Contents

Acknowledgment
Foreword
Abbreviations

1 Introduction

i

Terminology . . . .

1.2 Design and development of miCrOAITAYS . .« + « =+ 0 v v v v v e e e

2 Applications

2.1
AL
2.3

Seientific problems

The phenmacentloal poal . i SR o 2 c e o 5o
The demands of biotechnical companies . . . . . o« v v o0 v 0 00w 00 o

3 Technology

3.1

3.2

3.4

Probeiy GHoEGarIapi - o, el gl o R R e e s -
3.1.1 Geneand proteinexpression . . . . . . ..o e e
2.1.2 Protein sundries: from molecule to biochip . . . . . . ... ... ..
o R B £ T T e e S S R i L
Nucleic acld MUCTOAITAYS . . « « « < + « v o v s o v 8 00 m v 2 v = s = == 4
St PRI prRes o, ¢ ooos v s o g e s
3.29 Minimal quantities of RNA; What tode? . . . ... ... ... ..
2939 Productionof DNA MICIOATTAYS . .« + + « « = 0 o« 4 ¢ = = ot ox 8+ o+ 5
Microsrray detestion , o\ . 2 i w @ s woe sk s ea e e il e
R Ui B (TS R e e e R R R
389 Tunminescemtfinorophore T . © & 00 0 0 v 2 v 0 s bie we ae by e -
333 Hiph-snergyloserlight . . . . .. ... - L. cc i e
3.3.4 Microarray scanner: Mode of operation . . . . . . . . ...
3.3.5 Operating mode of microarray imagers . . . . ... ... ... ...
e T ST ol e PR R b e e S e U
337 Pixelsandgpots. . . . . o .. i s i e de
Microarray marking ySteme . . - - . o o oo s o e s s s s s s
3.4.1 Tyramide-signal amplification . . . . .. . ... ... ... ..
B R 111 U e A e S e U e e :
U IR Y ok a1 SRR T TR SRR e i AR L D
944 Chemilomineseenees . . . « « v o v s v s v v s bt w e e e
T LA T o1 T |y i R S S et i P e T S
24f Timeresolved AUoresScence . . - . - - ¢ & s & 0 s 0 oroa i w1 =

4 Instrumentation and Software

4.]

Microarray spotters

T
T
6
T8
84
i
a0
o2
k]
94
94
05
e
g9
100
L0

1056



Contents

411 Mechanicalcontactspotting . . . - . . .« . - - oo a i e o 110
412 Piezo-dispensertechmology . . . . . . .« - - oo 111
413 Gridsandsputs....,..................,.....115
4,2 Digitizing: The microarray sCanner . .. . ... ... ..o 115
421 ThemicroaITAY IMAEET . . . - « - = + = =« = =+ = =22 2020 x> 116
422 ThemicroATTAYSCANMET . . - « « o s = s s s a5 = =3 830+ 50 117
4.3 Microarray software and documentation . . . .. ..o e e e 1k
431 Documentation of microarray experiments . . . .. . ... ... .. 119
4392 Designoftheexperiment . . . . . . . - . oo v v v v e 120
423 Validationoftheresults ... ... ....+coau oo n 121
434 Microarraysoftware .. ... .« oo 0 s s oo 123
4.3.5 Comparisonof expressiondata. . . . . . v oo o v e s ae e 129
4368 Advencodamalysis . . . ... .- s e s v e s e p e 131

44 Additional laboratory equipment and Laboratory requirements
for microarray applications . . . . . . o0 s e e e 136
Ple OO T e et e S i U T N LT L, 136
4.4.2 Additional helpful laboratory equipment . . . . . . . e 136
45 Clean-roomtechnology « » « - « =+ s s s s s o v oo s nl e v o0t win o 137
451 Cleanlinessclasses . . . . . .« o« s v o v o v st v e v m 0 s xe e 137
452 Clean-ToOmMBYBLEME . . . . o « + + s s 5 s o 0 s as s aim oo a 138
5 FExecution of the Microarray Experiment 141
5.1 Isolation and preparation of nucleicacids . . . . . .. ... oo 141
5.1.1 Isolation of RNA .. AR R L)
5.1.2 mRNA isolation Frmn e ulmrw.nt: R T T e 142
5.1.3 mRNA isolation from bacteria . . . . . .« o 2 o0 s e 142
5.1.4 Specimen fabrication with the aid of cDNA synthesis . .......143
5.1.5 Hybridization onthe DNA biochip . . . . .« v 00 0o vv v v v e 144
5.16 Preamplification with T7-RNA polymerase . . . . . . ... .. ... 144
5.1.7 Fabrication of the microarray samples . . . . . . . ..« oo o0 o 146
5.1.8 Quantification, inspection, peliability . . . . 2000 i h e 147
5.1.9 FHybridizationof thesamples . . . . . . . .o oo v v v e 147
5.1.10 Poly (L-lysine)coating . . . - . . ..o s e s v acoae e e e 145
52 Proteinarrayprotocols . . . . .\ . i i s s s ammna s s e 0 149
B0l «Prowein oy aflers . . «ociies « s iEREREI s 2 id ¢ oLl e 150
522 Verification withantibodies . . . . . ...+ o000 v o i - 152
5.2.3 Protein kinase array: Verification with BRI e o T 153
6 High-Throughput Screening 155
6.1 Laboratory satomation . . . . . « ¢ e SRMEEEERIE = s s dis e e 156
6.1.1 Laboratory automationsoftware. . . . . . .« c v v v v o0 e e 158
6.1.2 Preparationofsemples . . . . . - o i i e 160
613 Analysisandreporting . . « o - - i s e 0w e e a e e 160

vi




Contents

e Tl TR T R S N S e 164
6.3 Clinical chemistry and geneticscreening . . . . . . . . .. . 000 a 164
7 Database Research and Patents 169
o MR A Bt gt R N R R 169
T A o Tt S P e e S 170
et S T L S 171
7.2.2 Patent-protectedtechnologies . . . . . . ... .. .00 0. 177
B A sl GrACCIIBTIES - . - RS L L e a e w i 183
8 Prospects for the Future 185
B.] Technicaldevelopments . . . o s s o s 2 = s = =« oo o v s s an s s 185
B.2 Hequirementprofiles « : « « o s s s a 088t s aae ot e n s e 186
B2 Thaend of the et v . R R . . . . . . e osos s o 1EW
9 Appendix 191
Bl Comimon Dl et e s . A R L s d s s 141
9.1.1" Spothnp-andwashingbuffers ., . . .. oLl Uotie es sl 191
g N T I T O . e o iy e R . L . 191
9.1.3 Hybridizationsolutions. . . « + « « vt v e e v s st s e v a s 192

0.2 Formula for the caleulation of the annealing temperature of
e SR S S I S U S G 192
9.2.1 Formula for oligonucleotidesupto15bases . . . . . . ... ... .. 192
9.2.2 Formula for oligonueleotides from 20to 70 bases . . . .. . . .. .. 192
9.3 Mobolar specificationsand calculations . . ... .. ...... ... 192
o g [ ER] FS vi f m  tr1 o [ SR S (SRS e S e e S SR 192
09.3.2 Definition of molar massand molarity . . . . . . . ... .. .. ... 192
9.3.3 Picomolar quantitiesforoucleicacids . . . . ... ... ....... 193
9.3.4 Definiionofthedaltonmmit . . -« « o0 o o v v i v aan e 193
9.3.5 Picomolar quantities for proteins and peptides . . . . . . . ... .. 194
0.4 Calculation of the microarray spot surfacearea . . . . . . . .. .. ... .. 194
9.5 Calculation of the microarrayspotdensity . . . . . . . . .00 o 0 00 0 195
9.5.1 Spot density based on center-to-center distance . . . . . . . ... . 195
9.5.2 Spot density based on the number of absolute spots per am®* .. ... 196
9.6 Calculation of fluorophore or targetdensity . . . . . . . . ... .. .. ... 195
Company Register 197
Web Links 201
Index 203

Vil




