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affinity for the enzyme and inhibited the kinase action. Through knowledge of 
the structure we were able to design a compound, 06-cyclohexylmethoxy-2- 
(4’sulfamoylanillino)guanine, that had nanomolar affinity, three orders of 
magnitude tighter. However it is a long road from a nanomolar affinity 
compound to a drug that is the clinic. The compounds must satisfy toxicology 
requirements, they need to be able to get into cells, they must be absorbed and 
excreted at suitable rates and time scales, and they must meet a host of 
requirements for stability, 

To date there are a number of kinase inhibitors that have successfully met 
these requirements and are in the clinic as effective drugs (Table 11). Each of 
these is specific for just a few protein kinases out of the 5 18 protein kinases that 
are known to be present in the human genome. Structure has informed on the 
basis for this specificity and mechanism of action. For example Glivec (or 
Gleevec), one of the most successful drugs for the treatment of chronic myeloid 
leukaemia, inhibits the kinase Abelson tyrosine kinase. It does this by stabilising 
an inactive conformation of the kinase and is selective because such 
conformations cannot be achieved by other kinases (Nagar et al, 2002). With 
long-term administration of the drug, patients with resistance have emerged. 
Sequencing of the Abl tyrosine kinase from these patients indicated with the 
help of structure how resistance had occurred and led to new compounds to 
overcome resistance (Shah et al, 2002; Young et al, 2006). 

A further fruitful attack on cancer has come from raising monoclonal 
antibodies that recognise and inactivate the hormonal receptors signalling 
growth that are often defective in cancer. Some of these are summarised in 
Table 11. Again structure of these therapeutic antibodies with their target 
proteins has demonstrated mechanism of action, mechanisms that are different 
for each of the three antibodies listed and which would have been difficult to 
predict without the benefit of structure. 

Future 

With this wealth of information, what remains to be done in macromolecular 
crystallography? 

- Crystallographers are now tackling larger and more complex assemblies 
and machines hoping to understand how the assembly as a whole can 
confer properties not encompassed in the individual components, as for 
example recently demonstrated in the structure of the intact 70s ribosome 
(Selmer et al, 2006). 
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- Because of the power of synchrotron sources and microfocus optics on 
some beam lines, crystallographers can now work with very small crystals 
(even < 10 microns). Many interesting proteins such as those from 
membrane proteins give very small crystals that diffract poorly. Indeed 
membrane proteins because they are difficult to purify and crystallise in 
their functionally active state are very much underrepresented in the Protein 
Data Bank. Of the 35,000 structures deposited only about 130 are 
membrane proteins and yet from knowledge of the human genome about 
30% of the proteins encoded are membrane proteins. However progress is 
being made with membrane proteins (Byme & Iwata, 2002; Horsefield et 
al, 2003; Iwata & Barber, 2004). 
How many ways can a protein fold? It appears that we are now 
approaching almost completion in the recognition of protein folds. About 
12% of new protein structures (that exhibit less than 30% sequence identity 
to an existing structure) have a new fold. As more structures accumulate we 
might expect to have a complete dictionary of protein folds. This will assist 
in tackling one of the most intractable problems in theoretical structural 
biology. How to predict a protein fold from an amino acid sequence? A few 
years ago there was a significant advance in which Baker and his colleagues 
(Kuhlman et al, 2003) in solving an inverse folding problem. They showed 
that a novel fold could be designed and a sequence constructed that would 
adopt this fold. 

- There will continue to be significant contributions from synchrotron 
radiation in macromolecular crystallography in structure based drug 
design. Many pharmaceutical companies are adopting the fragment-based 
approach in the search for new compounds and this is dependent on 
structures being available to indicate where the fragments bind and how 
they might be linked to produce a lead compound (Blundell & Patel, 2004; 
Congreve et al, 2005; Howard et al, 2006). 
The high brightness synchrotron sources allow time resolved experiments 
where intermediates of short life times can be detected. Such an application 
was an experiment in which the dissociation of carbon monoxide from the 
heme in myoglobin was tracked (Chu et al, 2000). Such experiments are not 
easy. They require that an interesting event can take place within the 
protein in the crystalline lattice on time scales of the order of milliseconds 
to microseconds. 
There is a need to build from our understanding of biology at the molecular 
level, through the structures of individual components, to their functioning 

- 

- 

- 
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Table 11, Protein kinase targeted drugs 

a) Protein kinase inhibitors 

Drug Target protein kinase Disease 
(date approved) 

Fasudil Rho-kinase 

(1 999) 

Gleevec STI-57 1 Abl tyrosine kinase 
(2001) c-Kit, PDGFR 

Iressa ZD-1839 EGFR tyrosine kinase 
(2004) 

Tarceva OSI 774 
(2004) 

Sorafenib BA 43-9006 
(2006) 

EGFR tyrosine kinase 

B-RAF, VEGFR, PDGFR, FLT3 

Sunitinib SUl1248 VEGFR, PDGFR, FLT3, C-Kit 

(2006) 

Cerebral vasospasm 

Chronic myeloid leukemia 
Gastrointestinal stromal tumours 

Non-small cell lung cancers 
(esp. adenocarcinomas) 

Non-small cell lung and pancreatic 
carcinomas 

Renal cell carcinoma 

Renal cell carcinoma, GIST 

b) Protein kinase and growth factor therapeutic antibodies 

Therapeutic antibody Target protein Disease 
(date approved) 

Herceptin (Trastuzumab) Her2 EGF receptor Breast Cancer 
(2002) 

Erbitux (Cetuximab) EGF receptor 
(2004) 

Avastin (Bevacizumab) VEGF 
(2004) 

Metastatic colorectal cancer 

Metastatic colorectal cancer 
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