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Developing effective assays in HTS 

I t is not often that members of the major 
pharmaceut ica l  companies  get to- 

gether  to discuss actual data from their 
work  in drug discovew,  so the IBC 
meet ing Real Case Studies on 
Developing Effective Assays, which took 
place  in Phi ladelphia,  USA on 30-31 
October  1997, p rov ided  a we lcome  
change.  Fur thermore ,  many of the pre- 
senters  were  p r e p a r e d  to talk about  
some of the problems they had encoun- 
tered in the design and implementa t ion 
of assays for high- throughput  screening 

(HTS). 

Importing new technologies 
A pre sympos ium w o r k s h o p  addres sed  
the introduction of new technology into 
the HTS field. 

Assay miniaturization 
Smaller, faster, cheaper.  This was one of 
the main themes of both the symposium 

and the workshop.  The adapta t ion  of 
f luorescence-based  assays to micro- 
volume assays was in t roduced by 
Dr Jonathan  Burbaum (Pharmacope ia ,  
Cranbury,  NY, USA). Two case studies 
were  presented  in which data from 
1536-well assays was shown to closely 
match the 96-well data. Evaporat ion 
from 1536-well plates was not  a signifi- 
cant p rob lem provided  that plates were  
not left uncovered for more than 20 rain. 

With smal l -volume wells, l iquid han- 
dling becomes  difficult. Dr Don Rose 
(Cartesian Engineering,  Durham, NC, 
USA) displayed the Nanojet 3000 Aspirate 
and  Dispense  system in the exhibi tors  
hall. The deve lopmen t  of this tool  was 
discussed during the workshop,  and  a 
poster  was also p resen ted  by MicroFab 
Technologies  (Piano, TX, USA), who  
specialize in inkjet microdispensing. 

Detect ion of  the signal from such 
smal l -volume f luorescent  assays was 

addressed  by Dr A1 Kolb (Packard, 
Meriden, CT, USA). The presentat ion fo- 
cused on the acquisition and adaptat ion 
of  t echnology  from other  fields of  sci- 
ence to make sensitive detectors for the 
next generation of assays. 

Novel assay techniques 
The use of  nucleic acid structures for 
probing  and screening applicat ions was 
in t roduced by Dr Seth Stern (University 
of Massachusetts  Medical  Center, MA, 
USA). He discussed many  of  the stand- 
ard uses of chemically modif ied nucleic 
acid structures to identify cis-binding 
elements.  He also discussed the issues 
of using a structurally diverse library 
of RNA to bind to non-nucleic  acid tar- 
get molecules, thereby identifying motifs 
that might be requi red  in a lead 
compound.  

Cel l-based assay systems using re- 
por ter  gene  constructs  were  d iscussed 
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by Dr Shannon Beard (Xenometrix,  
Boulder,  CO, USA). In col labora t ion  
with Oncogene  Science (Uniondale, NY, 
USA), Xenometr ix  have d e v e l o p e d  a 
large range of repor ter  gene  constructs  
in several  cell types to investigate com- 
p o u n d  efficacy and toxicity. Dr Jason 
Ruans (Glaxo Wellcome, Research 
Triangle Park, NC, USA) descr ibed  a 
novel cell-based system that uses a lawn 
of cells to rapidly screen a 442,000- 
pep t ide  library in a 7- t ransmembrane  
(7T/Vl) receptor assay. Because this assay 
did not conform to a s tandard 'well-  
based '  system, deve lopmen t  of auto- 
mated  image analysis software was 
necessary. 

Dr Maura Kibbey (IGEN, 
Gai thersburg,  MD, USA) repor ted  on 
e l ec t rochemi luminescence  t echno logy  
for sensit ive non- rad io labe led  assays, 
expla in ing their flow cell system and 
present ing  some data from binding 
assays. A 96-well format version of 
the flow cell is under  deve lopmen t  to 
conform to current au tomat ion  
requirements. 

Case studies 
Almost all of the presenta t ions  focused  
on the problems that have been encoun- 
te red  with specific assays and the tech- 
nology that has been  e m p l o y e d  to 
ove rcome  them. It was clear that the 
level of  automat ion varies be tween  
companies  and that solut ions to some 
problems did not necessarily require ex- 
pensive equipment  purchases. 

In a presenta t ion  enti t led 'Changing 
the Wheel When the Car is Still Moving', 
Dr John Houston out l ined Glaxo 
Wellcome's (Stevenage, Herts, UK) strat- 
egy for rapidly improving the drug dis- 
covery process.  Many implicat ions can 
arise from simple decisions.  When  
Glaxo Wellcome dec ided  to automate  
and opt imize HTS, they had to find 
money,  space,  personnel  and  the right 
equipment .  Once introduced, it became 
clear that, for the scale of screening that 
was required,  96-w~11 assays would  not 
be cost effective. But should the conver- 
sion to new' assay formats be evolution- 
ary or revolutionary? For f luorescence  
assays, the switch to 1536-well assays 

could be made relatively easily, and sup- 
por t ing data from a human  factor VIIa 
f luorescence assay were presented.  The 
conclus ion was that, over  the next five 
years, the HTS assays would  be scaled 
from 96-well to 386-well formats and  
then to 1536 wells. 

The use of luminescence in assays as 
an al ternative to radioactivity was pre-  
sented by Dr Chris Roelant (Radioactive 
Tracer Replacement  Technologies ,  
Leuven, Belgium). The deve lopmen ta l  
strategy for several assays was presented 
with compar isons  of 384-well and  96- 
well formats. The scaling down of lumi- 
nescent  assays seems to be  relat ively 
straightforward. Luminescence was also 
the theme of the presenta t ion  by Dr 
Michelle Palmer  (Tropix, Bedford,  MA, 
USA). They in t roduced some of  the 
reagents  that they supply  for use in 
cap tu re -based  and ce l l -based  assays. 
Kinase assays and protease  assays were 
discussed,  and  the sensitivity of the 
Tropix chemiluminescence systems was 
emphasized.  

'Doing cell-based assays is a bit 
like eating broccoli, you don't want 

to do it but you know you,have to' - 
Dr Richard Harrison of RPR 

Transient  t ransfect ions were  used by 
Novartis (Basel, Switzerland) in one  of 
their repor ter  gene assays. Dr Guenther  
Scheel descr ibed  the major p rob lem 
with this technique, which was to obtain 
a consistent  high signal from the trans- 
fected cells. Elect roporat ion p roved  to 
be the most efficient me thod  of trans- 
fection and,  after optimization,  a single 
e lec t ropora t ion  using 0.1 mg of DNA 
produces  enough  transfected cells for 
100,000 wells. Dr Richard Harrison 
(Rh6ne-Poulenc Rorer, Collegeville, PA, 
USA) presented  work  on an assay that 
uses the secre ted  embryonic  alkaline 
phospha tase  gene as a reporter ,  l inked 
to a heat -shock promoter .  The initial 
problems were poor  induction of the re- 
por ter  gene and high levels of  phos-  
phatase  activity in the control  cells. 
Automation,  switching cells lines and 

coating the plates with poly-lysine over- 
came these problems.  

Dr John Haley (Oncogene  Science, 
Uniondale ,  NY, USA) gave a presen-  
tation on the use of  YAC-based vectors  
in screening. Induction of  ,/-globin gene 
express ion  occurs in response  to the 
binding of cis-acting elements some dis- 
tance from the gene.  Reporter  genes  
were  spliced into YACs carrying the 
long-range promoter  elements and were 
used for screening. This approach main- 
ta ined the structural integrity of  the 
DNA, and thus the binding sites for the 
cis elements ,  and  by compar i son  with 
a p lasmid-based  repor ter  construct  
showed  that more  'hits' were  ident if ied 
using the YAC system. 

A different set of problems,  descr ibed 
by Dr Kurt Hertogs, were  encoun te red  
by the clinical scientists from Virco NV 
(Edegem, Belgium), who  au tomated  an 
assay to investigate the drug-resis tant  
state of HIV patients. HTS is normal ly  
appl ied to test the effect of thousands of 
compounds  on one cell type, con- 
versely, Virco have only 12 compounds  
but  thousands  of different viruses. 
Initially, they devised  a p rocedu re  to 
generate  recombinant  virus stocks from 
200 bd samples of patient plasma in only 
7-10 days. These could then be used for 
drug-res is tance  studies. Automat ion  of  
the entire procedure  was useful because 
it offered improved  data reliability, 
safety for workers,  data tracking and 
quality control. 

Proximity assays 
The final day of the sympos ium was 
dedicated to the use of proximity assays. 
Surprisingly, only one speaker,  Dr Kerry 
Koller (Affyrnax Research Institute, Palo 
Alto, CA, USA), focused on the use of 
Amersham Internat ional ' s  SPA system, 
a l though there were  two posters  pre-  
sented on SPA and Cytostar-based 
assays. Koller detai led the deve lopment  
of a high-level express ion  system for 
the produc t ion  and purification of 
tagged novel  recombinant  7TM recep-  
tors. FACS analysis was used  to identify 
the highly express ing cell lines where  
no receptor  ant ibody or radioligand was 
available. Membrane  prepara t ions  were  
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then used as a source of receptor  for the 
SPA assay. 

The use of p roximi~  assays with natu- 
ral product  l ibraries was discussed by  
Dr Julian Abery (Xenova, Slough, UK). 
Assays were required to be tolerant to a 
range of  physiochemical  condit ions be- 
cause the compounds  were not all in the 
same medium. Dual- label  lanthanide  
t ime-reso lved  f luorescence (TRF) and 
h o m o g e n e o u s  TRF were  the two case 
studies presented.  TRF uses the delayed 
emission of a f luorescence signal from 
fluors with long half-lifes, so that en- 
dogenous  fluorescence from assay com- 
ponents  with very, short  half-lifes does  
not interfere with the signal from 
labeled  assay components .  In the first 
assay, a capture  system was set up to 
identify inhibitors of the tumor  necrosis  
factor (TNF)-aZFNF-receptor interaction. 
Different labels were  appl ied  to each of 
the two assay components  to reduce the 
possibi l i ty  of false positives. The draw- 
back of  the capture  assay is a require-  
ment for several washing steps. The sec- 
ond  assay was a h o m o g e n e o u s  assay 
and again used two labels. The TNF-a 
and its recep tor  were  labeled with 
terbium and rhodamine ,  respect ively.  
When  the TNF-c( bound  to the recep tor  
and the terbium was excited, the energy 
was t ransferred to the rhodamine  be-  
cause of  its close proximity.  Both assay 
systems p roved  very. robust  and were  
stable in a wide variety of  pH and 
media. 

Dr Claudio Mapelli  (Bristol-Myers 
Squibb, Princeton, NJ, USA), Dr 
Christine Pernel le  (Rh6ne-Poulenc  
Rorer, Vit W sur Seine Cedex, France) 
and Dr Jeffrey Hermes  (Merck & Co., 
Rahway, NJ, USA) all p resented  data on 
the use of Packard 's  HTRF (homo-  
geneous  time reso lved  f luorescence)  

system. The assays discussed included 
pro tease  assays, SRC family tyrosine ki- 
nase assays, r ecep tor  au tophosphory l -  
ation and r ecep to r - l i gand  interactions.  
In all cases, the HTRF technique was 
compared  with other forms of proximity 
assays. The system uses chemist  W de-  
ve loped  by CIS-Bio (Bagnols sur Ceze 
Cedex, France) - a caged eu rop ium 
cwpta te  is used  as the long half-life 
donor,  and the acceptor  molecule  is a 
modif ied  APC prote in  from algae. The 
donor and acceptor are used to label the 
~ , o  components  of the assay; if they are 
<90 A apart when excited, the donor will 
transfer the energy to the acceptor.  
Europium cryptate is exci ted at 337 nm 
and emits at 620 nm, while the acceptor  
emits at 665 nm. The advantage  of the 
Packard  system is that by s imul taneous  
detec t ion  of  f luorescence emissions at 
both 620 nm and 665 nm, there is an in- 
ternal  control  for inner  filter effects. 
Colored  c o m p o u n d s  or high turbidity 
in the medium will affect both the 620 nm 
and 665 nm readings but, by using a 
ratio of the two emissions, the inner fil- 
ter effects can be  minimized.  True hit 
compounds  that prevent  the association 
of the two labeled molecules  will result 
in a decrease  of the 665 nm signal but 
not of the 620 nm signal. The speakers  
concur red  that the HTRF technology  
outper formed other radioactive proxim- 
ity assays. The only disadvantage seems 
to be the availability of l abe led  assay 
components ,  a l though custom labeling 
can be arranged and the number  and 
range of  labe led  generic reagents  is 
being increased by Cis-Bio. 

An emerging assay technology  appli-  
cable  for secondary  screening was de- 
scr ibed by Dr Alex Harris (Chiron 
Technologies ,  Emeryville, CA, USA). It 
involves computer  algorithms devised to 

design bDNA [)robes to enable  the am- 
plification of  a chemiluminescent  signal 
from RNA molecules  in cells. Already 
avai lable are probes  for interferon ?, 
interleukin 2 (IL-2), IL-4, IL-6, IL-10, 
insulin, TNF-0q c-fos, HSP70 (70-kDa 
heat  shock protein) ,  GAPDH (glyceral-  
d e h y d e - 3 - p h o s p h a t e  dehydrogenase ) ,  
[3-actin and luciferase, which allow' for 
the detect ion of RNA at very, low levels 
from only 50-100 cells. Quantification of 
the amplif ied signal enables  differences 
in the gene expression be tween  cells to 
be  measured.  The second  part of the 
presentation focused on the use of affin- 
ity se lec t ion /mass  spec t romet  W and its 
uses for screening combinator ia l  mix- 
tures of  compounds .  Up to 500 com- 
pounds  are mixed with a purified target 
protein,  the mixture is then passed  
through a high-speed size exclusion col- 
umn and unbound  compounds  are sep- 
arated. Reverse-phase  HPLC separa tes  
the b o u n d  compounds ,  which are then 
passed  into a mass spec t rometer  for 
analysis. With up to 20 mass spectrome- 
try. runs a day, the throughput  can be 
10,000 compounds.  

Overview 
It was helpful to hear  presenta t ions  on 
the new technology  available for HTS, 
but more interesting were  the p rob lems  
that assay designers were faced with and 
the solutions that have been  imple-  
mented. For those who missed this sym- 
posium, the IBC are planing to do it all 
again next year. 

Jon Wingflield 
Yamanouchi  Research Institute 

Littlemore Park 
Oxford, UK OX4 4SX 

fax.. +44 1865 748 974 
e-mail: jwingfield@yam-res, co. uk 

In short... 
DeveloGen, a new German company based in G6ttingen have attracted $3 million from private investors to target control genes in the 
fight against diabetes and obesity. The scientific founders are Prof. P. Gruss, Prof. H. J~ickle (both from the Max Planck Institute for 
Biophysical Chemistry, G6ttingen, Germany) and Prof. W. Driever (University of Freiburg, Germany). DeveloGen aim to tackle 
diabetes and obesity using the genetics of developmental biology. 'The company promises to be one of the highest valued start ups on 
the German biotechnology scene so far', says DeveloGen's CEO Herbert Stadler. 
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