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The origins of Chemical Biology
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Chemical Biology : Definitions

Nature Chemical Biology defines chemical biology as...

...both the use of chemistry to advance a molecular understanding of biology
and the harnessing of biology to advance chemistry

.- Anonymous. Nat. Chem. Biol. 2005, 1, 3,

Chemical Biology may also be defined as....

...the application of chemistry methods and techniques to the study of
biological phenomena, that is chemical biology research seeks new insights
Into biology by means of an approach originating from an enabling chemistry
tool box...
.- Waldmann and Janning, Chemical Biology.
learning thourgh case studies, 2009
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Chemical Biology Research

Structural Biology
Proteomics
Bioinformatics
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Biomacromolecules
Small Molecules

Biochemistry
Biophysics

1. Waldmann, H; Janning, P; Chemical Biology: Learning thourgh Case Studies, Wiley-VCH
2009, Weinheim, Germany.
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Compound Collection Synthesis for Chemical Biology

Diversity-Oriented Synthesis (DOS)

Diversity-Oriented Synthesis (DOS)
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Analysis

- Not directed toward a single biological target. DOS libraries used to identify ligands
for a variety of targets. “Forward chemical genetics”

- Construct structurally complex and diverse architectures in a high-throughput manner.

- Access to natural product (NP)-like skeletons.

- Establishment of three-dimensional structural complexity by stereo- and enantio-selective
reactions on olid phase

1. Waldmann, H; Janning, P; Chemical Biology: Learning thourgh Case Studies, Wiley-VCH .
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2009, Weinheim, Germany.
2. Tan, D; Nat. Chem. Biol., 2005, 1, 74-84




Compound Collection Synthesis for Chemical Biology

1.

Diversity-Oriented Synthesis (DOS)

Biosynthesis 8

OH OH HaN g
HO- - Q ‘ 0
MeQ. e &ﬂ'mes_ MeO. ty,
O } W\O
N\ N\ - Br:

1 H 2 Me +H

norbelladine galanthamine r =g —N

Biomimetic Diversity-Oriented Synthesis o

PO--
Br . O,
— - Br. o
PO . "o
0 N S|
10\

eneratin
9 J @ : conjugate addition @: imine formation

diversity- @:mitsunobu @:acylatiom alkylation ® 500-600 micron
reactions

Galanthamine is a acetylcholinesterase inhibitor

Shair et al, J. Am. Chem. Soc., 2001, 123, 6740-6741. )
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Compound Collection Synthesis for Chemical Biology

Diversity-Oriented Synthesis (DOS)
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in Golgi apparatus at plasma membrane;
) by 15-secramine no compound
2527 out 2946 (86%) potential compounds were prepared M = VSVG-GFP: A marker of protein trafficking

Discovery of sercramine, a galanthamine-based molecule
that perturbs protein trafficking.

1. Shair et al, J. Am. Chem. Soc., 2001, 123, 6740-6741.
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Compound Collection Synthesis for Chemical Biology

Biology-Oriented Synthesis (BIOS)

- Correlates the evolutionary
Ligand-sensing cores relationship between NP and
Nature's conservatism :
the protein world.
- Spatial structure is more conserved
i than AA sequence.

Pre-validated guiding - Discovery of ligands for proteins
\ 5tru<|:ture§ of a protein structure similarity
* Natural products
« Non-natural synthetic cluster _(PSSC)‘ PS_SC )
compounds determined by Bioinformatic
v techniques.
l - Relevant Scaffolds of NP space
Ligand-binding sites determined by Chemoinformatic
Nature's diversity Compound library techniques

; i

Chemical diversity

4
Y

Biological diversity

1. Waldmann et al, Mol. BioSyst., 2005, 1, 3645 IIJ INDIANA UNIVERSITY
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Compound Collection Synthesis for Chemical Biology
Biology-Oriented Synthesis (BIOS)

7

0= “OH Dysidiolide

- Natural inhibitor of protein phosphatase
Cdc25A which is essential for cell proliferation.

- It contains a dehydrodecaline part and a hydroxybutenolide
part.

- Core structure: hydroxybutenolide. Critical motif for
phosphatase inhibition.

Top view of the catalytic sites of
Cdc25A (red), 11BHSDI (green) and Ache
(blue).

1. Waldamnn et al, Proc. Natl. Acad. Sci. U. S. A., 2004, 101, 16721-16726. .
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Compound Collection Synthesis for Chemical Biology
Biology-Oriented Synthesis (BIOS)
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1. Waldamnn et al, Proc. Natl. Acad. Sci. U. S. A., 2004, 101, 16721-16726.
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Compound Collection Synthesis for Chemical Biology
Biology-Oriented Synthesis (BIOS)
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OTMOH Dysidiolide
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Cdc25A: 0.35 uM Cdc25A: 45 uM Cdc25A: 1.8 uM
AChE: >20 uM AChE: =20 uM ACHE: =20 uM
11BHSD1: 14 uM T1BHSD1: 10 pM T1BHSD1: 19 uM
T1BHSD2: 2.4 uM T1BHSD2: 95 M T1BHSD2: 6.7 uM

1. Waldamnn et al, Curr. Opin. Chem. Biol., 2005, 9, 232-239. .
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Photoaffinity Labeling

Identification of the Binding Site of the Antibiotic Linezolid
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CH,
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EF-Tu—-GTP—tRMNA
complex

Activation
of GTPase

Codon
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EF-G-GDP
release
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round

1. Steitz, T. A, Nat. Rev. Mol. Cell. Biol., 2008, 9, 242-253.

Inhibts bacterial growth by binding to the ribosome

and interfiring with protein biosynthesis.
Peptidyl-transferase-center (PTC) the main site of
oxazolidinone action.

Mutation does not allow exact location of the inhibition,
nucleotide exchange may confer resistance allosterically.
Exact binding location through covalent interaction.

tRNA rejection (start over)

)

EF-Tu-GDP

fG_DPE

GTP Accommodation

transferase

hydrolysis
l Peptidyl

EF-G-GTP
binding

hydrolysis
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Photoaffinity Labeling

Identification of the Binding Site of the Antibiotic Linezolid

precursor N 0 FJC’ rIT
Photoaffinity labeling allows identification of initially N
reversible bound interaction partners by forming covalent
bonds between them after activation of a photoreactive group
with light. aryl azide benzophenone 3-aryldiazirine
. <280 nmi ~350 nm i 360 nm l
Photoaffinity labels should be:

- Stable to daylight reactive ¢ N ®

E.G'--. ]
- A photochemically excited state is generated. Life-time intermediate
Shorter than dissociation of the ligand-receptor complex.
-Should not react with the solvent

- Activation energy > 300 nm

G:azmne-n’_:gand Activation
Receptor Complexaltion Carbene n'HSEFIan

Ligand-Receptor Ligand-Receptor
Complex Adduct

1. Waldmann, H; Janning, P; Chemical Biology: Learning thourgh Case Studies, Wiley-VCH
2009, Weinheim, Germany. P INDIANA UNIVERSITY

BLOOMINGTON
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Photoaffinity Labeling

Identification of the Binding Site of the Antibiotic Linezolid
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- All inhibited growth of Staphylococcus aureus
-Oxazolidinones prevent binding or proper placement
of aminoacyl-tRNA in the peptidyl tansferase
active site.

1. Mankin et atl, Mol. Cell, 2007, 26, 393-402.

2505

IIJ INDIANA UNIVERSITY

BLOOMINGTON




Native Chemical Ligation (NCL)

NCL as a Tool for Chemical Protein Synthesis

External signal \

s L
. . . Cellular membrane
- The crucial steps in these signal transfer F !

rascades rely upon the specific interaction of
protein-protein contacts.
-30% of all human solid cancers have
mutations in Ras (rat sarcoma).
-To understand the principles of protein-protein
interactions a chemical synthesis of Ras
was necessary .

MAPK
(ERK)
7 - - ST =~ ~
N
/ Transcription factors {\I ucleus
/ \ Signal transduction cascade. Rol of membrane-
. bound Ras as a molecular switch and

RTF : receptor tyrosine kinase \ Gene Expression its interaction with its effector protein c-Rafl (via the
GEF : guanine nucleotide exchange Ras-bin dil’lg domain (RBD)

1. Waldmann, H; Janning, P; Chemical Biology: Learning thourgh Case Studies, Wiley-VCH .
IIJ INDIANA UNIVERSITY
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2009, Weinheim, Germany.




Native Chemical Ligation (NCL)

NCL as a Tool for Chemical Protein Synthesis

Native chemical ligation (NCL): a useful tool for the assembly of tailor-made small to medium-sized
protein and protein domains from synthetic peptides.
Sequences of 50 to 100 AA residues can be prepared through SPPS depending on sequence.
Chemoselective reactions: Used to modify (un)protected peptides or to selectively link two polymers,
typically in aqueous environment.

o o
A) t::;::ls‘:zr Pegiides )LSH . Br/\ﬂ/- T Peptide1 )Ls‘ i L
0

o}

. (0]
(B) t:’:;)aetflo'lﬁr Peptide1 \N/\/SH + Br/\r(- —_— Peptide1 \N/\/S\)J\-
H o} H
o 0 O 0] 0
(©) ﬁ'&g{{g’n Peptide1 AN Ho HzN’O\)l\- ” Peptide1 A N’O\)h
0] o 0 (0]
thiazolidine O + H3N
O en peptidel 0" j)‘\- — )\”3)\-
H
HX HO\/L X
. -
(E) 3+2 cycloaddition Peptide! —— + Na_- —a ):/
Peptide1

1. Becker et atl, Biom. Engineer, 2005, 22, 157-172.
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Native Chemical Ligation (NCL)

NCL as a Tool for Chemical Protein Synthesis

O

i Ras
PePHde1)LSR - Hzmj)l\-
B 1 ol B2 B3
HS ——

[
native chemical l transthioesterification MTEYKLVVVGAGGVGKSALTIQLIQNHFVDEYDPTIEDSYRKQVVIDGETCLLDI

ligation . . .
Ligation site B

B3 a2 B4 a3 a3 BS
/\HI\- — — L
o NH:

LDTAGQEEYSAMRDQYMRTGEGFL CFAINNTKSFEDIHQYREQIKRVKDSDDVPMV

Faptidﬂ
BS a4 B6 as

S— N acyl shift o o
LVGNKCDLAARTVESRQAQDLARSYGIPYIETSAKTRQGVEDAFYTLVREIRQH

SH Ligation site A

O
Peptide1 /JLN _
H & - CD spectra of synthetic Ras adopted correct secondary structure.
- Kinetic parameters obtained from interactions of synthetic and recombinant
- Transthioesterification was Ras with RBD were identical.
introduced by Kent and

co-workers in 1994.
- Limitation: requirement of a cysteine
residue at the ligation site

1. Waldmann, H; Janning, P; Chemical Biology: Learning thourgh Case Studies, Wiley-VCH
2009, Weinheim, Germany.
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Activity-Based Protein Profiling (ABPP)

Abundance Activity and Function
-I"—----"h_- e ™
o Regulation £ #  Regulation ~
’ 5 RN G
) "4 "3@" s ’ oH &
T it T iati Posttranslational % X o 0
ranscription ranslation o modifications /_7 HO™ \ s T8
‘ __ oflcoms oH YN
L) - :
—_— cgg% "2{{ e Metabolites
' RNA i ;
Gene expression JEER ~.
Active enzyme
HN - -’
Genome Transcriptome Proteome Metabolome
ol —
=~ —  Environmental
standard methods of genomics and proteomics Influence ABPP and metabolomics

Cellular interactions through the regulation of proteins and metabolites. The essential
Information regarding activity and function of biomolecules can not be determined with classical molecular biology.

1. Sieber et atl, Angew. Chem. Int. Ed., 2010, 49, 2680-2699.
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Activity-Based Protein Profiling (ABPP)

Reactive
- ABPP makes possible to study the activity, e
function, and regulation of enzymes in vitro
as well as In vivo.

- Small molecules that have high affinity for
active sites of enzymes can be
equipped for visualization
(fluorescence dye) or enrichment (biotin).

- Enzymes not bound cannot be visualized.

- The pathogenesis-associated enzymes can be
investigated more thoroughly and later serve

as therapeutic targets.

B=base

Monpathogenic Pathogenic

od

QA0 —

?@

Labeled proteome

O O
O 0 ==
docC
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based H
probes

uniabeled proteome

1. Sieber et atl, Angew. Chem. Int. Ed., 2010, 49, 2680-2699.
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Activity-Based Protein Profiling (ABPP)

Reactive groups for ABPP

i /\/IO\ i :
- _;.N
F—P-R RS g N

OEt

Fluorophosphonates Michael acceptors Diazomethyl ketones

R O 0 0

- 2
9] g_\hll R.IARE H1f\|’ﬁ
X
Sulfonates Epoxides o-Halo ketones
1 2 b
. o i . N a
Cln Ay R J S0 e O T,R
H o R 0

wu-Chloroacetamides  Vinylsulfones  Acyloxymethyl ketones

1. Sieber et atl, Angew. Chem. Int. Ed., 2010, 49, 2680-2699.

Click Chemistry

Reactive ‘\.-

group Linker  Alkyne L
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Reactive }ij
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Orthogonal reactions can be conducted in aqueous media since they
show slow reactivity towards other biomolecules such as DNA
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Activity-Based Protein Profiling (ABPP)

ABPP probes based on natural products structures

COCH |

b2 ¢

“)I Fhu&phatas&

Michael-acceptor-system //’" _"\ Covalent modification S—ﬁ\,

- Microcystins are nonribosomally syntehsized cyclic heptapeptides produced by cyanobacteria.
- Inhibitors of the serine/threonine protein phosphatase families PP1 and PP2A.
- They attack Michael-acceptor systems by a conserved cysteine in their active site.
- Specific binding to Jurkat cell (immortalized T lymphocyte cell line) was found.

1. Sieber et atl, Angew. Chem. Int. Ed., 2010, 49, 2680-2699.
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