@® PA (replication)

23-A EM model of the influenza ribonucleoprotein (Area et al., 2004)

* No high resolution structures
» Protein expression: insoluble, low yield : ~25 years
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Influenza Polymerase PB2 Subunit

« ESPRIT 5’ truncation library
 Highly soluble construct
e 150 mg/I

Tarendeau et al. Nature Struct.
Molec. Biol. 2007
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NMR Structure of Domain from PB2 Subunit

(Collab: Simorre NMR Lab, IBS)

e First structure from
polymerase

«Small.. but interesting

* Bird-to-Human mutations

* C-ter bipartite Nuclear
Localisation Sequence

(NLS)

*Does this translocate PB2
into the nucleus?
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Cellular Localisation of GFP Fusions

Mutations in NLS reduce transport to nucleus
Nuclear trafficking by domain identical to full-length
Results suggested interaction with importin...
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X-ray & NMR Comparison

DPDE:Importin a5 complex

Crystals of DPDE:Importin
ESRF ID23-2, 2.2 A

* C-ter NLS unfolds and
binds Importin

« Effect of avian-human
mutation D701N can be
rationalised

. _ Tarendeau et al. Nature Struct.
Importin a5 bound Solution structure Molec. Biol. 2007

(X-ray) (NMR)
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Resolution 2.3 A
R-factor 0.186

Influenza A R-free 0.235
cap-binding «  ESPRIT “scan”: central
domain cluster of expression

constructs

« Affinity purified on m’-
GTP sepharose

« Structure solved with
m’-GTP

* Novel fold but familiar
binding mode

Guilligay, Tarendeau et al.
Novel fold Nature Struct. Molec. Biol.
2008
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Observations From Screening Random
Construct Libraries in E. coli

+ Some “Impossible” proteins express well in E. coli
 |f the construct is correct

« Single amino acid differences have big effect
« At N- and C-termini
» On yield, solubility and stability

* Multidomains & single domains: 9 KDa to 96 kDa
» Fusion of adjacent domains often doesn’t work

» Screening often beats bioinformatic construct prediction
« Especially for novel targets
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Some proteins are better behaved than
others. If you are lucky...

» ...the best clones are high yield, very soluble &
monodisperse. Otherwise:
« Temperature & strain screen
« Additive screens (thermofluor)
« Scale up

» ...the soluble clone crystallises. Otherwise:
» Limited proteolysis, natural degradation & MS
» Chemical modification protocols
* Functional studies
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Facts & Figures

« Viral proteins (flu, SARS, herpes), kinases, bacterial
toxins...

* Wt & codon-optimised genes (preferred)

« >20 libraries: unsolved “difficult-to-express” proteins
« 35 purifiable constructs (x 4 to 5 variants of each)

* 6 novel structures solved (5 X-ray, 1 NMR)

« 2 published, 2 in preparation

« 1 library (28,000 constructs): 1 person, 4 weeks
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