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Structural Biology – a Picture 
Says More than Thousand Words…

IRK – Molecular Mechanisms BRCA – Indicate molecular functions

HIV protease – Drug design ITP – Map genetic variations

Pro32



Postgenomic projects –
In vitro v.s. In vivo studies 

In vitro studies:
Structural Biology, Biochemistry
Biophysics  - Requires purified 
proteins

In vivo studies:
Genetics - knock outs, mutations,
transfections, Interactions.
imaging etc

Conclusive insight into biological 
processes and mechanisms



Structural Genomics

• Novel folds – Structural Biophysics driven

• Perceived ”important” proteins (utility of structures, 
community need, specific genomes) - Biology driven

– Disease genes
– Pathogens
– Molecular mechanisms – enzymatic catalysis, substrate specificity etc.
– Novel therapeutics – Structure based methods in Drug Discovery

Common need for high throughput/parallel technologies.
=> Constant drive to develop and/or implement new methodology



Impact of Structural Genomics

• Driving technology development for structural biology
– Protein produktion
– Crystallization
– Computing

• Protein structural information
– 60+ % of novel folds
– 50+ % of novel human protein structures
– 80+ % of apicomplexes
– etc

• Provides critical knowledge to drive other research
– Framework for molecular interpretation of experimental results
– Reagents and information to facilitate e.g. biochemical studies



The Structural Genomics Consortium

• Public-private partnership (2004-2011)
– Nine public/charitable funders (Canada, UK, Sweden)
– Three private/commercial funders (GSK, Merck, Novartis)
– Three research sites (Toronto, Oxford, Stockholm)

• Milestone driven - to promptly put structures into the 
public domain without restriction (~170 novel and ~70 
follow up, per year)

• Provides other pre-competitive information & reagents 
for academic and industrial based science and drug 
discovery  (Expressing clones, ligand binding data etc)

• Creates open access for technologies and methods 
related to human proteins
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Key strategies - SGC

• Combining Biological/Biochemical expertise with parallel methodologies 
– Biology focus, not primarily technology!

• Use gene family/pathways
– Leverage knowledge of biochemistry
– Leverage knowledge of protein biophysical behavior
– Compare details of structures across family to understand selectivity 

and specificity

• Strong focus on protein production and protein characterization
– Only 1 in 5 scientists is a crystallographer/structural biologist

• Collaborations to facilitate follow-on studies and publications



Overall SGC Progress

SGC Global

Deposited Structures

Stockholm Snapshot on Dec 31, 2007
461 targets 
407 cloned
7828 cloned constructs
264 purified proteins (unique) 
124 crystallized targets 
63 (76) structures in PDB (56 unique)
8 structures solved or in refinement

• 538 (622) structures to-date (Dec 31 2007)*
• Rate of 200 structures per year
• ~25 % of all novel human structures in 2006/07
• ~90 % of all novel apicomplexan structures in 2006/07
• All sites contributing as planned or better

� 18 % success from clone to structure!

*This corresponds to more than 2 % of the unique structures in PDB
Of the ~42000 structures in PDB only 16 000 are unique (95 % cutoff) ....



SGC Stockholm
Local Scientific
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Target selection, Identification 
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- Process requires outstanding logistics handling and  management

- Protein production and stabilization is 2/3 of effo rt 
- The biotech process is the engine of the project



SGC-Stockholm – The Biomedical targets

Selection process:

- A palette of Target areas are proposed by the SAC and 
SGC-staff, and open community proposal (2008)

=> SGC-staff prepare Target assessments evaluating; 
biomedical importance, feasibility and potentials for Swedish  
collaborations and overlap with other SGC-nodes.

=> Target areas are selected based on recommendations 
from the SAC. Prioritisations are based on biomedical 
importance and potential for (Swedish) collaborations.

Local Scientific Advisory Committee (SAC)

Christer Betsholtz (Karolinska Institutet)
Jonas Bergquist (Uppsala University)
Björn Dahlbäck (Lund University)
Nigel Darby (GE Healthcare)
Lars Thelander (Umeå University)
Inger Andersson  (SLU)
Urban Lendahl (Karolinska Institutet)
Maria Masucci (Karolinska Institutet)
Katarina Nordqvist (VINNOVA)

Target focus: Human protein families and pathways

Biomedical themes covered :

- Inflammation 
- Cancer
- Neurobiology and neurodegenerative disease
- Host-pathogen interactions and innate 
immunity
- Metabolic syndrome
- Immune response and autoimmune disease
- etc.

Current target areas (~450 proteins):
- Nucleotide Metabolism
- Apoptosis domains
- Toll receptors
- TGF-beta signalling
- Receptor Tyrosine Kinases 
- Phosphoinositide & lipid signalling
- Epigenetics
- ATPases (RNA helicases, AAA) 
- Amino acid/messenger metabolism



Team 1: Human Nucleotide Metabolism

Pyrimidine metabolism - KEGG

Purine metabolism - KEGG

Proteins targeted: 52
Soluble expression (at least one domain): >80 %
SGC Structures: 24  (28)  (since July 2005) 

SGC structures
Diffracting crystals
Targeted by SGC

Not yet targeted (large complexes)
Pre-SGC (<50% identity)

Pathway approach to complete the structural characteri sation
of proteins in the Human nucleotide metabolism
- Antiproliferative targets
- Activation/catabolism of nucleotide based (e.g AZT)
- Metabolic and Neurological disorders
- SNPs involed in metabolic disease and drug resistance

CTP synthetase - Targeted 
in some solid tumors by e.g.
3-deazauridine. 

Nucleotidases NT5C2 and NT5C3
Dephosphorylate and inactivate 
nucleotide based drugs
NT5C2 carry a novel regulatory 
domain          

Pär Nordlund et al., 2005-2006



Team 3: Poly(ADP-Ribose) Polymerases (PARPs)

3 parp structures solved
by other
4 by SGC-stockholm

DNA 
dependent

Tankyrases

CCCH-type Zn-
finger PARPs

Macro PARPs

Others

Cancer target (in Phase II)

DNA repair, potential cancer target

DNA repair?, potential cancer target?

Telomere homeostasis, cancer targets

Dioxin toxicity

Viral Immunity

Overexpressed in diffuse large B-cell lymphoma

Multidrug resistance

C-myc partner

Unknown

Unknown

Unknown

Unknown

Transcription cofactor?

Transcription cofactor?

Unknown

PAR catabolism



Human Tankyrase 1

PARP domain of Tankyrase 1 deposited in September
Positive regulator of Telomerase
Potential Cancer Target
Required for normal progression through mitosis
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Structure

DPQ (42)KU0058948 (43)
BAS05269446 
(CID 279959 )

TIQ-A (64)PND (63)Compound

Structure revealed zinc finger motif that had not been pr edicted
- Of functional importance?

Overlay with PARP-1 inhibitor complexes
- suggest routes for inhibitor design
- explains PARP1 selectivity

Lehtiö et al., JBC in press



Summary: Structural Genomics of Human proteins

- Human protein structures can be solved efficiently and at an 
affordable cost using the SGC process

- Success rates within workable families and pathways can be very 
high (…go to completion)

- Structures often directly indicate molecular mechanisms

- “Working clones/proteins” - a valuable resource for follow-up 
structural biology and biochemistry in academia

- “Working clones/proteins” a valuable resource for structure based 
drug design in Pharma/Biotech



Some future challenges for SG-projects

• Protein-protein complexes in HTP

• Integral membrane proteins in HTP
• Chemical Biology - Useful 

ligands/bioprobes for functional studies, 
helped by protein structures and protein 
based ligand screens

• The human proteome … (Structure of 2/3 of 
the human proteins can probably be generated 
for ~ 1 month of the cost of USA forces in Iraq)



Opportunities for PhD Students - Visiting Scientist Program

• Students/postdocs are invited to spend 3-12 months with 
the SGC to work on project(s) of mutual interest

• Laboratory costs (”bench fees”) covered by the SGC
• Project transferred to the home lab at the end of stay

Stockholm areas:
Nucleotide Metabolism
Apoptosis signalling domains
Receptor Tyrosine Kinases 
Phosphoinositide and lipid signalling
Covalent modifications in signalling
ATPases (RNA helicases, AAA) 
Amino acid/messenger metabolism

Complete list at SGC website(s):
http://sgc.ki.se/

Examples:
Kosinska U, et al, In Manuscript
Welin M, et al, In Manuscript
Walldén K, et al, J Biol Chem, 2007
Magnusdottir A, et al J Biol Chem, 2006
Magnusdottir A, et al Proteins, 2008
Herman MD, et al In Manuscript 

Technology development projects in 
high throughput protein production 
also possible
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