
Lund Protein Production Platform
LP3: (www.lu.se/lp3)



Outline today:
A. Protein Production B. LP3

Protein being manufactured according to mRNA 
instructions
Credit: Sean Studer, UCSD
(picture from: 
http://ucsdnews.ucsd.edu/archive/newsrel/science/santibiotarget.asp)



Why produce proteins ?



What is protein production?

• cDNA
• Expressionsystem
• Purification
• Characterisation
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cDNA

If sequence is known
• Amplify from cDNA library
• Buy EST (expressed sequence tag)
• Synthesize (native or optimised)

If sequence is not known
• Clone yourself
• Purify native protein



Expressionsystem
• Procaryotic (E. coli)
• Yeast (S. cerevisae; P. pastoris)
• Insect cells (Baculovirus expression vector system(BEVS))
• Mammalian cells (CHO; HEK)
• Cell-free expression

Choice of expressionsystem
and -vector:
• Posttranslational modifications/
processing?
• Secreted protein?
• Membrane protein?
• Co-factor requirements?
• Literature?



Purification



Characterisation

• Activity (assay development) 

• Purity (no contaminants, no degradation)

• Homogenous (no aggregation)

• Stability (of activity and conformation overtime)

• Solubility (in different buffers, at different concentrations)

• N-terminal sequencing; Mass

• …………….



Characterisation



A short history of protein production



LP3

Research
& Collaboration

Development

Service

Education

from gene 
to

purified protein
& 
crystallisation
& structure

LP3 is a cross-faculty facility of Lund University for protein 
production, crystallization and structure determination 
(www.lu.se/lp3).



What is protein production?

• cDNA
• Expressionsystem
• Purification
• Characterisation
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LP3: Location (www.lu.se/lp3)

MAX IV
   E

SS

500 m Max
lab

KILU

BMC

U
ni

ve
rs

ity
 

ho
sp

ita
l

M
ed

ic
on

 V
illa

ge
 

LP3 Ideon



Vladimir Talibov
Postdoc
FragMAX project



LP3 –users



LP3 - Lund Protein Production Platform
LP3 can help with:

Protein production

• Plasmids for protein production
• Recombinant protein production:

a. in bacteria (E. coli)
b. in eukaryotic (insect) cells

• Protein labeling with stable isotopes (2H, 13C, 15N)
• Protein purification

High-throughput crystallization

• SEC, DSF and DLS
• Mosquito nanoliter pipetting robot with LCP
• UV imaging system with plate hotel

Structure determination

• BAG beamtime at BioMAX
• Collect and process x-ray data



Protein Production at LP3
Order the gene, 

clone in an 
expression/donor vector

Create the expression strain or 
expression vector

Grow under optimal 
growth conditions

E. coli

Baculovirus 
expression vector

system



Protein Production at LP3
Harvest (Centrifugation,

8 000 x g)
Cell disruption
(French Press,

18000 psi)

Remove cell debris and
insoluble proteins

(Ultracentrifugation,
100 000 x g)
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Protein Production at LP3
1st purification step

(affinity chromatography)
2nd purification step

(gel filtration)
Quality control 

(mass spectrometry, SDS-
PAGE)
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Protein crystallization at LP3

• Differential scanning fluorimetry (DSF) enables 
identification of maximally stabilising conditions for 
crystallisation

• Dynamic light scattering (DLS) enables analysis of 
effects of buffers and additives on aggregation



Protein crystallization at LP3

• Nanolitre dispensing robots enable low-volume, high 
density crystallisation trials in 96-well plates, with 1-3 
protein drops per well, with minimal sample 
consumption



Protein crystallization at LP3

• UV imaging enables identification of protein crystals
• Images stored in web-accessible database



Crystall screening at 
BioMAX beamline (MAX IV 
laboratory)

How to access LP3? 
What does it cost? 
What are the timelines?
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Hit identification



Fragment Screening using X-ray Crystallography combines great hit 
rate and extensive information



Education



https://ppns.ki.se/Mammalian cells

E. coli

E. coli

E. coli, BEVS, Mammalian cells 
(only for DDD projects)

E. coli,
BEVS
(Per)deuteration

Cell free



The core facility dilemma….

Providing on demand and 
cost effective service.

Ideally occupies all time of
facility personal.

Offer the latest technologies and 
protocols to scientific questions.

Requires % time and new 
expertise.



Strategy & Developments
Better use of BEVS
E.g. what virus backbone to use.

Stable isotope labeling of 
proteins and lipids
- adapting expression systems

- implementing effective methods

- understand cellular responses to isotope 
labeling

Structural biology with neutrons

FragMAX



Picture from: https://adfs.esss.lu.se/adfs/ls/ 
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Copenhagen



Vision 
A world-class university that works to understand, explain 
and improve our world and the human condition

Priority areas
• Education and research are to be intertwined
• Stimulating active collaboration to solve societal challenges
• Continued development as an international university
• Well-developed leadership and collegiality 
• Students, employees and visitors are to be offered attractive 

environments
• The potential of MAX IV and ESS is to be fully exploited

Lund University:
Strategic plan 2017–2026



H atoms make up ~50% of atoms of biological macromolecules (lipids, 
proteins, nucleic acids, carbohydrates).

Neutron & X-ray scattering cross sections

Neutron scattering lengths for different atom types found in biological materials:

Neutrons have wavelengths appropriate to study inter-atomic distances. With energies comparable to 
molecular motions, they interact weakly with materials, and can penetrate into the bulk in a non-destructive 

manner. 
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Protein-ligand interactions with neutrons
Elucidate specific binding interactions between ligand and protein
Can observe protonation/charged state of compounds
Directly observe how ligand binds – H-bonding, role of solvent, which
groups of the protein are involved

Complementary X-ray and neutron structures show the “full” details of ligand
binding: Neutron data (yellow) show unambiguous data for H/D atoms, while
X-ray (blue) data shows unambiguous data for the “heavier” atoms, such as S.
REF: Fisher et al. (2012) JACS 134, p.14726.



Neutron reflectometry – the importance
of deuteration

Deuterated reagents are essential for neutron scattering, 
but not readily available.



Method development: Protein Deuteration

Carbonic anhydrase IX



Carbonic anhydrases – some facts
• Metalloenzymes that use a Zn-hydroxide mechanism to catalyze reversible
conversion of CO2 and HCO3

- + H+

• Mammalian CAs are involved with everything: respiration, acid/base
homeostasis, gluconeogenesis, ureagenesis, bone resorption, and other
processes

• In humans there are 16 expressed isoforms – found in all tissue types with
varying distribution

• 30-80% sequence identity.

• Exist as monomers or dimers with different subcellular distributions – some
cytosolic, membrane (extracellular CA domain), mitochondrial, some are
secreted.



• Dysfunction/regulation of them is involved with a range of disease (eg. CA
IX and its role in cancer).

• CAIs developed in the 1950s as a treatment for glaucoma. Today they are
prescribed to treat a variety of things, including glaucoma, epilepsy, altitude
sickness, hypertension.

• CAIs have sulfonamide groups that coordinate to the Zn in the active site,
displacing the catalytic water. They bind reversibly but have low Ki (low nM
range).



Human CA IX and its role in cancer

• In the 90s human CA IX was discovered 
as a surface protein in HeLa cells

• Subsequent analysis showed it to be a 459 
aa protein, multiple domains (incl
membrane spanning domain), dimeric with 
extracellular CA.

• Expression is hypoxia-controlled and in 
“normal” tissues is only found in selected 
areas of the GI

• Everywhere else is it only expressed in 
solid tumors.

Thiry A. et. al. Trends in Pharmacological Sciences (2006)



HCA IX role in solid tumors

• CA IX found at high levels in solid
tumors, expression induced under
hypoxia (HIF-1 mediated).

• The EC domain serves to acidify ECM,
IC domain interacts with cell-cell
adhesion proteins.

• Multiple effects lead to metastasis.

Model of membrane protein CA IX

Attractive drug and diagnostic target



Isoform specific drugs and 
diagnostic tools needed
• High sequence and structural conservation in HCAs 

complicates drug design, causes cross reactivity & side 
effects (depression, exhaustion, metallic taste, pins-and-
needles in lips and fingers, kidney stones). 

Can a combination of X-ray and neutron 
structure information of CA IX with new ligands 
be a model for future structure based inhibitor 
design?

Unmet medical need and an innovation to be 
made
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