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RESEARCH NEWS

Drug Discovery on the Assembly Line
In the Search for new drugs. dive-rsii

diversity,

Heiww Ford didn't invent rim
acciaimed as an indusmal
same because he dev¢l..p,_.d t
and in so doing e11-dnged
is inanufactured. Li .. , _

of cheniists isn't tl‘:Lf\iVr:;btLi:mup- , \_ - -‘ new

aamemwmmaa
. i [ff 1}.“ mt itatetoiiipoiinds qtiickly
J1“ =1 01 <1’ Y. flml their work is Ch‘l1'l7i .
mwowwmmmaaorr 3 : ‘ _ a .

.aeasaaamwa- C that it takes to
develop new drugs and save millions of [ 1
lars in RSLD costs. but one that is ch- K.” '
the whole notion of drug Liiscovi-31-y
iiiiemcrit." says Adele M. Haley. chief (.'ll‘ll.‘i
‘industry analyst for the Stt>ver-Haley-Ngyei

rfe Sciences Advisory Group
The new technology sweeping she

industry is called eoinbinatoriaicl1ein—
istry, a way of churning out hundi'eds
—-or liuridreds of rnillions-—of' mm-
pounds with known structures. “By 5i-
multaneously creating CL')i‘l‘lp0i_|m_I5 with
shapes, cliarges, and electrostatic char-

acteristies covering a tremendous range
of possibilities, combinatorial chemist
try dramatically improves the odds of
finding at least one new substance that

will bind to some target [in the body]
with extraordinary affinity," says Thomas in-
golia, director of natural products and big.
tecimoiogy i'eseiii'ch at Eli Lilly T1-lam he Adds
“is really what drug discovery is all about." !

Classical synthetic cl'ieitiisti'y was |imi[¢_-Ll
in the array of candidates it could I]1I.15[c'r
because Cl1L’IlliSi'S could only make the. aim
leeular 5l‘l‘:1pc‘:i and cliaiacteristics they could
iiiiagiiie. And while the world’s Forests,
oceans. and compost piles are a treasu1't;_
trove oiunexpectetl molecular entities. sort.
ing this trove requires collecting thousands
of natural specimens and assaying thgm for
l1i(.)lUf__IiCdl activity. Then comes the even
larger task of isolating and puril"ying the ar_-.
rive ini_gredienr, determining its stiuetui-e, and
most dii7f'iL‘iilt' of all. syntliesizing it. Combi-
1‘ia1'orial chemistry Ci)l1.‘si)liLl‘ciiIi.‘5 these lab: )1'i-

ous tasks into one quick succession of _~,i;i_-pg,
The basic strategy is to assemble every

possible combination ofa given set Ljfcllt-‘l-1‘i\
cal building blocks While simultaneously re-
cording which ones have been used aml in
what order. then assay the i'L‘h'lIl[ii‘Ij__: inoi-
cculcs all at once—ai‘1«;l refer to the record to

determine the identity of any that look

car. But he is
genius jL|5[ t}~,,_.

1 l’1(:'¢1$S{.‘l‘£'Il)lyli11e
I it‘ W[l\_,i‘ t_‘\rg]-yrpi-ying

‘OAO Tm

\MiX Ash DIVIDE
/ l

L0 ‘"1 A0 T1

I0 T2 I 0 T2

*? T3 *0 T3
‘T4 ‘$75

\M|X Aug oivioE‘/
/” l "\

Outm

\
son

non

proinising. Since the strategy was introduced
by researchers at Affymax Pharinaceuticais
in 1991. it has ti‘i[.‘.}.-,'(.“.l'(-2:'.i a combinatorial ex-
plosion of its own, hlossoining into a multi-
tude of variants based on tlifferciit inoiecular
building blocks and strategies For keeping
track of the product inolecules. It lias also
sparked a proliferation of start-up drug dis-
covery companies cxploltin;_.; variations of
the combinatorial chemistry theme.

These st-.1ri:—ups and the estahlislied phar-
maceutical companies that are htiilding their
own in—house combinatorial teams are aim-

ing: to streamline a process that takes an aver-
age of i2 years and costs $359 million. ac~
coitling to the US. Office of Technology
Assessnlcnt. Witli combinatorial chemistry.
says Larry Gold, co-inventor of one combi-
natorial technology and Founder oFNeXagen
in Boulder. Colorado, “it is now possible to
come up with several solid drug candidates in
a matter of months instead of years.”

NeXapen scientists. forexample, last year
took less than 4 montlis to generate a library
of short, chemically staiiilizeti cliains of" mi-
cleotides, screen them for the ability to bind

1-§(2|EN(2l:‘ - voL. 264 - '3 JUNE 1994

orova

ssomso-owssrovs

Qfio 'r,1'. T,T5 T3T5
Add and react. In one combinatorial chemistry scheme. mo-
lecular building blocks (shapes) and their matching chemical
lags (T) are linked one-by-one to plastic beads. Alter each
successive addition. the beads are mixed and then divided
into new pools. leading to a combinatorial explosion.

y is strength. Combinatorial chemistry generates lots of molecular
all at once-—and keeps track of what it creates

and block basic fibroblast growth factor (a
promoter oi: cell proliferation). and move
several of the compounds into aniinai tests as
potential treatrnents for cancer and other
conditions. And in what may be a speed rec-
ord, it took only a few weeks for ciicinists at
Chiron to develop several small organic mol-
ecules that bind specifically to a family ofG-
protcin-linkcd rcc<:ptors. the most coinrnon
type of neurotransmitter receptor in the cen-
tral nervous system. Says \li/alter Moos, vice
president for chemical therapeutics at
Chiron, "Older methods of inaking one com~
pound at a time just can’: compete."

Coinbinatorial chemists are quick to admit
that the strategy is no panacea. Sofar. its ir1ain~
stays have been peptides and oligonucleo—
tides polymers consisting of repeated units.

Such mix-and-match molecules were

the natural choice For working out the
basic technology, but they are fragile
and ciiffictilt to aclininister compared to
most existing drugs. Over the past year
or so. however. several groups have suc-
ceeded in applying combinatorial strat-
egies to the simple rings and chains that
are the building blocks of small organic
molecules, which constitute the vast
majority of drugs available today.

The key feature setting apart the
vai'ious combinatorial techniques is how
they keep track of the vast molecular librar-
ies they generate. Affyinax'.s Encoded Syn-
thetic Libraries (ESL) approach. perfected
last year. relies on easy-to-rea:.i chemical ia-
heis, written as ‘5lIl'i11[_{>i of nucleotides. in
ESL. each potential drug candidate is iarown
on a 10-micron plastic head, side-by-side
with its tag. A three-rmcleotide eodon iden-
tifies each iiiolecular building; block.

The numbers game

The process begins when the first building
block and its codon are added to a single large

pool oi" heads and attach theinselves to its
surfiice. Then the pool is split into as many
hatches as there are building blocks-20. if
the subunits are aniino acids and a differ-
ent huildiiu_{ hlock and matching CUi.i()l'l is
added to each one, creating Z0 tlifieienr two~
unit ssonihiiiations. Now [l‘lL‘ subsets are re-
conibincd, rcdivided into 20 new pools. and
again reacted with one of the amino acids
and then its eodon. resulting in 400 different
Il'il'L‘i:—lil1ilI combinations. Rep!-.“«1l'i1'li1 This

process eight times with all 20 amino acids
‘I399
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Putting Genes on a Chip

Now that co111l'1inatori-.1l clieinistry is showing
its mettle by spinning out candidate disease
tteattncnts (see main text), rescarcliers at Affy-
metrix hope it will prove equally adept :1t diag-
nosis. By 1nerp,ing silicon-patterning: techniques
borrowed from microelectronics with combina-

torial chemistry. this small biorcch sratt—up in
Palo Alto is producing intricate chcclvcerboar is
of different nucleotide sequences anchored to a
silicon chip. These chips, they say, can serve as
detectors of aberrant genetic sequences, which
would bind to specific sites on the Cl‘i(3Ci<(-.‘I'lJO'dI'(.l.

"Basically, we’re writing down genetic se-
quence information in a way that is easily acces-
sible using standard hybridization techniqtles.”
says Stephen Fodor, who with colleagues at par-
ent company Affymax developed the technol-
ogy, very-large-scale immobilized polymer synthesis (VLSlPS). in 1991. Foclor and his
colleagues originally eiwisinned VLSlPS as 21 way to generate and screen drug candi-
dates, but other techniques have since surpassed it for drug tievelopinent. Where
Affyinettix hopes VLSIPS will shine, however, is in the testing of genetic and viral
diseases. They also think that it might speed gene seqL1enci1'1g—a hope shared by the
Human Genome Project, which has funded tl1e company to explore the technology.

Vl.5lPS starts with a silicon chip coated with a nucleotide linlted to a light-sensitive
chernical “hlock" group that prevents further reactions. Light shining through -.1 mask
illuminates specific grid squares on the coated chip, triggering the removal of the bloclt
group in those spots. The chip is then incubated with the next pliotoprotected nucleo-
tide, which binds to the exposed spots. Another round of exposure and reaction binds a
third nucleotide to a different set of grid sites, and so on. In 32 cycles, for example, a
carefully planned sequence of tn‘dsl(it1g patterns and reactions can create all 65,536
possible chains ofeight nucleotides, each one in a known location on the chip.

The chip can then probe a solution of fluorescent—labeled DNA fragments for the
presence of specific sequences. Complete sequence mzitclies show up as squares of bright
fluorescence, while single-base inistnatches yield dimly lit squares. The matches could
betray the presence of genetic defects, sucli as the cystic fibrosis gene, or pathogen
strains. says Fodor. Together, the matches and the single-base mismatches could also
reveal the complete nucleotide scqueiicc in :1 set of DNA frziginents, he adds.

That's still a ways off, but in the me-.1nti1ne Fodor and his colleagues are pushing ahead
with combinatorial diagnostics; they plan to begin shipping tliagnostic chips to research-
ers and clinicians by the end of the year. Says Adele M. Haley, a drug industry analyst,
“Affymettix’s technology is going to be 21 big winner. It will be fully automated and
should be capable ofrunning upwards of 100,000 tests siinulomeously. That should offer
sigiiificaiir s:1yint:s for big clinical laboratories.” And in totlrIy's world of medical cost-
cutting, any savings usually translates into success.

AFFYMETRIX

Llghting a match. A fluorescent
probe binds to sites on a matrix of
256 different eight-nucleotide chains.

—].A.

creates a library of the 25.6 billion possible
Iitlllapeptialcs, eacli ider1tifieLl by ‘.1 unique
sI'ting of 24 nucleotides.

To assay the activity of such inolccular
lib1".1tics,;°\ffyIn:1x cliemists mix the heads with
:1 flL|l)|‘t“iC.Cl1t'lTi1§{L[tltl version of the receptor.
antibody, or other molecule that is the targget
ofthc LlL‘.‘ilI'l'.‘Ll drug, Beatl.sl1ca1‘iI1},’ niolecules
that hind to the labeled l.'zil'§_’,eE lluorcsce, and
:1 comiiierci-.1|ly }l\F;1ll;1l7lL‘ l'lLltJl'(..‘\‘l:(.‘1‘ttZI.:-:ICI.'i-
wired cell sorter can piclc them out from
mnonu the i11i1cIiv:: licads---11 rapid ull'er11a-
rive to the p:1inst:1kinj_7 purification and isola-
rion I'L'(|1Ii]'L‘ll to extract ‘.1 promising com-
pound from :1 iT:i[l]l'dl spccinicn. Then it's

1400

simply :1 matter of reatlinu eacl1be:1t|’s DNA
t-.1,:_;, using the polyincrase cl1-ain reaction
(PCR) and stand-.1rd seqtieziciiig technology.
to identify its molecular cargo.

Ratllei‘ than creating labels, scientists at

(Jhiron, l‘:1rl<e—D-avis. Sphinx l’|1arm11ce1iti—
culs, and other coinpzinies rely on spati:1l lo-
cation to tracl< their con1pounds.f\t Chiron,
for example. compounds are grown on an
-.1rr:1y of polyethylene pin.-1‘ |i"Iziiii[JLll2l[CLl by a
robot -.1r111. in a carefully calculated seqttcnce,
the pins are dipped into sets of minute test
ttlbes r.'ot1l'a1i11inf.:, re:Icl'ivel1uildii1;.:blocks. A
different subset of pins is exposed to each
successive builtlin;_:l1lock, with the result that

‘.-'-(Ill:‘N(IE 0 VOL. N14 0 '5 JUNE I994

eacli pin ends up carryi11;_::1 tlificreiit coml'-1'-
nationofliilildingblocks.Tl1cpit1s can then
be exposed to :1 fliioi-cscc11t—t:1r:,_t:etl version of
thc drug I'.ll‘l_[L‘l', and the identity of :1 com-
pound thut lias a stro11;_: affiiiity for the tzirgct
can be determined from The pi11'_~, position.

A third upproacli forgocs any lzlbcling
.scheme—soInctl1ing that's possil‘!le if the
building blocks are nucleotides, whose se-
quence can readily be deciphcrcd. l\leXage1"1.
for example, begins with -.1 primer sequence,
then uses a battery of oligonucleotide synr
thesizets to put it tlirough 25 to .30 cycles of
nucleotide addition. After each cycle, the
growing oligonticleotides from each synthe-
sizer are mixed, then split into new hatclies.
The result is trillions of diffe1'ent oli;gonu-
cleotides, which can be mixed with l"di'11Et
molecules. PCR and automated sequencing
can then reveal the identity of the ll'1()lL‘CUlE'|1'

needles—in—a-haystacl< that bind to the target.
This field is so young and is breeding its

own technical conihinations so rapidly that
no two companies use exactly the same tech-

nique. (Indeed, most firms hay-‘ 'a|1plicd for
patents to cover their yariaiits of C(lI'I'ib‘111':itL1A
rial chemistry.) But there doesn’t seein to be
much arguing about whose approach is best.
‘‘I’m sure each company takes pride in its

method, but no one has a monopoly on good
cotnbinatorial methods,” says _lE11'I10S Bristol,
a vice president at Pa1'l<e-Davis. “What's i1n—

portant is that this [(:Cl‘Il‘lit[LII.3 speeds up the
early phases of the drug discovery pl'UCc3_-5 am]
may reduce the overall cost of discoveririg a
new chemical entity.”

And the strategy not only betters the odtls
of finding an active compound; becatise it
creates such a large pool of coiirendei-_-,-, the

candidate compounds are often more specific
than those found in nature or syntlmsized by
l"l".1(.lilZiL)1"ii‘ll me:1ns. Barry l-’olisl<y and his col-
leagues at NeXai_:e11, for example, recently
(;i‘e‘.1tt-:d ‘:1 pool of l0'i'l—tl1:ll"h' ‘:1 l‘1u1"id1'ed tril-

lioo—diffe1'cnt RNA molecules CU1‘1[:liI1il'1,‘.{
a 38-ntlcleotide random ~act1t1e11c<-.-.

The NeXaige11 chemists then screened these

l1‘IUlCClIlES for tlic ability to discriiniliiitc be-
tween theophylline, :1 couunon a11ti—astbI11a
inedication. and caffeiiie, which differs from

theophylline by only -.1 single methyl g:'i1L1p.
One of the oligonuclcotidcs had :1n affiliity
for theophyllinc 10.000 tiincs ;_=,rca1'ei' than
its affinity for caficiuc—disc1'in1ination I00
times better tl1an that of the I11o|‘1oclon'.1l anti-

body now used to monitor blood IheopI1yI—
li1iclevcls(Scicnct’, 1 1 March, p. l‘l2‘3).Tl1'.1t
fear is of more than ac-.1demic interest; :1 more
selective theophyllinc 1155111,’ would increase
the safety of usirig the dI'u;_: to control -.1~1thm‘.1.

A farewell to elegance?
Such feats haven't won over the en tire com-

munity ofoi'j_r11i1ic cheniists. Stalw11I'I.~i mourll
the loss of the cle.gz1nt cl1en1isI'ry required to
assclnlilc '.1 complex molecule pi:.‘L‘c by piece.

f 
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