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Nano-Science Center

Encoding in chemistry and biology

Biological encoding (DNA) Ease of preparation
Chemical encoding Ease of handling
Encoding by position Cost

Optical pattern encoding (barcodes) Feasibility

Color encoding Chemistry compatibility
Rf - encoding Speed of decoding
Magnetic encoding Assay compatibility
Spectroscopic encoding Reliability
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Array synthesis
Parallel synthesis 3 A
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M icro—ParticIe—Matrix

encoding

SPHERECODES BARCODES (Tibotec, Ghent Uni.)

Discovery Partners Int.*
Encore International Corp.
: i Luminex*
h" « N D. ,‘ ~ .
3. 1 &mm . Quantum dot
Smart Bead Technologies Ltd.*

Spectra science corporation
Vitra Bioscience

Nlumina

and many more ...

NANOPARTICLES

* Spherical encoding by diffusion, Miller et al.
 Laser etched barcodes, Leblans et al.

» Nanoparticle in situ encoding, Battersby et al.
* Infrared tags

* Binary fluorescence encoding
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BARCODES (Tibotec, Ghent Uni.)
Code reads by confocal microscopy

5 10 15 20 25 30 35
X (um)

Code reads problematic
Time consuming
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Red Labels Green Labels
~. e
Mix 1 d
o \
Red Labels Green Labels

l

g

w“%..,f }.n’t:m
Cross talk

Obstruction of screen

Filter 3
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MPM-encoding

500 um beads and 1 pum resolution :
65449846 unigue positions
1014-1015 absolute vectors to

combine.

Vector combinations are ~infinite

3 Orthogonal CCD detectors
6*2D ..... 3*3D-coordinates
* Inter-particle vectors
lengths and angles
orientation independent parameters.
« 3 Particles: 6 vectors, 3 angles
« 4 Particles: 12 vectors, 12 angles etc.




MPM-encoding

Easy to prepare (random code)
Very high coding potential

Optical

Non interfering signal

Resin independent

Stable encoding

Reliable reading

Biochemistry and chemistry

Very fast decoding

Direct structure/activity information
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Cleavable linkage
%

Ho O\/é\od%vov\m >(Si\c'

DBU,CH,Cl,  Et,0

Stable:

Perfect beads
Q\ Q Narrow size distribution

iSI ~o > \/f\ /ﬁx/ ~ N
16 mg / 30 g polymerization

Sorbitan monolaurate:
500 mg / 30 g polymerization

Unstable:

vacuoles

airbubbles

irregular shapes
broad size distribution
aggregation

ATOTA-OSu
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Solvent

Solvent
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Input from user Output
Spit  His |
20-04-2008 12:47.37
Present step: S I i S
— plit —
PMT Signal
Present reactor: H ItS 33
[0 PMT Offset
Jpo =
Camera A Live 63 Camera B Live 63
HITS ‘ HOO000000634. bmp HOD000000E3E. bmp
T_exposure T_pause+HD_Access
90551 us 787ms
Camera C Live 63
HOO0000D0DE3C.bmp
_ —— . ——
| *Telecentric raytracing:
* Focal plane 1 mm ]
. . . Bea
L]
o No distortion of image estnaiee
SYS RUNNING...

i | sroe | pause | Optimal recording speed is 9 images/s with ~50 ms exposure/3 images
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Record
Split 1

Split Mix library (Furka, Lam) with MPM-encoding

-

Ay Ai \ﬁ@

Encoding 48 structures with 3 readings

I_[1 I_Ix2 I_[S JALBICL _JAIB2CI _JAIB3Cl )ALBACL
JA2BIC1I JA2B2C1 JA2B3Cl J)A2BACL
\ l / JA3BICI JA3B2C1  JA3B3CL JA3BACL
MIX

ecord JALBIC2 ) AIB2C2 J)AIB3C2 ) ALB4C2
Split 2 Record cl JA2BIC2  JA2B2C2  JA2B3C2 )A2BAC2
A%/ B\NA split 3 _A3B1C2  JA3B2C2  JA3B3C2 JA3B4C2
WALBLII W ALB2 || (WAIB3 || (Y ALBA C JAIBIC3 ) AIB2C3 ) AIB3C3 ) ALB4C3
WAZBLI| Y A2B2 || (P AZB3 || (Y AZBA JA2BIC3 JA2B2C3 JA2B3C3 ) A2BAC3
WASBL|I WA3B2 || (WA3B3 || W A3B4 c3 JA3BIC3  JA3B2C3  JA3B3C3 JA3BAC3

\
\\\f JALBIC4 ) AIB2C4 _)ALB3C4 ) ALB4CA
mix Z__C4 JA2BIC4 JA2B2C4  JA2B3C4 ) A2BACA
JA3BIC4  JA3B2C4 JA3B3C4 ) A3BACA
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Eight step synthesis: No problem to determine the structure

Selected for maximum background
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File  Actions 5

Graphics View |

HOD0D0D0024A brmp 5 X=262,v=1511<=197, =202} =300, =257} X=263,Y=281}<=187.Y=306}
HOD0D000024B.brmp 5 X=425.=115}x=384Y=168}X=408. Y =221} {X=488.Y=247}{X=314 Y=276}
H00000 _300 - _359 - 410 - 454y -394y

Elapse
Hooooo B

File  Actions
Background 44

Graphics [IFf i

HOODO0000244. bmp 5 §<=262 =151 Hx=197 =202 H<=300 =257 Hx=263 =281 H{x=187 =308} ' — = -
HOODO000024B. brap 5 §4=425¥'=118Hx=384 =168 Hx=408v'=221 Hx=4E68 ¥ =247 Hx=314 ¥=27E} Size B TEE
HOODO000024C. brap 5 £4=300%'=139Hx=3697'=151 Hx=410v=216H»=454 ¥ =218H{x=334 =254} :

Elapzed: 130 ms Gradient on
HOOOOOO0024C. brop 5 {150,424, 2961202382232 1 256,407 334 {280,467 295 H 308,31 3,220} —

3D-diff 4
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Over background ?
Over local background ?
Surrounding spots ?

Locate max intensity

Go repeatedly to surrounding sphere

A gradient in all directions confirmed
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4
/9!

The 3D matrix from 2D images

© Image 1

3 Images ~ 6 Point collections
Selectrelatione.g.1<2=3

Least square fit alignment

Correlate all points

Reconstruct missing point or remove
Least squares fit

Correlate all points

Calculate average coordinates

N\ '(w» p) AV
,/‘\‘\V,Q,/L ) ‘, oA

X30Y 373
X33, Z3

/
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File  Action  Modify  Options

50100000000 brop 50000000067C. brop 10 Score: 2459
501 00000000C. brop 5 0000000068C. brop 10 Score: 3083
501 00000000C. brp 50000000063C. brop 10 Scors: 1738
501 00000000C. brp 50000000897, brp 10 Score: 2472
501 00000000C. brap 5000000 2805 brp 10 Score: 3108
501 00000000C. brap 50001001 701 2. brp 10 Score: 3052
501 00000000C. brop 500020033115, bp 10 Score: 1874
501 00000000C. brop 500020035870 brp 10 Score: 1827
501 00000001 £ brop 500020030765 brp 12 Score: 4477
S01 00000003C. brop 500020033030, bp 7 Seore: 5222
S01 00000005C, brp 50007001 9460, brp 5 Seore: 5274
S01 0000000EC. brp 50000000ZE7C. bnp 9 Seore: 2048
S01 0000000EC. brp 500000007S2C. bp 9 Seore: 3443
S01 0000000EC. brp 50000007 D00C. bp 9 Seore: 3527
S01 0000000EC. brp 500000071 34C. bmp 9 Seore: 5579
501 00000006C. brp S0002003240C. brp 9 Seore: 4224
501 00000007C. brp S0000000444C. bp 3 Seore: 8524
501 0000000SC. brp S0000000526C. bp 7 Seore; 2997
501 0000000SC. brp S0002003561C. bp 7 Seore: 6729
501000000 0C. brp 5000200351 7C. bmp & Score; 2493
S01 0000001 0C. brp 50002003741 C. brop & Seore: 4735
S01 0000001 2C. brp 5000200411 6C. brop & Seare: 7211
S01 0000001 2C. brop 500020042620, brop & Seare: 2236
S01 000000 2C. brop S0002002039C. brop 4 Seore: 4977 X _
5010000001 3C. brap 50002003052C. brrp 4 Seore: 3559 Hit scale: 1
5010000007 4C. brp S0000000080C. brop 5 Seore: 4323

5010000001 5C. bmp 500000001 20C. brp 4 Seore: 3817 . . .
501 0000001 B brmp 50000001 034T £rop 8 Seore- 2438 RAtE Of comparison: 100000 pairs of beads/min |

Split Mic2

Di dew: 4.8 % An dew: 3.0E

RO

-
-

WA

- AY

Score: 243

AW

0

LR )

Ed "

Mic1: Hit Mic2: Mic3:

di, d2, al
d2, d3, a2
d3, di, a3
Mic3:

d3, d4, a7
d4, d6, a8
de, d3, a9

Hit beads: 100 Split beads:

4593 Hit match: 73 %

di, d4, a4
d4, d3, a5
d5, d1, a6
Mic4:

d2, d5, al0
d5, d6, all
d6, d2, al2

|

di, d2, al
d2, d3, a2
d3, di, a3
Mic4:

d3, d4, a7
d4, do, a8
dé, d3, a9

di, d4, a4
d4, d3, ab
d5, d1, a6
Mic1:

d2, d5, al0
d5, d6, all
d6, d2, a12

testhitzet00. bt
g00coord. bt
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H23paranalysis — |EI |i|

! Fle Action Modify wcoordmprmgl10-3. bt wooordmprmgl10-4. 1

-~ A,
HO00000000BC bmp 4 234,263:316 249,284:333 256;385:444 292;322:366 S d h . j k
S0000000015C bmp 4 158:270;320 226:288;242 238,350,222 245;376:207 .
S0000000119C bmp 4 158:270;318 228:287,240 240,349,220 242;349.206 econ ary m atc In g ’
HO000000006C bmp S0000000015C bmp Score: 521
HO000000006C bmp S0000000015C bmp Min distance: 13.0322817425155 1 1 1t+1 Bead Deviation: 8 %
HO000000006C bmp S0000000119C bmp Score: 6521 EI I ptl C fl ttl n g -
HO000000006C bmp S0000000119C bmp Min distance: 58,4602848022055 BN

HOD00DDODO7C brrp 4 166:373:308 254:472:316 290:315:390 308:401:350 MonteCarlo-Simulated
S0000000110C bmp 4 254:414:265 269:362:353 288:260:266 311:304:368 .
HO000000007C bmp S0000000110C bmp Score: 10963 Anne| | ng : .
HO000000007C.bmp S0000000110C.bmp Min distance: 28,0669450656057 Dist Deviation: 1%

L

R
et o

o
“,

e,
LEPITS

4 £y

HO000000039C bmp 4 200;298289 216;290;305 286;308:297 334:290:338 i

50000000067 C.brmp 4 186;422;240 214;332:320 230,392,280 232;324:334 G 4 d Sé Ch
HO000000039C bmp SO000000067C.hmp Score: 6521 (2
HO000000039C bmp SO000000067C.bmp Min distance: 28,8250020357989

e,
LEPITS

4 £y

Angle Deviation: 1 %

HO000000066C bmp 4 162;416;354 172,387:290 226;454;308 240:296;340
S0000000070C.brmp 4 218,338,173 262;266:328 264:266;194 298;326:210
HO000000066C bmp SO000000070C. bmp Score: 6521
HO000000066C bmp SO000000070C.bmp Min distance: 76,9887245544687

Ay

W

l«rl’
Ay,
(TP T

Long axis
Short axis
Perpendicular axis Score: 4679

&
[

HOO00a00074C bmp & 142:3250:273 162398279 168, 208:368 162:436:350 268:408:270
S0000000127 Clharmp & 208; 456,442 240:352:358 314:497:432 3268:466;308 346,436,452
HO000000074C bmp S0000000127C.bmp Score: 6148

HO000000074C bmp S0000000127C.bmp Min distance: 195,881788034529 LI

Hit: HO000000868C. bmp
Split: S0000000222C.bmp

24,815566741457
10963
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a5l H2Sparanalysis

File  Action Modify Options

500000000018 bmp 8 -81,63;148,00;12,50 -73,13;-55,50;-135,00-51,13;138,00;12,50 -33,13;-58,50;-116,50 -10,63;81,50;-8,00 79,88-20,50;-135,00 103,38;
500000000018 bmp 8 -81,63;148,00;12,50 -79,13;-55,50;-135,00 -51,13;138,00;12,50 -33,13;-58,50;-116,50 -10,63;81,50;-8,00 79,88-20,50;-135,00 103,38;
50000000001B bmp S0000000001E bmp & Score: 4559

S0000000001E bmp 500000000018 bmp Min distance: 14,0563673268827 —

500000000038 bmp 5 0.00;0,00:0.00 -23.60;100.38;86,00 14,50;102,38:-56.50 -3,10:18,88:85,00 65,90:-28.13;-20.00
500000000038 bmp 5 0.00:0,00:0.00 -23.60;100.38;86,00 14,50;102,38:-56.50 -3,10:18,88:85,00 65,90:-28.13;-20.00
500000000038 bmp S0000000003B bmp & Score: 4532

500000000038 bmp S00000000036 bmp Min distance: 19,9293202234158

500000000048 bmp 3 -113,33:-32.80:3 20 -104.83:-91.30:3.70 -61.83:63.20:-0,30 -59.33:-36.50:-4.80 44.17:-73.80:4 20 24 17:57 70:35.20 72 67.34 70:4 20
500000000048 bmp 5 -113,33;-32,80;3,20 -104,83;-51,30;3,70 -61,83;63,20;-0,30 -55,33;-36,80,-4,80 44,17,-73,80:4 20 24 17,57 ,70;95,20 72 67,34 70:4.20
500000000828 bmp 5 -92,44;-37 17,2572 -74,44,22 33,4372 -73,94;145,83,46,72 -58,44;32 33,43,72 5,06,134,83,68,72 56,06;-49,17,5,72 75,06,-54 17,57
500000000048 bmp S0000000004E bmp 9 Score: 4233

Elllllllll:l'! :

S0000000004E ) bmp S0000000082E) bmp 9 Score: 3492
50000000004E bmp SO000000082E bmp Min distance: 74,801534952977.

500000000058 bmp 7 0.00;0,00:0.00 -63.43;87,17:-8.33 -28.43;35.67:-13.33 26.5
500000000058 bmp 7 0.00:0,00:0.00 -63.43;87.17:-8.33 -28.43;35.67:-13.33 26.5
500000000058 bmp S0000000005B bmp 7 Score: 5558

500000000058 bmp SO000000005B bmp Min distance: 4,04809503892223 =

,00:0.00;0.00 66,07:-21,33;39.17 0,00:0.00,0.00
,00:0.00:0.00 66,07:-21,33;39.17 0.00:0.00,0.00

7.70.67
7.70.67;

500000000058 bmp 7 0,00;0,00;0,00 -63.43;87,17;-8,33 -28,43;35,67,-13,33 26,57 "?‘I?DDI}I}DDDDDEEI}"-Z‘I 33,359,717 0,00;0,00;0,00
500000000058 bmp 7 0,00;0,00;0,00 -63.43;87,17;-8,33 -28,43;35,67,-13,33 26,57, 17 0,00;0,00;0,00 66,07-21,33;35,17 0,00:0,00;0,00
SANNNNNRNNRR hmn QHHHHHHHHHRR hmn 7 Srare- RGRA

1 [T b

P e |
=l =l
=)=
mm
==

ST
£ %
H i
Y o

Di dev: 6,2 % An dev: 3,64

goag
RO |
-

4 &5
Sccore: 30
WA

Hit scale: 1

Hit: S0000000004B bmp
Split: SO000000004B bmp

21,58491138984428
7445

Good b
Good td

Hit beads: 110 Split beads: 110 Hit match: 92 % -—

Neither swelling nor Rl seem to be a problem and H,O remains

the best liquid for decoding on PEGA resin

Polarity ?
Loading ?

Solvent / solute

Observation:

- Ema swelling

Distortions
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Rl RO

val Aze GlIn

His Pro gln

his pro NO,Phe

Tha NmeA | NO,phe
3-Pya | NipCA Cit
4-Pya | PipCA | 3CNPhe
4-PipG Oic 4CNPh/e,

[’

10

L a

Multivalent ligand,
Strong binding
Reduce loading
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100 mg amino H 0
acid derivatives E?CQESPSCHDI; eod\l/ eqv Ac-N_A
totally HoNAQ  MSNT, NEM TFA  Ac0 = H,NQD
Fmoc-N"rH 20 uM
Ro~35 mg H O
Split resin FmocHN%{OH Mix and
with image TBTU O deprotect HN 0
recording DHBT-OH 20% Plp/ 84HNO
DMF Ro

L\ (i IL\ (A Rl
N ~3.5mg X
SF;Iri]t_resin FmocN=\_ ., (I;/Iix aTd t ANT W1 o
with image TBTLO eprotec o
recording DHBT-OH 20% Pip/ HNQ
DMF Ro
Ro-35mg ‘ \(l)Rl
\?vﬁlri]t iﬁzige FmOCHNJYOH 1) 20% R, N
. TBTU O . 0 NH O
recording DHBT-OH o )" NH 06 “HNO
} 2) Ac20 N
3) 95% TFA Ro
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Encoded beads with biotin/
ROX-avidin at 477/515 nm
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30 beds dcod

giving 29 structures

Hit activities on solid support

1200

1000 - —

800 ——

600 - JHHH o 1 [ 118

400 T S S EmRARES S T HR R R A RRR AR T

Thi

Fluorescence
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8

*Avidin immobilized on CM5
*Tetravalent binding
Lipophilic interactions
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/=N <
HN / | 4
N 0
0 NH O
>\“NH o d X
Gly Gly
: hOn:
o HPQ:
NH,
U N=0
\ o}

///////

i A
'w ‘ MM/"‘ M‘MW« Wu ‘
‘\VN”W M w‘

t A Iy ‘M A

“\‘ \|\W~I'

ml‘lﬁu
IRARTTL

Kp=1.21* 102 (M) Ko = 1.4 * 105 (M)
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Structure

his
His
his
Tha
his
Tha
his
Tha
4-PyA
His
His
4PipG
His
Tha

Aze Phe(4-CN)

Pro GIn

Oic phe(4-NO2)
NipCa phe(4-NO2)

Pro phe(4-NO2)
NmeA Phe(4-CN)

Aze phe(4-NO2)

Aze GIn

Aze phe(4-NO2)

pro Phe(4-CN)

Oic Phe(4-CN)

Oic phe(4-NO2)
NmeA gln

Pro phe(4-NO2)

Cyclic: Binding residues

his
his
His
His
his
His

Oic  Phe(4-NO2)
Oic phe(4-NO2)
pro Phe(4-CN)

PipCA Phe(4-NO2)
Oic Phe(4-CN)
Pro GIn

Gly
Gly
Gly
Gly
Gly
Gly
Gly
Gly
Gly
Gly
Gly
Gly
Gly
Gly

ESI-MS m/z (Calc.)
510.2091 (510.2101)
480.1641 (480.2206)
598.2611 (598.2625)
574.1982 (574.1971)
544.2144 (544.2156)
512.2263 (512.2258)
530.2002 (530.2000)
482.1696 (482.1710)
541.2048 (541.2047)
524.2251 (524.2258)
578.2719 (578.2727)
601.2972 (601.2986)
468.2199 (468.2207)
560.1815 (560.1815)

562.7830 (562.7803)
562.7805 (562.7803)
525.7618 (525.7617)
542.79 (542.7644)
552.80 (552.7852)
503.7885 (503.7591)

Kd /M
2,33E-06
1,21E-02
1,42E-05
5,00E-05
4,60E-05
6,99E-06
3,72E-06
2,13E-05
7,05E-05
2,08E-05
6,60E-06
8,90E-06
2,70E-05
8,73E-05

2,44E-06
1,78E-06
5,34E-06
2,67E-07
5,18E-07
6,70E-02

Structure
c -Ala-his-Oic-Phe(NO2)-Phe-Pro-Ala-Glu-Lys
¢ -Ala-his-Oic-phe(NO2)-Phe-Pro-Ala-Glu-Lys
¢ -Ala-His-pro-Phe(4-CN)-Phe-Pro-Ala-Glu-Lys
¢ -Ala-His-PipCa-Phe(4-NO2)-Phe-Pro-Ala-Glu-Lys
¢ -Ala-his-Oic-Phe(CN)-Phe-Pro-Ala-Glu-Lys
¢ -Ala-His-Pro-GIn-Phe-Pro-Ala-Glu-Lys
¢ -: Cyclization between Glu side-chain and N-terminal Ala
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Binding is not additive
Binding is not increased
significantly by cyclization
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. Building block occurences | 3-Residue virtual library 328515
g W Top10,000 . .
0 - andomdistibutin ligands totaly: 30000 selected by
50 - prefiltering
° :ZZ This was further reduced to 2178
- compounds redundancy elimination
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and affinity correlation

&
11 ) H
The “One Bead SOME Compounds” Solid Phase Assay
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2178 compounds
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hGH-CroxD @ and fluorescence Structure elucidation
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Purification of hGH on affinity column

(R TT NN

Affinity resin {9,8,13}
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