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Indicator, property modifier
auxhiliary molecule

Reactive library component

Enzyme reaction
Chemical reaction
Cellular interaction?

Assay container
~0.1 μL/bead

”One Bead Some Compounds”
A very general assay format

Identity tagSplit-Mix
Library

PEG-Based resin

The “One Bead SOME Compounds” Solid Phase Assay S
P
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Morten Meldal et al.
Carlsberg Laboratory
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Cells on Beads



The ACS - Ralph F. Hirschmann Award Lecture 2009 

Casette for Expression of GPCR + Reporter Morten Meldal et al.
Carlsberg Laboratory

Functionality
MC4R + CRE-YFP

MC4R activation

Primary screen

Control aMSH

Inactives

Hit 

Library

Fluorescence
microscopy

Receptor

YFP
or

DS-Red

Single vector:
Stable Expression
HEK-293 Celline
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PEGA1900+adh pept. in Hams SPOCC+adh pept. in HamsTentagel+adh pept. in Hams

PEGA1900 in Hams extracted 
by PEGA+adh SPOCC

Cells on beads: Background

PEGA1900 in H2O
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Cell adhesion peptides derived by CombiChem

Samuel Denmeade et al. : Prostate QMARIPKRLARH-
Kit Lam et al.: Prostate DNRIRLQAXXX-
Kit Lam et al.: Lung A549 c-NGRGEQ-c-
Kit Lam et al.: Lymphoma XXXpLDX-
Kit Lam et al.: Lung Bronc. Nle-DXXXX-
Horst Kessler et al.: Jurkat (lym) Iqui-LD-
Horst Kessler et al.: Integrins RGD-peptides
Nomizu Motoyoshi et al.: Tissue repair Laminin Peptides

D-aa1-D-aa2-D-aa3-D-aa4-D-aa5-D-aa6-

PEGA1900

New concept: weak multivalent interaction
• General adhesion towards cell-lines used in screening
• Metabolic stability
• Diversity
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Cell adhesion on D-amino acid library

Weak adhesion Strong adhesion

Auto fluorescence removed
U2OS/GFP + beads + beadsorter: 75.000 beads 
Recovered from sorting: 536 beads 
Hek293 adhesion :~40 beads isolated
Sequencing
Re-synthesis
Adhesion study: 50-100 beads/sequence 

U2OS/GFP
on beads

Autofluorescence
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LEU ARG LEU LYS PRO LYS
LEU ARG HIS ARG LEU LYS
ILE ARG TYR ARG LEU ARG

ALA GLN ARG PRO ARG TRP
TYR ARG TRP ARG ILE ALA

ARG MET LYS LEU HIS LYS
LYS MET ARG TYR CYS GLN

THR LYS ARG LEU LYS THR
THR LYS GLY LYS ALA LYS
ALA LYS THR ARG HIS ARG
ASN ARG PRO ARG VAL ARG

ARG CYS LYS LYS LEU ILE
ARG LYS LEU ARG VAL ASN

LYS PRO LYS MET MET CYS
LYS LYS MET ARG PHE TRP
ARG ARG ALA ARG GLN ASP

ARG GLU LYS GLY ALA ARG
ALA ARG LYS ARG ILE ARG GLN
ALA LYS ILE ARG GLU LYS ARG

ARG ILE ARG GLN ARG
ARG GLN ARG ILE ARG

Motif

Adhesion molecules from D-amino acid library

LYS PHE GLY GLN LYS CYS
ARG HIS TRP GLY ARG ILE
LYS TRP PRO HIS HIS ARG
LYS VAL TYR MET HIS LYS
ARG SER ALA LYS ARG (CYS)

LYS ARG GLU SER LYS ARG
VAL ARG THR VAL ARG VAL

ARG ALA PHE LYS TYR TYR
LYS MET PRO LYS LYS ASN

TRP TYR ALA LYS ARG ARG
PRO PHE ARG LYS LYS(CYS)

LYS LYS LYS PHE TYR TYR
GLU ARG LYS ARG(CYS THR

VAL PRO ARG LYS VAL GLN
ARG ARG LEU LEU PRO ILE

ARGSER ALA LYS ARG CYS
LYS LYS GLN PHE TRPPHE

ILE ARG LYS HIS LEU ILE
PRO ARG ARG VAL VAL ILE

LYS ARG GLU SERLYS ARG
ILE THR ARG ARG THR GLN

LYS METPRO LYS LYS ASN

Best

Intermediate

Fair
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PEGA-Cell adhesion peptides from library

Few non-attached cells
50-75% coverage
Many beads

ARG GLN ARG ILE ARG

Few big cell clusters
60-80% coverage

LEU ARG HIS ARG LEU LYS

Few big cell clusters
50-70% coverage

ILE ARG TYR ARG LEU ARG

Some  cell clusters
70-100% coverage

ARG ILE ARG GLN ARG

All D-amino acids

From screening of cellular adhesion on 75.000 PEGA library beads
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PEGA-Cell adhesion peptide function

159 159 158

159 158

158
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Interaction with phosphatidylcholine bilayer

Mainly superfacial Phosphodiester – arg interaction

Probably:
No cell penetration
No membrane thinning
No pore formation
No metabolism

Scott Feller Laboratory, Wabash College
DOPC
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Peptide conjugation to plates
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Even cell distribution on adhesion peptide
Cells growing on H-arirqrg-
peptide-D-Lys-Plate for 24 hours 

Edge

Center

Cells growing on a Cell culture
glass plate (Nunc) for 24 hours 
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Extended adhesion time – HEK293 cell culture

Cells growing on the two plates for 6 days

Adhesive peptide platesCell culture plates

Excellent conditionNot feeling good
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Improved cell culture – HEK293 cell (10000) culture (3 days)

Poly-D-Lys

Adhesive 
peptide
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Scaffolds by N-acyliminium Cascade Chemistry
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MC4R

Transcription

AC

c-AMP

AC

c-AMP

ATP

c-AMP

PKAPKA

CREBCREB

Nucleus

GTP

Ga

G-protein
Gb Gg

G-protein
Gb Gg

G-protein
Gb Gg

Dissociation

NN

C

GDP

Ga

PDE
5’AMP

GTPase

GDP

Ga

5’AMP

ProtCRE ProtCRE YFP

MC4R + 
CRE-YFP

MC4R 
activation

Control

aMSH

IBMX

Active
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The cell’s-on-bead assay with single vector MCR4/YFP

Beads Adh + resin bound activation peptide
NO TSA required

DT1058 51 14-05-2008

TSA
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DT 1058 159 14-05-2008
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No ligand

Adhesion peptide only

No Fluorescence
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PEGA-Cell adhesion peptide H-arirqrg-

Mixed beads of control and 100 μM (on resin) ligand 
NO TSA

Active Control Control Active Active Active 
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H2N

NH

OHO Fmoc-ala-OH

All D-amino acid library of adhesion peptides

MSNT Pip/DMF

ala-HN

NH

Oala-OH2N

H2N

ala-HN

NH

Oala-OH2N-(aan)

H2N-(aan) ala-HN

NH

Oala-OFmoc-(aan)

Fmoc-(aan)

Fmoc-aa-OH 3 eqv.

TBTU
NEM

20%
Pip/DMF

aa7-aa6-aa5-aa4-aa3-aa2-ala

H
N

NH

OO

aa7-aa6-aa5-aa4-aa3-aa2-ala

Interior

Surface

BIAS

Columns / aa in 20 column synthesizer

X R/K X R/K X R/K X

Incubation with HEK293

Stirring then sorting
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0 6 - A p r - 2 0 0 9
B W  B e a d  5 9  ,  S e r i e  8 ,   M S  M S  a f  Q u a t r o  C h a r g e d  2 4 3 , 6

0 9 : 5 9 : 5 5

m / z
1 0 0 1 2 0 1 4 0 1 6 0 1 8 0 2 0 0 2 2 0 2 4 0 2 6 0 2 8 0 3 0 0 3 2 0 3 4 0 3 6 0 3 8 0 4 0 0 4 2 0 4 4 0 4 6 0 4 8 0 5 0 0 5 2 0 5 4 0 5 6 0 5 8 0 6 0 0 6 2 0

%

0

1 0 0
B W _ B E A D 5 9 _ M S M S _ Q U A T C H _ 2 4 3   7 7 7  ( 1 4 . 8 2 9 )  S m  ( S G ,  2 x 6 . 0 0 ) ;  C m  ( 2 5 : 8 4 1 ) T O F  M S M S  2 4 3 . 6 3 E S +  

1 02 4 5 . 0 9 6 91 8 5 . 1 2 5 7

1 7 5 . 1 2 8 9

1 3 6 . 0 8 1 5

1 3 3 . 5 9 9 0

1 1 0 . 0 7 3 5

1 5 7 . 1 2 6 1

2 0 3 . 1 2 1 6

2 2 9 . 1 5 6 2

2 1 7 . 1 3 4 4

3 3 8 . 2 1 6 2

2 7 7 . 1 7 1 1

2 7 5 . 1 7 1 3

2 6 1 . 1 5 1 2

2 9 4 . 1 9 9 0 3 0 3 . 1 8 0 3

3 1 6 . 1 9 4 1

4 0 9 . 2 4 1 0

3 4 8 . 1 9 0 9

3 5 1 . 7 2 4 0

3 6 4 . 7 1 6 8

4 0 8 . 2 6 7 8
3 9 2 . 2 5 7 2

4 7 7 . 2 8 4 7
4 3 4 . 2 7 7 3

4 3 5 . 2 8 0 9

5 4 8 . 3 0 2 6

5 3 1 . 3 1 0 5

5 2 3 . 3 4 8 5
5 0 5 . 3 1 0 0

6 1 4 . 3 5 7 5

5 7 9 . 3 1 3 1
6 1 3 . 3 6 7 1

6 1 5 . 3 4 8 8

1 4 - M a y - 2 0 0 9
B W   B e a d  7 8 ,  S e r i e  1 3 ,  M S M S  a f  T r C h  3 1 2 . 5

1 4 0 1 6 0 1 8 0 2 0 0 2 2 0 2 4 0 2 6 0 2 8 0 3 0 0 3 2 0 3 4 0 3 6 0 3 8 0 4 0 0 4 2 0 4 4 0 4 6 0 4 8 0 5 0 0 5 2 0 5 4 0 5 6 0 5 8 0 6 0 0 6 2 0 6 4 0 6 6 0 6 8 0 7 0 0

%

0

1 0 0
B W _ B E A D 7 8 _ M S M S _ T R C H _ 3 1 2   3 7  ( 0 . 7 1 0 )  S m  ( S G ,  2 x 6 . 0 0 ) ;  C m  ( 7 : 6 0 1 )

1 9 6 . 8 8 3 7

1 4 9 . 0 3 8 5

1 9 6 . 8 0 3 7

1 9 0 . 8 0 4 8

1 8 5 . 1 2 6 2

3 1 2 . 5 5 2 32 5 4 . 8 5 2 7

2 3 5 . 8 4 0 1

2 1 6 . 1 5 3 5

3 1 4 . 2 8 4 4

3 1 5 . 2 1 7 4

3 5 8 . 7 3 2 6

3 6 7 . 2 4 4 8

3 6 7 . 7 3 7 2

4 5 9 . 7 9 4 7

4 0 1 . 2 8 6 7

4 2 4 . 2 8 4 5

4 2 4 . 7 8 8 5

4 3 9 . 3 0 2 8

5 3 6 . 3 3 1 7

4 6 0 . 3 0 1 8

4 6 0 . 8 1 8 0

5 1 1 . 3 3 8 0
5 0 9 . 3 3 0 4

4 6 9 . 3 1 0 2

6 9 9 . 3 8 7

5 3 7 . 3 1 4 0

6 7 1 . 4 1 6 96 2 9 . 3 8 9 8

6 2 3 . 3 9 0 7
5 5 3 . 3 8 2 9

6 0 1 . 2 0 9 7

6 5 7 . 3 7 8 9

6 5 6 . 3 5 5 0 6 7 2 . 4 2 0 8

7 0 0

7

Only Mother ion: 4+

Mother ion: 3+

No apparent ion series
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14-May-2009
BW  Bead 78, Serie 13, MSMS af TrCh 312.5

10:37:37

m/z
235 240 245 250 255 260 265 270 275 280 285 290 295

%

0

100
BW_BEAD78_MSMS_TRCH_312  37 (0.710) Sm (SG, 2x6.00); Cm (7:601) TOF MSMS 312.50ES+ 

11254.8527251.1760

235.8401

234.1590

241.1663
236.1658

236.4979

239.1573

249.1835245.1649
244.6737

251.5056

277.2023

256.1886

264.7017

263.1982

256.6913

259.8754
268.6828

272.2091

288.8748

277.6980

285.7101

278.1942
283.2073

289.2005

289.5403
296.2238

14-M ay-2009
BW   Bead 78, Serie 13, M SM S af TrCh 312.5

10:37:37

m/z
325 330 335 340 345 350 355 360 365 370 375 380 385 390 395 400 405 410 415 420 425 430 435 440 445 450 455 460 465

%

0

100
BW _BEAD78_MSM S_TRCH_312  37 (0.710) Sm (SG , 2x6.00); Cm (7:601) TO F M SM S 312.50ES+ 

3344.7346

323.7203
337.7238

336.2271

332.2325

358.7326
345.7344
346.2348

346.7357

354.2377

367.2448

359.7216

459.7947401.2867

380.2560376.2600

371.7663

393.2671

380.7489

388.7932
388.2870

424.2845

415.2809
401.7768

414.2847

410.3198

416.2784

424.7885

439.3028
438.2952

451.2942

450.3075
451.8139

460.3018

460.8180

14-May-2009
BW  Bead 78, Serie 13, MSMS af TrCh 312.5

10:37:37

m/z
334 335 336 337 338 339 340 341 342 343 344 345 346 347 348 349 350 351

%

0

100
BW_BEAD78_MSMS_TRCH_312  37 (0.710) Sm (SG, 2x6.00); Cm (7:601) TOF MSMS 312.50ES+ 

13
344.7346

337.7238336.2271

335.7116

338.2184

342.2338

345.2343

345.7344 346.2348

346.7357

350.2133347.2216 347.7307

3+

1+
3+

3+ 3+

2+

2+
2+

2+

2+ 3+

2+

2+1+ 1+ 1+1+1+

1) Determine accurate mass within 50 ppm
2) Compose virtual candidates
3) Assign/Edit peak-listing
4) Score ~ Y0, Y1, B1, B2 & B3 series

Tripple charged mother ion
60 amu: 1+, 2+ and 3+ ions



S
P

O C
C Second adhesion screen of 55.000 D-aa - peptides

~55.000 Compounds

Virtual mass determination for all library members 
and selection by accurate mass determination
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Scoring structures selected 
by accurate mass determination
by virtual fragment matching of
MSMS data
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H- K R Y R Y K A -OH    
H- K R E K Y K A -OH    
H- K K M K T K A -OH   
H- K K E R P R A -OH    
H- R R H R Y R A -OH    
H- R R H R V R A -OH
H- R R L/I R Q R A -OH
H- K K M R M R A -OH    
H- R K P K V K A -OH    
H- R R M R D H A -OH    

H- K R P R I/L I A -OH
H- K K Y K V N A -OH
H- K R H R V N A -OH
H- R R I/L K T I A -OH    
H- R R T R Y I A -OH    
H- R R Y R K I A -OH    

H- K L Y K Y R A -OH
H- K L Y K H R A -OH
H- K L Y K I/L R A -OH
H- K L Y R P R A -OH   
H- R L Y R V R A -OH    
H- K L P R V K A -OH    
H- K L E R V K A -OH
H- K L K R I/L K A -OH    
H- K L H R Q K A -OH    
H- K L H R I/L K A -OH
H- K L H R I/L K A -OH    
H- K L H R I/L K A -OH    
H- R L H R I/L R A -OH    
H- R L H R Y R A –OH
H- R L T R T R A -OH

H- R L I/L T P R A -OH    
H- K L I/L L I/L K A -OH 
H- R L K R Y I A -OH
H- R L T K Y I A -OH  
H- R L D R Q H A -OH    
H- K K Y L I/L R A -OH  
H- A R P R D R A -OH
H- A R D K D R A -OH
H- Y R I/L K H R A –OH
H- Y R I/L K K R A –OH 
H- I/L R K L I/L R A -OH
H- I/L K K L P K A -OH    
H- A R H L P K A -OH   
H- A L K R V H A -OH

H- K L H R I R A -OH
H- K R X R Y R A -OH

H- K R Y R V N A -OH

All D-Amino acids

Bias of aa’s in 20 columns
HEK293-cells stick and hits 
may be sorted automatically


	Homogeneously labelled beads by aqueous inverse suspension polymerization
	Optical encoding: Chemistry dependent background fluorescence ??



