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(57) ABSTRACT 
A high throughput chemical handling System includes a 
chemical Storage module, a transport module, and one or 
more liquid handling modules. The transport module may 
implement parallel chemical transport, and the System may 
include a plurality of asynchronously operable liquid han 
dling modules coupled to the parallel transport module. 



Patent Application Publication Sep. 1, 2005 Sheet 1 of 29 US 2005/0191670 A1 

Data Processing and 
integration Module. 

Reagent Distribution 
MOdule 

- - - - - - - - - - -> Information Transfer 

-- Plate Transfer 

area ada Reaction MOdule 

FIG. 1 

  

    

  



US 2005/0191670 A1 Sep. 1, 2005 Sheet 2 of 29 Patent Application Publication 

z OH 

  

  

  

  

  



Patent Application Publication Sep. 1, 2005 Sheet 3 of 29 US 2005/0191670 A1 

  



Patent Application Publication Sep. 1, 2005 Sheet 4 of 29 US 2005/0191670 A1 

  



Patent Application Publication Sep. 1, 2005 Sheet 5 of 29 US 2005/0191670 A1 

  



Patent Application Publication Sep. 1, 2005 Sheet 6 of 29 

Point Name 
ONLTO-TP 

OFFLTO-FP 
LTO-TP 

LTO-STO 

LTOST1. 

LTO-UP 

LTO-SU 
LTO-F 

LTO-FP 

Teo 
TO-DN 

TO-SD 

LTO-FPG 

FPO-S 

| Ti5% 

F.G. 6A 

US 2005/0191670 A1 

  



Patent Application Publication Sep. 1, 2005 Sheet 7 of 29 US 2005/0191670 A1 

Conveyor Work Center 
. E-Stop 

E-Stop Loop - 

Take Plate DO s ts D1 Send Plate (Active Low) 
Plate Entering D1 sts Do Plate Exiting (Active Short) 

Wiring Pairs 
AMP206037-1 AMP206036-3 
CONVEYOR WORKCELL 

BELDEN9508 
a-- R PLATEENTERING 

E. KEP sENPAE BK TAKE PAIE 
3 BK - 
4 PLATEENTERING + - PLATEETING - 6-9 

TAKE PLATE - SENDPLATE 
-- 

PLATE EXITING 

5-S 
E-STOP LOOP 9- E-STOP 

ESTOP 13. W. E-STOPACTIVELOW 
14 BK 
15 SPARE 
16 
ama 

man 

FIG. 6B 

  



Patent Application Publication Sep. 1, 2005 Sheet 8 of 29 US 2005/0191670 A1 

  



Patent Application Publication Sep. 1, 2005 Sheet 9 of 29 US 2005/0191670 A1 

EXCITATIONEND EMISSIONEND 

III 
its 

FIG. 8 

  



US 2005/0191670 A1 Patent Application Publication Sep. 1, 2005 Sheet 10 of 29 

1NBINETE lWNHEIXE'.     

  

  

  

  

    

  

  

  

  

  

  

    

  



86 OH !- · · · · ·SIT 

US 2005/0191670 A1 Patent Application Publication Sep. 1, 2005 Sheet 11 of 29 

U? 

  

  

  

  

  

  

  

  

  



US 2005/0191670 A1 2005 Sheet 12 0f 29 9 Patent Application Publication Sep. 1 

06:0H 
NOLIWH3d0 … HOWE H0+ 

BAILWINBS38d38 ) 
38W salay??s?n?901fhao??? - --:TIWB1110mWSB000 8088B 

  

  

  

  

  

  

  

  



US 2005/0191670 A1 Patent Application Publication Sep. 1, 2005 Sheet 13 of 29 

ERLisluopelºs EE.—º. -Su0|00|0S 40 JºquunN 
| 300001 0300001 6?00001 

  



US 2005/0191670 A1 Patent Application Publication Sep. 1, 2005 Sheet 14 of 29 

801 OH 

( uels 

  

  

  



US 2005/0191670 A1 9 

S9|duleS . 

Patent Application Publication Sep. 1 

  

  

  

  
  

  

  

    

  

  

    

  

    

  

  
  

  

  

  

  



US 2005/0191670 A1 

001 OH 

(M8|Alspielelº 

?SIT Qeld ?JOdu|| 

90.InOS Áq |00|0S 
1 SN 

Patent Application Publication Sep. 1, 2005 Sheet 16 of 29 

  

      

  

  

  

    

  

  

  

  

  



Patent Application Publication Sep. 1, 2005 Sheet 17 of 29 US 2005/0191670 A1 

Storage and Retrieval Module 
<--->Information Transfer 
--Plate Transfer Random ACCess 

High Density Plate 
Presentation MO(dule 

to Eels II ------------ (Dispense cells) --------------- 

I RDR2 . (Dispense Reagent A) 

loser Aaen all (Dispense Reagent B) 

Alonell (Dispense ReagentC) 

w EG -- Detector 

/ Plate Transporter 

area 

- 

Fluorescence 
Dectector 

Data Proessing 
and Intergration 

Modul ogle 

    

  

  

  

    

  

  



Patent Application Publication Sep. 1, 2005 Sheet 18 of 29 US 2005/0191670 A1 

SCREENING SYSTEMMATERIAL FLOW 800 801 
Compound Preparation Master Liquid Store 

(by others) 
Typically Frozen Samples Star SDR 

803. 802 

Regular Replenishment 
t Cycle of SRM 
(e.g.: using removeable Cart) 

Transfer to SRM 

SRM 
Environmentally Managed, ROOm Temperature Store. 

> 1,000,000 Sample Capacity 
Contains Storage Plate Library and Pre-Formatted Screening Plates 

805 

Screening Transporter 

80 
Plate Replication 

Creation of Screening Plates 
integrated SDR 

96,384,3456 Densities 
807 

Screening ASSay Workstation 
(see detail on FIG.12B) 

FIG. 12A 

  

  

    

  

  

  

      

  



Patent Application Publication Sep. 1, 2005 Sheet 19 of 29 US 2005/0191670 A1 

SCREENING ASSAY WORKSTATION 
. . . . ; Detail 

Screening Plate from the 
SRM 

811 
Reagent Addition Stations 
up to 6 reagents, Cells, 
substrates, liquid lids 

812 

inCubation 

813 

Optional 
Reagent Addition Station 

Dyes, etc 
814 

Optional 
SeCOndinCubation 

815 

Detector 

F.G. 12B 

  

    

  

  

  

    

  

    

  



Patent Application Publication Sep. 1, 2005 Sheet 20 of 29 

Add ne, 
COmpOunds to 

Store 
2 

Replenish Y 
Store 

creening Plates YES 

Specify a 
NeW Assy 

YES 

Operator Interface 
Display Schedule 

Operator interface 
Display Work-In 

PrOCeSS 

YES 

User Interaction 
Flowchart 

Oad NeW 
Plates On Cart - 

Select 
Compounds O 

Define ASSay 
Flow through 
WorkCenterS' 

(E) 

Select 
a defined CE) 

FIG.13A 

US 2005/0191670 A1 

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  

  



Patent Application Publication Sep. 1, 2005 Sheet 21 of 29 US 2005/0191670 A1 

Schedule the 
Operation 

Schedule the 
Operation 

Define 
WorkCenter 
Parameters 

Define Work (E) instructions 

Select SCreen 
Set 

(plates for 
ASSay) 

SCreen 

Alter 
Scheduled 
Work 

ZOOmTO 
WorkCenter 

Display/Alter 
WorkCenter 

Schedule the 

FIG.13B 

      

  

  

  

      

  



Patent Application Publication Sep. 1, 2005 Sheet 22 of 29 US 2005/0191670 A1 

i 

  



US 2005/0191670 A1 Patent Application Publication Sep. 1, 2005 Sheet 23 of 29 

I-I 
714 OOOOOOOOOOOO C××××××××××× CXXX:X:X:X:X:X:X:X:XQ ©Q CXCXCXCXCXCXCXCXCXC) QX XQW XQX XQX XQQ © C CXC 714 

FIG.15A 

    

  

  



US 2005/0191670 A1 Patent Application Publication Sep. 1, 2005 Sheet 24 of 29 

713 710 

FIG.15B 

  



Patent Application Publication Sep. 1, 2005 Sheet 25 Of 29 US 2005/0191670 A1 

; 

  



Patent Application Publication Sep. 1, 2005 Sheet 26 of 29 US 2005/0191670 A1 

- ----------------- El 

-------------T----- ------- U 
- - 

- 

I It 
INI 

EE M Hi 

N 

  



Patent Application Publication Sep. 1, 2005 Sheet 27 of 29 US 2005/0191670 A1 

O 
Y 
CN 
s 

  



Patent Application Publication Sep. 1, 2005 Sheet 28 of 29 US 2005/0191670 A1 

1820 1830 t 
bank 1 

bank 2 

YA bank 3 

océoa.6A-6A-6AO-6as 6a-c6a b - w 
try retro ank 4 

Dispensing into 96 well plate, 6.5mm diam. Wells 

bank #-valve # 

1810 
Dispensing into 384 well plate, 3.4mm diam. Wells 

1820 1830 

OOOOOOOOOOOOOOOOOOOOOOOOOOOOO 

Oooooooooooooooooooooooooo banks 2 & 4 

Dispensing into 864 well plate, 2mm diam. wells 

FIG.18 

  

  



Patent Application Publication Sep. 1, 2005 Sheet 29 of 29 US 2005/0191670 A1 

-1930 

FIG. 19A 1970 

1940 

FIG. 19B 

  



US 2005/0191670 A1 

HIGH THROUGHPUT CHEMICAL HANDLING 
SYSTEM 

CROSS REFERENCE TO RELATED 
APPLICATIONS 

0001. This application is a continuation of U.S. patent 
application Ser. No. 08/858,016, filed on May 16, 1997, 
entitled “Systems and Methods for Rapidly Identifying 
Useful Chemicals in Liquid Samples” and claims priority 
thereto under 35 U.S.C. S. 120. The content of the Ser. No. 
08/858,016 application is hereby incorporated by reference 
in its entirety. 

TECHNICAL FIELD 

0002 The present invention generally relates to auto 
mated and integrated Systems and methods for rapidly 
identifying chemicals with biological activity in liquid 
Samples, particularly automated Screening of low volume 
Samples for new medicines, agrochemicals, or cosmetics. 

BACKGROUND 

0003) Systems and methods for rapidly identifying 
chemicals with biological activity in Samples, especially 
Small liquid Samples, can benefit a number of different fields. 
For instance, the agrochemical, pharmaceutical, and coS 
metic fields all have applications where large numbers of 
liquid Samples containing chemicals are processed. Cur 
rently, many Such fields use various Strategies to reduce 
processing times, Such as Simplified chemistry, Semi-auto 
mation and robotics. While Such Strategies may improve the 
processing time for a particular type of liquid Sample, 
proceSS Step or chemical reaction, Such methods or appara 
tuses can Seldom integrate the entire process, especially the 
generation or detection of chemical events in Small Volumes. 
Such apparatuses are also often limited in their application, 
Since many of them are designed for, and dedicated to, a 
particular type of liquid Sample or chemical reaction. 
0004. In most processes involving liquid samples, as the 
complexity of the liquid Sample processing increases the 
process time per Sample increases. Although, Some very 
Simple chemical reactions or liquid processing methods can 
achieve extremely high throughput rates, Such as in the 
manufacturing of containerized liquids, complicated pro 
cessing of liquids is typically Several orders of magnitude 
slower. In Some instances, the processing of liquid Samples, 
Such as in pharmaceutical arts, which usually demands 
complicated liquid processing for drug discovery, can obtain 
throughput rates of approximately 3,000 Samples per day. 
This type of processing in general, however, uses liquid 
sample volumes on the order of 100 to 200 microliters, 
which often requires relatively large amounts of exotic and 
expensive reagents, and does not typically incorporate auto 
mated access to large Stores of liquid reagents. 
0005 Consequently, there is a need to provide compo 
nents, Systems and methods for rapidly processing liquid 
Samples at high throughput rates, particularly liquid Samples 
of microliter Volumes, one to ten microliters, to identify 
chemicals with useful activity. 

BRIEF DESCRIPTION OF THE FIGURES 

0006 FIG. 1 shows one embodiment of a liquid sample 
processing System and exemplary routes of information and 
plate transfer within. 
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0007 FIG. 2 shows one embodiment of a liquid sample 
processing System that could be used for identifying useful 
chemicals and exemplary routes of information and plate 
transfer. 

0008 FIG. 3 shows one embodiment of a storage and 
retrieval module. 

0009 FIG. 4 shows one embodiment of a sample distri 
bution module. 

0010 FIG. 5 shows one embodiment of a screening 
System. 

0011 FIGS. 6A and B show embodiments of a worksta 
tion interface. 

0012 FIG. 7 shows one embodiment of a reagent dis 
penSer. 

0013 FIG. 8 shows one embodiment of a detector. 
0014 FIG. 9 shows one embodiment of a data structure. 
0.015 FIG. 10A shows one embodiment of a user inter 
face. 

0016 FIG. 10B shows one embodiment of a user inter 
face. 

0017 FIG. 11 shows one embodiment of a screening 
System. 

0018 FIG. 12 shows one embodiment of screening sys 
tem material flow. 

0019 FIG. 13 shows one embodiment of an user inter 
action flowchart. 

0020 FIG. 14 shows one embodiment of a storage and 
retrieval end actuator. 

0021 FIGS. 15A and B shows one embodiment of a 
universal Stacker. 

0022 FIGS. 16A and B shows one embodiment of 
transport System elements. 

0023 FIG. 17 shows one embodiment of a hit profiling 
WorkStation. 

0024 
0025 FIGS. 19A and B shows one embodiment of a 
Screening reagent dispensing robot. 

FIG. 18 shows different dispensing positions. 

SUMMARY 

0026. The invention comprises a high throughput chemi 
cal handling apparatus which is Suitable for the Screening of 
chemical compounds for chemical or biological activity. In 
one embodiment, the apparatus comprises a chemical Stor 
age module Storing a Set of chemical compounds, the 
chemical Storage module comprising an automated retriever 
configured to retrieve Selected ones of the chemical com 
pounds. This apparatus also comprises a multi-lane transport 
module coupled to the chemical Storage module which is 
positioned and configured to receive chemical compounds 
from the automated retriever and to transport the chemical 
compounds away from the chemical Storage module. 
0027. In another embodiment, the invention comprises a 
device for rapidly Screening Samples containing a molecular 
target. This embodiment comprises a Screening Sample 
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transporter programmably controlled to facilitate parallel 
processing of a plurality of Sample wells and at least one 
WorkStation Storage operably linked to the Screening Sample 
transporter and programmably integrated to the Screening 
Sample transporter. 

0028. In a third embodiment of the invention, a high 
throughput chemical Screener comprises a chemical library 
comprising Storage locations for at least approximately 1000 
multi-Well plates, a parallel transport path coupled to the 
chemical library; and a plurality of asynchronously operable 
automated liquid handling devices coupled to the transport 
path. 

DETAILED DESCRIPTION OF THE 
INVENTION 

DEFINITIONS 

0029. Unless defined otherwise, all technical and scien 
tific terms used herein have the same meaning as commonly 
understood by one of ordinary skill in the art to which this 
invention belongs. Generally, the nomenclature used herein 
and many of the automation, computer, detection, chemistry 
and laboratory procedures described below are those well 
known and commonly employed in the art. Standard tech 
niques are usually used for engineering, robotics, informat 
ics, optics, molecular biology, computer Software and inte 
gration. Generally, chemical reactions, cell assays and 
enzymatic reactions are performed according to the manu 
facturer's Specifications where appropriate. The techniques 
and procedures are generally performed according to con 
ventional methods in the art and various general references 
(see generally, Knuth, Donald E., The Art of Computer 
Programming, Volume 1, Fundamental Algorithms, Third 
Edition (Reading, Massachusetts: Addison-Wesley, 1997); 
Volume 2, Seminumerical Algorithms, Second Edition 
(Reading, Mass.: Addison-Wesley, 1981); Volume 3, Sorting 
and Searching, (Reading, Mass. Addison-Wesley, 1973); for 
computational methods, Lakowicz, J. R. Principles of Fluo 
rescence Spectroscopy, New York: Plenum Press (1983) for 
fluorescence techniques and Sambrook et al. Molecular 
Cloning: A Laboratory Manual, 2d ed. (1989) Cold Spring 
Harbor Laboratory Press, Cold Spring Harbor, N.Y. for 
molecular biology methods, which are incorporated herein 
by reference which are provided throughout this document). 
The nomenclature used herein and the laboratory procedures 
in chemistry, molecular biology, automation, computer Sci 
ences, and drug discovery described below are those well 
known and commonly employed in the art. Standard tech 
niques are often used for chemical Syntheses, chemical 
analyses, drug Screening, and diagnosis. AS employed 
throughout the disclosure, the following terms, unless oth 
erwise indicated, shall be understood to have the following 
meanings: 

0030 " Adaptive routing” refers to a change in the path to 
be followed by a work unit as a result of conditions 
encountered during a Stage or Stages of processing. Condi 
tions could include results of previous processing Steps, 
equipment out of order, processing priorities, or other fac 
tors. The path is the Sequence of Steps called for to proceSS 
a work unit. For example, the path is the Sequence of Steps 
called for in the assay definition, which may be independent 
of Specific processing equipment. System processing is 
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typically performed at WorkStations, So adaptive routing 
allows alternative workstations to be substituted by com 
puterized instruction. 
0031 “Daughter plate” refers to a plate containing a 
portion of the liquid of the wells of a master plate of the 
Same or different well density. A master plate refers to a plate 
with Wells containing a Stock Solution. 
0032 “Modulation” refers to the capacity to either 
enhance or inhibit a functional property of biological activ 
ity or process (e.g., enzyme activity or receptor binding); 
Such enhancement or inhibition may be contingent on the 
occurrence of a specific event, Such as activation of a signal 
transduction pathway, and/or may manifest only in particu 
lar cell types. 
0033. The term “modulator” refers to a chemical com 
pound (naturally occurring or non-naturally occurring), Such 
as a biological macromolecule (e.g., nucleic acid, protein, 
non-peptide, or organic molecule), or an extract made from 
biological materials. Such as bacteria, plants, fungi, or animal 
(particularly mammalian) cells or tissues. Modulators are 
evaluated for potential activity as inhibitors or activators 
(directly or indirectly) of a biological process or processes 
(e.g., agonist, partial antagonist, partial agonist, antagonist, 
antineoplastic agents, cytotoxic agents, inhibitors of neo 
plastic transformation or cell proliferation, cell proliferation 
promoting agents, and the like) by inclusion in Screening 
assays described herein. The activity of a modulator may be 
known, unknown or partially known. 
0034) “Naturally-occurring” as used herein, as applied to 
an object, refers to the fact that an object can be found in 
nature. For example, a polypeptide or polynucleotide 
Sequence that is present in an organism (including viruses) 
that can be isolated from a Source in nature and which has 
not been intentionally modified by man in the laboratory is 
naturally occurring. 
0035 “Operably linked” refers to a juxtaposition wherein 
the components So described are in a relationship permitting 
them to function in their intended manner. For instance, two 
components are mechanically linked by a conveyor means. 
0036 “Parallel processing” refers to the routing of mate 
rial flow to facilitate the Simultaneous handling of multiple 
work units at or within multiple workstations. Parallel 
processing between WorkStations is accomplished by main 
taining individual work queues within a transport System for 
each WorkStation, and allowing for many liquid handling 
operations to be performed simultaneously. For example, 
work units can be delivered in parallel to each of the 
WorkStations disposed on a transport System, while other 
units are queuing for Subsequent operation at those work 
Stations. TransferS from the WorkStations are also to be 
accomplished in this manner. Within WorkStations, many 
parallel instruments can perform work on a number of units 
Simultaneously. For instance, four parallel aspirate/dispense 
devices can simultaneously operate on four plates in a 
WorkStation. When the term parallel processing is used, 
unless explicitly Stated, it does not preclude other types of 
processing, Such as Serial processing. 
0037) “Polynucleotide” refers to a polymeric form of 
nucleotides of at least 10 bases in length, either ribonucle 
otides or deoxynucleotides or a modified form of either type 
of nucleotide. The term includes Single and double Stranded 
forms of DNA. 
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0.038 “Chemical plate” refers to a plate containing chem 
cials, Such as a master plate with Stock Solutions or a 
daughter plate with Stock Solutions or dilutions thereof. A 
well of a chemical plate will usually have only one chemical 
in Solution. 

0.039 “Sample plate” refers to a plate containing a 
Sample to be processed, Such as a Sample for testing or 
Synthesis. Sample plates are usually used in a reaction 
module, to permit a chemical reaction, or detection of a 
physical property of the Sample. 

0040 “Test chemical” refers to a chemical to be tested by 
one or more Screening devices or method(s) of the invention 
as a putative modulator. 
0041) “Fluorescent label” refers to incorporation of a 
detectable marker, e.g., by incorporation of a fluorescent 
moiety to a chemical entity that binds to a target or attach 
ment to a polypeptide of biotinyl moieties that can be 
detected by avidin (e.g., Streptavidin containing a fluores 
cent label or enzymatic activity that can be detected by 
fluorescence detection methods). Various methods of label 
ing polypeptides and glycoproteins are known in the art and 
may be used. Examples of labels for polypeptides include, 
but are not limited to dyes (e.g., FITC and rhodamine), 
intrinsically fluorescent proteins, and lanthanide phosphors. 
In Some embodiments, labels are attached by Spacer arms of 
various lengths to reduce potential Steric hindrance. 
0.042 “Reporter gene” refers to a nucleotide sequence 
encoding a protein that is readily detectable either by its 
presence or activity, including, but not limited to, luciferase, 
green fluorescent protein, chloramphenicol acetyl trans 
ferase, p-galactosidase, Secreted placental alkaline phos 
phatase, B-lactamase, human growth hormone, and other 
Secreted enzyme reporters. Generally, reporter genes encode 
a polypeptide not otherwise produced by the host cell which 
is detectable by analysis of the cell(s), e.g., by the direct 
fluorometric, radioisotopic or spectrophotometric analysis 
of the cell(s) and preferably without the need to remove the 
cells for Signal analysis of a well. Preferably, the gene 
encodes an enzyme which produces a change in fluorometric 
properties of the host cell which is detectable by qualitative, 
quantitative or Semi-quantitative function of transcriptional 
activation. Exemplary enzymes include esterases, phos 
phatases, proteases (tissue plasminogen activator or uroki 
nase) and other enzymes whose function can be detected by 
appropriate chromogenic or fluorogenic Substrates known to 
those skilled in the art. Proteins, particularly enzymes, of 
reporter genes can also be used as probes in biochemical 
assays, for instance after proper conjugation to either the 
target or a chemical entity that binds to the target. 
0.043 “Pharmaceutical agent or drug” refers to a chemi 
cal compound or composition capable of inducing a desired 
therapeutic effect when properly administered to a patient. 

0044) Other chemistry terms herein are used according to 
conventional usage in the art, as exemplified by The 
McGraw-Hill Dictionary of Chemical Terms (ed. Parker, S., 
1985, McGraw-Hill, San Francisco, incorporated herein by 
reference). 
0045 Introduction 
0046) The present invention is directed to systems and 
methods that utilize automated and integratable WorkSta 
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tions for identifying chemicals having useful activity. The 
present invention is also directed to chemical entities and 
information (e.g., chemical or biological activities of chemi 
cals) generated or discovered by operation of workstations 
of the present invention. 
0047 The present invention typically includes automated 
WorkStations that are programmably controlled to minimize 
processing times at each workStation and can be integrated 
to minimize the processing time of the liquid Samples from 
the Start to finish of the process. Typically, a System of the 
present invention would include most or all of components 
used in processing liquid Samples to identify a useful 
chemical, Starting with a large Store of different reagents 
(usually liquid) through the later stage processing steps, 
Such as chemical reactions, or detection of an analyte or 
measurement of a physical property of a Sample, as well as 
a component to collect information resulting from Such a 
process. Such a System, as shown in FIG. 1, usually includes 
the following components: 

0048 a) a storage and retrieval module for storing 
and retrieving very large numbers (at least about 
100,000) of different reagents in containers, 

0049 b) a sample distribution module to handle 
(e.g., aspirate samples from containers and dispense 
Samples into Sample containers) Small volumes of 
liquids at a high rate of Speed, 

0050 c) a sample transporter to transport reagents 
from a Selected component to another at a compat 
ible throughput rate, 

0051 d) a reaction module (e.g., a reagent dispenser 
or a detector) for chemical reactions or physical 
measurements at high throughput rates, and 

0052 e) a data processing and integration module 
that can control module operation. 

0053 If desired, each separate module is integrated and 
programmably controlled to facilitate the rapid processing of 
liquid Samples, as well as being operably linked to facilitate 
the rapid processing of liquid Samples. 

0054 As a non-limiting introduction to the breadth of the 
invention, the invention includes Several general and useful 
aspects, including: 

0055 1) ensembles of integrated components to 
form a System (e.g., a System that includes a storage 
and retrieval module, Sample distribution module, 
Sample transporter, reaction module and data pro 
cessing and integration module), 

0056 2) individual components (e.g., storage and 
retrieval module, Sample distribution module, 
Sample transporter, reaction module or data process 
ing and integration module), 

0057 3) methods of identifying useful chemicals, 
0.058 4) chemicals discovered by the operation of 
Such components or Systems, 

0059) 5) methods and compositions for modulating 
biological processes with a chemical having modul 
lating activity discovered by the operation of Such 
components or Systems, and 
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0060 6) computer program products, computational 
methods and Storage devices related to either the 
operation of, or information generated by, compo 
nents or Systems of the invention. 

0061 These aspects of the invention, as well as others 
described herein, can be achieved by using the devices, 
compositions and methods described herein. To gain a full 
appreciation of the Scope of the invention, it will be further 
recognized that various aspects of the invention can be 
combined to make desirable embodiments of the invention. 
For example, the invention includes a Storage and retrieval 
module programmably integrated with a computer device to 
a Sample transporter and a Sample distribution module, and 
operably linked to the Sample transporter and the Sample 
distribution module. Such combinations result in particu 
larly useful and robust embodiments of the invention. 
0.062 FIG. 1 shows one embodiment of a liquid process 
ing System that comprises a Storage and retrieval module, 
Sample distribution module, Sample transporter, reaction 
module and data processing and integration module. AS 
described in further detail herein, the data processing and 
integration module can integrate the various modules and 
provide for computer control of the modules and Sample 
transporter, as well as routing (e.g., adaptive routing), and 
parallel processing of work to be performed by each work 
Station. Information transfer can occur from the data pro 
cessing and integration module to a WorkStation and from a 
workstation to a data processing and integration module. 
Material transfer, in this case plates, can occur between 
modules and is facilitated by operably linking the modules 
together with the Sample transporter. Because the invention 
permits tremendous flexibility for integrating liquid process 
ing WorkStation, many embodiments of the invention are 
contemplated, such as in FIG. 2, which shows a liquid 
processing System comprised of an additional WorkStation 
that could be used for identifying useful chemicals, as 
described in more detail. 

0.063. The present invention is described more fully 
herein first as a System and then on a component-by 
component basis. Specific examples of Systems and methods 
Suited to particular applications, chemicals discovered by 
the present invention and methods relating to modulating 
biological processes with Such chemicals are then described. 
The Examples are preceded by a description of computer 
program products, computational methods and Storage 
devices related to either the operation of, or information 
generated by, components or Systems of the invention. 
0.064 System for Rapidly Processing Liquid Samples 
0065. The invention provides for a system for rapidly 
processing liquid Samples, comprising WorkStations that are 
programmably integrated and operably linked to facilitate 
processing of liquid Samples and to minimize processing 
time. The System can include a storage and retrieval module 
that can house a plurality of chemicals in Solution in 
addressable chemical wells. A chemical well retriever is 
disposed to Store and retrieve addressable chemical wells 
that can be Stored in the Storage and retrieval module. The 
Storage and retrieval module can be computer-controlled to 
offer programmable Selection and retrieval of the address 
able chemical wells. The Storage and retrieval module can 
optionally include an addressable well Sorter that acts as a 
buffer for temporary addressable well Storage. 
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0066. A sample transporter is operably linked to the 
Storage and retrieval module to transport the Selected addres 
sable chemical wells to a sample distribution module. The 
Sample transporter is optionally programmably controlled to 
direct transport of the Selected addressable chemical wells to 
the Sample distribution module. 
0067. The sample distribution module comprises a liquid 
handler to aspirate or dispense Solutions from Selected 
addressable chemical wells. The sample distribution module 
can provide for a programmable Selection of and aspiration 
from the Selected addressable chemical wells and program 
mable dispensation into addressable Sample wells. The 
addressable Sample wells can contain other chemicals 
required for processing, Synthesis or analyte detection. 
0068 To accomplish further processing, a reaction mod 
ule is provided comprising either a reagent dispenser to 
dispense reagents (e.g. chemicals) into the addressable 
Sample wells for a reaction or a detector to detect chemical 
reactions in the addressable Sample wells. 
0069. The modules can be separately controlled or pro 
grammably controlled and integrated using a data processing 
and integration module. The data processing and integration 
module permits orchestrated processing to deliver address 
able chemical wells or addressable sample wells to work 
Stations So as to reduce processing time and permit, if So 
desired, parallel processing of addressable chemical wells or 
addressable Sample wells. Typically, the Storage and 
retrieval module, Sample distribution module, Sample trans 
porter, reaction module and data processing and integration 
module are operably linked to facilitate rapid processing of 
the addressable Sample wells or the addressable chemical 
wells. 

0070 The inventions system permits high-throughout 
processing of liquid Samples, and Storage and retrieval from 
vast Stores of chemicals Stored in Solution. Typically, the 
Storage and retrieval module has Storage locations for at 
least 200,000 addressable chemical wells. To facilitate stor 
age and retrieval, Such wells are often organized or inte 
grated into a plurality of addressable chemical plates that 
can hold multiple addressable chemical wells (or any other 
type of addressable well). The storage and retrieval module 
is operably linked to at least one plate buffer that loads and 
unloads the addressable chemical plates in a predetermined 
order that is either dependent or independent of the order of 
Selection of the addressable chemical plates. This feature has 
the advantage of retrieving chemicals plates from the buffer 
in a manner that minimizes processing time at WorkStations 
downstream of the plate buffer, while minimizing retrieval 
time from the Storage and retrieval module. The chemical 
well retriever is adapted to retrieve and replace Selected 
addressable chemical plates and can be controlled by a 
program to reduce retrieval and replacement time of the 
chemical well retriever. 

0071. The storage and retrieval module can also provide 
Storage locations for addressable Sample wells. Usually 
addressable Sample wells will be organized or integrated 
into a plurality of Sample plates. It is desirable to design each 
Sample plate with a Standard footprint and preferably to 
match the sample plate footprint with the footprint of the 
chemical plate. The chemical well retriever can be adapted 
to Store and retrieve Selected addressable Sample plates, as 
well as being adapted to retrieve addressable Sample plates 
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of a different thickness than the addressable chemical plates. 
Typically, a storage and retrieval module can house at least 
20,000 addressable sample wells. This feature offers the 
advantage of reducing the types of retrieverS required for 
Storing and retrieving plates while permitting Storage and 
retrieval of plates having wells of a different depth (hence 
the difference in plate thickness) and well volume. 
0.072 According to the invention, it will be advantageous 
to reduce the Volume of the chemical or Sample processed. 
Liquid Sample processing times benefit from Volume reduc 
tion because liquid dispensing times are reduced, liquid 
aspiration times are reduced, diffusion times after addition of 
a reagent or Sample are decreased and temperature control of 
a Smaller Volume is more uniform and consumable costs are 
greatly reduced. To reduce reagent (or chemical) Volumes 
and permit dilution into Smaller Samples, the Sample distri 
bution module can include a liquid handler that comprises a 
plurality of nanoliter dispensers that can individually dis 
pense a predetermined Volume of less than approximately 
2,000 nanoliters of liquid from a predetermined selection of 
addressable chemical wells into a predetermined Selection of 
addressable sample wells. Preferably, a liquid handler com 
prises a plurality of nanoliter dispensers that can individu 
ally dispense a predetermined Volume of liquid from a 
predetermined Selection of Said addressable chemical wells 
into a predetermined Selection of Said addressable Sample 
Wells. The nanoliter dispensers will typically have a center 
to-center distance between each nanoliter dispenser of leSS 
than 9.0 mm. This feature permits liquid handling in con 
junction with a variety of plate formats, as described herein. 
Different types of nanoliter and picoliter dispensers can be 
used as described herein and known in the art, as well as 
Such dispenserS developed in the future. 

0073. In many processing applications it is desirable to 
include a reaction module. The reaction module can be a 
reagent dispenser to permit chemical reactions, or addition 
of assay components (e.g., chemicals or cells), or a detector 
to detect chemical reactions, or changes in the physical 
properties of a Sample in an addressable Sample well. AS 
described in greater detail herein, optical detection methods 
are often cost effective and permit high-throughput of 
Samples. Preferably, the detector is optically disposed to 
launch light into Selected addressable Sample wells as part of 
an optical based detection module. 

0.074 To facilitate the routing of addressable chemical or 
Sample wells, the data processing and integration module 
can be programmed to route work to various workStations to 
minimize transport time or processing time associated with 
traveling to multiple workStations. The data processing and 
integration module can control the retrieval of Selected 
addressable chemical wells, aspiration of Selected chemicals 
from addressable chemical wells, transport along predefined 
routes, transport of addressable sample wells to the Sample 
distribution module, dispensing into Selected Sample wells, 
routing the Sample wells to a detector and collecting and 
Storing data output from the detector. The data processing 
and integration module can also include an adaptive pro 
cessing program to route the addressable Sample wells and 
addressable chemical wells to WorkStations. 

0075 According to the present invention, ultra high 
throughputs of liquid Samples can be achieved using an 
integrated and operably linked System. Typically, an inte 
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grated System will integrate the modules of the System (e.g., 
the Storage and retrieval module, Sample distribution mod 
ule, and data processing and integration module) and oper 
ably link Such modules together with a Sample transporter to 
process addressable sample wells at a rate of about 100,000 
per day. Such ultra high-throughput rates are easier to 
achieve when the Sample distribution module, Sample trans 
porter and reaction module are adapted to proceSS miniatur 
ized addressable Sample wells having Sample Volumes of 
less than about 5 to 10 microliters in a well. 

0.076 Storage and Retrieval Module 
0077. The invention provides for a storage and retrieval 
module that can individually Store a plurality of chemicals in 
Solution. Typically, each chemical(s) is individually stored 
in a well. Typically, the wells can be addressed (addressable 
wells) by a computer, e.g., a means to instruct the storage or 
retrieval of a particular well. The computer instructions can 
be for an isolated single well(s) or for an array of wells on 
a plate. Plates and wells can be identified with an identifi 
cation System Such as a bar code. Well Storage and retrieval 
can offer programmable Selection of addressable chemical 
wells. One embodiment of the storage and retrieval module 
is shown in FIG. 5 that is operably linked to a sample 
transporter. 

0078. The storage and retrieval module also comprises a 
chemical well retriever that is computer-controlled to Store 
and retrieve addressable wells in the Storage and retrieval 
module. The chemical well retriever typically retrieves or 
Stores addressable wells in a predetermined location with 
specified X and Z coordinates. Preferably, the chemical well 
retriever comprises a movable buffer that permits the chemi 
cal well retriever to load and unload multiple addressable 
Wells without having to re-position the chemical well 
retriever. This allows the chemical well retriever to reduce 
its travel time and distance in the Storage and retrieval 
module by carrying addressable wells (e.g., multiple arrays 
of wells as plates) during its travel in the Storage and 
retrieval module rather than individually Storing and retriev 
ing each plate from a storage location and back to an unload 
location. Often the chemical well retriever will be able to 
handle plates with lids. Preferably, the chemical well 
retriever can handle any type of plate with a predetermined 
footprint. Preferably, the chemical well retriever will not use 
a robotic hand that grips the plate from the plate's Side. 
Instead, it preferably retrieves a plate from the bottom, for 
example, with a platen. The chemical well retriever is 
usually not used as a Sample transporter, as described herein. 
By providing a universal plate handler, the chemical well 
retriever provides for a flexible Storage and retrieval System. 
One Such example of a universal plate handler is described 
herein in the Section describing Screening applications of the 
invention. 

0079 Typically, the storage and retrieval module will 
handle plates with a Standard footprint, either a predeter 
mined standard or an industry standard. “Standard footprint” 
refers to the X,Y dimensions of a plate (length and width). 
Changes in Storage and retrieval density can be achieved by 
varying the well-to-well distance. Preferably, the standard 
footprint is about 12.8 cm by about 8.5 cm. The plates can 
be housed in plate hotels that have dimensions that allow the 
plate to be Stored and will provide Sufficient Space to permit 
a chemical well retriever to access a particular plate. Pref 
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erably, the chemical well retriever engages the plate from a 
bottom portion of the plate to reduce the dimensions of the 
plate hotel and eliminate dependency on a particular plate 
geometry. A chemical well retriever may be used as 
described herein for Screening applications, as well as other 
devices capable of handling addressable wells as known in 
the art or developed in the future. The Storage and retrieval 
module can have storage locations for at least about 25,000 
to 50,000 addressable wells, about 500,000 addressable 
wells, or about 1,000,000 addressable wells, or about 
10,000,000 addressable wells. The storage retrieval module 
can also include hotels on vertical movable members to 
access and Sort the hotels. 

0080. In most embodiments it will be advantageous to 
integrate and operably link the Storage and retrieval module 
with at least one other workStation, usually a Sample trans 
porter. The integration can be accomplished with a computer 
and associated control programs to instruct the chemical 
well retriever. For implementation with a liquid processing 
System, a data processing and integration module type 
device may be used as described herein, as well as other 
computing devices capable of integrating instrumentation as 
known in the art or developed in the future. Alternatively, the 
Storage and retrieval module may be used without directly 
integrating it with another WorkStation by tracking addres 
Sable wells in groups and either mechanically or manually 
transporting the addressable wells to another work Station 
where the addressable wells are identified. While this 
approach is feasible, especially for lower throughputs, it is 
not desirable for higher throughputs as it lacks direct inte 
gration that can lead to faster throughput times and can rely 
on manual operations that are more frequently Subject to 
error, especially when processing large numbers of Samples. 
Preferably, the Storage and retrieval module can be inte 
grated with other WorkStations and operate in a mode with 
minimal or Substantially no manual operations related to 
transferring addressable wells to other work Stations. 

0081. In some embodiments, especially storage and 
retrieval modules for temperature or atmosphere Sensitive 
chemicals, it will be desirable to include an environmental 
control unit to modulate the environment of the Storage and 
retrieval module (e.g., temperature, inert gases, and humid 
ity of the Storage and retrieval module). This can be accom 
plished by housing the Storage and retrieval module, includ 
ing the addressable well retriever, in an insulated casing with 
a suitable control unit(s). Preferably, a suitable control unit 
can maintain temperatures of either about 20 to 25 degrees 
Celsius, 0 to 5 degrees Celsius or -20 to -25 degrees 
Celsius. If desired, a dehumidifier can be included to remove 
moisture when either the chemicals or Solvent have a 
tendency to absorb water. The Storage and retrieval module 
is usually designed for semi-permanent storage (at least 
about 30 days to 120 days) and can accommodate retesting 
of chemicals. 

0082 FIG. 3 shows one embodiment of a storage and 
retrieval module with hotels 110 and racks 120 for plates. A 
chemical well retriever 130 stores and retrieves addressable 
Wells in plates from racks in hotels and is disposed on 
horizontal and vertical track 140 that can position the 
retriever. A chemical well retriever arm 150 that engages 
plates from the bottom to place plates on, and remove plates 
from, a rack. A removable store 160 that can be manually 
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removed is also shown. The Storage and retrieval module 
can be operably linked to a Sample transporter at an ingreSS/ 
egress junction 170. 

0083) Sample Distribution Module 
0084. The invention provides for a sample distribution 
module that can dispense or aspirate large numbers of 
Solutions, usually Small Volume Solutions. When me Sample 
distribution module is integrated with a storage and retrieval 
module, it will be advantageous for the Sample distribution 
module to both aspirate and dispense Solutions with a liquid 
handler. In many instances, the Sample distribution module 
will hold large numbers of different stock solutions of 
chemicals dissolved in aqueous or non-aqueous Solvents 
(e.g., water or dimethylsulfoxide (DMSO)) in addressable 
chemical wells. To facilitate the rapid transfer of these stock 
solutions, it is desirable for the sample distribution module 
to aspirate a Stock Solution from an addressable well and 
dispense all or a portion of that Solution into an addressable 
Sample well or another addressable well. This Sequence of 
events can be progammably controlled to ensure that the 
Stock Solution is aspirated from a pre-Selected addressable 
chemical well and is dispensed into a pre-Selected addres 
sable sample well. This type of sample distribution module 
and proceSS is useful for generating daughter plates from 
master plates or for transferring and diluting a chemical 
Solution from a chemical plate to a Sample plate. Typically, 
a Sample transporter can be used to mechanically link the 
Sample distribution module to a storage and retrieval module 
for the preparation of daughter plates. The Sample distribu 
tion module can also be integrated to other components, for 
instance a conveyor transport System can link a Sample 
distribution module to a reaction module. 

0085. It is particularly advantageous for the sample dis 
tribution module to handle plates of different well densities. 
This is usually accomplished by a Sample distribution mod 
ule that can recognize plates with a Standard footprint. Plates 
having different well densities but similar standard foot 
prints can then be processed. When handling plates of 
different densities, it is desirable to track the plate density 
with a database linked to a plate bar code (or Some other 
plate identification System, e.g., radio frequency) and to 
provide a Sample distribution module that can register the 
bar code. When used with a data processing and integration 
module controller, the bar code can easily reference a 
plurality of plate and well information from the data Store, 
Such that no encoded data is necessary on the bar code itself. 
The Sample distribution module can then be properly 
instructed to aspirate or dispense in a manner that corre 
sponds to the well density of the plate. This permits aspi 
ration at one well density and dispensation at a Second well 
density. Thus, compression of low density plates can occur 
by the transfer of liquids to a higher density plate and 
expansion of high density plates can occur by transfer of 
liquids to a lower density plate. This feature advantageously 
allows a Sample distribution module to functionally interface 
with other workstations that may individually utilize plates 
of different well density. 

0086 For example, traditional 96-well plates can be used 
to Store chemical Solutions in master plates in a Storage and 
retrieval module. The Sample distribution module aspirates 
a predetermined Volume of chemical Solution from all the 
addressable chemical wells of a master plate. The Sample 
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distribution module then dispenses a predetermined Volume 
of chemical Solution into a pre-Selected portion of the 
addressable wells of a 384 daughter plate (i.e. compression). 
This process can be repeated to construct replicate arrays on 
the same or different daughter plate. 
0.087 Aspiration or dispensation into plates of different 
densities can be accomplished by automated orthogonal 
positioning of a plate. Typically, the plates are Securely 
disposed on an orthogonal positioner that moves the Wells of 
a plate with a first density in an X,Y position with respect to 
the X,Y position of the liquid handler. Usually, the liquid 
handler will have an array of aspiration and/or dispensation 
heads, or both. Many aspiration/dispensation heads can 
operate Simultaneously. The orthogonal positioner will align 
each well with the appropriate dispensing head. Preferably, 
a predetermined location (e.g., center) of a pre-selected 
addressable well will be aligned with the center of a dis 
pensing head's fluid trajectory. Other alignments can be 
used, Such as those described in the examples. With a head 
Substantially Smaller than a well diameter, orthogonal posi 
tioning permits aspiration or dispensation into plates of 
different densities and well diameters. 

0088 An orthogonal positioner can typically match an 
array of dispensing heads with an array of Wells in X,Y using 
a mechanical means to move the Wells into position or the 
liquid handler (e.g., dispensing heads) into position. Prefer 
ably, arrays of Wells on a plate are moved rather than the 
liquid handler. This design often improves reliability, Since 
plates are usually not as heavy or cumberSome as liquid 
handlers, which results in leSS mechanical StreSS on the 
orthogonal positioner and greater movement precision. It 
also promotes faster liquid processing times because the 
relatively lighter and Smaller plates can be moved more 
quickly and precisely than a large component. The mechani 
cal means can be a first computer-controlled Servo motor 
that drives a base disposed on a X track and a Second 
computer-controlled Servo motor that drives a Y track dis 
posed on the Xtrack. The base can Securely dispose a plate 
and either a feedback mechanism or an accurate Cartesian 
mapping System, or both that can be used to properly align 
wells with heads. Other Such devices, as described herein, 
known in the art or developed in the future to accomplish 
Such tasks can be used. Usually, Such devices will have an 
X,Y location accuracy and precision of at least +0.3 mm in 
X and +0.3 mm in Y, preferably of at least +0.09 mm in X 
and +0.09 mm in Y, and more preferably of at least +0.01 
mm in X and +0.01 mm in Y. It is desirable that Such devices 
comprise detectors to identify the Wells or plates being 
orthogonally positioned. Such, positioners for predeter 
mined X, Y coordinates, can be made using lead Screws 
having an accurate and fine pitch with stepper motors (e.g., 
Compumotor Stages from Parker, Rohnert Park, Calif., 
USA). Such motors can be computer-controlled with the 
appropriate electrical inputs to the Stepper motor. Orthogo 
nal positioners can be used with other components of the 
invention, Such as the reagent dispenser or detector to 
position Sample plates. Alternatively, the liquid handler can 
be disposed on a Z-positioner, having an X,Y positioner for 
the liquid handler in order to enable precise X,Y and Z 
positioning of the liquid handler (e.g., Linear Drives of 
United Kingdom). 
0089. A reference point or points (e.g., fiducials) can be 
included in the Set up to ensure that a desired addressable 
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well is properly matched with a desired addressable head. 
For instance, either the plate, the orthogonal positioner or 
the liquid handler can include a reference point(s) to guide 
the X,Y alignment of a plate, and its addressable wells, with 
respect to the liquid handler. For example, the liquid handler 
has a detector that corresponds in X,Y to each corner of a 
plate. The plate has orifices (or marks) that correspond in 
X,Y to the liquid handler's position detectors. The plate's 
orifices allow light to pass or reflect from a computer 
controlled identification light Source located on the orthogo 
nal positioner in the corresponding X,Y position. Optical 
locators known in the art can also be used in Some embodi 
ments (PCT patent application WO91/17445 (Kureshy)). 
Detection of light by the liquid handler emitted by the 
orthogonal positioner Verifies the alignment of the plates. 
Once plate alignment is verified, aspiration or dispensation 
can be triggered to begin. Stepper motors can be controlled 
for some applications as described in U.S. Pat. No. 5,206, 
568 (Bjornson). 
0090 The liquid handler will also typically be disposed 
on a Z-dimensional positioner to permit adjustments in 
liquid transfer height. This feature allows for a large range 
of plate heights and aspirate and dispense tips, if desired, to 
be used in the Sample distribution module. It also permits the 
dispense distance between a well Surface, or liquid Surface 
in a well, and a liquid handler to be adjusted to minimize the 
affects of Static electricity, gravity, air currents and to 
improve the X,Y precision of dispensation in applications 
where dispensation of a liquid to a particular location in a 
well is desired. Alternatively, plates can be positioned on a 
Z-dimensional positioner to permit adjustments in liquid 
transfer height. Static neutralizing devices can also be used 
to minimize Static electricity. Generally, the liquid transfer 
height will be less than about 2 cm. Preferably, small 
Volumes will be dispensed at a liquid transfer height of leSS 
than about 10 mm, and more preferably less than about 2 
mm. Occasionally, it may be desirable to contact the tips 
with a Solution in a controllable fashion, as described herein 
or known in the art 

0091. The sample distribution module can be structured 
to minimize contamination. The liquid handler can be con 
Structed to offer minimum tip exposure to liquids using a 
Sensor (e.g., acoustic, and refractive index). For instance, 
probe contact with a liquid Surface can be reduced by 
providing a liquid Sensor on the dispensing tip, Such as a 
conductivity or capacitance Sensor, that forms a feedback 
System to control the entrance of a tip into a liquid. Carry 
over from one plate to another plate can be kept to accept 
able level with a blow-out of the tip and minimizing tip 
penetration into a liquid with a Sensor. Preferably, a Sample 
distribution module will include a means for volume control, 
and washing the liquid handler. Alternatively, the data 
processing and integration module can calculate the remain 
ing levels in the Wells based on usage and predicted evapo 
ration, in order to deploy the tips to Suitable measured 
distance and can be adjusted for plated of different heights. 
0092. The sample distribution module will often include 
a plate buffer (e.g., a stacker). The buffer acts as a temporary 
Storage depot for addressable wells or plates. Preferably, 
plate retrieval from a plate buffer will be predetermined. 
Plate retrieval can be either dependent or independent of the 
order of selection and can be computer-controlled. Prefer 
ably, the data processing and integration module will include 
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a routine to reduce Storage and retrieval time, as described 
herein. It is also desirable to provide for a routine to reduce 
transport time of any well retriever used in a Storage and 
retrieval module. By allowing a plate buffer to acquire 
addressable wells as they are retrieved by an Storage and 
retrieval module, the transport routine of the Storage and 
retrieval module can be designed to minimize retrieval time 
rather than to retrieve addressable wells in a Sequential 
order. 

0093. A stacker can be used as a plate buffer. Typically, 
a plate Stacker will up/down Stack plates of a Standard 
footprint and with different densities (e.g., deep well (e.g., 5 
cm) or shallow well microplates of 96 (e.g., 1 cm), 384, 864, 
and 3,456 (e.g., 1 to 3 mm) well format or greater (e.g., 
6,912 or 13,024)). A computer control system will track 
Stacker contents. The Stacker can optionally include a delid 
der to remove lids on lidded plates. 
0094. The operation of the sample distribution module 
will usually be highly flexible to satisfy the needs of 
different liquid processing applications. Predefined opera 
tions can be made available for Selection by an end user, or 
end users may create an entirely new method. Operations 
can be performed on a wide variety of plates and batch sizes 
of plates can vary. Sample plates and chemical plates may be 
Selected with a different format from distribution plates (e.g., 
daughter plates). The sample distribution module will usu 
ally have the ability to pool Samples. The report of Success, 
failure and errors can be sent back to a control processor or 
to a display for the end user. The sample distribution module 
will typically provide for a Stand alone mode and can be 
preferably integrated with a data processing and integration 
module. 

0.095. In one embodiment, the liquid handler can com 
prise a plurality of nanoliter dispensers that can individually 
dispense a predetermined Volume. Typically, dispensers are 
arranged in two-dimension array to handle plates of different 
well densities (e.g., 96, 384, 864 and 3,456). 
0.096 Usually, the dispensed volume will be less than 
approximately 2,000 nanoliters of liquid that has been 
aspirated from a predetermined Selection of addressable 
chemical wells and dispensed into a predetermined Selection 
of addressable sample wells. Preferably, nanoliter dispensers 
can dispense less than approximately 500 nanoliters, more 
preferably less than approximately 100 nanoliters, and most 
preferably less than approximately 25 nanoliters. Dispensing 
below 25 nanoliters can be accomplished by dispensers 
described herein. Preferred, minimal volumes dispensed are 
5 nanoliters, 500 picoliters, 100 picoliters, 10 picoliters. It is 
understood that dispensers capable of dispensing Such mini 
mal volumes are also capable of dispensing greater Volumes. 
The maximal Volume dispensed will be largely dependent on 
the dispense time, reservoir Size, tip diameter and dispenser 
type. Maximum volumes dispensed are about 10.0 microli 
ters, 1.0 microliters, and 200 nanoliters. Preferably, such 
liquid handlers will be capable of both dispensing and 
aspirating. Usually, a nanoliter dispenser (or Smaller volume 
dispenser) comprises a fluid channel to aspirate liquid from 
a predetermined Selection of addressable wells (e.g., chemi 
cal wells). Liquid handlers are further described herein, and 
for Some Volumes, typically in the microliter range, Suitable 
liquid dispensers known in the art or developed in the future 
can be used. It will be particularly useful to use liquid 
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handlers capable of handling about 1 to 20 microliter 
Volumes when it is desired to make daughter plates from 
master plates. Preferably, in Such instances a liquid handler 
has a dispensing nozzle that is adapted for dispensing Small 
Volumes and can Secure a tip having a fluid reservoir. 
0097. In one embodiment nanoliter dispensers comprise 
Solenoid valves fluidly connected to a reservoir for liquid 
from an addressable chemical well. The fluid reservoir can 
be a region of a dispenser tip that can hold fluid aspirated by 
the nanoliter dispenser. Usually, a tip reservoir will hold at 
least about 100 times the minimal dispensation volume to 
about 10,000 times the dispensation volume and more 
preferably about 250,000 times the dispensation volume. 
The Solenoid valves control a positive hydraulic pressure in 
the reservoir and allow the release of liquid when actuated. 
A positive preSSure for dispensation can be generated by a 
hydraulic or pneumatic means, e.g., a piston driven by a 
motor or gas bottle. A negative pressure for aspiration can be 
created by a vacuum means (e.g., withdrawal of a piston by 
a motor). For greater dispensing control, two Solenoid valves 
or more can be used where the valves are in Series and fluid 
communication. 

0098. In another embodiment, nanoliter dispensers com 
prise an electrically Sensitive volume displacement unit in 
fluid communication to a fluid reservoir. Typically, the fluid 
reservoir holds liquid aspirated from an addressable chemi 
cal well. Electrically Sensitive Volume displacement units 
are comprised of materials that respond to an electrical 
current by changing Volume. Typically, Such materials can 
be piezo materials Suitably configured to respond to an 
electric current. The electrically Sensitive Volume displace 
ment unit is in vibrational communication with a dispensing 
nozzle So that Vibration ejects a predetermined Volume from 
the nozzle. Preferably, piezo materials are used in dispensers 
for Volumes less than about 10 to 1 nanoliter, and are capable 
of dispensing minimal volumes of 500 to 1 picoliter. Piezo 
dispensers can be obtained from Packard Instrument Com 
pany, Connecticut, USA (e.g., an accessory for the Multi 
Probe 104). Such devices can also be used in other liquid 
handling components described herein depending on the 
application. Such Small dispensation Volumes permit greater 
dilution, conserve and reduce liquid handling times. 

0099. In some embodiments, the liquid handler can 
accommodate bulk dispensation (e.g., for washing). By 
connecting a bulk dispensation means to the liquid handler, 
a large Volume of a particular Solution to be dispensed many 
times. Such bulk dispensation means are known in the art 
and can be developed in the future. 

0100. In most embodiments, it will be advantageous to 
integrate and operably link the Sample distribution module 
with at least one other WorkStation, usually a Sample trans 
porter. The integration can be accomplished with a computer 
and associated control programs to instruct the liquid han 
dler. For implementation with a liquid processing System, a 
data processing and integration module type device may be 
used as described herein, as well as other computing devices 
capable of integrating instrumentation as known in the art or 
developed in the future. Alternatively, the reaction module 
may be used without directly integrating to another work 
Station by tracking addressable wells in groups and either 
mechanically or manually transporting addressable wells to 
another work station where the addressable wells are iden 
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tified. For instance, the reaction module may be directly 
integrated and operably linked to a storage and retrieval 
module and Sample transporter, and indirectly linked to a 
Separate detector through manual operations. While this 
approach is feasible, especially for lower throughputs, it is 
not desirable for higher throughputs as it lacks direct inte 
gration that can lead to faster throughput times. Manual 
operations also are more frequently Subject to error espe 
cially when processing large numbers of Samples. Prefer 
ably, the reaction module can be integrated with other 
WorkStations and operate in a mode with minimal or Sub 
Stantially no manual intervention related to transferring 
addressable wells to other work stations. 

0101 FIG. 4 shows one embodiment of a sample distri 
bution module with a conveyor means 210 comprising a 
rotating band that runs the length of the Sample distribution 
module platform 220 and can transport plates. A bar code 
reader 230 registers plates on the conveyor means. A Series 
of liquid handlers 240 are disposed along the conveyor 
means. Addressable wells in four chemical plates can be 
Simultaneously aspirated from the liquid held in the liquid 
handlers, and then dispensed in additional plates. Lids can 
be removed or replaced by the delidder/lidder 250. Proximal 
plate stacker 260 and distal plate stackers 260 can be used 
temporarily to Store plates, Such as chemical and Sample 
plates, which can facilitate plate Selection. The Sample 
distribution module can be operably linked to a Sample 
transporter at an ingreSS/egreSS junction 270. 

0102 Sample Transporter 

0103) The present invention provides for a sample trans 
porter that can transport addressable wells on plates, or units 
of work to work Stations. A Sample transporter can use Series 
or parallel routing, as well as combination routing that uses 
a combination of Series and parallel processing. Such com 
binations can reduce transport times by offering pro 
grammed, flexible routing to minimize transport times 
between work Stations. This also permits enhanced process 
ing time at WorkStations to reduce overall processing times. 
Multiple parallel pathways can also enhance flexible pro 
cessing. Typically, the Sample transporter will comprise at 
least two parallel lanes and preferably at least four parallel 
lanes. Typically, a Sample transporter lane can transport 
addressable wells (e.g., addressable chemical or Sample 
wells) in both directions, bi-directional transport (e.g., north 
and South movement in the same lane but at different times) 
by changing the transport direction. It will, however, be 
desirable in Some instances to dedicate one or more lanes, to 
unidirectional transport to reduce transition times associated 
with changing transport direction. Each lane can be dis 
posed, with one or more interSections that permits transport 
of addressable well(s) in and out of each lane. Such inter 
Section can be used to route addressable wells to WorkSta 
tions. Typically, at least one or two WorkStations will be 
operably linked to the Sample transporter, however, more 
workstations (e.g., 3 to 6 or more) can be operably linked to 
obtain maximum benefit from flexible routing with inter 
Sections and parallel processing of complex processes. 

0104. In one embodiment, the sample transporter is a 
reduced friction, ortho-multilane conduit. In this embodi 
ment, the sample transporter uses multiple lanes to transport 
addressable wells Straight to a destination point, preferably 
not in a rotary fashion. Such lanes can be used to create 
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processing grids comprised of interSections and highways to 
direct the trafficking of addressable wells. Preferably, such 
grids are located in the same plane but multi-plane grids can 
be used. Although transport in each lane can be stopped to 
permit passage of a plate through an interSection, each lane 
is a continuous conduit that allows plates to flow. The plates 
can rest on a moving Surface of the conduit or can be Secured 
either on the conduit’s Surface or Side, So long as the 
conduit’s Surface allows for transport. For ease of overall 
operation, the flow of the Wells can be computer-controlled. 
In Some limited, Simple applications a lane may be simply 
activated or deactivated by the presence of an object as a 
plate without utilizing a computer. Preferably, the conduit 
uses a Surface material to reduce friction to minimize the 
force required for movement and to increase the Smoothness 
of transport to reduce Spills, contamination, and to allow for 
Settling of well contents if So desired. Such materials include 
TeflonTM and DelrinTM. The materials can be used as rollers 
or moveable bases connected to a track that forms a lane. 
Often the reduced friction, ortho-multilane conduit will be 
operably linked to a plate buffer disposed in a WorkStation to 
facilitate transport and allow for flexible routing of plates, 
Such as chemical or Sample plates or might form a buffer or 
queue itself. 
0105 The transport capacity of the sample transporter 
should be commensurate with the intended throughput of the 
System to which it is operably linked. For instance, the rate 
of plate transport for Standard plates is typically at least 
about 6 meters per minute, and preferably at least about 15 
meters per minute. Lanes are typically about 15 to 25 cm in 
width and preferably about 1 to 5 meters based in length that 
may be based on queuing requirements. The Sample trans 
porter will typically Support overall throughput rates of 
about 40,000 to 60,000 wells per day, preferably about 
80,000 to 120,000 wells per day and more preferably about 
250,000 to 500,000 wells per day. Larger transport through 
puts can also be achieved between about 1 million and 10 
million addressable wells, depending on well density. By 
using multiple lanes in conjunction with fast plate transport 
rates Such throughputs can be achieved. 
0106 As an example of the design and operation of the 
Sample transporter, the Sample transporter can be configured 
in a continuous parallel processing drug Screening System to 
process Samples more efficiently, particularly liquid 
Samples. This type of configuration can improve transport of 
plates in a System with multiple work Stations to more 
conveniently achieve ultra high-throughput rates. A continu 
ous parallel processing drug Screening System can provide 
for one or more of these features: fixed work unit, flexible 
routing, adaptive routing, queues, acceSS to WorkStations, 
and parallel or Series processing. The overall design of the 
continuous parallel processing drug Screening System offers 
flexible delivery and presentation of work, especially for 
Screening for useful chemicals, chemical Synthesis, analysis 
of environmental Samples or analysis of biological Samples 
(e.g., medical diagnostics). 
0107 Work in the system is divided in two types of 
elements: 1) work that is directed to a plurality of worksta 
tions and 2) work that is organized into specific “work 
units,” which have a common physical form (e.g., plates). 
Some plates are used for Storage, while other plates that are 
generally similar are used for Screening. All operations are 
commanded by a Supervisory control computer(s), Such as a 
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data processing and integration module. The computers 
receive their work Schedule from a data Store which gives 
detailed instructions for WorkStations and for each work 
unit. The structure of the data store can be of the type 
provided herein or those Suitable data Stores known in the 
art. 

0108 Workflow can be divided according to the major 
physical organization of the System. The System can com 
prise a chemical Storage and retrieval module, a Sample 
transporter, and various other workstations. FIG. 5 shows an 
isometric view of a processing System. 

0109 Storage of work unit, such as plates, is accom 
plished with a rack System. A plurality of individual Storage 
shelves is contained in a modular hotel 301. Modular hotels 
are mounted on an adjustable track System and attached to 
the store framework 302. The capacity of each hotel is 
typically about 20 to 40 shelves. The hotels are arrayed in 
the store in two dimensions, referred to as X and Z. Two 
opposing arrays of shelves are provided, with their entries on 
opposite sides of a central aisle 303. 
0110 Traveling along the X axis in the central aisle is 
a robotic means to store and retrieve work units. The robotic 
means can pick and place work units in any location in the 
Storage and retrieval module. The robotic means comprises 
an integrated buffer to optimize the X axis travel. This can 
allow for the most efficient pick or place order via a 
programmed Sequence of retrieval commands. The robotic 
means can operate on a plurality of plates without returning 
to the center input/output location except when the inte 
grated buffer is fully loaded. The robotic end actuator also 
travels in the vertical or 'Y' direction. A platen device moves 
in the Y axis to obtain units of work from the shelves, as 
described herein and can be used as a plate retrieval means 
as known in the art or developed in the future. 

0111 Some sections of a storage and retrieval module can 
optionally contain removable capacity (e.g., hotels) 306. The 
removable hotels are the same as fixed hotels, but are 
mounted to carts, which physically lock into place 305. 
Movable, but Securable, carts are used to transfer large 
quantities of work into and out of the Store. They can be used 
to replenish the contents, or can provide blank media and 
collect finished work in a particular application, Such as a 
drug Screening applications. 

0112 At the ingress and egress location 304 in the center 
of the conveyor, there is a Stacking or Sorting means that can 
Stack or Sort work units. For instance, at the ingress, an 
upstacker creates a Stack, which is transferred as a group to 
the robotic means. These units of work are then individually 
placed in the shelves of the Storage and retrieval module. At 
the egreSS position, a down Stacker 308 to Separate units of 
work, and a sorting means 309 reorders the work units, so 
that units of work are presented to a Sample transporter in the 
exact order required. 
0113. The sample transporter 310 preferably connects to 
the Storage and retrieval module near the center at the 
ingreSS and egreSS location 304 to reduce travel time. The 
Sample transporter can comprise a conveyor to transfer work 
units to WorkStations, and unload and offload means to assist 
the transfer of work units from devices, via photocells, a 
work unit inventory System (e.g., bar codes or other System). 
The Sample transporter is capable of moving a unit at a rapid 
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Speed from any workStation to any other random WorkSta 
tion. It offerS flexible parallel routing, unlike robotic means 
that only offer Serial routing. This is a distinct advantage in 
drug discovery applications, and it can improve the reliabil 
ity and flexibility of rapid liquid processing. 
0114. The work unit transport can be divided into four 
lanes as FIG. 5. The queuing lane 311 prevents work unit 
build up by providing for a queuing lane for a WorkStation. 
The passing lane 312 permits rapid transport of work units 
to a distant WorkStation. Similarly, returning lanes provide a 
passing lane 313 and a queuing lane 314. 
0.115. At predetermined locations along a conveyor are 

lift and transfer mechanisms (LAT) 315. Each LAT can 
move a unit from one lane to another under program control. 
A LAT is able to transfer a work unit from the conveyor and 
to present it to a WorkStation or another conveyor. It can 
transfer plates from the WorkStation to the conveyor in a 
Similar manner. Typically, LATS are belt driven conveyors 
that intersect with a lane. The belts are located below the 
plane of a lane when the LAT is not in operation. Upon 
activation a LAT is raised to provide contact of the belts with 
the bottom of the plate to be transferred. The belts then 
transfer the plate to a predetermined location. The LAT is 
then lowered thereby releasing the plate to a WorkStation or 
conveyor. 

0116 Based on the result obtained at one workstation, 
conditions, or loading, the Supervisory control System can 
order the transport system to move units to different work 
Stations. In this manner, a busy or malfunctioning WorkSta 
tion can be avoided. This adaptive routing capability is 
particularly advantageous in an automated process, espe 
cially liquid processing, and can be implemented using a 
Supervisory control System for its operation, as described 
herein. 

0117 The Supervisory control system can be imple 
mented as a portion of the data processing and integration 
module and contains computer devices for control and data 
Store for information Storage and retrieval. The Supervisory 
control System in the preferred embodiment includes Spe 
cialized computers for real-time control. These are typically 
programmable logic controllers, which are connected by 
network or Serial interface to a Supervisor computer. The 
Supervisor computer in the Supervisory control System inter 
faces with the programmable logic controllers to provide 
commands which direct the electromechanical devices in the 
Sample transporter to move and divert plates. It also receives 
information from the programmable logic controllers on the 
current State of the Sample transporter. The Supervisor com 
puter determines its actions based on information in the data 
processing and integration module data Store, and directly 
connected bar code readers. Each unit of work (plate) has a 
unique identifier which is referenced by the data processing 
and integration module database. The Sample transporter 
contains a number of decision points, or locations where the 
Supervisory control System must determine the plates next 
routing. A reader at each decision point allows the Supervi 
Sory computer to give optimal commands to the program 
mable logic controller. Some decision points can omit the 
reader, if information is available elsewhere, i.e. Stack and 
queue data in the Supervisory control System itself. 
0118. The chemical transporter itself is preferably con 
structed in a integratible sections. For example, in FIG. 5, 
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there are three sections shown. Within these three sections, 
there are six workstations defined and five shown. The 
ingreSS/egreSS junction where the Screening Sample trans 
porter connects to the Storage and retrieval module is also 
shown. Larger configurations can include additional trans 
port Sections to Support additional WorkStations. Each trans 
port Section is usually individually powered and controlled. 
Drive motors and control wiring are located on the bottom 
of each section 316. 

0119) The chemical transporter can accommodate a large 
number of work units simultaneously. Typically, the inven 
tors have had as many as 36 plates queued or moving on 
each transport Section. Usually the Screening Sample trans 
porter will accommodate at least 10 work units on a moving 
Surface(s), preferably at least 25 work units, more preferably 
at least 50, or at least 100 work units. Work that is waiting 
for processing at a WorkStation can be queued on the 
Screening Sample transporter, Such that a complete batch of 
work units is available as Soon as the WorkStation machine 
becomes available. The length of each conveyor section 310 
is directly related to the maximum number of queued units 
expected at each WorkStation. In the present embodiment, 
the Sections are approximately nine feet in length, which 
allows the queuing of Sixteen work units the size of Standard 
footprint (e.g., 8.5 cm by 12 cm) plates. Conveyors known 
in the art can be used in Some embodiments (e.g. slip-torque 
conveyor system by Shuttleworth, Ind., USA). 
0120) The chemical transporter is designed to reduce 
bottlenecks in the Simultaneous processing at the various 
workstations. Work units can usually be transferred on or off 
the Screening Sample transporter at a rate of approximately 
one, every two to four Seconds, at each WorkStation, 
although faster times of preferably one every 500 to 1,000 
milliseconds are contemplated. Since the transport is parallel 
in nature, each of the Six shown WorkStations can operate 
asynchronously. 

0121 The workstations shown in FIG. 5 represent typi 
cal devices that can be used in liquid processing and Served 
by workflow instructions. The workstation shown in the 
bottom right corner is a work unit replication device or 
sample distribution robot 317. The sample distribution robot 
is one form of Sample distribution module as described 
herein. The Sample distribution robot represents a typical 
workflow within the workstation. The sample distribution 
robot is herein operably linked to the transport through a 
LAT 315 and can be integrated via a computerized control. 
It can include a number of operations, Such as delidding, 
four aspirate/dispense Stations, and two Stacker/destackers. 
The work flow in the WorkStation provides for a processing 
of units. First in, last out processing has numerous advan 
tages in the processing of units, including the ability to 
match lids to the appropriate work unit (if lids are desired), 
and the ability to retain master work units when replicated 
work units are returned to the Screening Sample transporter. 

0122) With reference to FIG. 5, the workstation at 318 is 
a hit profiling robot 318. The hit profiling robot is another 
form of a Sample distribution module, as described herein. 
The hit profiling robot adds a Single well access device for 
aspiration/dispense of a work unit. Also shown is a work 
Station that provides high capacity Stacking 319. Additional 
units, Such as a manual WorkStation, Screening WorkStations, 
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and other devices can also be included as part of this 
invention. Their work flow is similar to the devices already 
described. 

0123. A “handshaking logic' can be used between a lift 
and transfer mechanism and the Sample transporter or a data 
processing and integration module and is described in FIG. 
6A. Such logic can include all or at least five of the 
represented logic Steps and more preferably at least eight 
logic Steps to control the timing of the lift and transport. The 
following table describes the I/O Point definitions given in 
FIG. 6A. These I/O Points are defined for each lift and 
transfer Station on the Sample transporter. Each lift and 
transfer Station can move units of work (e.g., plates) from 
one lane to another, or transfer a plate to a work center 
located to either Side. 

TABLE 1. 

I/O Point 
in FIG. 6A Function Lane 

ONLTO-TP Request to place plate on LTO from TP lane To/Pass 
OFFLTO-FP Request to have place exit from From/Pass 

LTO on the FPlane 
LTO-TP Sense the presence of a plate at TP lane Tof Pass 
LTO-STO Lift & Transfer Unit O State 1 bit 
LTO-UP Make the L&T O go up 
LTO-SU Sense when the LTO unit is up 
LTO-F Turm L&T O motor on in the F direction 
LTO-FP Sense a plate on LTO in the FP lane From/Pass 
T6O1 Timer for stop delay 
LTO-DN Make LTO go down 
LTO-SD Sense LtC) is down 
LTO-FPG Control for LTO lane FP exit gate 
FPO-S1 Lane FP sensor From/Pass 

0.124 FIG. 6B shows the electrical specifications used to 
integrate a work Station (work center) with a sample trans 
porter. All of the represented pins can be used for the 
physical handshake connection between a work Station and 
a Sample transporter. Preferably, at least five of the repre 
Sented pins are used and more preferably at least eight logic 
represented pins are used to integrate a work Station with a 
Sample transporter or other module. 
0.125 While the screening sample transporter provides 
parallel processing of multiple work units waiting or moving 
to multiple workStations, the WorkStations themselves also 
can provide parallel operations. The Sample distribution 
robot shown has four parallel aspirate/dispense devices, and 
all can be operable on a different unit at the same time. This 
is one means of increasing throughput of the System. Since 
the Screening Sample transporter can accommodate Six or 
more WorkStations, and each workStation can Simulta 
neously operate on four or more plates, a large number of 
parallel operations can be performed at any instant. 
0.126 In addition, a sample transport means can be used 
to operably link components of a liquid processing System or 
components within a module. Such a Sample transport 
means can include conveyor belts, articulated robotic arms, 
Slide mechanisms, automated guided vehicles and the like as 
known in the art, or developed in the future. 
0127. Reaction Module 
0128 Reagent Dispenser 
0129. In one embodiment, the invention provides for a 
reaction module that is a reagent dispenser to provide 
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reagents (e.g. chemicals to be tested or targets) to the 
addressable wells in a predetermined manner. The reagent 
dispenser is integrated to other WorkStations with the data 
processing and integration module and operably linked with 
the Sample transporter. One or more reagent dispensers can 
be operably linked to the Sample transporter as shown in 
FIG. 5. Preferably, the reagent dispenser is of the type 
described in the Examples. Other reagent dispensers that are 
compatible with the data processing and integration module 
and the sample transporter (if operable linkage to the sample 
transporter is desired) can be used as known in the art or 
developed in the future. 
0130 FIG. 7 shows one embodiment of a reagent dis 
penser comprises an X,Y positioner 910 with two stepper 
motors 920 to control the positioning of a plate 930. The X,Y 
positioner places the plate in a predetermined X,Y coordi 
nate that corresponds to the array of liquid dispensers 940. 
To position the addressable wells of a high density formal 
plate under the linear array, the X,Y positioner must pref 
erably be able to locate predetermined X,Y coordinate 
within about 50 to 200 microns. It is therefore desirable to 
integrate and control X,Y positioners of the reagent dis 
penser, as well as of other components, with the data 
processing and integration module to finely control the 
Stepper motors. Alternatively, the reagent dispenser can 
finely control the Stepper motors with its own computer or 
programmable logic controllers. 
0131 For some embodiments of the invention, particu 
larly for plates with 96, 192, 384 and 864 wells per plate, 
dispensers are available for integration into the System. Such 
dispensers are described in U.S. Pat. No. 5,525,302 (Astle), 
U.S. Pat. No. 5,108,703 (Pfost), U.S. Pat. No. 
5,226,462(Carl), and PCT patent application WO95/31284 
(Gordon). 
0132) Detector 
0133. In one embodiment the invention provides for a 
reaction module that is a fluorescence detector to monitor 
fluorescence. The fluorescence detector is integrated to other 
WorkStations with the data processing and integration mod 
ule and operably linked with the sample transporter. Pref 
erably, the fluorescence detector is of the type described 
herein and can be used for epi-fluorescence. Other fluores 
cence detectors that are compatible with the data processing 
and integration module and the Sample transporter, if oper 
able linkage to the Sample transporter is desired, can be used 
as known in the art or developed in the future. For some 
embodiments of the invention, particularly for plates with 
96, 192,384 and 864 wells per plate, detectors are available 
for integration into the System. Such detectors are described 
in U.S. Pat. No. 5,589,351 (Harootunian), U.S. Pat. No. 
5,355.215 (Schroeder), and PCT patent application WO 
93/13423 (Akong). Alternatively, an entire plate may be 
“read using an imager, Such as a Molecular Dynamics 
Fluor-Imager 595. 

0134 FIG. 8 shows one embodiment of a fluorescence 
detector comprising an X,Y positioner 1110 with two stepper 
motors (not shown) to control the positioning of a plate 1110 
(plain view) and 1120 (side view). The X,Y positioner places 
the plate in a predetermined X,Y coordinate that corresponds 
to the array of optical collection assembly 1130. To position 
the addressable wells of a high density formal plate under 
the linear array, the X,Y positioner must preferably be able 
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to locate predetermined X,Y coordinate within about 50 to 
200 microns. It is therefore desirable to integrate and control 
X,Y positioners of the fluorescence detector with the data 
processing and integration module to finely control the 
stepper motors. The filter wheel 1140 is part of the emission 
optical relay system that filters light emitted from each fiber 
optic bundle 1160 that corresponds to a particular optical 
collection assembly. An optical relay means 1152 optically 
connects the bundle to a photon detection means 1150. A 
field lens 1170 is used to focus excitation light from a light 
Source 1192. A second filter wheel 1192 is used to filter 
excitation light. Light is then relayed to a field lens 1190 and 
is then passed through a controllable aperture 1180. Light is 
then finally focused onto the fiber optic bundle for emission 
into addressable wells. 

0.135 The detector is preferably capable of fluorescence 
emission measurements in the 400 to 800 nm range. Typi 
cally, the detector comprises a means for excitation of 
fluorescence in the 350 to 800 nm range. The detector is 
often capable of many different operating modes that facili 
tate drug discovery assay requirements. These operating 
modes can include: Single excitation wavelength with Single 
emission wavelength detection, Single excitation wave 
length, dual emission wavelength detection, Sequential dual 
excitation wavelength with dual emission wavelength detec 
tion and ratio measurement determination, Sequential dual 
excitation wavelength with four emission wavelength detec 
tion and ratio measurement determination, homogeneous 
time resolved fluorescence with Single excitation wave 
length and Single emission wavelength detection, homoge 
neous time resolved fluorescence with Single excitation 
wavelength and dual emission wavelength detection and 
ratio determination measurement, homogeneous time 
resolved fluorescence with Sequential dual excitation wave 
length and dual emission wavelength detection and ratio 
determination measurement, dual Sequential excitation 
wavelengths and Single emission wavelength detection with 
ratio determination measurement, luminescence measure 
ment at a Single wavelength with luminescence measure 
ment at dual wavelengths, luminescence measurement at 
dual wavelengths with a ratio determination, and time 
resolved fluorescence emission (intrinsic dye properties with 
or without a binding event). 
0.136. In the preferred embodiment, the detector com 
prises a light Source assembly (e.g., Xenon) that can be 
Switched between continuous and pulsed (1 kHz) output 
depending upon power Supply. It includes an excitation light 
aperture to control the excitation field of view for fluores 
cence. Fused Silica fiber optic light guides can be used for 
maximum transmission of excitation and emission light. 
Guides are Selected for ultra low auto-fluorescence and 
raman background. The light collection assembly is opti 
mized to gather light from an addressable well (e.g., coaxial 
fiber optic arrangement with a ball lens light collection 
assembly). The Surfaces of the lens are preferably coated 
with anti-reflection coatings that reduce background Signal 
levels during detection. The fiber optic guide/collection 
assembly is designed with a predetermined physical spacing 
of guides/collection assemblies that directs the excitation 
light to reduce optical croSS talk to negligible or acceptable 
levels at the collection site. The physical spacing can also 
Spatially correspond to the well density of the addressable 
wells of the interrogated plate. Plates with well densities 
greater than the density of light collection assemblies can be 
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interrogated with light collection assemblies spatially 
arranged to accommodate X,Y positioning for higher well 
densities. This can be accomplished with the use of a X,Y 
positioner as described herein for liquid handling appara 
tuses. Preferably, dual emission collection fiber optical 
guides are used to enable simultaneous collection of two 
emission wavelengths during detection without any move 
ments of optical relay System. The detector can include an 
excitation filter “wheel' for rapidly changing an excitation 
interference filter or an emission filter “wheel” for rapidly 
changing an emission interference filter Set. The detector can 
also include a Z positioner to change the distance between 
the collection assemblies and the well or plate (usually the 
plate bottom) to optimize signal collection. Typically, the 
fiber optic guides and light collection assemblies are 
arranged in two dimensional arrays (e.g. corresponding to a 
96 well plate) to allow for simultaneous detection of all 
addressable wells or a matrix of a portion addressable wells. 
The detector can include a photon Sensitive Surface for 
measuring photon emission, Such as a CCD, photodiode, or 
a PMT. The detector can intensify the signal, and gate if 
desired, using a photon intensifier. Preferably, the detector 
can utilize a high quantum efficiency CCD without an 
intensifier for long detection integration. Alternatively, the 
detector can utilize PMT's or multi-site PMT's for photon 
detection and quantitation. 

0.137 The detector functions primarily in the epi-fluores 
cence mode where the preferred illumination is from the 
bottom of the plate and the preferred collection is also from 
the bottom of the plate. The detector can function in all of 
the above mentioned modes with bottom viewing of the 
plate. The detector usually is capable of three to four orders 
of magnitude of dynamic range in Signal response from a 
Single reading. The detector, in a preferred embodiment, 
utilizes a CCD chip for imaging and detecting photons 
emitted from the assay wells. 
0.138. The detector is typically capable of measuring the 
emission output at Simultaneous dual wavelengths for 96-as 
Say Wells at a time. The detector can make ratio determina 
tions on the 96-assay wells based on the dual wavelength 
detection or excitation ratio measurements of 96-assay wells 
by a change in the filter element in front of the Xenon Arc 
lamp Source. The excitation ratio measurements can be 
measured Serially at each Set of 96-assay wells to be 
detected. The detector is capable of reading 96-assay wells 
in less than a Second. This is a dramatic improvement over 
“state-of-the-art” fluorescence readers. This is 30 to 200 
times faster than current readers. The detector optical guide/ 
collection assembly has measured fluorescence from a 
sample with as little as 5x10' mole fluorescein in 1 
microliter of Solution and at two wavelengths Simulta 
neously. 

0.139. The ratio mode of the detector enables changes in 
Signal levels with respect to relative Signal levels to be 
observed without complex calibration. The ratio mode of the 
detector is tolerant of differences in the quantities of isolated 
targets, cells or dye loading into cells. Hence, differences 
between wells can exist for the cells and dye levels, but 
within a single well, these differences can be normalized to 
relative change in the intensities. Without rationetric detec 
tion, absolute signal levels can obscure the Slight changes 
within each well. 
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0140. The throughput of a detector in a screening system 
is often the slow Step in processing a large number of assay 
plates. The detector (or detectors) usually must keep pace 
with the number of assay plates to be analyzed. Ultimately, 
the rate limiting Step in a Screening experiment determines 
the number of assay plates which can be analyzed in a given 
time period. For example, a preferred detector utilizes 
96-array trifurcated fiber assemblies that enable one excita 
tion wavelength (one bundle Set) and two emission wave 
lengths (two bundle sets) per reading. In the case where 
excitation ratio measurements are required, the detector can 
Sequentially deliver the two excitation wavelengths and then 
provide up to four emission wavelength results. Additional 
emission wavelength readings can be obtained by Sequential 
Switching of the emission filters. In the case of a 3,456 plate, 
36 Separate readings will be required to completely detect 
fluorescence from all 3,456 addressable wells. At one second 
per reading, the detection time is approximately 36 Seconds 
not counting plate in/out and discreet movements. If the 
transfer time of the plate in and out of the detector is 24 
Seconds total plate reading time is one minute per plate. This 
results in the processing of Sixty 3,456 well plates per hour, 
or 207,360 addressable wells per hour (4.976,640 address 
able wells per 24 hours). 
0.141. The selection of different operating modes of the 
detector is often based on the type of assay to be performed. 
Thus, the detector is usually designed with numerous modes 
of operation to provide flexibility in detection. Each mode is 
Selected based on its compatibility with a particular set of 
fluorescent probes and reagents. The detection is then tai 
lored to meet the assays and the probe's requirements. 

TABLE 2 

Detection? Per 96 Element Matrix 

Integration Positioner Pause Per Plate Per Plate 
Time Move Time Time Total Total Total 
(msec) (msec) (msec) (msec) (sec) (min) 

500 500 1OO 1100 40 O.66 
1OOO 500 1OO 1600 58 O.96 
3OOO 500 1OO 36OO 130 2.16 
5OOO 500 1OO 56OO 2O2 3.36 
1OOOO 500 1OO 106OO 382 6.36 

0.142 Table 21 shows calculated detection times for a 
96-matrix optical array detector The detector can have 
variable data acquisition time depending on assay require 
ments. If a read/integration time is 1 Sec per 96 elements, a 
plate read time is under 1 minute. If a plate in?plate out 
operation 1 minute, then thirty, 3,456 plates per hour can be 
read at two wavelengths. Thirty Such plates are equivalent to 
over 90,000 samples per hour (assuming 10% of the plates 
are used for controls, etc.). For an eight hour work period, 
about 720,000 samples can be processed. The inventors have 
measured signals from microliter wells (assay volume about 
2 microliters) in rationetric fluorescent measurement mode 
in about 100 milliseconds. 

0.143 Fluorescence Measurements 
0144. It is recognized that different types of fluorescent 
monitoring Systems can be used to practice the invention 
with fluorescent probes, Such as fluorescent dyes or Sub 
Strates. Preferably, Systems dedicated to high throughput 
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Screening, e.g., 96-well or greater microtiter plates, are used. 
Methods of performing assays on fluorescent materials are 
well known in the art and are described in, e.g., Lakowicz, 
J. R., Principles of Fluorescence Spectroscopy, New York: 
Plenum Press (1983); Herman, B., Resonance Energy Trans 
fer Microscopy, in: Fluorescence Microscopy of Living Cells 
in Culture, Part B, Methods in Cell Biology, vol. 30, ed. 
Taylor, D. L. & Wang, Y.-L., San Diego: Academic Press 
(1989), pp. 219–243; Turro, N.J., Modern Molecular Pho 
tochemistry, Menlo Park: Benjamin/Cummings Publishing 
Col, Inc. (1978), pp. 296-361 and the Molecular Probes 
Catalog (1997), OR, USA. 
014.5 Fluorescence in a Sample can be measured using a 
detector described herein or known in the art for multi-well 
plates. In general, excitation radiation, from an excitation 
Source having a first wavelength, passes through excitation 
optics. The excitation optics cause the excitation radiation to 
excite the Sample. In response, fluorescent probes in the 
Sample emit radiation which has a wavelength that is dif 
ferent from the excitation wavelength. Collection optics then 
collect the emission from the Sample. The device can include 
a temperature controller to maintain the Sample at a specific 
temperature while it is being Scanned. According to one 
embodiment, a multi-axis translation stage (e.g., a dedicated 
X,Y positioner) moves a microtiter plate holding a plurality 
of Samples in order to position different wells to be exposed. 
The multi-axis translation Stage, temperature controller, 
auto-focusing feature, and electronics associated with imag 
ing and data collection can be managed by an appropriately 
programmed digital computer. The computer also can trans 
form the data collected during the assay into another format 
for presentation. 

0146 Preferably, FRET (fluorescence resonance energy 
transfer) is used as a way of monitoring probes in a sample 
(cellular or biochemical). The degree of FRET can be 
determined by any Spectral or fluorescence lifetime charac 
teristic of the excited construct, for example, by determining 
the intensity of the fluorescent Signal from the donor, the 
intensity of fluorescent Signal from the acceptor, the ratio of 
the fluorescence amplitudes near the acceptor's emission 
maxima to the fluorescence amplitudes near the donors 
emission maximum, or the excited State lifetime of the 
donor. For example, cleavage of the linker increases the 
intensity of fluorescence from the donor, decreases the 
intensity of fluorescence from the acceptor, decreases the 
ratio of fluorescence amplitudes from the acceptor to that 
from the donor, and increases the excited State lifetime of the 
donor. 

0147 Preferably, changes in signal are determined as the 
ratio of fluorescence at two different emission wavelengths, 
a process referred to as “ratioing. Differences in the abso 
lute amount of probe (or Substrate), cells, excitation inten 
sity, and turbidity or other background absorbances between 
addressable wells can affect the fluorescence Signal. There 
fore, the ratio of the two emission intensities is a more robust 
and preferred measure of activity than emission intensity 
alone. 

0148 Arationetric fluorescent probe system can be used 
with the invention. For instance the reporter System 
described in PCT publication WO96/30540 (Tsien) has 
Significant advantages over existing reporters for gene inte 
gration analysis, as it allows Sensitive detection and isolation 
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of both expressing and non-expressing Single living cells. 
This assay System uses a non-toxic, non-polar fluorescent 
Substrate which is easily loaded and then trapped intracel 
lularly. Cleavage of the fluorescent Substrate by B-lactamase 
yields a fluorescent emission shift as Substrate is converted 
to product. Because the B-lactamase reporter readout is 
rationetric, it is unique among reporter gene assays in that 
it controls variables Such as the amount of Substrate loaded 
into individual cells. The Stable, easily detected, intracellular 
readout simplifies assay procedures by eliminating the need 
for Washing Steps, which facilitates Screening with cells 
using the invention. 
0149 Data Processing and Integration Module 
0150. Because the present invention provides for unprec 
edented throughput rates for processing of liquid Samples, it 
will be important in many embodiments of the invention, 
especially System embodiments, to integrate modules, direct 
Workflow and manage information generated by Such a 
System. This can be accomplished by providing a computer 
module with a processor that can integrate and programma 
bly control WorkStations and workflow, and collect and Store 
information from each WorkStation. A central feature appli 
cable to most Such Systems is a computer module to route the 
work unit, track work unit inventory and to provide instruc 
tions to process liquid Samples through the appropriate 
WorkStations. Typically, the computer will include a rela 
tional database that contains information for processing a 
liquid Sample and optionally, using the information resulting 
from a process to create a database of output information 
that can then be used to Support additional analysis of the 
data or to automatically modify the proceSS based on the 
results obtained in a Single or multiple cycles of a process. 
0151. In one embodiment, a data processing and integra 
tion module can integrate and programmably control a 
Storage and retrieval module, a Sample distribution module, 
and a reaction module to facilitate rapid processing of Said 
addressable Sample wells. Preferably, the data processing 
and integration module can programmably route work flow 
to modules by the programmably controlled adaptive rout 
ing, and optionally programmably controlled parallel pro 
cessing of addressable wells. 
0152 To manage information in the system, the data 
processing and integration module comprises elements to 
Store, manage and retrieve data, including a data Storage 
device and a processor. The data Storage device can hold a 
relational database, an array of physical disk drives (e.g., 
random access disk drives), and a connection to other System 
components via a network. A data Storage device can, for 
instance, Store a relational database for environmental, diag 
nostic, chemical Synthesis and drug discovery applications. 
For instance, one particularly useful relational database can 
be provided by Oracle, and the network can be a TCP/IP 
(transfer communication protocol) ethernet LAN (local area 
network). 
0153. The system can be controlled using Supervisory 
control programs, which are not necessarily located on the 
Same computer as the data Storage device. For example, in 
one embodiment of a System, a separate Supervisory control 
computer is provided for each of the Storage and Retrieval, 
Reagent Transport, and Reagent Distribution functions. A 
Supervisory control computer is a computer programmed to 
control a particular Subsystem using data from the data 
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Storage device and operating on a WorkStation or compo 
nent, Such as a storage and retrieval, reaction module or 
Sample transporter. 

0154 Within the data storage device, exists a structure 
for information in the form of tables and relations. This 
Structure is designed to meet the Specific needs of the 
System, wherein it must accommodate the throughput 
demands of an automated System and facilitate the presen 
tation of information for analysis and Visualization of 
results. The data Storage device can typically process in 
excess of 100,000 transactions (read or write particular data) 
per day, while accurately keeping track of every chemical, 
biological reagent, operation, unit of work and WorkStation 
and other related activities. Integrity of the data Storage 
device is typically maintained for Simultaneous multiple 
users and processes. 
O155 Information in the relational database of the data 
Storage device is used to define operations to be performed, 
and a complete audit trail can be maintained of every 
operation on every unit of work throughout the System. 
0156 Storage devices suitable for use with the present 
invention are well known and are commercially available 
from a number of manufacturers, Such as the 2 gigabyte 
Differential System Disk, part number FTO-SD8-2NC, and 
the 10 gigabyte DLT tape drive, part number P-W-DLT, both 
made by Silicon Graphics, Inc., of Mountain View, Calif., or 
equivalents (e.g., optical discs). A preferred embodiment 
uses Hewlett Packard 4GB Hot Swap Drives in a Netserver 
LX Pro configured as RAID-5 
O157 FIG. 9 shows a data structure diagram illustrating 
the tables and relations in the Supervisory control System. 
The data Structure can be divided into function Sectors, Such 
as chemical and Sample management, work flow and assay 
design, Screening information, and Subsystem control. 
0158. A chemical and sample management may embody 
links to other computerized Systems for data management, 
such as an external properties database 603 that could 
contain chemical and physical properties. The System may 
optionally contain information related to the general lookup 
of properties or Structures of chemicals. Such information is 
contained in the chemical structure table 602. Chemicals 
themselves are represented in a chemical table 601, which 
contains data regarding chemical formula, Scientific names, 
and text descriptors. All information about a particular 
instance of a chemical is represented in the Samples table 
604. A sample may be obtained from a supplier, created by 
a chemist, or from any other means defined in the Source 
table 605. The FIG. 9 also describes other relations that are 
most important between each table. 
0159. A chemical and sample management may also 
comprise a plurality of Samples that can be grouped together 
in the master table 606. The inventors have made Such a 
collection on the order of about 10,000 samples or chemi 
cals. Larger collections of about 50,000, about 100,000 and 
over 500,000 (e.g., about 1,000,000 to about 10,000,000) are 
also contemplated. The master table is used to define group 
ings of chemicals, Such as would occur when the chemicals 
were present in a common format. 
01.60 Each chemical in the master table is also repre 
sented in an aliquots table 607. The creation of aliquots from 
any chemical managed by the System may be in any format 
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and is not limited to multi-Well plates. A chemical may be 
individually tracked, or become part of a master configura 
tion where it is present with a plurality of other chemicals, 
in which case the group, rather than a Single chemical can be 
tracked by the System. Each tracked entity (e.g., work unit) 
is recorded as an entry in format table 608. The current 
location of each tracked entity is Stored along with its 
identification in the table that represents that entity. Typical 
formats can include tubes and bottles of various capacities, 
arrays of Wells as in the various multi-Well plates, or any 
other format desired. Any chemical or group of chemicals 
Stored in a format can be identified, e.g., by a unique bar 
code label. 

0.161 The work flow and assay design area of the data 
Store typically defines the work process to be performed, and 
parameters necessary to control the automation of the SyS 
tem. Automation refers to both individual WorkStations, and 
can include the transport and Storage and retrieval functions. 
An external Scientist interface program is used to fill in 
values in the work flow and assay design tables, which can 
then be Scheduled and executed by the operator interface 
program. A flowchart of Some elements of the Scientist 
interface is provided in FIG. 10A and one embodiment of a 
Scientist interface is shown in FIG. 10B. 

0162 The work flow and assay design algorithms can be 
implemented in Supervisory control computers or with a 
Single Supervisory control computer. These programs can 
constitute a batch process control System (meaning that 
desired Sequences of parameters or instructions are created 
and executed in units of operation) with continuous and 
discrete elements (meaning that the System must manage a 
continuous control based on process variables, as well as 
real-time events, Such as interrupts). The data Store struc 
tures exist to provide parameters and define the workflow, 
and to receive results from these Supervisory control com 
puters. 

0163 An assay can be defined in the assay table 610, 
composed of three elements: Selections from the chemical 
Selection Set table 611, a Sequence of WorkStations to be 
utilized defined in the work flow table 612, and a human 
readable text defined in the work instructions table 613. The 
work instructions include the Steps necessary for an operator 
in preparing each WorkStation for the assay, Such as reagent 
preparation, machine cleaning and Setup, and any other 
manual operations. 
0164. The definition of work flow can be performed by 
the Scientist interface Software. A graphical user interface is 
used to build an assay or other liquid Sample process on a 
computer Screen from the various workStations that exist in 
the System. These WorkStations are represented in the work 
station table 614, which is itself composed of references to 
the equipment table 615 and the corresponding entries in the 
equipment parameters table 617. Thereby, the scientist inter 
face can expand the representation of a WorkStation to 
display any configuration requirements or programs for each 
piece of equipment at the WorkStation. Different WorkSta 
tions will require different parameters, and Screens are 
Specially developed to enter that information in the equip 
ment parameters table. 
0.165 Screening information portions of the data store are 
used to bring chemicals and work flows together and to 
perform a Screen (or alternative an analysis or Synthesis). 
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Each screen is defined in a screen table 620. Once screens 
are defined they can be Scheduled for running by the 
operator interface that modifies the schedule table 621. 
Many Screens can be defined using the same entry in the 
assay table 610. Based on the screen and the chemicals 
defined to participate in the Screen, i.e., the entries in the 
chemical selection set table 611 that are defined in work flow 
and assay design, the operator interface program will create 
a list of required replicates to be created from masters, and 
make entries in the replicate table 622. The replicates are 
always related to a master in a particular way. Many masters 
can be replicated on a replicate, but each replicate must have 
at least one master (e.g., the representation of a master plate 
and a daughter plate). This permits combining multiple 
Storage plates into a single plate of higher density. 
0166 Automated portions of the Screening System, Such 
as format copying devices, create replicates. The replicate 
table 622 is used to record their parameters, i.e., the bar code 
label, plate type, and master plates used. Usually it is 
advantageous for the replicate record itself not to contain 
information about the chemicals. For all further operations 
on the replicate, operations will be on the entire format. For 
analysis purposes, the chemical information is readily avail 
able in the master records, which are related to each repli 
cate. The list of replicates for a Screen is placed in a table of 
screen sets 623. The screen set is a list of the plates 
necessary to represent the chemical Selection Set, already 
described in chemical selection set table 611. 

0167 The data storage device can contain items related to 
the automated operation a process. A computer program is 
used to control each WorkStation in the System. An advan 
tageous design element is to include all information neces 
Sary to operate the WorkStation in the respective operation 
table(s) 634. The operation tables given here are represen 
tative and will vary for different operations that are available 
in the System. 
0168 Additional tables can exist depending on the work 
station to record error codes in the error code tables 634, 
history of operations in the audit trail tables 636, or raw data 
such as shown in the detector array table 637. Subsystem 
results are summarized in the subsystem result table 633, 
which is related to the contents of the workflow table 612 
defined by the Scientist interface program. For analysis, the 
content of the Subsystem results table 633 is used to visu 
alize completed Screens. 
0169 Previous data stores for similar applications have 
concentrated on the physical representations of units of 
work. These Systems were Suited to manual handling of units 
of work and often used elaborate data entry mechanisms. 
The present invention focuses on the automated handling of 
units of work, and typically assumes that the well quantity 
and density processed greatly exceed what would be rea 
Sonable for a human operator to monitor. As a result, this 
data Store is structured for high performance. For example, 
the replication of a Single high density unit of work would 
require thousands of database transactions in other designs, 
but can be accomplished in a Single transaction against a 
replicate table in the present invention. 
0170 Data flow in and out of the data store is primarily 
through integrated instruments, controllers, and devices. 
Typically, transactions e.g., moving a plate, dispensing, 
aspirating, and others, are recorded in the database. 

Sep. 1, 2005 

0171 Detectors, such as those found in the reaction 
module are instruments which produce large quantities of 
data associated with each well. This data is processed and 
Stored in the data processing and integration module. It is 
also desirable that the data processing and integration mod 
ule provide a historical record of all operations and results 
obtained for a given unit of work, or an addressable well. In 
the preferred embodiment, an addressable well can be exam 
ined based on the processed detector results, and a hierar 
chical view of all previous results and operations is obtained. 
0172 Specific Systems, Material Flow and Work Flow 
Related to Screening Chemicals 
0.173) One embodiment of the present invention is a 
liquid processing System for Screening chemicals for useful 
activity, as shown in FIG. 2. This Screening System com 
prises a Storage and retrieval module for Storing and retriev 
ing vast numbers of different reagents in containers, a 
Sample distribution module to handle (e.g., aspirate reagents 
from containers and dispense reagents into other containers) 
Small Volumes of liquids at a high rate of Speed, a Sample 
transporter to transport reagents from a Selected component 
to another component at a compatible throughput rate, a hit 
profiling robot (HPR) to aspirate and dispense selected 
Solutions from addressable wells containing chemicals Sus 
pected of having useful activity, a high capacity Stacking 
system (HCSS) to act as a plate buffer to temporarily store 
plate for greater retrieval flexibility, a reaction module (e.g., 
a second reagent dispenser or a detector) for chemical 
reactions or physical measurements at high throughput rates, 
and a data processing and integration module. The data 
processing and integration module integrates each compo 
nent using a computer program, and optionally with a 
database comprising predetermined and modifiable instruc 
tions for performing the Screening process. The Sample 
transporter operably integrates the Systems by transporting 
plates from one component to another component. Prefer 
ably the Sample transporter permits parallel processing, and 
optionally adaptive routing, examples of which are 
described herein. The data processing and integration mod 
ule also preferably can integrate the Sample transporter with 
the other components to facilitate parallel processing and 
adaptive routing of plates. Preferred components and meth 
ods are described herein. Suitable State-of-the-art compo 
nents can be Substituted, So long as Such components can 
integrate with the data processing and integration module 
and can be operably linked to the other components of the 
Screening System. Other components, Such as shown in FIG. 
2, may be included in the System as well. 
0.174. A preferred embodiment of the screening system is 
shown in FIG. 11. Shown in FIG. 11 is a storage and 
retrieval module, a random access high density plate pre 
Sentation module, multiple reagent dispensing robots for 
dispensing reagents to be used in a Substantial proportion of 
the plates, multiple incubators to control the temperature of 
chemical events, a fluorescent detector to detect fluores 
cence of each Sample in an addressable well, a plate trans 
porter to transport plates and a data processing and integra 
tion module to integrate each component. This type System 
is desirable for complex Screening procedures, where dif 
ferent reagents may require a different reagent dispensing 
robot based on the type of reagent, Solvent, or Screening 
process. One reagent dispensing robot can be dedicated for 
dispensing aqueous reagents, a Second for non-aqueous 
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Solvents and a third for biological materials. Such as cells. 
Such a System can also include an incubator for controlling 
environmental conditions and humidifying assay plates to 
reduce evaporation. Incubators in the art can be adapted for 
Such use, Such as those discussed in U.S. Pat. No. 5,149,654 
and U.S. Pat. No. 5,525,512. Preferably, each component is 
Serviced by a multi-lane Sample transporter to permit par 
allel processing. 

0175 Example of Work Unit (e.g., Plate) Handling 
0176) The screening system typically operates on a work 
unit (unit) with Standardized processing format. The work 
unit Sometimes embodies a particular processing format, 
Such as a plate. Such work units often vary in external 
dimensions, materials of construction, physical design and 
density (or number of wells). The Screening System is 
preferably constructed using WorkStations to handle a stan 
dard processing format that allows for a flexible work unit. 
This approach reduces the need for complete uniformity of 
the work unit, as is required in many automated laboratory 
and chemical discovery Systems. Consequently, the present 
invention's Screening System can function with a mixture of 
many work units without adjustment or calibration. This 
permits the System to universally handle varying work units 
of a Standardized processing format. Usually, Such Systems 
or components will handle at least 2 work unit densities with 
a Standard format, preferably at least 3 work unit densities 
with a Standard format, and more preferably at least 4 work 
unit densities with a Standard format. 

0177. Typically, a storage and retrieval end actuator uni 
Versal Stacker/destacker transport System elements and the 
registration device are all devices that are designed to handle 
work units with Standardized processing format. Preferably, 
to enhance workflow and throughput, all the devices that 
handle work units are designed to handle the same Standard 
ized processing format. Examples of these types of devices 
are described herein, especially in the Examples. 
0.178 Material Flow Through a Screening System 
0179 The operation and liquid processing steps of a 
Screening System can be described in terms of material flow. 
When describing material flow, a work unit can be consid 
ered to contain one or more chemicals (or chemicals in 
Solution) in an array. The work unit of work might be a 
member of the chemical library, or might be a format 
designed for a Specific purpose, Such as a multi-Well format 
drug Screening plate. AS described herein, workflow 
throughput can be optimized or increased using parallel 
processing, adaptive routing and computerized instructions 
from relational databases. An example of actual materials 
flow through a Screening System is described below. 
0180 FIG. 12 shows material flow in a screening system 
and pre-Screening processing. Master liquid Storage 800, 
which is not usually part of the Screening System, is the long 
term Storage of chemicals prepared in compound preparation 
801. Chemicals can also be formatted into work units in 
compound preparation Step 801. Compound preparation 
involves the preparation of measured chemical Samples, 
dilution in a liquid or dissolving with a Solvent, and division 
of chemical Solutions into measured aliquots. Usually, Such 
chemical aliquots are reagents. In a Screening context they 
are often referred to as test compounds. The chemical 
Solutions, representing a known concentration are then 
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grouped together in Storage work units (e.g., addressable 
wells). In the preferred embodiment, these are multi-well 
Storage plates of high volume capacity (e.g., 96-wells with 
200 to 500 microliters per well). A standalone sample 
duplication robot can aid the compound preparation process. 
Work units are then transferred directly to the storage and 
retrieval module using the removable cart 802 or transferred 
during a replenishment cycle with a removable cart 803 to 
the storage retrieval module 804. Each removable cart can 
contain a plurality of storage work units (e.g., about 488). 
The master library work units-are used to replenish the 
Storage retrieval module as quantities are depleted, or a time 
period expires. A data processing and integration module 
can track the level of Solution in a Storage work unit as well 
as the expiration date for each work unit with a reagent or 
test compound. 

0181. The storage and retrieval module 804 can store a 
large number of chemicals in work units. Usually, the 
storage and retrieval module can store at least about 200,000 
discrete chemicals on at least about 2,000 thousand work 
units and preferably at least about 1,000,000 discrete chemi 
cals on at least about 4,000 work units and at least about 
10,000,000 work units. Storage volumes for such stores are 
described herein (e.g., 20 to 100 microliters). Empty work 
units can also be contained in the Store, and can be replen 
ished with the removable cart 803. The storage and retrieval 
module provides environmental protection of the work units, 
which are individually accessible at room temperature. The 
Storage and retrieval module contents can be randomly 
picked and delivered to the screening transporter 805 for 
transport. Transport functions include presentation of work 
units at WorkStations, routing from any workStation to any 
other, queuing of work units at WorkStations, and operably 
linking WorkStations of the Screening System. 

0182 Formatting of work units (duplication or reformat 
ting the work units the Storage and retrieval module) 
involves a plate replication workstation 806. The equipment 
used in plate replication can be an Sample duplication robot. 
Reformatting work units involves the transfer of chemicals 
from one work unit format to another, Such as would be 
required when a higher density work unit was needed in a 
Screening operation. For example, the formatting of Storage 
plates (often at 96-wells per plate) into high density plates 
(e.g., as densities of at least about 864 to 3,456-wells per 
plate, or higher). The plate replication workStation can 
efficiently create a plurality of Screening work units from a 
Set of Storage work units. If Screening work units are not 
immediately needed they can be sent to the Storage removal 
module. 

0183 AS work units are directed for screening, either 
from the screening transporter 805 or from the plate repli 
cation workstation 806, they are transferred by the screening 
transport 805 to the screening assay system 807. Once a 
work unit has been used in the Screening assay System, it will 
usually be consumed and not replaced in the Storage and 
retrieval module. In Some Screening applications it may be 
desirable to perform a Second test on the same work unit, in 
which case it may be desirable to route the work unit back 
through the System. 

0.184 The screening assay system 807 typically consists 
of a Series of Steps defined in an assay Sequence. The 
Scientist interface (i.e. a computer Screen or image) can be 
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used to define each assay, which is then represented in the 
data Storage device, which is part of the data processing and 
integration module. The material flow is modified by the 
Software definition of the assay. 
0185. The general characteristics of the screening assay 
System are that all work units must follow a Substantially 
Similar material flow, in terms of time and devices used, to 
assure that results are comparable between work units. The 
assay Set-up with the Scientist interface includes the defini 
tion of the material flow, timing, WorkStation Setup require 
ments, reagent preparation, maximum processing time, and 
the work units from the chemical library Store in the Storage 
and retrieval module that will be processed. 
0186 Work units 810, formatted specifically for screen 
ing by the plate replication workstation 806 are delivered by 
the screening transporter 805. Depending on the workflow 
defined in the assay, they are then consistently processed 
through a Series of Steps. In a reagent addition Step 811, cells 
and a number of reagents can be dispensed into the work 
unit. A known agonist might be added to activate cells in a 
cell-based assay. Liquid lids might be dispensed. Such liquid 
lids are inert materials, which will reduce the evaporation of 
liquid from a well. 

0187. The work unit is then moved to an incubation step 
812. Incubation time and enviromental conditions, including 
temperature, humidity, and nitrogen can be carefully con 
trolled. The conditions in this workstation, as in all others 
have been defined in the scientist interface Software as the 
assay is developed. This results in an entry in the WorkSta 
tion operations table (in the data processing and integration 
module) for the particular work unit. As the work unit is 
processed, entries are made by the Supervisory controller 
and can optionally provide an audit trail and error notifica 
tion of proceSS deviations for each work unit. 
0188 Following incubation 812, the work unit may be 
transferred to an additional reagent addition workStation 
813. At this point, dyes, substrate, or additional indicators 
are added to facilitate the detector operation. If necessary an 
additional incubation 814 can be provided. In some cases 
this incubation is simply performed as part of the transport 
operation to the detector WorkStation through a measured 
time delay. 

0189 The work unit is then transferred to the detector 
815. Detectors can vary depending on the assay and multiple 
detectors may exist on the same System. Typical detectors 
will measure emitted or fluorescent light, or measure a 
calculated ratio of light from each well of the work unit. 
After the work unit is processed at the detector, it could be 
transferred to a waste Station, or returned to the Storage and 
retrieval module. 

0190 FIG. 13 shows a user interaction flowchart that 
describes a flow from the user's point of view. Since both a 
Scientist and operator interface are typically provided, the 
operator of the System is primarily concerned with the 
momentary operations requirements of the automated units. 
A Single operator interface is normally used. Typical opera 
tions that will be included are: (1) compound addition, (2) 
replenishment, (3) plate generation, (4) defining an assay or 
procedure, (5) executing a screen, (6) Scheduling work, and 
when no other operation is necessary, (7) observing System 
operation. 
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0191 In some embodiments, it will be desirable to 
include an incubator. An example of Such a Screening System 
is shown in FIG. 11. An incubator can have environmental 
control of atmosphere (e.g., carbon dioxide and oxygen level 
for cells), humidity, and temperature. Its capacity and 
ingreSS and egreSS points preferably allow for random access 
by automation. 
0.192 It is also desirable to operably link an incubator 
with a transport mechanism Such that any plate can be 
positioned at a common interface point. A conduit (e.g., 
linear and orthogonal conduit) transports plates within a 
controlled environment Such that as they are requested, they 
are presented to a common access point. Empty places 
within this conduit allow new plates to enter the controlled 
atmosphere. Environmental parameters are measured and 
controlled via proportional integral, derivative controllers 
with appropriate Sensors. Proportional integral, derivative 
controllers apply mathematical parameters to react to 
changes in a measured value and generate a control output. 
0193 Methods of Identifying Useful Chemicals 
0194 The invention includes methods for identifying 
useful chemicals. For example, the method can comprise: 

0.195 A. retrieving from a storage and retrieval 
module a plurality of chemicals in Solution in addres 
Sable chemical wells, a reagent well retriever and 
having programmable Selection and retrieval of the 
addressable chemical wells and having a storage 
capacity for at least 100,000 of the addressable wells, 

0.196 B. transporting selected addressable chemical 
Wells with a Sample transporter to the Sample distri 
bution module and the Sample transporter optionally 
having programmable control of transporting of the 
Selected addressable chemical wells, 

0197) C. aspirating the plurality of chemicals with a 
Sample distribution module comprising a liquid han 
dler to aspirate Solutions from Selected addressable 
chemical wells, the Sample distribution module hav 
ing programmable Selection of and aspiration from 
the Selected addressable chemical wells, 

0198 D. dispensing the plurality of chemicals with 
the Sample distribution module using computer pro 
grammable dispensation into addressable Sample 
Wells, 

0199 E. transporting the addressable sample wells 
with a Sample transporter to a reagent dispenser 
module and optionally having programmable control 
of transporting of the addressable Sample wells, 

0200 F. dispensing at least one assay solution into 
the addressable Sample wells with a reagent dis 
penser, and 

0201 G. detecting a signal in the addressable 
Sample wells with a fluorescence detector. 

0202) The storage and retrieval module, the sample dis 
tribution module, and the reaction module are integrated and 
programmably controlled by a data processing and integra 
tion module; and the Storage and retrieval module, the 
Sample distribution module, the Sample transporter, the 
reaction module and the data processing and integration 
module are operably linked to facilitate rapid processing of 
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the addressable Sample wells. Typically, the methods can 
individually screen at least 25,000 selected and discrete 
chemicals in addressable Sample wells in 24 hours with a 
Single System. 

0203 Preferably, chemical libraries are screened such 
that at least one chemical library of Structurally related 
chemicals. The chemical library is preferably a directed 
chemical library based on Structure activity relationships or 
chemistry of a specific chemical moiety. Examples of chemi 
cal libraries and Screening (Such random library Screening) 
are described herein and known in the art. The System can 
also be used to create pools of chemicals. 
0204 Preferably, the transporting step is a parallel trans 
port for parallel processing of the addressable wells with the 
Sample transporter. It will be particularly desirable to 
include adaptive routing, programmably controlled, by the 
data processing and integration module as part of the method 
for transporting plates. The transporting can further com 
prise Separating the addressable Sample wells from contact 
with the Sample transporter and contacting the addressable 
Sample wells with a X, Y positioner in a WorkStation, Such 
as a reagent dispenser module. The Sample transporter can 
be a conveyor means that can transport plates about 500 
plates per hour acroSS about 3 meters. 
0205 The dispensing step can preferably provide for a 
dilution of about 1,000 to 5,000 fold. Dispensing into small 
Volumes facilitates processing. Volumes less than about 5 
microliters for each addressable Sample well is particularly 
useful. The dispensing is into addressable Sample wells that 
typically have a well center to well center distance of leSS 
than 5 millimeters and are disposed on a plate with a 
Standard footprint no larger than a Standard microtiter plate 
footprint. The dispensing typically comprises dispensing a 
predetermined Volume of an assay Solution comprising a 
target into the addressable Sample wells. The targets can be 
those described herein, known in the art or developed in the 
future, for instance from genomics. Targets include proteins 
Such as membrane protein and Soluble proteins. The dis 
pensing can also comprise dispensing a predetermined Vol 
ume of an assay Solution comprising an agonist, antagonist 
or other chemical that interacts with the target to use as a 
positive or negative control, which can help determine the 
level of activity of the test chemical. The signal in the 
addressable Sample wells due to the test chemical can be leSS 
or more than the control depending on the control. Activity 
is often measured from a reporter that indirectly or directly 
indicates the activity of the chemical against the target. In 
most circumstances, if the reporter produces less of the 
Signal in the presence of a modulator than in the presence of 
the agonist alone, it can indicate that the modulator is an 
antagonist. In most circumstances, if the reporter produces 
more of a signal in the presence of a modulator than in the 
presence of the antagonist, it can indicate that the modulator 
is an agonist. 

0206 Preferably, a plurality of chemicals is aspirated 
from Selected addressable chemical wells disposed on a first 
plate with a first density of wells per cm squared. The first 
plate is then transported away from the liquid handler and 
addressable Sample wells disposed on a Second plate, with a 
Second density of Wells per cm Squared are transported to the 
liquid handler. The Second plate is then positioned for 
dispensation by the liquid handler. The dispensing of the 
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plurality of chemicals from the Selected addressable chemi 
cal wells with the liquid handler then proceeds into a first set 
of Selected addressable Sample wells disposed on the Second 
plate. The Second plate typically has a higher density of 
Wells than the first plate for Screening. 
0207. Many different assays can be employed with the 
invention, Such as biochemical and cell based assayS. Fluo 
rescent probes can be Substrates for enzymes, dyes, fluores 
cent proteins and any other moiety that can produce a 
fluorescent signal under the appropriate conditions. For 
example, probes described in PCT application PCT US95/ 
14692 (Tsien), PCT application PCT US96/04059 (Tsien), 
PCT application PCT US96/09652 (Tsien), and U.S. patent 
application Ser. No. 08/680,877 (Tsien and Cubitt), U.S. 
patent application Ser. No. 08/706,408, (Tsien) can be used. 
0208. In another embodiment, the invention provides a 
method of developing a therapeutic chemical. The method 
comprises: (a) testing a chemical for modulating activity of 
a target, in a device of the invention, (b) testing the chemical 
against the molecular target for the modulating activity 
determined in Step (a), (c) testing the chemical or a deriva 
tive thereof against a different molecular target for modu 
lating activity, and (d) testing either the chemical or the 
derivative tested in Step (c) in an animal for modulating 
activity. 

0209 Targets 
0210. One method of the present invention uses targets 
for identifying chemicals that are useful in modulating the 
activity of a target. The target can be any biological entity, 
Such as a protein, Sugar, nucleic acid or lipid. Typically, 
targets will be proteins Such as cell Surface proteins or 
enzymes. Targets can be assayed in either biochemical 
assays (targets free of cells), or cell based assays (targets 
associated with a cell). 
0211 For example, cells may be loaded with ion or 
Voltage Sensitive dyes to report receptor or ion channel 
activity, Such as calcium channels or N-methyl-D-aspartate 
(NMDA) receptors, GABA receptors, kainate/AMPA recep 
tors, nicotinic acetylcholine receptors, Sodium channels, 
calcium channels, potassium channels excitatory amino acid 
(EAA) receptors, nicotinic acetylcholine receptors. ASSays 
for determining activity of Such receptors can also use 
agonists and antagonists to use as negative or positive 
controls to assess activity of tested chemicals. In preferred 
embodiments of automated assays for identifying chemicals 
that have the capacity to modulate the function of receptors 
or ion channels (e.g., agonists, antagonists), changes in the 
level of ions in the cytoplasm or membrane Voltage will be 
monitored using an ion-Sensitive or membrane Voltage fluo 
rescent indicator, respectively. Among the ion-Sensitive indi 
cators and Voltage probes that may be employed, are those 
disclosed in the Molecular Probes 1997 Catalog, herein 
incorporated by reference. 

0212. Other methods of the present invention concern 
determining the activity of receptorS. Receptor activation 
can Sometimes initiate Subsequent intracellular events that 
release intracellular Stores of calcium ions for use as a 
Second messenger. Activation of Some G-protein-coupled 
receptorS Stimulates the formation of inositol triphosphate 
(IP3 a G-protein coupled receptor Second messenger) 
through phospholipase C-mediated hydrolysis of phosphati 
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dylinositol, Berridge and Irvine (1984), Nature 312: 315-21. 
IP3 in turn stimulates the release of intracellular calcium ion 
Stores. Thus, a change in cytoplasmic calcium ion levels 
caused by release of calcium ions from intracellular Stores 
can be used to reliably determine G-protein-coupled recep 
tor function. Among G-protein-coupled receptors are mus 
carinic acetylcholine receptors (mAChR), adrenergic recep 
tors, Serotonin receptors, dopamine receptors, angiotensin 
receptors, adenosine receptors, bradykinin receptors, 
metabotropic excitatory amino acid receptors and the like. 
Cells expressing Such G-protein-coupled receptorS may 
exhibit increased cytoplasmic calcium levels as a result of 
contribution from both intracellular stores and via activation 
of ion channels, in which case it may be desirable although 
not necessary to conduct Such assays in calcium-free buffer, 
optionally Supplemented with a chelating agent Such as 
EGTA, to distinguish fluorescence response resulting from 
calcium release from internal Stores. 

0213 Other assays can involve determining the activity 
of receptors which, when activated, result in a change in the 
level of intracellular cyclic nucleotides, e.g., cAMP, c0MP. 
For example, activation of Some dopamine, Serotonin, 
metabotropic glutamate receptors and muscarinic acetylcho 
line receptors results in a decrease in the cAMP or cGMP 
levels of the cytoplasm. Furthermore, there are cyclic nucle 
otide-gated ion channels, e.g., rod photoreceptor cell chan 
nels and olfactory neuron channels (See, Altenhofen, W. et 
al. (1991) Proc. Natl. Acad. Sci U.S.A. 88: 9868-9872 and 
Dhallan et al. (1990) Nature 347: 184-187) that are perme 
able to cations upon activation by binding of cAMP or 
cGMP. In cases where activation of the receptor results in a 
decrease in cyclic nucleotide levels, it may be preferable to 
expose the cells to agents that increase intracellular cyclic 
nucleotide levels, e.g., forskolin, prior to adding a receptor 
activating compound to the cells in the assay. Cells for this 
type of assay can be made by co-transfection of a host cell 
with DNA encoding a cyclic nucleotide-gated ion channel 
and DNA encoding a receptor (e.g., certain metabotropic 
glutamate receptors, muscarinic acetylcholine receptors, 
dopamine receptors, Serotonin receptors, and the like), 
which, when activated, causes a change in cyclic nucleotide 
levels in the cytoplasm. 
0214) Any cell expressing a protein target in Sufficient 
quantity for measurement in a cellular assay can be used 
with the invention. Cells endogenously expressing can work 
as well as protein expressed from heterologous nucleic 
acids. For example, cells which may be transfected with a 
Suitable vector encoding one or more Such targets that are 
known to those of skill in the art or may be identified by 
those of skill in the art. Although essentially any cell which 
expresses endogenous ion channel or receptor activity may 
be used, when using receptorS or channels as targets it is 
preferred to use cells transformed or transfected with het 
erologous DNAS encoding Such ion channels and/or recep 
tors So as to express predominantly a Single type of ion 
channel or receptor. Many cells that may be genetically 
engineered to express a heterologous cell Surface protein are 
known. Such cells include, but are not limited to, baby 
hamster kidney (BHK) cells (ATCC No. CCL10), mouse L 
cells (ATCC No. CCLI.3), Jurkats (ATCC No. TIB 152) and 
153 DG44 cells see, Chasin (1986) Cell. Molec. Genet. 12: 
555 human embryonic kidney (HEK) cells (ATCC No. 
CRL1573), Chinese hamster ovary (CHO) cells (ATCC Nos. 
CRL9618, CCL61, CRL9096), PC 12 cells (ATCC No. CRL 
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17.21) and COS-7 cells (ATCC No. CRL 1651). Preferred 
cells for heterologous cell Surface protein expression are 
those that can be readily and efficiently transfected. Pre 
ferred cells include Jurkat cells and HEK 293 cells, Such as 
those described in U.S. Pat. No. 5,024,939 and by Stillman 
et al. (1985) Mol. Cell. Biol. 5: 2051-2060. 
0215 Exemplary membrane proteins include, but are not 
limited to, Surface receptors and ion channels. Surface 
receptors include, but are not limited to, muscarinic recep 
tors, e.g., human M2 (GenBank accession #M16404); rat 
M3 (GenBank accession #M16407); human M4 (GenBank 
accession #M16405); human M5 (Bonner, et al., (1988) 
Neuron 1, pp. 403-410); and the like; neuronal nicotinic 
acetylcholine receptors, e.g., the human C2, Cs, and f2, 
subtypes disclosed in U.S. Ser. No. 504,455 (filed Apr. 3, 
1990, which is hereby expressly incorporated by reference 
herein in its entirety); the human Os Subtype (Chini, et al. 
(1992) Proc. Natl. Acad. Sci. U.S.A. 89: 1572-1576), the rat 
C. Subunit (Wada, et al. (1988) Science 240, pp. 330-334); 
the rat C. Subunit (Boulter, et al. (1986) Nature 319, pp. 
368-374); the rat C. subunit (Goldman, et al. (1987) Cell 48, 
pp. 965-973); the rat Cls subunit (Boulter, et al. (1990) I. 
Biol. Chem. 265, pp. 4472-4482); the chicken C. Subunit 
(Couturier et al. (1990) Neuron 5: 847-856); the rat B. 
subunit (Deneris, et al. (1988) Neuron 1, pp. 45-54) the rat 
f3 subunit (Deneris, et al. (1989) J. Biol. Chem. 264, pp. 
6268-6272); the rat B subunit (Duvoisin, et al. (1989) 
Neuron 3, pp. 487-496); combinations of the rat C. subunits, 
B subunits and a and p subunits; GABA receptors, e.g., the 
bovine n, and p, subunits (Schofield, et al. (1987) Nature 
328, pp. 221-227); the bovine n, and a, subunits (Levitan, et 
al. (1988) Nature 335, pp. 76-79); the Y-subunit (Pritchett, et 
al. (1989) Nature 338, pp. 582-585); the p, and p, subunits 
(Ymer, et al. (1989) EMBO J. 8, pp. 1665-1670); the 6 
subunit (Shivers, B. D. (1989) Neuron 3, pp. 327-337); and 
the like, glutamate receptors, e.g., rat GluR1 receptor (Holl 
man, et al. (1989) Nature 342, pp. 643-648); rat GluR2 and 
GluR3 receptors (Boulter et al. (1990) Science 249: 1033 
1037; rat GluR4 receptor (Keinanen et al. (1990) Science 
249: 556-560); rat GluR5 receptor (Bettler et al. (1990) 
Neuron 5: 583-595) g rat GluR6 receptor (Egebjerg et al. 
(1991) Nature 351: 745-748); rat GluR7 receptor (Bettler et 
al. (1992) neuron 8:257-265); rat NMDAR1 receptor 
(Moriyoshi et al. (1991) Nature 354:31-37 and Sugihara et 
al. (1992) Biochem. Biophys. Res. Comm. 185:826-832); 
mouse NMDAel receptor (Meguro et al. (1992) Nature 357: 
70-74); rat NMDAR2A, NMDAR2B and NMDAR2C 
receptors (Monyer et al. (1992) Science 256: 1217-1221); 
rat metabotropic mGluR1 receptor (Houamed et al. (1991) 
Science 252: 1318-1321); rat metabotropic mGluR2, 
mGluR3 and mCluR4 receptors (Tanabe et al. (1992) Neu 
ron 8:169-179); rat metabotropic mGluR5 receptor (Abe et 
al. (1992) I. Biol. Chem. 267: 13361-13368); and the like; 
adrenergic receptors, e.g., human pl (Frielle, et al. (1987) 
Proc. Natl. Acad. Sci. 84, pp. 7920-7924); human C. 
(Kobilka, et al. (1987) Science 238, pp. 650-656); hamster 
f3 (Dixon, et al. (1986) Nature 321, pp. 75-79); and the like; 
dopamine receptors, e.g., human D2 (Stormann, et al. (1990) 
Molec. Pharm. 37, pp. 1-6); mammalian dopamine D2 
receptor (U.S. Pat. No. 5,128,254); rat (Bunzow, et al. 
(1988) Nature 336, pp. 783-787); and the like; NGF recep 
tors, e.g., human NGF receptors (Johnson, et al. (1986) Cell 
47, pp. 545-554); and the like; Serotonin receptors, e.g., 
human 5HTla (Kobilka, et al. (1987) Nature 329, pp. 75-79); 
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serotonin 5HT1C receptor (U.S. Pat. No. 4,985,352); human 
5HT1D (U.S. Pat. No. 5,155,218); rat 5HT2 (Julius, et al. 
(1990) PNAS 87, pp. 928-932); rat 5HTlc (Julius, et al. 
(1988) Science 241, pp. 558-564); and the like. 
0216) Ion channels include, but are not limited to, cal 
cium channels comprised of the human calcium channel C. 
B and/or Y-Subunits disclosed in commonly owned U.S. 
application Ser. Nos. 07/745,206 and 07/868,354, filed Aug. 
15, 1991 and Apr. 10, 1992, respectively, the contents of 
which are hereby incorporated by reference; (See also, 
WO89/09834; human neuronal C. subunit); rabbit skeletal 
muscle all subunit (Tanabe, et al. (1987) Nature 328, pp. 
313-E318); rabbit skeletal muscle C subunit (Ellis, et al. 
(1988) Science 241, pp. 1661-1664); rabbit skeletal muscle 
p subunit (Ruth, et al. (1989) Science 245, pp. 1115-1118); 
rabbit skeletal muscle Y subunit (Jay, et al. (1990) Science 
248, pp. 490-492); and the like; potassium ion channels, e.g., 
rat brain (BK2) (McKinnon, D. (1989) J. Biol Chem. 264, 
pp. 9230-8236); mouse brain (BK1) (Tempel, et al. (1988) 
Nature 332, pp. 837-839); and the like; sodium ion channels, 
e.g., rat brain I and II (Noda, et al. (1986) Nature 320, pp. 
188-192); rat brain III (Kayano, et al. (1988) FEBS Lett. 
228, pp. 187-194); human II (ATCC No. 59742,59743 and 
Genomics 5: 204-208 (1989); chloride ion channels (Thi 
emann, et al. (1992), Nature 356, pp. 57-60 and Paulmichl, 
et al. (1992) Nature 356, pp. 238-241), and others known or 
developed in the art. 
0217 Intracellular receptors may also be used as targets, 
Such as estrogen receptors, glucocorticoid receptors, andro 
gen receptors, progesterone receptors, and mineralocorticoid 
receptors, in the invention. Transcription factors and kinases 
can also be used as targets, as well as plant targets. 
0218 Various methods of identifying activity of chemical 
with respect to a target can be applied, including: ion 
channels (PCT publication WO 93/13423), intracellular 
receptors (PCT publication WO 96/41013), U.S. Pat. No. 
5,548,063, U.S. Pat. No. 5,171,671, U.S. Pat. No. 5,274,077, 
U.S. Pat. No. 4,981,784, EPO 540 065 A1, U.S. Pat. No. 
5,071,773, and U.S. Pat. No. 5,298,429. All of the foregoing 
references are herein incorporated by reference in their 
entirety. 

0219 Chemicals Discovered by the Operation of Com 
ponents or Systems and Related Compositions 

0220. The invention includes novel chemicals identified 
as having activity by the operation of methods, Systems or 
components described herein. Such novel chemicals do not 
include chemicals already publicly known in the art as of the 
filing date of this application. Typically, a chemical would be 
identified as having activity from using the invention and 
then its Structure revealed from a proprietary database of 
chemical Structures or determined using analytical tech 
niques. 

0221) One embodiment of the invention is a chemical 
with useful activity, comprising a chemical identified by a 
System as having modulating activity of a molecular target. 
The System is a device for rapidly processing liquid Samples, 
comprising: (a) a storage and retrieval module, comprising 
Storage locations for Storing a plurality of reagents in 
Solution in addressable chemical wells, a reagent well 
retriever having programmable Selection and retrieval of the 
addressable chemical wells and having a storage capacity for 
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at least 100,000 addressable wells, (b) a sample distribution 
module comprising a liquid handler to aspirate or dispense 
Solutions from Selected addressable chemical wells, the 
Sample distribution module having programmable Selection 
of, and aspiration from, the Selected addressable chemical 
Wells and programmable dispensation into Selected addres 
Sable Sample wells and the liquid handler can dispense into 
arrays of addressable wells with different densities of 
addressable wells per centimeter Squared, (c) a sample 
transporter to transport the Selected addressable chemical 
Wells to the Sample distribution module and optionally 
having programmable control of transport of the Selected 
addressable chemical wells, (d) a reaction module compris 
ing either a reagent dispenser to dispense reagents into the 
Selected addressable Sample wells for reaction or a fluores 
cent detector to detect chemical reactions in the Selected 
addressable sample wells, and (e) a data processing and 
integration module. The Storage and retrieval module, the 
Sample distribution module, and the reaction module are 
integrated and programmably controlled by the data pro 
cessing and integration module; and the Storage and retrieval 
module, the Sample distribution module, the Sample trans 
porter, the reaction module and the data processing and 
integration module are operably linked to facilitate rapid 
processing of the addressable Sample wells. The device can 
process at least 25,000 addressable wells in 24 hours. The 
invention also includes methods of modulating targets in 
cells (e.g., in vivo or in vitro) with compounds identified as 
having modulating activity by the inventions. 

0222. The invention also includes compositions compris 
ing a chemical identified by Systems described herein as 
having modulating activity of a target. The composition 
includes a carrier for the chemical. Most chemicals in Such 
compositions will be at least 50% pure by weight, preferably 
at least 80% pure by weight, more preferably at least 95% 
pure by weight, and most preferably at least 99% pure by 
weight. Although natural products and combinatorial chem 
istry products often have purities lower than 80% by weight. 

0223 Such chemicals include small organic molecules, 
nucleic acids, peptides and other molecules readily Synthe 
sized by techniques available in the art and developed in the 
future. For example, the following combinatorial com 
pounds are suitable for screening: peptoids (PCT Publication 
No. WO 91/19735, 26 Dec. 1991), encoded peptides (PCT 
Publication No. WO 93/20242, 14 Oct. 1993), random 
bio-oligomers (PCT Publication WO 92/00091, 9 Jan. 
1992), benzodiazepines (U.S. Pat. No. 5,288,514), diver 
Someres Such as hydantoins, benzodiazepines and dipeptides 
(Hobbs DeWitt, S. et al., Proc. Nat. Acad. Sci. USA 90: 
6909-6913 (1993)), vinylogous polypeptides (Hagihara et 
al., J. Amer. Chem. Soc. 114: 6568 (1992)), nonpeptidal 
peptidomimetics with a Beta-D-Glucose scaffolding (Hir 
Schmann, R. et al., J. Amer. Chem. Soc. 114: 9217-9218 
(1992)), analogous organic Syntheses of Small compound 
libraries (Chen, C. et al., J. Amer. Chem. Soc. 116:2661 
(1994)), oligocarbamates (Cho, C. Y. et al., Science 261: 
1303 (1993)), and/or peptidyl phosphonates (Campbell, D. 
A. et al., J. Org. Chem. 59: 658 (1994)). See, generally, 
Gordon, E. M. et al., J. Med Chem. 37: 1385 (1994). The 
contents of all of the aforementioned publications are incor 
porated herein by reference. 
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0224 Pharmaceutical Compositions 
0225. The present invention also encompasses pharma 
ceutical compositions prepared for Storage and Subsequent 
administration, which have a pharmaceutically effective 
amount of the products disclosed above in a pharmaceuti 
cally acceptable carrier or diluent. Acceptable carriers or 
diluents for therapeutic use are well known in the pharma 
ceutical art, and are described, for example, in Remington's 
Pharmaceutical Sciences, Mack Publishing Co. (A. R. 
Gennaro edit. 1985). Preservatives, stabilizers, dyes and 
even flavoring agents may be provided in the pharmaceutical 
composition. For example, Sodium benzoate, Sorbic acid and 
esters of p-hydroxybenzoic acid may be added as preserva 
tives. In addition, antioxidants and Suspending agents may 
be used. 

0226. The compositions of the present invention may be 
formulated and used as tablets, capsules or elixirs for oral 
administration; Suppositories for rectal administration; Ster 
ile Solutions, Suspensions for injectable administration; and 
the like. Injectables can be prepared in conventional forms, 
either as liquid Solutions or Suspensions, Solid forms Suitable 
for Solution or Suspension in liquid prior to injection, or as 
emulsions. Suitable excipients are, for example, water, 
Saline, dextrose, mannitol, lactose, lecithin, albumin, Sodium 
glutamate, cysteine hydrochloride, and the like. In addition, 
if desired, the injectable pharmaceutical compositions may 
contain minor amounts of nontoxic auxiliary Substances, 
Such as wetting agents, pH buffering agents, and the like. If 
desired, absorption enhancing preparations (e.g., lipo 
Somes), may be utilized. 
0227. The pharmaceutically effective amount of the com 
position required as a dose will depend on the route of 
administration, the type of animal being treated, and the 
physical characteristics of the Specific animal under consid 
eration. The dose can be tailored to achieve a desired effect, 
but will depend on Such factors as weight, diet, concurrent 
medication and other factors which those skilled in the 
medical arts will recognize. 
0228. In practicing the methods of the invention, the 
products or compositions can be used alone or in combina 
tion with one another, or in combination with other thera 
peutic or diagnostic agents. These products can be utilized in 
Vivo, ordinarily in a mammal, preferably in a human, or in 
Vitro. In employing them in Vivo, the products or composi 
tions can be administered to the mammal in a variety of 
ways, including parenterally, intravenously, Subcutaneously, 
intramuscularly, colonically, rectally, nasally or intraperito 
neally, employing a variety of dosage forms. Such methods 
may also be applied to testing chemical activity in Vivo. 
0229. As will be readily apparent to one skilled in the art, 
the useful in Vivo dosage to be administered and the par 
ticular mode of administration will vary depending upon the 
age, weight and mammalian species treated, the particular 
compounds employed, and the Specific use for which these 
compounds are employed. The determination of effective 
dosage levels, that is the dosage levels necessary to achieve 
the desired result, can be accomplished by one skilled in the 
art. Typically, human clinical applications of products are 
commenced at lower dosage levels, with dosage level being 
increased until the desired effect is achieved. 

0230. In non-human animal studies, applications of 
potential products are commenced at higher dosage levels, 
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with dosage being decreased until the desired effect is no 
longer achieved or adverse side effects disappear. The dos 
age for the products of the present invention can range 
broadly depending upon the desired affects and the thera 
peutic indication. Typically, dosages may be between about 
10 kg/kg and 100 mg/kg body weight, preferably between 
about 100 kg/kg and 10 mg/kg body weight. Administration 
is preferably oral on a daily basis. 

0231. The exact formulation, route of administration and 
dosage can be chosen by the individual physician in View of 
the patient's condition. (See e.g., Finglet al., in The Phar 
macological Basis of Therapeutics, 1975). It should be noted 
that the attending physician would know how to and when 
to terminate, interrupt, or adjust administration due to tox 
icity, or to organ dysfunctions. Conversely, the attending 
physician would also know to adjust treatment to higher 
levels if the clinical response were not adequate (precluding 
toxicity). The magnitude of an administrated dose in the 
management of the disorder of interest will vary with the 
severity of the condition to be treated and to the route of 
administration. The Severity of the condition may, for 
example, be evaluated, in part, by Standard prognostic 
evaluation methods. Further, the dose and perhaps dose 
frequency, will also vary according to the age, body weight, 
and response of the individual patient. A program compa 
rable to that discussed above may be used in Veterinary 
medicine. 

0232 Depending on the specific conditions being treated, 
Such agents may be formulated and administered Systemi 
cally or locally. Techniques for formulation and administra 
tion may be found in Remington's Pharmaceutical Sciences, 
18th Ed., Mack Publishing Co., Easton, Pa. (1990). Suitable 
routes may include oral, rectal, transdermal, vaginal, trans 
mucosal, or intestinal administration; parenteral delivery, 
including intramuscular, Subcutaneous, intramedullary 
injections, as well as intrathecal, direct intraventricular, 
intravenous, intraperitoneal, intranasal, or intraocular injec 
tions. 

0233 For injection, the agents of the invention may be 
formulated in aqueous Solutions, preferably in physiologi 
cally compatible bufferS Such as Hanks Solution, Ringer's 
Solution, or physiological Saline buffer. For Such transmu 
cosal administration, penetrants appropriate to the barrier to 
be permeated are used in the formulation. Such penetrants 
are generally known in the art. Use of pharmaceutically 
acceptable carriers to formulate the compounds herein dis 
closed for the practice of the invention into dosages Suitable 
for Systemic administration is within the Scope of the 
invention. With proper choice of carrier and Suitable manu 
facturing practice, the compositions of the present invention, 
in particular, those formulated as Solutions, may be admin 
istered parenterally, Such as by intravenous injection. The 
compounds can be formulated readily using pharmaceuti 
cally acceptable carriers well known in the art into dosages 
Suitable for oral administration. Such carriers enable the 
compounds of the invention to be formulated as tablets, 
pills, capsules, liquids, gels, Syrups, slurries, Suspensions 
and the like, for oral ingestion by a patient to be treated. 

0234 Agents intended to be administered intracellularly 
may be administered using techniques well known to those 
of ordinary skill in the art. For example, Such agents may be 
encapsulated into liposomes, then administered as described 
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above. All molecules present in an aqueous Solution at the 
time of lipoSome formation are incorporated into the aque 
ous interior. The liposomal contents are both protected from 
the external micro-environment and, because liposomes fuse 
with cell membranes, are efficiently delivered into the cell 
cytoplasm. Additionally, due to their hydrophobicity, Small 
organic molecules may be directly administered intracellu 
larly. 

0235 Pharmaceutical compositions suitable for use in the 
present invention include compositions wherein the active 
ingredients are contained in an effective amount to achieve 
its intended purpose. Determination of the effective amounts 
is well within the capability of those skilled in the art, 
especially in light of the detailed disclosure provided herein. 
In addition to the active ingredients, these pharmaceutical 
compositions may contain Suitable pharmaceutically accept 
able carriers comprising excipients and auxiliaries which 
facilitate processing of the active compounds into prepara 
tions which can be used pharmaceutically. The preparations 
formulated for oral administration may be in the form of 
tablets, dragees, capsules, or Solutions. The pharmaceutical 
compositions of the present invention may be manufactured 
in a manner that is itself known, e.g., by means of conven 
tional mixing, dissolving, granulating, dragee-making, levi 
tating, emulsifying, encapsulating, entrapping, or lyophiliz 
ing processes. 

0236 Pharmaceutical formulations for parenteral admin 
istration include aqueous Solutions of the active compounds 
in water-Soluble form. Additionally, Suspensions of the 
active compounds may be prepared as appropriate oily 
injection Suspensions. Suitable lipophilic Solvents or 
vehicles include fatty oils Such as Sesame oil, or Synthetic 
fatty acid esters, Such as ethyl oleate or triglycerides, or 
liposomes. Aqueous injection Suspensions may contain Sub 
stances which increase the Viscosity of the Suspension, Such 
as Sodium carboxymethyl cellulose, Sorbitol, or dextran. 
Optionally, the Suspension may also contain Suitable Stabi 
lizers or agents which increase the Solubility of the com 
pounds to allow for the preparation of highly concentrated 
Solutions. 

0237) Pharmaceutical preparations for oral use can be 
obtained by combining the active compounds with Solid 
excipient, optionally grinding a resulting mixture, and pro 
cessing the mixture of granules, after adding Suitable aux 
iliaries, if desired, to obtain tablets or dragee cores. Suitable 
excipients are, in particular, fillerS Such as Sugars, including 
lactose, Sucrose, mannitol, or Sorbitol, cellulose preparations 
Such as, for example, maize Starch, wheat Starch, rice Starch, 
potato Starch, gelatin, gum tragacanth, methyl cellulose, 
hydroxypropylmethyl-cellulose, Sodium carboxymethylcel 
lulose, and/or polyvinylpyrrollidone (PVP). If desired, dis 
integrating agents may be added, Such as the croSS-linked 
polyvinyl pyrrollidone, agar, or alginic acid or a Salt thereof 
Such as Sodium alginate. Dragee cores are provided with 
Suitable coatings. For this purpose, concentrated Sugar Solu 
tions may be used, which may optionally contain gum 
arabic, talc, polyvinyl pyrrollidone, carbopol gel, polyethyl 
ene glycol, and/or titanium dioxide, lacquer Solutions, and 
Suitable organic Solvents or Solvent mixtures. Dye-stuffs or 
pigments may be added to the tablets or dragee coatings for 
identification or to characterize different combinations of 
active compound doses. 
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0238 Computer Program Product, Computational Meth 
ods, Databases and Storage Devices Based on Information 
Generated by the Operation of Components or Systems 
0239). In one embodiment, the invention provides for a 
computer program product for processing Samples and 
methods. The computer program product can include many 
of the methods described herein Such as those methods 
related to databases, workflow, Structure activity relation 
ships, computer interfaces, identification of chemicals, par 
allel processing and adaptive routing. 
0240 For example, the invention includes a computer 
program product, comprising a computer uSeable medium 
having computer program logic recorded thereon for 
enabling a computer processor in a System to assist in 
performing a liquid Sample proceSS having a predetermined 
Set of liquid Sample proceSS properties, the System compris 
ing a Storage and retrieval module to Store and retrieve, in 
accordance with Store and retrieve instructions, a plurality of 
addressable wells, a Sample transporter to transport, in 
accordance with transport instructions, a plurality of addres 
Sable wells, and a reaction module to react chemicals or to 
detect a physical property, in accordance with reaction or 
detection instructions, in a plurality of addressable wells. 
The computer program logic comprises: 

0241 A. a workflow model means for enabling the 
computer processor to define the proceSS properties 
of integrated components of the System to enhance 
distribution of workflow in the system, and 

0242 B. a processing instruction means for enabling 
the computer processor to generate processing 
instructions for routing workflow comprising: 1) 
Store and retrieve instructions, 2) transport instruc 
tions, and 3) reaction and detection instructions that, 
when executed, enable the System to rapidly process 
addressable wells. 

0243 In another embodiment the invention includes a 
database for computational analysis of chemical Structure 
and activity against targets, comprising activity data of 
discrete chemicals. The data is Stored on a computer acces 
Sible Storage media. The data is generated by a System that 
can test for modulating activity of a molecular target. The 
System is a device for rapidly processing liquid Samples, 
comprising a storage and retrieval module comprising racks 
for Storing a plurality of chemicals in Solution in addressable 
chemical wells, a chemical well retriever and having pro 
grammable Selection and retrieval of the addressable chemi 
cal wells and having a storage capacity for at least 100,000 
of the addressable wells, a sample distribution module 
comprising a liquid handler to aspirate or dispense Solutions 
from selected the addressable chemical wells. The sample 
distribution module has programmable Selection of and 
aspiration from the Selected addressable chemical wells and 
programmable dispensation into addressable Sample wells. 
The liquid handler of the sample distribution module can 
dispense into arrays of addressable wells with different 
densities of addressable wells per centimeter Squared. It also 
includes a Sample transporter to transport the Selected 
addressable chemical wells to the sample distribution mod 
ule that optionally has programmable control of transport of 
the Selected addressable chemical wells and a reaction 
module comprising either a reagent dispenser to dispense 
reagents into the addressable Sample wells for reaction or a 
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fluorescent detector to detect chemical reactions in the 
addressable Sample wells, and a data processing and inte 
gration module. The Storage and retrieval module, the 
Sample distribution module, and the reaction module are 
integrated and programmably controlled by the data pro 
cessing and integration module; and the Storage and retrieval 
module, the Sample distribution module, the Sample trans 
porter, the reaction module and the data processing and 
integration module are operably linked to facilitate rapid 
processing of the addressable Sample wells. The device can 
process at least 25,000 addressable wells in 24 hours. Other 
database related embodiments are contemplated with other 
Systems described herein, as well as methods using the 
databases and Storage devices Storing the database. 

EXAMPLES 

Example 1 

Screening Sample Distribution Module 
0244. The screening sample distribution module permits 
the preparation of plates with chemicals, Such as test chemi 
cals from addressable chemical wells and biological 
reagents (e.g., cells or isolated molecular targets). The 
primary function of the Screening Sample distribution mod 
ule is to aspirate Solutions from one plate and transfer them 
into another plate. This is usually accomplished with an 
array of liquid handlers (e.g., liquid handling head), prefer 
ably an array of at least about 50, more preferably at least 
about 100 and most preferably at least about 200. The array 
is most preferably M liquid handlers by N liquid handlers, 
wherein M is the number of addressable wells in a column 
on a plate or an integer multiple thereof and N is the number 
of addressable wells in a row on Such plate or an integer 
multiple thereof (wherein M and N preferably have the same 
integer multiple), as described herein. The sample distribu 
tion module can be integrated in a Screening System, for 
example, as shown in FIG. 1 with a data processing and 
integration module. The Screening Sample distribution mod 
ule can be operably linked to other workstations with a 
sample transporter, which is also shown in FIG. 2. The 
Sample distribution module for both aspiration and dispens 
ing in one embodiment comprises, dispensers, Stackers, a 
liquid, a reader and a conveyor. 
0245 Dispensers 
0246. In one embodiment the screening sample distribu 
tion module was designed with a liquid handler, having. 
96-dispensers that can use positive displacement disposable 
tips in 200 u, 50 till and 20 u, volumes. A disposable 200 
till tip head can deliver a range of Volumes of 1 till to 200 
till, with precision and accuracy of 10% at 1 till to 3% at 200 
till. An optional disposable 20 till tip can deliver a range of 
Volumes of 0.1 till to 20 u, with precision and accuracy of 
10% at 0.1 u to 3% at 20 ul. The dispenser can move in 
Z-axis (vertical axis, i.e. perpendicular to plane of a floor), 
which is controlled with a Z-positioner and has a travel 
distance from below a conveyor, to access a wash Station or 
reagent trough, to above the conveyor. Preferably, a lidded 
deep well plate can pass underneath (about 3 to 5.5 cm in 
distance). The dispense axis (the axis with respect to volume 
displacement) will be at least 10,000 steps (servo motor) to 
displace the full pipetting Volume. Dispensing Speeds are 
controlled by positive movement of a Shaft and are control 
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lable from 1 mm/second to 50 mm/second. The resolution of 
the Z-axis will be at least 25,000 steps over 75 mm travel 
from below the conveyor to a fully retracted position. 
Positional feedback may be required for both Z and d-axis 
(dispense axis), Such as encoders, liquid level and limit 
Switches. Both axes will be capable of simultaneous and 
concurrent operation independent of each other. The dis 
penser assembly must be continuously adjustable (no 
detentes or stops) in “X” and “Y” with a +10.0 mm 
positioning capability with respect to a plate conveyor. 
Dispensers can accommodate a flowing wash Station and a 
refilling reagent trough. The dispensers can accommodate 
384-well plates, well as 96-well plates. Dispensers can be a 
piezo device or a Solenoid described herein or known in the 
art or developed in the future. 
0247 The liquid level for both aspirating and dispensing 
can be monitored by placing a Sensor on or near the tip of 
the liquid handler, Such as an electrical Sensor. For example, 
the capacitive sensor described in U.S. Pat. No. 5,365,783 
(Zweifel) can be used, as well as other Suitable Sensors 
known in the art. Such methods can also be applied to other 
liquid handling devices described herein. 
0248 Stacker Magazines 
0249. In one embodiment, the screening sample distribu 
tion module was designed with a Stacker magazine having a 
capacity of about 50 Standard microplates. Bi-directional 
stacking with lidded or unlidded plates is desirable. The 
Stacker magazine can accommodate either Standard height 
plates or deep well plates in a given Stack and plate types 
will typically not be mixed in a Stack. 
0250) Lidder 
0251. In one embodiment, the screening sample distribu 
tion module was designed with a bi-directional plate delid 
der and relidder. The lidder removes and replaces plate lids 
at a rate of about 5 to 11 plates per minute in one direction. 
The lidder can store approximately 60 lids. Preferably, a 
modified lid is used for Separation. 
0252) Bar Code Reader 
0253) In one embodiment, the screening sample distribu 
tion module was designed with a bar code reader to Scan 
incoming plates and Verify plate location in the Screening 
Sample distribution module and to permit location of an 
addressable well. Typically, bar codes are detected to locate 
plates before any manipulation is performed. Bar code labels 
were positioned on the narrow end of the plates, column 12 
side, and will be 3 to 1 ratio, 0.25"x1.0", 10 mill bar code 
128, from Intermec, Everett, Wash. Misread or unreadable 
labels will produce an error code available to the Supervisory 
control System. Labels and adhesive must resist the action of 
Solvents and environmental conditions. 

0254 Conveyor 
0255 In one embodiment, the sample distribution mod 
ule was designed with a bi-directional conveyor transport 
plates within the sample distribution module. It can be 
optionally used to transport plates for movement between 
module components (e.g., dispenser head assembly and 
Stacker magazines). The conveyor operates at a speed allow 
ing a transit time between modules of 2-4 Seconds or less. 
Gates are available for arresting plates at predetermined 
module positions. Detaining of a plate on the conveyor by a 
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gate will not cause the plate to vibrate or move Such that the 
module associated with that position fails to perform its 
function. Conveyors for a Sample distribution module are 
preferably belt-driven and allow a rotating belt to contact a 
plate bottom. 
0256) 
0257. In one embodiment, the screening sample distribu 
tion module was designed with a (programmable logic 
controller with ladder logic) having a minimum of two 
RS-232 ports open for external communication and pro 
gramming (or GPIB interfaces). The programmable logic 
controller with ladder logic will have an ethernet commu 
nication card enabling the programmable logic controller 
with ladder logic to communicate with another computer via 
transmission control protocol/internet protocol. The pro 
grammable logic controller with ladder logic will have four 
discrete inputs and three discrete outputs open for hand 
Shaking to a conveyor System. The conveyor control logic is 
written to conform to the handshaking logic outlined in FIG. 
6. The sample duplication robot E-Stop Switch must be a 
dual pole design to allow an external E-Stop loop to be wired 
through the Switch. 
0258 Error Conditions 

InterfaceS/Communication 

0259 Failure of the sample distribution module to per 
form any programmed function within an allotted time will 
also constitute an error. Performance of a function outside of 
measurable parameters will also constitute an error. Errors 
will be corrected automatically when within the ability of 
the instrument to do so. Unrecoverable errors can notify the 
user via both the touch Screen and the external link, and will 
Set the handshaking logic to refuse further plate input, until 
the error is corrected. For given families of error conditions, 
a response can be specified, e.g., for recoverable errors, bar 
code errors. For errors that are automatically recoverable, 
response parameters will exist to either pause the instrument 
and report the error, or to automatically recover from the 
error, report/log the error and resume operation. Recover 
able errors will have a time-out function to halt recovery, if 
time exceeds a configurable value. 
0260 Functional Capability 
0261) The control software can control the parameters as 
specified in Table 3, via an interface. Level two will facili 
tate the same function via an external computer. 
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module. Daughter plates are positioned under these pipet 
tors. If the replicate Volume is large, e.g. Volume X replicate 
number is greater than the tip Volume, then multiple aspi 
rations from the master are required. Additionally, it is often 
faster to bring in four masters and then four daughters (one 
for each master) and repeat this until each master is repli 
cated completely. The master may also be 384 and the 
replicates 96-well plates. If this is the case, the only differ 
ence is that the master must travel under each pipettor to 
acceSS each quadrant. Later the master could be 864-well 
and have nine daughters produced. 
0263 Pooling/Compression (Multiple Masters to a 
Single Daughter) Multiple master plates are positioned 
under Separate pipettors. A Single daughter is dispensed to by 
each pipettor. This may be in the same wells or Separate 
wells of a 384-well plate or greater density. Pooling could 
consist of more than four masters being combined to a single 
daughter, this would require the daughter to be sequestered 
while new masters were aspirated from. Later this could be 
at least 36 masters to one 3,456-well plate. 

Example 2 

Plate Handling and a Sample Transporter 

0264. The Screening System typically operates on a work 
unit (unit) with a standardized processing format. The work 
unit Sometimes embodies a particular processing format, 
Such as a plate. Such work units often vary in external 
dimensions, materials of construction, physical design and 
density (or number of wells). The Screening System is 
preferably constructed using WorkStations to handle a stan 
dard processing format that allows for a flexible work unit. 
This approach reduces the need for complete uniformity of 
the work unit, as is required in many laboratory automation 
and discovery Systems. Consequently, a Screening System 
can function with a mixture of many work units without 
adjustment or calibration. This permits the System to uni 
Versally handle varying work units of a Standardized pro 
cessing format. The Sample transporter preferably comprises 
components that permit universal plate handling. The 
Sample transporter can be used to operably link WorkStations 
together as shown in FIG. 11. 
0265 Typically, a storage and retrieval module and oper 
ably linked Sample transporter include a Storage and 

TABLE 3 

Aspirate Dispense 
Bar Code Conveyor Delidder Aspirate Range Dispense Range Stacker 

Read ON/OFF Up/Down Z Height (mm) -30 to 60 Z Height (mm) -30 to 60 Up/Down 
Compare Forward/ Volume (uL) O to 200 Volume (uL) O to 200 

Reverse 
Exception Speed (%) O to 100 Speed (%) O to 100 

Overfill (ul) O to 200 
Air Gap (uL) O to 200 
Pre-Dispense (uL) O to 200 
Plate/Bath O or >O 

0262 Replication/Expansion (Master to Multiple Daugh 
ters) A master plate can be distributed into one or more 
daughter plates. The master plate is aspirated from one or 
more of the pipetting Stations in the Sample distribution 

retrieval end actuator, universal Stacker/destacker, transport 
System elements and the registration device that are 
designed to handle work units with a Standardized proceSS 
ing format. Preferably, to enhance workflow and throughput, 
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these all the devices that handle work units that are designed 
to handle the same Standard plate footprint. 

0266 FIG. 14 shows part of a storage and retrieval end 
actuator with part of a Storage and retrieval module. The 
Storage and retrieval end actuator can be used as a universal 
end actuator and adapted to move a work unit with a 
Standardized processing format. For example, an Storage and 
retrieval end actuator can be a component of the Storage and 
retrieval module to retrieve Wells. A design preference of the 
Storage and retrieval module is to maximize the number of 
units that can be contained in a given vertical and horizontal 
Space. It is undesirable to allow acceSS space on either side 
of the work unit. The Storage and retrieval end actuator 
provides the advantage, compared to many actuators, of not 
requiring any horizontal Space to move a plate. 

0267 To retrieve a work unit from a storage and retrieval 
module, the Storage and retrieval end actuator can be posi 
tioned in front of a particular hotel within the Storage and 
retrieval module using an X and Z positioner. In FIG. 14, the 
platen 701 is positioned within a notched hotel shelf 702 in 
the hotel 708 enclosure, but slightly below the work unit 
704. A drive means 703, extends or retracts push/pull hooks 
706 to the end of the platen under the work unit. At this 
point, the X and Z positioner raises the platen a Small 
amount, engaging the hooks beneath the work unit 704. 
Work units should have an opening(s) that will engage the 
hooks. A push/pull means operates to pull the work unit onto 
the platen. Its travel allows the unit to be centered on the 
platen for the Subsequent upstack operation in the end 
actuator's stacker 707. Guides can be fitted, which are not 
shown, to center the unit on the platen. An advantage of the 
Storage and retrieval end actuator is that it can operate on 
any work unit that has an opening, Such as a concave or 
hollow bottom found on commercially available plates. The 
Storage and retrieval end actuator does not require any other 
physical dimension or Special tooling of the work unit, 
although it may be preferred. 

0268. The placement of a work unit in the storage and 
retrieval module (or on a sample transporter) is similar, 
except the push/pull hooks are positioned to allow the 
push/pull hooks to push the work unit by its front edge into 
the notched hotel shelf. To store a work unit, the platen is 
positioned slightly above the floor of the notched hotel shelf. 
The Storage and retrieval end actuator can be optionally 
configured with a detector that identifies a work unit by its 
bar code or other identifying marking. 

0269. A universal stacker/destacker that can handle work 
units, e.g., plates, by Stacking or destacking a plurality of 
units, both with and without lids. It can often act as a buffer 
between an Storage and retrieval module and the Sample 
transporter. The universal Stacker/destacker Should mini 
mize the height of a completed Stack. Ideally, Stack height 
should not be any more that the sum of the height of the 
Stacked units. The universal Stacker/destacker should also be 
able to accept plates of different heights. Plates can vary in 
height depending on the well capacity (typically between 1.2 
cm and 5.5 cm). Therefore, a separator device is largely 
unacceptable. Stacking and destacking can be accomplished 
by a plate lifter that can bottom load and bottom unload a 
plate in a Stack, while maintaining the position of the Stack. 
Alternatively, the universal Stacker/destacker may move 
down or up and the platen maintain its Z-position. Plates are 
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kept in place by either providing a plate holding means 
disposed on the universal Stacker/destacker frame or a plate 
holding means disposed on a platen (e.g., as depression on 
the platen into which a Single plate falls while leaving 
behind the remainder of the stack when the platen is with 
drawn). Preferably, the universal stacker/destacker should 
also be able to release an entire Stack, if transport of the 
entire Stack is desired. 

0270 FIG. 15A (plan view) and FIG. 15B show a 
Universial stacker/destacker with a work unit 710 (shown 
with a lid) on a platen 715. To stack the work unit the platen 
is vertically lifted into the frame of the universal stacker/ 
destacker. The amount of Vertical lift distance can be a 
calculated distance based on the type of work unit. This 
value can then be used by the data processing and integration 
module to control the vertical lift of the platen. This infor 
mation can be contained in the data processing and integra 
tion module Data Store and can be used to drive a work 
unit's unit Z-positioning device. The work unit is guided by 
a three sided Stack enclosure 711. As the work unit is lifted, 
it may come in contact with pressure pins 714 either 
indirectly (with another work unit above it that is engaged by 
pressure pins 714) or directly, if no work unit is above it. 
Once the work unit is lifted sufficiently, pressure pins 714 
release the work unit immediately above the newly entered 
work unit and engage the new work unit. The new work unit, 
and all higher Stacked units 712 are then raised a calculated 
distance to Securely engage the lower skirt of a plate 713 
with pressure pins 714. The pressure pins can engage the 
work units with a preset pressure based a retractable Spring 
or Spring like mechanism or a variable pressure based on a 
retractable piston that is computer-controlled to permit 
release or engagement of work units. 
0271 Down stacking is accomplished in a reverse man 
ner. PreSSure pins are actuated and released by compressed 
air. Lid information is included in the calculations, So that 
there is never interference with lidded units. The entire stack 
may be transferred to the input/output Station by releasing 
the pressure pins 714 and allowing the platen 715 to transfer 
the entire Stack. 

0272 FIG. 16A (side view) and FIG. 16B (plan view) 
shows the transport System elements 721 in a Section of track 
that can be used in a Sample transporter. Transport System 
elements contact and operate on the bottom of work units 
720. Work units are transported on a series of powered 
transport System elements (e.g., rollers) 721. Typically, at 
least five rollers are in contact with the work unit 720 during 
normal transfer. Spaces 722 can exist between the rollers to 
permit Sensing devices or physical actuators to permit Sens 
ing or actuation while minimizing disruption of the transfer 
of work units. Devices can include mechanically actuated 
stops 723 to stop or direct plates. Brakes 724 can also be 
provided to Stop the rotation of Some rollerS 721 by engaging 
the rollers from below. Entire rollers 725 can be eliminated 
to provide access for a larger Sensory apparatus, without 
reducing the transport efficiency, Since the unit can be 
conveyed on its edges, a flat bed of rollerS is not required. 
Rollers can be eliminated in the center 726 so that the entire 
bottom Surface of the unit, other than its edges, can be acted 
upon. This can accommodate identification and detector 
devices. The elimination of rollers (e.g., rollers that do not 
span the track) or spaces between rollers in a location can be 
used to dispose a Z-positioner that engages a work unit from 
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its side or bottom. The Z-positioner lifts the work unit off the 
roller for further positioning (e.g., positioning in a worksta 
tion) or lowers the unit onto the rollers (e.g., from a work 
Station). 
0273 Rollers are preferably made of a material that 
minimizes friction with a work unit bottom to minimize the 
force required to transport a work unit while providing 
Sufficient friction to prevent interfering Slippage and to 
provide accurate Stopping at desired locations. Typically, 
rollers will be made of a polymer relatively inert to solvents, 
preferably a TelfonTM or DelrinTM is used. Roller friction can 
be adjusted for certain plates by Scoring the Surface of the 
roller with tiny striations. As the number of striations, or the 
thickness of striations increases, the friction between a roller 
and work unit increases. Striations should be So large as to 
not significantly disturb the contents of an addressable well, 
unless agitation of the Wells is desired. Rollers can be used 
as described in the electronicS manufacture arts and as 
developed in the future for the electronics and other indus 
tries. The application of Such rollers from the electronics 
industry to Screening and laboratory automation applica 
tions, however, is unique. 

Example 3 

Hit Profiler 

0274. A screening system can include a hit profiling robot 
(HPR) to prepare test chemicals that show activity in a 
Screen, i.e. hits. The primary function of the hit profiling 
robot is to reformat “hits” from Source plates (e.g., a master 
or daughter plate) into Secondary (or destination) plates for 
confirmation of activity and profiling the hit, Such as an 
EC50. Typically, the hit profiling robot is capable of han 
dling 96 and 384-well plates, and preferably 3,456-well 
plates, and it has liquid handling heads that can aspirate from 
Standard height and deep well plates. A delidder/relidder can 
be included to remove and replace lids on plates with lids 
prior to, and after, aspiration. As shown in FIG. 2 the hit 
profiling robot can be integrated to other WorkStations using 
a data processing and integration module and operably 
linked to other workStations with the Sample transporter. 
0275. The hit profiling robot can be controlled by either 
a computer that allows for Selection of pre-defined methods 
by end users, or end users may create an entirely new 
method. Typically, a plurality of addressable wells contain 
ing the desired chemical are Selected, at least one liquid 
handling head is directed to aspirate a Solution from an 
addressable well and dispense the Solution into at least one 
other addressable well, Such as a well of a Secondary plate. 
For most applications the number of Source plates used to 
produce a Secondary plate will vary and the hit profiling 
robot can be designed to hold multiple Source plates in a 
Stacker. Typically, Source and destination plates will have 
different heights and densities. To aspirate and dispense into 
plates of varying heights the hit profiling robot has liquid 
handling heads mounted on a Z-positioner or, alternatively, 
the plates can be Securely retained on a Z-positioner and the 
liquid handling heads held in place. The computer that 
controls the hit profiling robot can also report of Success, 
failure and errors related to the hit profiling robots function. 
0276 FIG. 17 shows an HPR with articulated 4-particu 
lar dispensers 1210 that can use positive displacement 
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dispensers. The dispense axis is comprised of at least 3,000 
Steps over the full pipetting Volume using a Servo motor. The 
resolution of the X-axis is at least 100 microns and is 
achieved by an X,Y positioner. Positional feedback is used 
for all axes and achieved with computer-controlled X,Y 
positioner and Z positioner. This type of control allows for 
Single wells to be accessed, by moving unused heads out of 
position. Pipetting Speeds are electronically controlled. The 
liquid handling heads can be Suitable liquid handling devices 
described herein, including Solenoid and piezo based 
devices, as well as an other low volume liquid handling 
devices known in the art or developed in the future. Pipetting 
Volumes typically range from 1 to 2,000 nanoliters, and 
picoliters Volumes can be achieved with piezo heads (e.g., 
10 to 500 picoliters). The liquid handling head can option 
ally Sense the liquid level for both aspirating and dispensing 
using either capacitance or resistivity Sensors. Such Sensors 
can provide minimum tip exposure to liquids. Tips are 
optionally replaceable. Single undiluted Samples from one 
or more wells of the Source plates are transferred to the 
destination plate. Dilution Series could be generated from 
the source plates into the destination plate. Stackers 1230 
can be included and accessed with a conveyor 1220. 

0277. A flowing wash station and refilling reagent trough 
can also be included. This will reduce carryover, which is 
usually no greater than 100 ppm. The Volume, duration and 
flow for probe Washing are computer-controlled. 

0278. The hit profiling robot can include an identification 
code System, Such as a bar code reader to Scan incoming 
plates. The bar code reader 1240 is located to read plates 
before any other manipulation is performed and bar code 
identification is confirmed upon plate arrival. 

0279 Plates are transported to the hit profiling robot 
using a bi-directional conveyor, which can operably link the 
hit profiling robot to other modules (see FIG. 2). The 
conveyor can operate at a speed that provides for a transit 
time between modules of 2.5 Seconds or leSS. Gates can 
arrest plates at predetermined module positions. Gates arrest 
plates on the conveyor with minimal vibration and move 
ment to prevent the plate from being transferred improperly 
to a module. A movement function will allow a destination 
plate to be “parked.” The hit profiling robot will integrate 
into a conveyor transport System using a means for trans 
ferring a plate to the hit profiling robot. Alternatively, the hit 
profiling robot can work in a Stand alone fashion. 

0280. In operation the hit profiling robot can perform 
Simple reformatting of plates (i.e. transferring Solutions from 
one plate density to another), reformatting with dilution, and 
reformatting with pooling. For example, the hit profiling 
robot can transfer Solutions from multiple Source pates to a 
Single destination plate. Alternatively, the hit profiling robot 
can perform pooling (or compression) of multiple master 
plates to a Single daughter plate. Multiple master plates are 
positioned under Separate liquid handling heads and a single 
daughter plate is made by each liquid handling head. This 
may be in the same wells or separate wells of a 384-well 
plate. For instance, pooling could consist of more than four 
master plates being combined into a single daughter plate. 
This requires the daughter plate to be Sequestered while the 
master plates are being aspirated. 
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Example 4 

Hish Capacity Stackine System (HCSS) 
0281. The screening system preferably includes a high 
capacity stacking System (HCSS) that can act as a plate 
buffer (buffer). The HCSS comprises a two-dimensional 
array of plate Stacks. Plates are accessed from the bottom. 
The lowermost plate can be randomly accessible by posi 
tioning multiple Stacks over a plate transport conveyor and 
upstacking or downstacking from a first Stack to a Second 
Stack (e.g., shuffling plates between Stacks to retrieve a 
desired plate). The high capacity Stacking System provides a 
500 plate capacity when implemented with a 2 (plate trans 
port conveyors) x5 (Stacks) array of 50 plate Stacks. The 
high capacity Stacking System in a preferred embodiment is 
used as an input Source and output buffer, for a liquid 
processing System (see FIG. 11). Alternatively, the high 
capacity Stacking System can be used as a plate conversion 
device for a Screening Sample distribution module or a hit 
profiling robot. 
0282. The high capacity Stacking System can be operated 
to perform many different plate Sorting functions for Screen 
ing to improve adaptive routing or flexibility in Screening 
protocols. For instance, a technician loads 500 empty plates 
into the ten Stacks of a high capacity Stacking System 
attached at a lift and transport Station along the Sample 
transporter (see FIG. 11). The storage and retrieval module 
retrieves master plates from the Storage and retrieval module 
and the high capacity Stacking System provides empty plates 
for replication at the Screening Sample distribution module at 
another lift and transport Station on the Sample transporter. 
The resulting daughters are directed back into the high 
capacity Stacking System to be removed by the technician. 
The removable stacks allow a family of workstations to 
share input and output formats, i.e. the Stacks are inter 
changeable between WorkStations to allow WorkStations to 
be linked. 

Example 5 

Random Access High Density Plate Presentation 
Module 

0283 The random access high density plate presentation 
module presents high density plates to the Sample trans 
porter (see FIG. 11). The random access high density plate 
presentation module can be mechanically linked to a Sample 
transporter using a platen that positions the plate on the 
Sample transporter by moving the platen partially over the 
Sample transporter and sliding the plate onto the Sample 
transporter with a member on the platen that Slides the plate 
off the platen and onto the Sample transporter. To avoid the 
plate from being Slid onto the Sample transporter, the random 
access high density plate presentation module can include a 
lifting platen that can be disposed on the Sample transporter 
to engage the platen or the plate and lift the plate from the 
platen. At which point the platen is withdrawn and the lifting 
platen is positioned to allow the plate to rest on the Sample 
transporter. The random access high density plate presenta 
tion module can also be mechanically linked to a Sample 
transporter with a conveyor means. The random access high 
density plate presentation module comprises a plurality of 
Stacks, preferably removable Stacks, that hold plates. Each 
Stack is connected to either a platen or a conveyor System 
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that has a lifting platen that either Stacks or destacks plates 
by engaging the plate bottom. Alternatively, Stacking Sys 
tems in the prior art can be used, Such as those available 
from Carl Creative Systems (Carson City, Calif., USA) and 
Packard Instrument Company (Meriden, Conn., USA), or 
Stacking Systems developed in the future. 

Example 6 

Screening Reagent Dispensing Robot 

0284. The Screening reagent dispensing robot can dis 
pense reagents necessary for performing a Screen. A Screen 
ing reagent dispensing robot can rapidly, accurately and 
reproducibly dispense Solutions in an addressable well in 
predetermined Volumes. In most embodiments the Screening 
reagent dispensing robot is an array or plurality of dispens 
ers that are in fluid communication with a reagent reservoir. 
Aspiration by the dispensers is usually not required. A 
Screening reagent dispensing robot can be adapted to dis 
pense a particular type of reagent or, depending on the 
reagents, different reagents. Usually, Washing Steps will be 
required when reagents are Switched to minimize croSS 
contamination. Reagents for a Screen can include reagent 
buffers, dyes, agonists, antagonists, and cells. Multiple 
Screening reagent dispensing robots can be integrated and 
operably linked as part of a Screening System, Such the one 
shown in FIG. 11. 

0285. In one embodiment the Screening reagent dispens 
ing robot comprises computer-controlled electronic valve 
drivers for precise control of Voltage pulse width, Voltage 
amplitude and back EMF dissipation. In applications where 
fast delivery speed (e.g., at least about 50 to 1,000 micro 
Seconds) is important, fast operating valves should be cho 
Sen to control fluid flow. This is especially advantageous at 
the lower end of dispensed Volume range, which often 
necessitates high resolution, accurate and reproducible con 
trol of the valves. Preferably electronically controlled (e.g., 
Solenoid) valves are used instead of pneumatic valves. In 
Such cases, the Software in the programmable logic control 
ler or computer has a microSecond resolution and accuracy. 
In one embodiment the inventors utilized a hardware timed 
driver that was capable of Simultaneously delivering up to 
200 volts to up to 96 valves with microsecond accuracy and 
programmable time control. 
0286 Measured and calculated dispense times are shown 
in Table 3 for a linear array of 48 dispensers. 

TABLE 3 

Per 
Dispenser Per 48-Array Per Plate 

Per Dispenser Dispense Positioner Pause Total 
Volume Time Move time Time Total Time 

(nanoliter): (msec) (msec) (msec) (msec) (sec) 
20 nanoliters 1. 500 1OO 6O1 43 
2 microliters 1OO 500 1OO 700 50 
5 microliters 250 500 1OO 850 61 

0287. The dispenser was a Solenoid dispenser with a 
dynamic range of about 5 nanoliters to 10 microliters. The 
fluid pressure was about 7 psi. At one minute per plate, a 
linear array dispenser can fill approximately thirty 3,456 
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plates per hour. This assumes a worst-case time of about 1 
minute to change plates. Thirty Such plates is equivalent to 
over 90,000 samples per hour. Assuming 10% of the plates 
are used for controls, 720,000 samples can be processed in 
an 8 hour work period (1,080,000 samples can be processed 
in a 12 hour work period). 
0288 Preferably, Solenoid valves are used for a screening 
reagent dispensing robot. These valves are capable of deliv 
ering as little as 5 nanoliters with the proper tip configura 
tion. With the caliber tips described herein, the minimum 
dispensed Volume is in the range of about 25 nanoliters. The 
maximum dispensed Volume is mainly limited by the size of 
the reagent reservoir. Comparable valves can be used for 
preferred embodiments, Such as those known in the art or 
developed in the future. Alternatively, piezo based dispens 
ers can be used to dispense picoliter Volumes (e.g., about 5 
to 500 picoliters and preferably about 100 picoliters). Such 
piezo devices are available from Sources described herein. 
0289. The screening reagent dispensing robot can also 
include dispenser tips Specifically designed to accommodate 
manifolds that permit close spacing of tips. Typically, tips 
are spaced less than about 5 mm apart and preferably about 
less than 1 mm apart. Since fluid connections (e.g., chan 
nels) to the tips are preferably larger than the spacing 
between tips, So as to increase fluid flow, minimize hydraulic 
resistance, and reduce clogging. Fluid connections are dis 
posed in a pattern that allows a properly angled tip to have 
a distal tip end disposed with the desired Spacing. Typically, 
the fluid connections will be staggered along an axis and the 
tips will engage the fluid connections at an angle that permits 
the distal tip end to be disposed along the axis at the desired 
spacing. Preferably, the tips must allow dispensation within 
a 1 mm internal diameter well and to produce a stream 
Significantly less than 1 mm in diameter in order to not form 
bubbles as the reagent is delivered into the well. In addition, 
the dispenser tip typically permits repeated, individual dis 
penses of 100 nanoliters. 
0290 Tips can be engaged to fluid connections and 
angled using a variety of configurations. For example, the 
outlet end of the valve is a stainless steel tube 0.2" (5.08 
mm) in length with an O.D. of 0.020" (0.51 mm) and I.D. of 
0.010" (0.25 mm). This will mate with a 1.25" (31.75 mm) 
long, type 304 stainless steel tube (gauge 33, O.D. of 0.008" 
(0.20 mm) and I.D. of 004" (0.10 mm)). The gauge 33 tube 
fits inside the valve inlet tube and the two tubes are bonded 
together using Teflon heat shrink/melt tubing (Small Parts, 
Inc. cat #: E-SMDT-036). A 25° bend exists 0.5" from the 
dispensing end of the tip. This 0.5" inch Segment is placed 
in a tip block which aligns each tip into a linear array. The 
remaining 0.75" segment is bent 10, either up or down, to 
align it with a valve in one of two valve blocks. 
0291. A stainless steel block can be used to hold and 
position the dispenser tips into a linear array with a 1.5 mm 
pitch. Each tip fits into a slot within the block. The block has 
a U-shaped groove that intersects each slot. Once all the tips 
are in place and aligned, a holder bar is Screwed into the 
groove that presses against each tip and holds them in place. 
0292 Astainless steel block can also hold and position 
Valves into a linear array with a desired pitch. For example, 
a 6.0 mm pitch would be compatible for a 48 head array 
using 12 lee valves. Each valve Slides into a cylindrical 
groove within the block and is held in place by the tip 
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block's hold on the tip. Four of these valve blocks, placed 
Side by Side at an angle and offset 1.5 mm in relation to each 
other, can yield a linear arrangement of 48 valves tips. If fast 
flush Solenoid valves are used, it is desirable have fluid 
connection with the tip via Teflon tubing. 
0293. The screening reagent dispensing robot has a fluid 
path to each tip and valve with minimal volume and dead 
spaces. Preferably, the fluid path to each tip is identical (but 
not necessarily shared) as to other dispensers. The tip has the 
most resistance to fluid flow So its design is preferably 
identical as possible for each dispenser Site in order to 
minimize variation in Volume dispensed between Valve/ 
dispensertips. The Valving System allows residual reagent to 
be washed prior to delivery of a new reagent. All fluid lines 
are preferably TeflonTM (e.g., FEP) or silicone, or a chemi 
cally inert material. The only exception to this is the tip, 
which is typically high quality polished Stainless Steel. Fluid 
manifolds are usually constructed in Teflon and mate with 
the valve inlets via friction fittings. A fluid manifold is 
usually shared among a plurality of valves, e.g., it connects 
to 12 valves. The manifold has ports on both ends that allow 
it to be a flow through or dead end system. All the valves can 
be connected to a single reagent reservoir by connecting 
manifolds together in parallel or in Series. 
0294 The fluid reservoir can vary depending on the 
application and the required Volumes and Solvents. A variety 
of Volume ranges are possible depending on the type of 
reservoir that is used. A pressure chamber, like the one from 
EFD (Model 615DTH), that will allow a variety of reagent 
bottles to be used is advantageous, Since the whole bottle is 
placed inside a pressurized chamber. An alternative is to 
preSSurize just the bottle and place the bottle within a 
shielded safety chamber. A third alternative is to use a fluid 
reservoir designed to hold low pressure. 
0295). If live cell cultures are being dispensed, the rec 
ommended reservoir is a Stirred container. An example is the 
stirred filtration container (Amicon, Mass., USA) which has 
the further advantage of having a built-in stirring mechanism 
to keep cells Suspended. This container is available in 3, 10, 
50, 200 and 400 ml sizes. If the dispense routine requires any 
Significant amount of time (more than a few minutes), it will 
be necessary to provide re-circulation of the cell culture 
through the fluid System in order to prevent adhesion or 
pooling of the cells. This can be done via peristaltic pumps, 
though rotary piston pumpS may be preferable Since they 
potentially cause less damage to cells. 
0296 Fluid is delivered to the valves by pressurizing the 
reagent reservoir with a fluid, such as a gas. The Model 8310 
(0-10 psi) pressure regulator from Porter Instrument Co. can 
be used and the like. Honeywell Microswitch pressure 
Sensors will monitor preSSure and a pressure relief valve, 
rated for 10 psi, and the like can be included. For Superior 
preSSure control and dispensing valves can be arranged in 
Series and electronically controlled to coordinate dispensing 
and to provide desired preSSures. This can allow preSSures to 
be changed in the fluid System if So desired. 
0297. The dispenser arrays are typically positioned over 
the desired wells with an X,Y positioner. A suitable X,Y 
positioner preferably, permits the array to be positioned over 
Wells having a density greater or less than the distance 
between tips. This allows the Screening reagent dispensing 
robot to be used for plates of different well densities. 
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0298 FIG. 18 shows different well densities in relation to 
different tip positions of a dispenser array. A well 1810 is 
addressed by a possible tip 1820 (filled circles). Also shown 
are tip positions 1830 (open circles) that may or may not 
address a well depending on the well density. Each bank 
shown is an array. The increased spatial density of the 
dispenser and the increased two dimensional density of the 
target plate require Substantial positioning accuracy. The 
positioning accuracy tolerance is typically about 200 
microns or less, and preferably about 50 microns or leSS in 
order to ensure that the proper position in the Wells for 
dispensation can be achieved. Alternatively, Such position 
ing paradigms can be used for detectors. 
0299 A reagent dispensing robot can include integrated 
computer control for managing and directing the entire 
dispense operation. The linear array dispenser and its inte 
grated positioning requirements can use Sophisticated com 
puter control for effective operation. The computer not only 
monitors the status of key Sensors (e.g., reagent bottle 
preSSure, liquid level, plate position, and positioning limit 
Switches) but also provides the interface for generating 
Specific liquid dispensation patterns and Volumes to the high 
density plate. Timing of dispensation can be accomplished 
by a variety of means known in the art and developed in the 
future, So long as Such timing means are Suitable for the time 
frame and control desired. For example, the National Instru 
ments AT-MIO-16XE-50 board can be used as timing means 
to send timing signals to two of their AT-DIO-32F boards. 
The 64 ports on these 32F boards are kept normally high and 
Send out timed low Signals. An inverter board is used to 
make the timed portion high and these high Signals are used 
to close high voltage relays (Opto ODC5A) which run the 
valves. An OVR driver (Lee Company cat # 
DRVAO000010A) is used to protect the valves from over 
heating during prolonged open periods. 
0300 The software controlling the valves (or dispensers) 
can be written to integrate into a Screening System or for a 
Standalone use. Software for laboratory instrumentation is 
known in the art and can be used. For example, Software can 
be written in Lab VIEW (National Instruments, TX, USA). 
The user Selects a valve opening time and the valves to be 
opened. This program can be embedded within a larger 
program that controls other features (such as the X,Y posi 
tioner) to obtain an automatic dispenser. 
0301 All materials must be substantially compatible with 
the required reagents over the time frames that the materials 
are used. The reagents should be relatively inert to compo 
nents and the materials used in the construction of this 
dispenser must relatively inert to the reagents. This is 
especially critical for whole viable cells which may be used 
in Screening assayS. Materials are preferably non cytotoxic, 
non hemolytic, non-aggregating Surfaces, and non Sticky to 
biological materials. 
0302) The motive force for the liquid can be supplied by 
pressurized bottles (in a preferred embodiment) or via 
positive displacement means including Syringes, pistons, 
peristaltic and rotary pumping mechanisms. In-line filtration 
or inlet filtration can be introduced to the system for reduc 
ing contaminating particles. 

0303 A preferred embodiment of a screening reagent 
dispensing robot is a set of at least two linear arrays (banks) 
of dispensers on a X,Y positioner in fluid communication 
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with a plurality of electronically controlled valves (e.g., 
Solenoid or piezo) that are in fluid communication with at 
least one reagent reservoirs. Dispenser tips are Spaced to 
accommodate the density of the addressable wells on a plate. 
For example, for a high density plate, tips are about 1.5 mm 
apart. The X,Y positioner permits each tip in a bank to be 
position over the desired well, preferably independently of 
the other banks. The valves are individually and electroni 
cally controlled and can be opened simultaneously or in any 
pattern with microSecond resolution. Typically, the dispens 
ers can rapidly dispense about 50 to 10,000 nanoliters (or 
lower ranges about 25 picoliters to 1,000 nanoliters) of a 
Single reagent into predetermined combination of Wells of a 
high density plate, preferably without physical contact. 
Preferably, the Screening reagent dispensing robot is com 
patible with different dispensing Solutions, including aque 
ous, alcohol and DMSO based reagents. 

0304 FIG. 19A (cut-away view of assembled unit) and 
B (exposed view of one bank) shows components of one 
embodiment of a Screening reagent dispensing robot that 
includes valves 1910, valve tips 1920 (straight tip in FIG. 
19B, bent tip in FIG. 19A, tip block 1930, valve block 1940, 
valve block assembly 1950, fluid lines 1960, and fluid 
manifold 1970, fluid reservoir 1980, and pressure system are 
not shown. 

0305. In a preferred embodiment, four linear arrays of 12 
valves (banks) each are placed side by side. The valves and 
dispenser tips in each of these arrays are Spaced 6 mm apart 
and each array is staggered 1.S5 mm in relation to each other. 
The tips of the valves are configured to share the same fluid 
path configuration and align together into a linear array of 48 
tips Spaced 1.5 mm apart. The tips from a single bank of 
Valves are spaced 6 mm apart and are arranged as every 
fourth tip in the 48 tip array Another embodiment uses larger 
Valves that would require larger spacing between each valve. 
The tips in this embodiment would use flexible tubing to 
connect the valve and tips. 

0306 Each valve can be individually controlled to allow 
different patterns of dispensing. Though designed to dis 
pense into a 48 well per column plate, this array could also 
dispense into other plate configurations. For example, 864 
well plates (24 by 36 wells),384-well plates (16 by 24 wells) 
or 96-well plates (8 by 12 wells) are compatible by using 
every Second, third or Sixth valve, respectively. If the plate 
can be moved in the Y as well as the X direction, then each 
48 Valve linear array can dispense up to four different 
reagents by plumbing a different reagent into each of the 
four banks of 12 valves. Moving the plate in both the X and 
Y directions allows each well to align with a valve tip from 
each bank. If the plate can only be moved in the X direction, 
then the following dispensing arrangements are possible 
with a 48-dispenser array (see FIG. 19). 96-Well Plate (6.5 
mm diameter wells) Multiple Reagent Mode 
0307 Asingle 48 valve linear array can deliver up to four 
different reagents into a 96-well plate Since a Single bank can 
deliver into each well. Each bank is plumbed to receive a 
different reagent. Plate can be secured properly in the Y 
direction for each reagent and the plate does not need to 
move in the Y direction during the dispensing of that one 
reagent. 
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0308) 384 Well Plate (3.4 mm Diameter Wells) Single 
Reagent Mode 
0309 Valves from each bank must be used in order to 
dispense into each well of a 384-well plate; therefore only 
one reagent can be dispensed from the 48 tip array. 
0310) 864-Well Plate (2.0 mm Diameter Wells) 
0311 Each well can be accessed by using either banks 1 
and 3 or banks 2 and 4. This allows two different reagents 
to be delivered if the plate is aligned properly in the Y 
direction for each reagent. 
0312. In operation, the linear array of dispensers can be 
positioned over a high density plate, e.g., 48 by 72-well 
plate. The Wells in this plate are Spaced identically to the 
dispensers (1.5 mm apart). The dispensers are activated and 
a reagent is dispensed simultaneously into each well in one 
column. The plate is then moved over one column and the 
dispensers are again activated. This is repeated over the 
entire plate. The amount dispensed is controlled by the valve 
opening time and the pressure feeding the reagent to the 
valves (other factors also control dispensed volumes, par 
ticularly restrictions to flow). Variable amounts can be 
dispensed into each well by controlling the timing of valve 
opening and the dispensation pattern acroSS the linear array 
of Valves. Each dispenser of the linear array can be indi 
vidually controlled via Software 
0313 The entire fluid path can be flushed clean by first 
purging the four fluid manifolds, followed by each of the 48 
valves. Three 3-way valves (two on the input side and one 
on the output side of the fluid manifolds) will allow flushing 
with a wash liquid and with air. The device can be cleaned 
between reagent changes and for long-term inactive periods. 
The valve assembly can be designed in a modular form in 
order to facilitate replacement and repair of Single valve/tip 
components and/or whole banks of valves. The fluid path 
dead Space is preferably designed to minimize flush out 
Volumes. 

0314. In another embodiment, the dispenser tip pitch can 
be modulated via a cam Shaft mechanism which enables 
on-the-fly control of dispenser tip spacing. 

0315. In another embodiment, each valve array can con 
tain a different reagent and address the dispensation require 
ments of the assay by additional positioning movements 
under the linear array dispenser. 
0316 All publications, including patent documents and 
Scientific articles, referred to in this application are incor 
porated by reference in their entirety for all purposes to the 
Same extent as if each individual publication were individu 
ally incorporated by reference. 

0317 All headings are for the convenience of the reader 
and should not be used to limit the meaning of the text that 
follows the heading, unless So Specified. 

1. A high throughput chemical Screening System compris 
ing: 

a chemical library comprising Storage locations for a 
plurality of multiwell plates, each of which comprises 
individual chemical Wells for containing Samples, 
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a computer controlled chemical well retriever for pro 
grammable Selection and retrieval of at least one of Said 
multiwell plates comprising Selected ones of Said 
chemical wells, 

a transport path coupled to Said chemical library for 
receiving Said at least one multiwell plate from and 
returning Said at least one multiwell plate to Said 
chemical library; and 

a plurality of automated liquid handling devices having 
aspiration/dispensation heads operatively coupled to 
Said transport path, whereby Said high throughput 
chemical Screening System is configured to process at 
least approximately 25,000 chemical Samples in a 24 
hour period; 

wherein Said System is programmable via a user interface 
to retrieve and handle either (a) the samples from every 
one of the chemical wells of said at least one multiwell 
plate or (b) the samples from a Subset of chemical wells 
within Said at least one multiwell plate. 

2-3. (canceled) 
4. The chemical Screening System of claim 1, wherein Said 

transport path couples to at least one plate Storage buffer. 
5. The chemical Screening System of claim 1, additionally 

comprising an automated multi-Well plate retriever associ 
ated with said chemical library. 

6. (canceled) 
7. The chemical Screening System of claim 1, wherein Said 

transport path couples to at least one plate Storage buffer. 
8. A device for rapidly Screening Samples containing a 

molecular target, comprising: 
a Screening Sample transporter programmably controlled 

to facilitate parallel processing of a plurality of Sample 
Wells, and 

at least one WorkStation Storage operably linked to Said 
Screening Sample transporter and programmably inte 
grated to Said Screening Sample transporter. 

9. The device of claim 8, wherein Said Screening Sample 
transporter is configured to transport Said Sample wells at 
rate of at least 50,000 per day. 

10. The device of claim 8, wherein said screening sample 
transporter comprises a plurality of non-circular transport 
paths. 

11. The device of claim 10, wherein said transport paths 
comprise multiple parallel transport lanes. 

12. The device of claim 11, wherein at least one of Said 
transport lanes is configured to deliver Sample wells toward 
a storage area, and wherein at least one of Said transport 
lanes is configured to deliver Sample wells to Said at least 
one WorkStation. 

13. A chemical handling apparatus comprising: 

a chemical Storage module Storing a set of chemical 
compounds, Said chemical Storage module comprising 
an automated retriever configured to retrieve Selected 
ones of Said chemical compounds, 

a multi-lane transport module coupled to Said chemical 
Storage module which is positioned and configured to 
receive Said Selected ones of Said chemical compounds 
from Said automated retriever and to transport Said 
Selected ones of Said chemical compounds away from 
Said chemical Storage module. 
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14. The apparatus of claim 13, additionally comprising an 
automated liquid handler coupled to Said transport module 
which is positioned and configured to receive Said Selected 
ones of Said chemical compounds for processing. 

15. The apparatus of claim 13, wherein said transport 
module comprises a two-dimensional array of orthogonal 
transport paths. 

16. The apparatus of claim 15, wherein said set of 
chemical compounds in Said chemical Storage library is 
arranged as a two-dimensional array extending vertically 
and horizontally. 

17. A device for identifying useful chemicals, comprising: 
a chemical well transfer path comprising a linearly 

extending transfer path and one or more additional 
transfer paths Substantially transverse to Said linearly 
extending transfer path; 
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a library of chemicals located at one end of Said linearly 
extending transfer path; and 

at least one chemical handling module operatively 
coupled to one of Said one or more transverse transfer 
paths, whereby chemicals in Said chemical library are 
delivered to Said at least one chemical handling module 
from said library of chemicals. 

18. The device of claim 17, wherein said linearly extend 
ing transport path is bi-directional. 

19. The device of claim 17, wherein said linearly extend 
ing transport path comprises at least two lanes operable to 
transport Wells in one direction along Said linearly extending 
transfer path. 

20-23. (canceled) 


