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Th e emerging str uctur al genomics initi ati ves pro vi de novel opp ortuni -
ties to complement the rapidl y increasin g amount of genomic sequence data

w ith the three- dimensi onal molecular structures of the coded genes. Many of
these gene pro ducts exert their cellular functions by interacting with multiple
partners. U nra velling the molecular structures of these interactions pro vides

the most useful inf ormation to investigate their involvement in cellul ar pro-
cesses. To this end, the determination of structures exceeds the numb er of
coded gene pro ducts by several orders of magnitude. Structural genomics of -

fers opp ortuniti es to synergise Europ ean research in structural biology tech-
nologies , with a multitude of excellen t centres currently available. I n this
contribution, current initi ati ves of the H amburg Outstation of the Europ ean
Molecular Biology Lab oratory w ill be outlin ed.

PACS numb ers: 87.15.{v

1. I n t rod uct io n

In t he last few decades, the emerging capabi li ty to exp erimenta l ly determ ine
m olecular three -di mensional structures of bi ological m acromolecul es at the ato m ic
level can be seen as one of the m ost fascinati ng developm ents in m olecular and
cellular biology. D isclosure of structures, such as my oglobin and hemoglobi n | the
Ùrst integ ra l membra ne protei ns | and som ehuge m acromolecular compl exes, l ike
the blue to ngue vi rus or the ri bosom al subuni ts, have gained worl d-wi de recogni -
ti on as landm ark di scoveri es in the l i fe sciences. In parti cul ar, X- ray crysta l logra-
phy has devel oped to such an extent to su£ ci entl y perm i t general ised appl icati on
to the ful l range of bi ological m acrom olecules wi th a uni que, nati ve conf orm ati on.
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Access to an increasing netwo rk of dedicated synchro tro n facil i ti esm ostl y in North
Am erica, Japan, and Euro pe, incl udi ng three thi rd generati on low emi tta nce fa-
ci li ti es at present, has been cri ti cal wi thi n these devel opm ents. Hence, structura l
bi ology o˜ers signiÙcant potenti al to compl ement novel scienti Ùc di recti ons in li fe
sciences.

Mo re recentl y, the rapidl y increa sing avai labil it y of genom es from di˜erent
organi sms has opened up unprecedented opportuni ti es in m olecular bi ology and
m edicine. Sequence data avai labil it y has shifted the investigati on of biological
pro cesses from focus on single m olecules, whi ch have been f requentl y l inked fortu-
i to usly to speciÙc pro cesses, to quanti ta ti ve assessment of genomic (RNA, D NA)
and proteo mic al tera ti ons. As a spin-o˜, novel key technologies such as tho se in-
vo lvi ng quanti ta ti ve im m obil isati on on chi ps or m assspectrom etry determ inati ons
have emerged quickl y, endowi ng genom ic data analysis as a general ly- appl icabl e
ta rgeted research approach. D ue to thei r technological adv ancement, structura l
bi ology techni ques, such as X- ray crysta l lography and NMR spectroscopy, are
rapi dly becoming key to ols in these new research di recti ons, compl ementing avai l -
abl e one-di mensional sequences wi th three- di mensional footpri nts. Ho wever, lim -
i ted by the nature of the experim ents, whi ch im pede the use of para l lel m ul ti- ta rget
appro aches, these techni ques presentl y remain focused on single molecular enti ti es,
m andati ng ti m e and resource consi derati ons. Auto mated structure determ inati ons
of macromolecular-small l igand com plexes may be the excepti on to thi s rul e pro-
vi ded they do not signi Ùcantl y a˜ect overal l shapes tha t determ ine f easibi l i ty for
crysta l l isati on. Hence, i t is not surpri sing tha t these appl icati ons | screening of
pro tei ns wi th the kno wn three- dim ensional structure wi th long series of smal l l ig-
ands | have become the m ajor focus of structura l bi ology pro gramm eswi thi n the
bi otech and pharm aceuti cal industry .

As there are no concrete exp ectati ons for novel structura l biology m etho ds,
true \ structura l genom ics" appro aches can develop wi thi n the conÙnes of m assive
para l lelism. A ta sk of m oderate urg ency concerns increasing the e£ ciency of estab-
l ished structura l biology techni ques by maxim ising thei r thro ughput at identi Ùed
bottl eneck stages. Thi s chal lenge is pri m ari ly one of a m anagerial and techni cal
nature rather tha n one of scienti Ùc short- comings. Thi s approach m ay have a con-
siderable im pact on how science in structura l biology wi l l be conducted, diverg ing
from a single pro j ect-sing le scienti st appro ach to one exempl iÙed by pro ject m an-
agement wi thi n large integ rated tea ms. Theref ore, it is not surpri sing tha t the
issue of \ structura l genom ics" is sti l l som ewhat contro versial wi thi n the structura l
bi ology communi t y, wi th many leadi ng scienti sts expressing reservati ons as of late.
The aim of thi s contri buti on is to outl ine where \ Structura l Genom ics" could syn-
erg isti cal ly m eet other genom ics/ proteo mics appro aches, and strengthen classical ,
hyp othesis-dri ven structura l biology. Thi s wi l l be i l lustra ted by tw o pro jects f rom
the Ham burg Outsta ti on of the Euro pean Mo lecular Bi ology La borato ry (EMBL).
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2. R equ i r em ent s for p r esent an d fu t u r e i n i t iat iv es
in St r u ct u ra l G enom ics

In 1998{ 2000, a numb er of major so-cal led \ Structura l Genom ics" pro j ects,
m ostl y in the Uni ted Sta tes but also in Germ any and Japan, received considerable
Ùnanci al f undi ng [1{ 3]. As a com m on denominator, emphasis has been placed on
m anagement of these \ bi g science" pro jects by devel oping e£ cient inf rastructures
for ta rget selection, ta rget processing by \ core facil i ti es" aim ed at hi gh- thro ughput
conduct at ra te- lim i ting steps, and data disseminati on by publ icati on and depo-
siti on. In the Uni ted Sta tes, rul es m andated by the Nati onal Insti tute of General
Medi cal Sciences (NIG MS) have been establ ished, by large setti ng ref erence stan-
dards for pro jects pursued in research facil i ti es around the worl d. The pri m ary
obj ective of these structura l genomics pro jects is to demonstra te the appl icabi l it y
of hi gh- thro ughput technologies ranging from the cri ti cal steps in sam ple prepara-
ti on (cl oning, hetero logous expression, puri Ùcati on, characteri sati on) to data ac-
qui siti on, structure determ inati on, reÙnement and interpreta ti on [4]. Theref ore,
no stri ct requi rem ents beyond the determ inati ons of three- di mensional molecular
structures have been im posed.

T ri ggered by the planned pro vi sion of resources for pi lot pro jects in ge-
nom ics/ proteom ics by the Euro pean Com mission, intensi ve di scussion on poten-
ti al future aim s of \ Euro pean" Structura l Genom ics has al ready begun wi thi n the
structura l bi ology com munit y in Euro pe. Thi s exchange occurs at a ti m e when
the Euro pean Co mm ission has announced plans to provi de substanti al ly m ore re-
sources for Structura l Genom icswi thi n the next 6th Framework, whi ch is expected
to start in 2003. W hi le these di scussions are sti l l ongoing, emerging consensus on
so-cal led \ second generati on" Structura l Genom ics pro jects emphasise the fol low-
ing needs:

¯ T o in co rp orat e t ar get s enco m passin g t he f u l l r an ge of sequ en ce an d
st r u ct u r e co m p lexi t y, b y i ncl udin g m u l ti -f un ct io nal , m ul ti -d om ain
t ar get s, an d t ar get s t h at ar e i nt eg rat ed int o b io log i cal m em br anes .
W ith the aim of developi ng high- thro ughput techno logies, most earl y Struc-
tura l Genom ics pro jects have imposed lim its on thei r targets | for in-
stance by excludi ng ta rgets exceeding a deÙned sequence length [5] or in-
tegrated m embra ne pro tei ns [6] | indi rectl y f avouri ng readi ly accessible
ta rgets kno wn as \ low hanging frui ts" [7]. In contra st, more recent ini ti ati ves
have focused on di£ cul t ta rgets, l ike nucl ear receptor compl exes[8]. In an ex-
trem e case, a new Germ an consorti um (co-ordi nated by Lars-Ol iver Essen,
Uni versi ty of Ma rburg ) wi l l concentra te exclusively on \ di £ cul t" integra l
m embrane pro tei n ta rgets. Given the com plexi t y of handl ing these ta rgets,
the success of such a pro j ect wi l l be at the expense of high- thro ughput ap-
pl icati ons for highly standa rdi sed m etho ds, devi ati ng f rom the obj ectives of
m ost of the ongoing Structura l Genomics pro jects. A redeÙniti on of \ Struc-
tura l Genomics" m ay eventua lly be requi red.
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¯ T o exp l ici t ly in cl u de p rot ein { lig an d co m pl exes , e˜ ect i ng t ar get
f un ct i ons i n cel lu lar p rocesses. Contra ry to m ost kno wn enzym es wi th a
deÙned cata lyst/ substra te rela ti on, m any other protei n ta rgets may intera ct
wi th mul tipl e l igand partners, whi ch m ay be spati al ly and tempora l ly sep-
arated under physi ological condi ti ons. Ma ny hum an diseases are caused by
m uta ti ons cul m inati ng in al tera ti ons of speciÙc protei n{ l igand intera cti ons,
often reÛected by the accum ulatio n of single nucl eoti de polym orphi sms [9].
Theref ore, structura l identi Ùcati on of pro tei n{ l igand com pl exes rather tha n
the protei n ta rgets only should be of paramount signi Ùcance. Unf ortuna tel y,
identi Ùcati on of these compl exes is often incompl ete and someti m es includes
non-physi ological l igands, creati ng a stro ng need to devel op auto mated m eth-
ods for in vi vo l igand identi Ùcati on, wi th pro ven capabi l i ti esfor false-positi ve
tests. Indeed, seminal progress has recentl y been m ade in identi fying hun-
dreds of kno wn and novel pro tei n{ pro tei n com plexes in yeast | considered a
paradigm organism f or higher eukaryotes | by employing novel techni ques
for the isolati on of in vi vo ta gged protei n{ l igand com plexes and m ass spec-
tro m etry [10, 11]. Sti ll , the lack-of-data on m any ta rget l igands pro babl y
deÙnes the m ost severe l im ita ti on for Structura l Genom ics pro jects. Even
in the l imi ted num ber of cases for whi ch physi ological l igands are kno wn,
addi ti onal requi rem ents are im posed to assessfeasibi li ty for structure solu-
ti on of ta rget{ l igand compl exes: (a) dem onstra te tha t thei r bindi ng is di rect,
ra ther tha n m ediated by secondary ligands; (b) pro ve sto ichi om etri c com -
pl ex form atio n by biophysi cal m etho ds; (c) the feasibi l i t y to co-crysta l l ise
ta rget{ l igand compl exes.

¯ T o r e-i n t egrat e t h e st r uct ural dat a an d b io logi cal f un ct io n of each
t ar get . The signiÙcance of structura l bio logy pro jects wi thi n the broad sci-
enti Ùc fram ework is largely determ ined by thei r potenti al to reveal novel
functi onal insights. Thi s, however, frequentl y requi res the appl icati on of
techni ques, unf oreseeabl e pri or to structura l analysis. Em erging Structura l
Genom ics pro jects are in a good positi on to pro vi de substanti al potenti a l,
as thei r f undi ng is param eteri sed by the needs to general ly appl y speciÙc
m etho ds at \ genom ic level" ra ther tha n by speciÙc pro ject requi rem ents.
Hence, the scienti Ùc di recti ons and im pact of these pro j ects, wi thi n the
wi der obj ectives of functi onal genom ics appro aches, wi l l be determ ined by
stra tegic decisions of whether and to wha t extent to integ rate com plemen-
ta ry \ non-structura l " metho ds, in addi ti onal to structura l core metho ds
l ike X- ray crysta l lography or NMR -spectro scopy. Thus, Structura l Genom ics
pro jects are endowed wi th uni que opportuni ti es to m ake thei r structura l
data , beyond the depositi on of ato mic co-ordi nates, appl icabl e to wards the
di scoveri es of no vel functi onal insights.
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¯ T o scr een sm al l syn t hetic m ol ecu le l igan ds f or t he identi Ùcat io n
of lead co m p oun ds, pr o vi di ng t h e gr oun d f or dr ug d isco ve r y ap -
p r oach es. The majori t y of structura l genom ics ini ti ati vesare aim ed at pro-
vi di ng data to faci li ta te the investigati on of the molecular basis of vari ous
di seases, establ ishing the battl eground to com bat them . Typi cal ly, thi s aim
is m irrored by speciÙc ta rget inhi bi ti on consi derati ons. At present, the most
comm on appro ach is the identi Ùcati on of smal l molecular weight l igands,
fol lowed by thei r devel opm ent into speciÙc lead compounds, in som e cases
leading to drug di scovery . In parti cul ar, NMR spectroscopy o˜ers emerg ing
techno logies for m appi ng smal l m olecule l igands onto kno wn structures of
bi ological m acrom olecules in a high- thro ughput mode. These m etho ds al low
the rapid di sentanglement of the separate contri buti ons of speciÙc l igand
residuals to bi ndi ng, thus pro vi ding novel , site-di rected opportuni ti es for
the rati onal drug design [12]. Theref ore, a key point in the set-up of new
Structura l Genom ics ini ti ati ves is whether and to what extent to include
\ non-structura l " techno logies, such as the pro vi sion of large com pound l i -
bra ries, inf rastructures f or com binato rial synthesi s of chemical com pounds,
and large scale screening m etho ds.

3. Ai m s f or St r uct ural G en om i cs by E M B L Ham bu rg

The current m andate of the Euro pean Mo lecular Biology Laboratory (EMBL),
set forth in earl y 2001, is exempl iÙed by a major shi ft in f ocus from research
pro jects, whi ch were largely dri ven by speciÙc departm ents, to wards an integrated
appro ach aimed at pl ayi ng a major ro le in f uncti onal genomics and proteo mics ap-
pro aches. Parti cul ar emphasiswi l l be in structura l bi ology, whi ch always has played
a stro ng ro le at EMBL and is the f ocus of the fol lowi ng four uni ts: the pro gramm e
for Structura l and Com puta ti onal Biology in Heidelberg; the Grenobl e Outsta -
ti on on the campus of the Euro pean Synchro tro n Radi ati on Facil i t y (ESR F); the
Ha mburg Outsta ti on on the cam pus of the Germ an Synchro tro n Research Centre
(D ESY); and the Euro pean Bi oinf orm atics Insti tute (or EBI Outsta ti on) on the
campus of the Saenger Centre, in Hi nxto n Hal l near Cam bridg e.

Herei nafter, two exam ples of present and future structura l genomics-ori ented
acti vi ti es of the EMBL Ham burg Outsta ti on wi l l be outl ined, para lleled by sim -
i lar pro j ects of the other structura l biology- oriented uni ts of EMBL. Structura l
genom ics wi l l suppl ement the fol lowi ng current ta sks of EMBL Ham burg : (a) o˜er
large-scale faci l iti es in experi menta l structura l biology by the pro vi sion of seven
synchro tro n radiati on beam l ines in pro tei n crysta llography , scatteri ng experi -
m ents and X-ray absorpti on spectroscopy exp eriments of non-crysta l line biological
sam ples; (b) conduct research in structura l biology, emphasising devel opm ents in
structura l bi ology technologies, wi th a current focus on softw are al lowi ng auto -
m ated interpreta ti on of X- ray data [13] and scatteri ng data [14]; and (c) pro vi de
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adv ance tra ining in structura l bio logy m etho ds in form of tw o to three courses per
year, com plemented by Ma ri e-Curi e tra ining fel lowships f unded by the Euro pean
Uni on (http: / / www. embl hamburg .de/ advancedtra ini ng=m ariecuri e.htm l).

4. Th e giant m u scle p rot ein t i t in

The largest kno wn gene pro duct of the hum an genome compri sesthe protei n
ti ti n, wi th a m olecul ar weight of about 3 MD a [15]. Ti ti n extends over one hal f
of the sarcom ere, connecti ng vi a i ts N- term inal reg ion to the muscle Z-di sk and
by i ts C- term inus to the sarcomeric M- l ine, thereby form ing the basic uni t of
m uscle cells. It is largely associ ated wi th the two m ajor muscle Ùlam ent system s,
acti n and m yosin, at i ts term inal Ûanki ng regions. Its centra l segm ent shows elastic
pro perti es, pro vi di ng the molecular basis of passive elasticity of m uscle sarcomeres.
Because of these properti es, ti ti n is also kno wn as \ thi rd Ùlam ent" or \ molecul ar
rul er" .

The m ajori ty of ti ti n' s DNA sequence wa s determ ined pri or to the ini ti ati on
of large-scale genom e pro j ects [16] and led to studi es, whi ch eluci dated its m olec-
ul ar functi on [15]. Ana lysis of the com plete sequence shows tha t, in i ts longest
isoform it is com posed of 38,183 residues from 363 exons, whi ch predi ct a protei n
wi th over 300 domains [17] (Fi g. 1). The m ajori t y of these domains are either
folded as im munog lobuli n-li ke (Ig ) domains or Ùbronecti n typ e-I I I domains. Be-
cause of i ts size, unm atched by any other gene pro duct of the hum an genom e,
and i ts Ûexibi l i ty , there is no suita ble m etho d presentl y avai lable to determ ine
i ts overa l l three- dim ensional structure at the ato m ic level. Theref ore, our group
and others have opted f or an al terna ti ve appro ach: to di ssect ti ti n' s sequence into
dom ain segments using m olecular biology techni ques and then attem pt to solve
thei r structures either by X- ray crysta l lography or by NMR -spectroscopy . In turn,
low- resoluti on images, currentl y pro vi ded by electron microscopy [18], can be used
as basis to Ùt the high-resoluti on structures into the ul tra structure of ti ti n wi thi n
the muscle sarcomere. Previ ous studi es have demonstra ted how immuno Ûuores-
cence techni ques al low the preci se local isati on of these domains wi th respect to
the ul tra structure of ti ti n [19].

Since the Ùrst dom ain structure of ti ti n | the immuno globuli n- like dom ain
M5 from the M- band [20] | was determ ined wi thi n the sam e year i ts sequence
wa s publ ished, Ùve other domain structures , in order from the N- term inus to the
C- term inus, were solved subsequentl y (Fi g. 1). These are as fol lows: the Zr7 repeat
dom ain from the Z- disk region in compl ex wi th an EF- hand domain of acti ni din-2
[21]; the Ig- like domain I1 from the I- band [22]; another Ig -l ike dom ain of the
I- band I2 7 [23]; the structure of the FNI I I dom ain A7 1 [24]; and the structure
of a pro tei n ki nase dom ain com monly cal led \ ti ti n ki nase" [25]. Some of these
structures have had wi despread impli cati ons for subsequent investi gatio ns, l ike,
for exam ple, the I27 Ig dom ain, whi ch wa s used a reference for a series of studi es
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Fig. 1. Schematic domain structure of the sarcomere protein titin. T he titin do-

mains w ith the know n three- dimensi onal structure are show n in red. For further in-

formation see: http: //w w w.embl- heidelb erg.de/Extern alI nfo/T iti n/ge nomi c/ti tin- page-

-genomic1. html.

tha t exam ined the m olecular basis of the protei n' s elasti c pro perti es [26]. Ano ther
exam ple is tha t of ti ti n ki nase, whose three- dim ensional structure al lowed the
identi Ùcati on of the molecular m echanism whereby i ts cata lyti c acti vi ty is acti vated
by bindi ng of calcium / calmodul in and by speciÙc tyro sine phosphoryl ati on [25].
In summary , hi gh-resoluti on structure s in the order of 2% of al l ti ti n domains are
currentl y avai labl e.

Simi lar to what is done in establ ished structura l genom icspro j ects, a substa n-
ti al ly higher pro porti on of ti ti n' s dom ain structures can be m odel led by incl uding
exp erimenta l data from analogous pro tei ns l ike twi tchin [27] | ti ti n' s analogue
in nemato des | and by m aki ng good use of the avai labl e possibi l i ti es to m odel
functi on and structure by hom ology [28, 29]. Ho wever, som e key features, l ike the
presence of di sulphi de bri dges in the I1 structure [22], ha ve not been predi cted by
m odel l ing, dem onstra ti ng the need to determ ine m any high resoluti on structures
exp erimenta l ly, even f or hom ologous protei ns.

D espite the predi cted structura l sim i lari t y of many dom ains of ti ti n, some
have been associated wi th dom ain-speciÙc functi ons, as, for insta nce, bi ndi ng to
di stinct l igands wi thi n the sarcom ere or displ aying uni que biophysi cal proper-
ti es [17]. Theref ore, by trea ti ng each dom ain as a separate and di stinct ta rget for
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Fig. 2. O utline of the planned quantities of the H amburg Structural Genomics consor-

tium, illustrati ng the grid resolution of targets by colours. For further details, see the

text.

hi gh-resoluti on structure determ inati on, ti ti n can be regarded as smal l \ pseudo"
genom e, exceeding typi cal vi rus genomes but smal ler tha n representati ve bacteri al
genom es (i n the order of 1,000{ 5,000 genes). Al l past structure determ inati ons
of ti ti n dom ains have been carri ed out as hyp othesi s dri ven molecular pro j ects.
So far, no co-ordi nated attem pt has been m ade to Ùt these hi gh-resoluti on data
into the ul tra structure of ti ti n and, thus, into the cellular organisati on of the
sarcom ere. A structura l genomics appro ach would provi de an appro pri ate form at
and a systemati c manner wi th whi ch to bri dge the gap between high-resoluti on
dom ain structures and the ul tra structura l and cellular organi sati on of ti ti n.
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5. Th e Ham b ur g TB co nsor t ium

T ubercul osis (TB) is an inf ectious di sease of serious global threa t. At present,
2 bi l l ion people worl d-wi de are inf ected wi th the causati ve agent, Myc obacteri um
t ubercul osi s (MtB), wi th 8 mi l li on new cases and 2 mi l lion deaths per year. In
addi ti on, there are more 10 mi l lion people co-inf ected wi th hum an im munodeÙ-
ci ency vi rus (HIV), whi ch causesAID S, and MtB, leading to more tha n 0.5 mi l li on
deaths per year. An increa sed incidence of m ulti ple-drug resistant clinical isolates
of the organism accounts for m ore tha n 3% of the TB cases in some countri es.
In the last coupl e of decades, developm ent of new anti bioti cs has subsided, in
part, due to the lack of su£ cient economic interest by pha rm aceuti cal com panies.
R ecently, the com plete sequencing of the MtB genom e [30] has opened up novel
opp ortuni ti es to unra vel the molecular basis of MtB patho genicity and persistence
in l ivi ng organisms, prom oti ng potenti al new avenues for the di scovery of new spe-
ci Ùc drug s. In 1999, the EMBL at Ham burg began associati on wi th an Am erican
consorti um under the co-ordi nati on of T om T erwi l l iger, at Los Al am os. The ob-
jecti ve of the consorti um was to pro vi de structura l data from about 10% of the
enti re MtB genom e by selecti ng ta rgets, whi ch could be speciÙcally inv olv ed in the
patho genicity of thi s m ycobacteri um .

Co mpl ementi ng these e˜o rts, EMBL in conj uncti on wi th three academ ic
partners (Ma x-Pl anck-Groups in Structura l Bi ology, D ESY, Ha mburg ; Ma x-Pl anck-
- Insti tute for Inf ecti ous Bi ology, Berl in; Insti tute for Bi oinf orm atics, GSF, Neuher-
berg) and three industri al partners (X- ray Research, Norderstedt; Gra£ ni t y, Hei-
delberg; Bi om ax, Ma rti nsri ed) from Germ any has form ed a structura l genom ics
ini ti ati ve wi th pri mary focus on the genome of Myc obacter ium t ubercul osi s. Mo re
speciÙcal ly, thi s pro ject pro poses to provi de an integ rated structura l genomics ap-
pro ach wi th respect to ta rget selection, structure determ inati on and screening for
potenti al lead com pounds, as well as unra vel the functi onal signiÙcance of ta rgets
in bio logical pro cesses (Fi g. 2).

Select i on of 150 t ar get s. The ta rgets wi l l be chosen by three di ˜er-
ent m etho ds: (a) com pari son between the MtB and non-patho genic mycobac-
teri um stra ins; (b) use of pro teomic data to identi fy gene pro ducts tha t are up- or
down- regul ated under persistence condi ti ons; and (c) use of proteom ic data wi th
inf ected organ materi al . In a subsequent step, the scienti Ùc and techni cal feasibi l i ty
of these targets wi l l be assessedby bioinf orm atics- based techni ques. The selected
ta rgets wi l l be cloned, expressed, and puri Ùed, wi th the aim of devel oping auto -
m ated techni ques and establ ishing hetero logous expression in the non-patho genic
Myc obacter ium smegmat is.

Scr een ing f or low m olecu lar wei ght l i gan d s f or 100 t ar get s. Small
m olecular weight com pounds wi l l Ùrst be retri eved from vari ous databases. Fol -
lowi ng im mobil isati on on chi ps, each puri Ùed ta rget wi l l be screened for bi ndi ng to
at least ten di ˜erent com pounds. Four of these hi ts wi l l then be used subsequentl y
for co-crysta l l isati on experim ents and biological inhi bi ti on assays. The aim is to



644 M. Wi lmanns

solve structures from 50 ta rgets, on average, in the presence of three di ˜erent small
m olecular l igands. Based on these data , a second round of structure- based l igand
screening wi l l be carri ed out using speciÙc in-house technologies pro vi ded by the
industri al partner Gra£ ni ty .

I n vi vo ch ar act eri sati on of 20 t ar get s. Twent y ta rgets for whi ch the
smal l l igand{ ta rget com plex three- di mensional structures have been solved and for
whi ch the l igands have been reÙned by structure- based screening wi l l be selected.
T argets wi l l underg o: (a) bi ological assays; (b) pro teom ics based analysis, testi ng
the inhi bi to ry e˜ects of selected smal l l igands; and (c) speciÙc MtB kno ck-out
testi ng.

6. Co n cl u si on

Structura l biology technologies are pro vi di ng an adv anced pl atf orm for thei r
system ati c appl icati on in Structura l Genom ics or Pro teom ics Pro jects. The most
useful inform atio n for decipheri ng the m olecular mechanisms of cellular pro cesses
l ies wi thi n the intera cti ons of protei n ta rgets and mul tipl e l igands tha t are often
spati al ly and tem pora l ly separated. The ta sk for present and future structura l
genom ics pro jects is theref ore daunti ng: to solve pro babl y hundreds of tho usands
of physi ological pro tei n{ l igand compl exes,ra ther tha n a smal ler num ber of protei ns
or protei n dom ains, the feasibi l i ty of whi ch is largely pending the developm ent of
scaleable technologies.
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