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Synchrotron techniques for metallo- Schneider 1997). With the increasing number of atomic resolution

: . . structures, the realization of the power of a combined techniques
proteins and human disease in post approach (XAFS and PX) is becoming more widely appreciated

genome era (Hasnain and Strange, 2003).
SR, in addition offers another very valuable technique, namely
S. Samar Hasnain X-ray scattering (Stuhrmann, 1978;Svergun and Koch, 2002;

Stuhrmann, 1981; Grossmann and Hasnain, 1997). For

Molecular Biophysics Group and North West Structural metalloproteins, X-ray scattering has been used to look at the

Genomics Centre, CCLRC Daresbury Laboratory, Warrington structures c_)f protein-prote_in complexes _(Grossr_nann et. al. 1999),
WA4 4AD, UK. E-mail: s.hasnain@dl.ac.uk for elucidating low resolution structures in solution (Grossmann et.

al.,, 1993) (and sometimes also comparing with crystal structure to
Metalloproteins make up some 30% of proteins in known genomes\{alldate Qbservatlons n cryst.al structurg, eg. ligand induced
onformational change found in transferrins (Grossmann et. al.,

Metallo_protelns are a spemgl clasg of P"’te”ﬁs that utilise the uniqu 998)) and for looking at the nature of folding/unfolding of proteins.
properties of metal atoms in conjunction with the macromolecular - . A . .
In this short article, an overview of the ‘combined use of SR X-

assembly to perform life-sustaining processes. A number of . O . .
ray techniques for metalloproteins’ will be given, illustrated by a

metalloproteins are known to be involved in many disease state ber of les f K d d at th thor’s laborat
including ageing processes. The incorporation of the metal ion is umber of examples from work conducted at the author's laboratory.
t is beyond the scope of the current paper to review the field

very tightly regulated process that, in vivo, very often requires haustively but the int ted der i dqt ine th
specific chaperons to deliver and help incorporate the metal atom jfkhaustively but the interested reader IS encouraged to examine the
eferences given above.

the macromolecule. The lack of or inappropriate incorporation of
metals along with genetic factors can lead to the mis-function of ) ) ]
these proteins leading to disease. The mis-functions due to genetic Metalloproteins and atomic resolution structures
alterations that lead to diseases like ALS (amyotrophic lateral During the last quarter of the previous Century X_ray
sclerosis or motor neuron disease) and Creutzfeld Jacob diseaggstallography and high field NMR have transformed biology by
(CJD) are now well recognised. Synchrotron Radiation Sourcegyroviding three dimensional structures of many important biological
provide a unique set of structural tools, which in combination canmolecules and their complexes. Structure-Function studies have
prove extremely powerful in providing a comprehensive picture ofprovided unique insights into the working of complex biological
these complex biological systems. In particular for metalloproteinsgystems. Protein function in the cellular context depends ultimately
the combined use of X-ray Crystallography, X-ray Solution on the atomic structure and dynamics of individual proteins and their
Scattering and X-ray Spectroscopy (XAFS) is extremely useful. Wesomplexes. Enzyme specificity and mechanism, catalysis and
are currently engaged in a structural study where our aim is t@egulation are just a few examples where atomic structures are
characterize structurally and functionally metalloproteins and thenequired to give insight into the detailed mechanisms by which
transfer this knowledge to afford the problem of the mis-function ofceljular processes work and are regulated.
metalloproteins that lead to these terminal illnesses, either due to a gyap though an increasing number of structures are determined
gain of function/property or a loss of function/property. In this 5; atomic resolution (Dauter et. al., 1997), it still remains an
context, the benefits of adopting the ‘philosophy’ being developedyycention. Thus, for example, there are some 250 structures of Cu
for the structural genomics effort are highlighted. proteins in the Protein Data Bank (PDB) but only four of these are at
atomic resolution, figure 1 and these are all for fairly ‘small’
proteins. Similar situations exist for metalloproteins containing other
metals. The recent atomic resolution structure for MoFe nitrogenase
1. Introduction at 1.16A is to our knowledge the largest metalloprotein (~200kD
molecular weight) for which an atomic resolution structure has been

It is estimated that about 30% of proteins coded by genomes lfetermined (Einsle, et. al. 2002). This has not only provided the

metalloproteins which utilise the redox and ligand chemistry Ofincreased accuracy of the structure but has revealed new features of

metals to their advantage to perform varied biological functions Withfundamental biological importance. Thus, a central atom, N, has

specificity and control. Quite often onlylvery small s.tructuralll een identified in the middle of six Fe atoms of the catalytically
changes around the metal atpm occur during CO“?p'eX bIOChem'cagssential FeMo-cofactor. In previous structures this central atom was
reactions. A classic example is that of haemoglobin, where a subtl ot observed as it was masked by the Fourier ripples of the
change at the iron cent_re leads to_major changes elsewhere in t 8rrounding Fe and S atoms. The electron density of this single N
protiln .StrUCtILt”e a'?d IS re?p_ontsmlel for ttr':et elegint al.losﬁr'%tom does not emerge until the resolution is extended beyond 1.55A.
(Tetc a'ﬁ'srt'?- fperl apsl 'St a': o clam that now (tere N Merne same ‘Fourier ripples problem’ from heavy metal atoms in
etermination of molecular structure 1S precision more at a prem'ur"r"netalIoproteins undermines the accurate definition of metal-ligand

than in the case of metalloproteins. In this context, the combined USSond distances to a level commensurate with the changes in bond
of high resolution X-ray crystallography and XAFS has proved length upon oxidation/reduction of these metal atoms.

extrgmgly utﬁe{ull (Tzzng'g and chliqgtsonh, 1.999)' h laved . The small number of atomic resolution structures is a reflection
uring that last 2U-5U years echniques have played a My yiticylties in achieving this ‘holy grail’ for a variety of reasons.

_role In structure-function _studles of_a number of metalloprotems].he technical advances in sources, monochromators and detectors as
including membr_ane proteins. In partl_cular, the SUCCESS of SR X-rayo) as their stabilities will improve the situation in the coming
Crystal_lography IS noteworthy where mcreasmgly_ higher and highe ears. However, our experience shows that crystal annealing is not
resqlutnqn structures are pelng determlned (Yoshikawa et. al. , 200 l;.l||y exploited for this particular objective. In the case of four copper
Schindelin et.al., 1997),(Messerschm|dt et.. al., 2001)). Sever roteins on which we have worked recently, the resolution is
Ztrqchres aré now known.at atomic resolgnon. Here we t.a|.<e th ignificantly improved after annealing compared to the first image
efinition of atomic resolution as a resolutlon at which |nQ|V|duaI taken at room temperature. For copper nitrite reductase, where we
atoms become clearly resolved, typically 1.2A (Sheldrick andhave structures of several mutants, the crystals typically diffract to
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NiR type 2 Cu site EXAFS: simulations using crystallographic coordinates
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Figure 3

-_ Simulation of XAFS data with the 3D XAFS refinement approach (Cheung,
100251 2.50.2.01 200.L51 150121 120-1.01 2000) for the type 2 Cu centre of Cu nitrite reductase using the metal-

coordinates information from the 1.9A and 1.04A crystallographic structures
Figure 1 of the enzyme. The ‘perfect’ simulation of the XAFS data with 1.04A

S ) ] ) _structure is clearly evident (figure taken from Hasnian and Strange, 2003).
Distribution of copper proteins structures in the PDB. The atomic resolution

shell includes our recent atomic resolution structures on Cu nitrite reductase
and some of its mutants. It does not include our atomic resolution structure @5 accomplish this objective. Figure 3 demonstrates the accuracy of
?éls\g?liig]u;?i?u?esa ietr;Sthf:)Ostey;tAinmi::f;znli’anDPBfigfetroe;2;5’1éh;Ahizﬁlesctthe metrical information at atomi’g resolution in the case of copper
; X ' itrite reductase. Here the 1.04A structure coordinates have been
?eostgllitio%f&& resolution) and plastocyanin (PDB reference 1PLC at 1'33A]used without any further refinement. The quality of XAFS
simulation using crystallographic coordinates at this resolution is
excellent and requires only minor adjustment to the parameters for
[ e the final simulation.
' " We thus recently decided to use the XAFS information for
FeMo-cofactor in the crystallographic refinement of FeMo
nitrogenase structure from kgor which the structure has been
determined to 1.65A (Mayer et. al., 1999) This provided a
substantial convergence between the XAFS and PX and is shown in
table 1 (Strange et. al., 2003). It is noteworthy that the main
difference takes place in the His N position and the homocitrate’s O
position. The His N moves by some 0.2A while the O moves by
0.15A. Rees and co-workers have recently determined the structure
of Av Nitogenase at 1.16A (Einsle et. al., 2002). A comparison with
their crystallographic coordinates shows little difference between the
Figure 2 XAFS-Restrained 1.65A Mo structure and the 1.16A atomic

Diffraction pictures from the same crystal of Cu nitrite reductase, before ang€S0lution structure thus demonstrating the validity of approach for
afterin-situ ‘cryo-annealing’ of the flash frozen crystal. (pictures taken from USing XAFS 3D metrical data with ‘limited’ resolution
Ellis et al. 2002). crystallographic data during their refinement. It clearly can provide
an accuracy similar to that obtained at atomic resolutions for the
) ) . immediate metal environment. Another aspect which is revealed by
1.9A at room temperatures while annealing has yielded foukhe atomic resolution structure is that a N atom is located at the
structures at atomic resolution including that of the native enzymeentre of six Fe atoms thus providing direct evidence that N2
which has been determined to 1.04A resolution (Ellis et. al., 2003)ixation does not actually take place at the Mo centre. We note that
Figure 2 shows the diffraction images of the same crystalxaAFS along with other studies had cast doubts on the direct
demonstrating before and after annealing, the positive effect of thgyolvement of Mo in binding as ligand/inhibitors bound enzyme

annealing method (Ellis, 2002). had shown little or no difference. Rees et al have shown that the N

atom in the atomic resolution structure is only discernable in the
3. Increased accuracy of metal-ligand distances at atomic electron density when the resolution is improved beyond 1.55A. This
resolution and use of XAFS metrical data masking of N at lower resolutions results from the Fourier series

It is clear that significant effort is required in order to obtain 'iPPIes of the heavier atoms (Fe and S). We note that this is also the
‘atomic resolution’ structures. Thus, in the case of metalloproteins, if€ason for metrical inaccuracies for light atoms. The heavier ligands
one could combine the highly accurate information about the metal’§uch as S are already well defined at ~1.6A.

neighbours from XAFS in the crystallographic refinement at more ~ The above examples are of significant and general interest.
typical resolutions, then an improved picture of the metal sites catnclusion of XAFS data should be considered in structure refinement

be provided. The recent development of 3D XAFS refinement
(Binsted and Hasnain, 1996; Cheung et. al., 2000) has paved the waxp refers toklebsiella pneumoniadiv refers taAzotobacter vinelandii.
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Table 1 are not sufficient if we are to solve important biological problems.

(taken from J. Synchrotron Radiation 10, 197, 2003): Constrainei.mm rece'_“ _breakthroughs In hl.gh throughput techpologles S.UCh as
refinements of the Mo K-edge EXAFS using 3D refinement approach. In thdioarrays, it is realized that a single protein may interact with as
first refinement distances are kept at crystallographic values and Debyéhany as twenty other proteins. Increasing effort is underway to
Waller (@) values are refined; in the second refinement the distances are algdetermine structures of protein-protein complexes with significant
allowed to vary. A higher value than 0.03 Bignifies that the atom is  success. In this respect protein crystallography is on its own as larger
incorrectly placed and that little contribution to EXAFS signal is mAReis and larger structures can only be determined if a stable crystallisable
the difference in Mo-ligand distance from the crystallographic value averaged;omp|ex can be formed. However, here we would highlight the
over the two independent units. Last column includes information from scope of the X-ray scattering technique for studying complexes at
1.16A structure (Einsle et. al. Science, 297, 1696-1700 (2002)). low resolution by means of an example taken from our own work.

First refinement Second refinemerft Nitrogenase, the enzyme responsible for biological nitrogen
1£16 f\ fixation, catalyses the ATP-dependent reduction of dinitrogen to
structure H H H
Ligand RIA | ik | RIA |0k | ariA | @) ammonia. The formatlon of a transient electron transfer complex
between the MoFe protein (Kpl or Avl) and the Fe protein (Kp2 or
Mo-N (His) 2.48 0.11 2.29 0.003 -0.17 2.29 Av2) is an essential feature of the mechanism of nitrogenase. A low
Mo-05 2.29 0.11 2.14 0.001 0.16| 218 ) -
(homocitrate) resolution (~15A) structure of KpRDP-AIF4 -Kp2), was
Mo-07 2.35 0.11 2.31 0.001 -0.04| 220 determined (Grossmann et. al., 1997) using solution X-ray scattering
(homocitrate) data. On the basis of a docking model based on the structures of the
Mo-S1B 530 0001 | 230 0.001 00 533 individual protein it was clear from this low resolution model that
Mo-S3B 2.38 0.001 | 2.37 0.001 -0.01 2.37 the Fe-protein, Kp2, underwent a substantial conformational
Mo-S4B 2.35 0.001 | 235 0.001 0.00 2.33 rearrangement in the complex with Kpl remaining essentially
unaltered. Subsequent to this study, the crystal structure of
Mo-Fe7 2.67 0.006 | 2.67 0.006 0.00 2.67 )
Mo-Fe6 2.68 0.006 | 2.67 0.006 -0.01 2.67 Av1:(ADP-AlF4 ‘Av2), was determined at 3A resolution
Mo-Fes 271 0.006 | 271 | 0006 | 000} 273 (Schindelin et. al., 1997). A comparison of the 15A solution
Mo-Feo 504 0.01 504 0.01 0.00 504 scattering quel and the 3A crystal structure showeq an excellent
Mo-Fe3 5.06 0.01 5.06 0.01 0.00 5.05 agreement, figure 4 (Grossmann et. al., 1999). While the crystal
Mo-Fe4 5.09 0.01 5.08 0.01 -0.01 5.10 structure provided atomic details of interactions between the two
Finded 57 o5 partner proteins, the close agreement of the changes in the
Ractor 6% 75 conformation of Fe protein argues for X-ray scattering as a powerful

addition to the structural tool box, particularly in cases where
crystallization is not achieved.

5. ‘Structural genomics philosophy’ applied to a copper protein
involved in a neurodegenerative disease

There is an increasing body of evidence linking copper with several
of the most debilitating major neurodegenerative diseases including
motor neuron disease (MND) and Creutzfeldt-Jakob disease (CJD).
It has therefore become urgent to understand the role of copper,
copper proteins and their metabolism in these diseases. The tight
regulation of copper metabolism by the nervous system implies that
understanding this link is important for the regulation and confrol o
the pathogenesis of these diseases. For several proteins it has been
found that interaction with copper ions and other molecules is linked
to a change in fold and that this mis-folding is perhaps the origin of
the pathogenesis in some cases. In this section, we highlight our
Figure 4 experience with some recent research on SOD1, the gene encoding
] copper, zinc superoxide dismutase (SOD), where rapid progress has
from X-ray scattering data for neen made by adopting the ‘structural genomics’ philosophy.
Kp1'(ADP-AIF4 ‘Kp2)o complex, superimposed with the docking model Motor neuron disease or amyotrophic lateral sclerosis (ALS) is a
using the crystallographic structures of the component proteins (top) and 3fatal neurodegenerative disease characterised by the progressive,
selective loss of motor neurons in the spinal cord, brain stem and
motor cortex (Deng et al.,, 1993). Some 10% of ALS cases are
familial (FALS), and of these a subset of patients exhibit dominant
autosomal mutations in SOD1 (Deng et. al. 1993). The sporadic
(SALS) and FALS forms of the disease have very similar clinical

of metalloproteins where crystallographic data are not available t@nd pathological features and it is likely that an understanding of the

Low resolution model obtained

crystal structure of Av{ADPAIF4 Av2), (figure taken from Grossmann
et. al. 1999).

atomic resolution. molecular basis of FALS is going to improve our understanding of
SALS.
4. Protein-protein complexes and use of X-ray scattering SOD is a critical component of the cellular defences against

) ) ) o ) reactive oxygen species and catalyses the dismutation reaction of

Proteins do not carry out a biological function in isolation but speroxide to hydrogen peroxide and oxygen via the cyclic reduction
work in concert with other proteins and ligands to sustain life. It isang reoxidation of copper (Bivich, 1975). Much of what has been

inCI’eaSingly reCOgniZed that structural studies of individual protein%nown in terms of this enzyme’s mechanism has been based on the

J. Synchrotron Rad. (2004). 11, 7-11 Hasnain + Metalloproteins and human disease in post genome era 9
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Table 2

Details of some of the crystallographic structures of human SOD1 and FALS
mutants. All of these data have been collected using the MPW 14, station
14.2 with 0.97A X-rays except for H46R for which data were collected on
14.1 with 1.48A X-rays.

P21 P21 Cc2 Cc2 C2221 C2221 P41212 C2221
Name of the sample Wild type A4V Wild type apo H43R L38V Wwild type 2| H46R 1113T
Resolution range (A) 50.0-1.8 27-1.9 50-1.82 50-1.75 50-1.75 50.0-1.75 | 50.0-2.15 50-1.6

(1.86-1.8) | (1.97-1.9) | (1.89-1.82) (1.81-1.75) | (1.81-1.75) | (1.81-1.75) | (2.0-2.15) | (1.66-1.6)
Completeness (%) 98.6 (96.3) 96.6 (83.J) 96.1(83.6) 99.1 (94)6) 98.4 (9.0) 96.6 (41.2) 99.3/(98.6)  99.4 (99.7)
R merge 5.2 6.3 6.1 7.1 6.5 7.8 (48.8) 11.2 5.1 (42)
<I>/al last shell 2.7 2.3 2.8 3.0 2.0 2.0 2.0 3.0
Redundancy 3.4 (3.0 9.0 (3.0) 3.5(3.0) 3.7(3.2) 8.0 (3.0 11.0 (4.9) 6.0 (4.9) 10.0 (p.0)
Overall reflections 904897 2100427 176234 1128005 2031796 284426 652196 3181893
Unique reflections 265996 237766 50360 306139 245194 244708 35679 317744
Wilson B-factor (A% 26 24 26 19 23 23 35 20.5
Unit cell parameters
a 76.8 112.52 156.4 193.6 166.55 166.23 190.0 166.0
b 172.3 145.69 349 112.1 203.257 203.20 190.0 203.5
c 112.5 112.47 114.8 143.2 145.226 144.11 345 144.0

90 90 90 90.0 90.0 90 90 90.0

93.5 119.96 112.26 96.0 90.0 90 90 90.0

90 90 90 90.0 90.0 90 90 90.0
Solvent (%) 55.8 70.0 45.4 59.0 68 68 68 68
Number of dimers 9 6 2 8 6 5 5 5
Final R cryst (%) 18.2 22.7 231 16.5 16.5 17.7 20.3 17.4
R-free cryst(%) 22.2 249 28.3 19.3 19.0 20.3 235 19.6
Average B factor (&) 20.2 16.6 27.8 19.7 13.2 18.3 17.8 17.5
Number of atoms 21663 13368 4321 20130 12847 12527 3907 12472
Number of waters 1099 1230 417 2522 1298 1509 277 1464

structure/function studies of the bovine enzyme (Hough andormation of ICOSA (International Consortium On Superoxide
Hasnain, 2003; Blackburn et. al., 1984; Hough and Hasnain, 1999ismutase and Amyotrophic lateral sclerosis) bringing together two
Hough et. al., 2000; Huttermann et. al., 1988; Tainer et. al., 1983tructural biology groups, one SOD enzymology group and a
Murphy et. al., 1997) which has a sequence identitiy with the humamND/SOD clinical group. Several other groups have joined as
counterpart of only 82%. Given this and the fact that many of theassociates in this effort (see http://www.srs.dl.ac.uk/mbp). Progress
single point mutations (some 90) in the human enzyme cause FALSN every aspect of the work is shared and information exchanged in
it became an important goal to determine structure of the humaan open atmosphere in a way very similar to structural genomics
enzyme to high resolution. efforts.

SOD1 knockout mice exhibit decreased fertility and recovery  Table 2 gives details of some of the structures which have been
from axonal injury but do not develop motor neuron diseasedetermined since the formation of ICOSA in early 2002. The
(Reaume et. al. 1996) Transgenic mice that over-express WT humamrogress is due to several reasons, many of these are similar to what
SODL1 (in addition to WT mouse SOD1) are normal but those, whichs required in a structural genomics effort. To name a few:
over-express FALS mutant SOD1 develop, motor neuron disease Processing and characterisation of large number of mutants,
(Gurney et. al. 1994). This in conjunction with the finding that many  Availability of (1) to multiple laboratories and wide screening of
mutant SODs have Comparable SOD activity to that of the natiVQhese for Crysta”isation in mu|t|p|e |aboratoriesy
indicates that loss of function is not the mechanism of toxicity, but  |nformation exchange of (1) and (2) to all so that an ‘open book’
the latter may arise from the gain of a new function or property by jtyre can flourish, successful crystallisation conditions can be tried
mutant SOD1. on other mutants and hence encourage further successes in

Even though it is not clear how so many of the mutants causerystallisation,

FALS, it is clear that these mutations perturb a finely tuned system Regular meetings of all those involved in the work,1GOSA

with terrible consequences in a manner similar to a poor ‘note’ in 8neeting is to take place on 4-5 July 2003 in Cheshire.

well balanced ‘symphony’. It is our belief that the lack of structural Large number of structures can be attempted in a high
results is a major handicap in understanding the well characterisetrpl,roughput manner so that general trends can be picked allowing,

familial form of this disease and requires a high throughput approach,e hopes, the consortium to reach some general conclusions.
of structure determination which is linked to investigations of the

cell biology and disease pathology. This concept has prompted the

2 The formation of ICOSA resulted from a discussion between the author and
Joan Valentine at the first Gordon Conference on Oxidative damage in
January 2001. The first ICOSA meeting took place at UCLA on 24-25 March
2002 and most of the results have been obtained since then.
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Our results have so far have revealed the importance ofthe members of the ICOSA formed in early 2002 for their
understanding how these mutants behave in the absence of tlentribution and intellectual engagement in the high throughput
metals, particularly zinc, and how this behaviour is different fromapproach for understanding the structural basis of MND.
that of the metal deficient human wild type enzyme. We have
already seen evidence that the metal-deficient mutants can formeferences
linear and zig-zag filaments which have some ‘similarity’ to the _. .
common structure associated .V\{ith amyloid-like fibrils. In the case OE:Qilti%r:' If‘L ngslsr:{aisr{,Sé_%?ggi)ﬁi{end?m?aD?:i(&r?,sé;l_gg_ Garmer, C. D. &
a Zn-loaded (byt coppgr-defluent) muta_nt the protein molecule%no\MeS’ P. F. (1984Biochem. 1.219, 985-90
were arranged in a helical pattern, forming a hollow ‘nano-tube’.cheung, K. C., Strange, R.W. & Hasnain, S.S (20@6 Crystallogr, D56,
These crystallographic structures are combined with X-ray solutiors97-704
scattering and XAFS as well as many other biochemical and stabilitpauter, Z., Lamzin, V.S. & Wilson, K.S. (199Qurr. Opin. Struct. Biol.7,
data and it is only through this rigour that ICOSA is likely to provide 681-688
the breakthrough required for understanding the mechanism bfeng. H. X., Hentati, A., Tainer, J. A., Igbal, Z., Cayabyab, A., Hung, W. Y.,

which these mutants acquire their pathogenisity. 5 gizggﬁ_ﬁ-. Hu, P., Herzfeldt, B., Roos, R. P. & et al. (1988Ence

L . . Einsle, O., Tezcan, F. A., Andrade, S. L. A., Schmid, B., Yoshida, M.,
6. Future directions - structural proteomics of metalloproteins Howard, J. B. & Rees, D. C. (2008cience297, 1696-1700

- . is, M. J., Antonyuk, S. & Hasnain, S.S. (200&8%ta Cryst, D58, 456-458
It is clear that translating a genome sequence to large numbers lis. M. J.. Dodd, F. E.. Sawers, G. Eady. R. R, & Hasnain, S. S. (2003).

metalloproteins  structures via a high throughput structurey, Biol 328 429-38

determination (Structural Genomics) approach is of urgent angigoyich I. (1975)Ann. Rev. Biochend4, 147-59

strategic importance for healthcare as well as fundamental biology afrossmann, J. G., Abraham, Z.H.L., Adman, E.T., Neu, M., Eady, R.R.,
this important class of proteins, which are estimated to make upsmith, B.E. & Hasnain, S.S. (1998jochem, 32, 7360-7366

about 30% of the genome. The above example, however, suggesiossmann, J. G. & Hasnain, S.S. (1997ppp. Cryst.30, 770-775

that it is not sufficient to determine the structure of the native proteir3rossmann, J.G., Hasnain, S.S., Yousafzai, F.K., Smith, B.E. & Eady, R.R.

as the disease may result from a gain or loss of property/functio@iz?-nf'émo'j Béo'-éfgvﬁg"j‘ls- Strange, R.W., Patel, K. 3., Murphy, L. M
which may cause it to mis-function. These altered properties "}\leu, M., Evans, R. W. & Hasnain. S. S. (1998Mol. Biol, 279 461-472

them_selves cause the disease or th_eir altered inte_rgctions W!'[h oth@;ossmann, J. G., Hasnain, S. S.. Yousafzai, F. K., Smith, B. E., Eady, R. R.,
proteins may be the cause of the disease. Thus, it is essential thakghindelin, H., Kisker, C., Howard, J. B., Tsuruta, H., Muller, J. & Rees, D.
structure/function approach is adopted in a high throughput manneg. (1999) Acta Cryst, D55, 727-728

i.e., the so-called an ‘integrated structural proteomics’ approachGurney, M. E., Pu, H., Chiu, A. Y., Dal Canto, M. C., Polchow, C. Y.,

This philosophy departs from the traditional concept of structuralAlexander, D. D., Caliendo, J., hentati, A., Kwon, Y. W., Deng, H. X., Chen,
genomics in two important ways: one is that structures of wellW., Zhai, P., Sufit, R. L. & Siddique, T. (1998cience264 1772-1774.
chosen medicinally important target proteins are carried out (even ff@snain, S. S. & Hodgson, K. O. (1999)Synch. Rad6, 852-864

proteins of similar folds may exist in the data base) and second th%gﬁgﬁ'nMSAS&&SSgaE%‘Zn';'nvgiég%)%&?”;?al Rzag;%%_lsz

the structure is used to investigate the function and mls-fgnctlomough: M. A., Strange, R. W. & Hasnain, S. s_’(zoo'oMol. Biol, 304,
through a concerted effort of high throughput molecular biology 3121

(point mutations) ant high throughput structure determination ofHough, M. A. & Hasnain, S. S. (200Btructure 11,

these derivative proteins and their complexes. This approach buildsuttermann, J., Kappl, R., Banci, L. & Bertini, I. (198B)ochim Biophys

on the successes of the Structure-Function approach which hasta 956 173-88

changed the face of biology over the last 30 years, but calls for th¥ayer, S. M., Lawson, D. M., Gormal, C. A,, Roe, S. M. & Smith, B. E.
utilisation of the high throughput genomics approaches to(1999).J. Mol. Biol, 292, 871-891

‘ : ) Edited by Messerschmidt, A., Huber, R., Poulos, T., Weighardt, K. (2001).
understand the causes of ‘human diseases’ at the molecular level. Handbook of Metalloproteingohn Wiley and Sons Ltd

It is now well documented that incorporation of the metal ion isjyrphy, L. M. , Strange, R. W. & Hasnain, S. S. (198tucturg 5, 371-9.
a very tightly regulated process that, in vivo, needs specificReaume, A. G., Elliot, J. L., Hoffman, E. K., Kowall, N. W., Ferrante, R. J.,
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