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Chemical Biology
• Uses chemistry to understand biological

systems
• small molecules to manipulate proteinp p

function

• Phosphorylation of proteins is a fundamental• Phosphorylation of proteins is a fundamental 
regulatory mechanism, involved in almost all 
important biological processes. 

• abnormal phosphorylation state may lead to 
di i l di dmany diseases including cancer and

diabetes

Qiagen
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Dual Specific Phosphatase VHRp p
VHR:
• human DSP
• 20 kDa
• substrates: MAPK (ERK, JNK)      
• activators: ZAP70, VRK3
i hibit t t li

Phosphorylation/dephosphorylation

• inhibitors: stevastelins,…

= on/off switch for most enzymes

The Mitogen‐Activated Protein Kinase
Phosphatase Vaccinia H1–Related (VHR) 
Protein Inhibits Apoptosis in Prostate Cancer 
Cells and Is Overexpressed in Prostate Cancer
Cancer Research 2008, 68, 9255.

pdb (protein data bank), pymol
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Stevastelins
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stevastelin C3 (revised)stevastelin A3, R=SO3H
stevastelin B3, R=H

H OO
OR

stevastelin A, R=SO3H
stevastelin B, R=H

O
H

OR

stevastelin D3, R=SO3H
stevastelin E3, R=H

• isolated from penicillium NK374186
i t f f tt id S Th V l

•mimic natural substrate
t l i l t l t hi h t i• consist of a fatty acid, Ser, Thr, Val

• 13‐ and 15‐membered cyclic depsipeptides
• immunosuppressive activity

• topological templates which contain
spatially defined functional groups

• better oral bioavailability then linear peptides

• phosphatase inhibition (VHR) • no enzymatic degradation of the peptide

Interesting targets for drug development &Interesting targets for drug development &
investigation of physiological processes
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Project OutlineProject Outline

S th i C HO C HO• Synthesis
– diastereomeric cyclodepsipeptides
– phosphorylated cyclodepsipeptides HN

O

NH
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C12H25

H OBzl
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C13H27O

3 C13H27O

2 3

O

C13H27O

3 C13H27O

(2R,3R) (2R,3S)
mit

– altered amino acid sequence OHO
H OBzl 2 3

O

C13H27O
2 3

O

C13H27O

(2S,3S) (2R,3R)

• Conformational Analysis
– influence of stereocenters in the 

macrocyclic backbone
i fl f h h l ti f th– influence of phosphorylation of the 
depsipeptide

• Biological Investigations
– phosphatase inhibition

tib t i l ti it
+

– antibacterial activity

Bisek,N., Wetzel, S., Arndt, H.-D., Waldmann, H. Chem. Eur. J. 2008, 14, 8847 – 8860.



Nicola Bisek 09/08/2009

Retro Synthesisy

Normally, macrolactamization is favored over macrolactonization.
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Solid Phase Synthesisy
1) safty‐catch linker:
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2) Chlorotrityl chlorid resin:

• highly modular
• easy to remove

excess reagents
• easy work-up

Kenner, G. W et al. J. Chem. Soc., Chem. Commun. 1971, 636-637.; Ellmann, J. A. et al.  J. Am. Chem. Soc. 1996, 118, 3055-3056.

mild conditions
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Buliding Block Synthesisg y

S. Masamune et al. J. Am. Chem. Soc. 1997, 119, 2586-2587.;                      D. A. Evans, et al. J. Am. Chem. Soc. 1981, 103, 3099-3111.
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Synthesisy
C13H27O

O OH
(2R 3S)-48

C13H27HO

O OH
(2R 3S)-49

DIPEA

99%asym. Aldol Chemistry Cl +

C13H27O C13H27O C13H27O

(2R,3S)-48(2R,3S)-49
DMAP, DIC,
FmocSer(OBzl)
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1) 20% Pip in DMF

2) FmocThr,
DIC, HOBt

1) 20% Pip in DMF

2) BocVal,
DIC, HOBt

Epimeriziation 3:1

O

(2R,3S)-83

O

(2R,3S)-82

OBzlOBzl OBzl
(2R,3S)-81

95%

93%TFA/DCM 1:1

C13H27HO

O O OOHNH2
ONH

O C11H23

O ONH

O C11H23

OPD/C, H2

HBTU, DIPEA
1.4mM,DCM/DMF
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(2R 3S) 42

OBzl
HNNHO
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H OBzl

(2R 3S) 40

HNNHO

OHO
H OH

(2R 3S) 127(2R,3S)-42 (2R,3S)-40 (2R,3S)-127
89%

over 3 steps
46% 96%
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Esterificationste cat o

TCBC = 2,4,6‐Trichlorbenzoylchlorid; 

S 1 ( i l 2 lf l) 3 iMSNT = 1‐(Mesitylen‐2‐sulfonyl)‐3‐nitro‐
1,2,4‐triazole; 

*5 Eq. amino acid 
(Fmoc‐Phe‐OH or Fmoc‐Ser(OBzl)‐OH)

9:13:1
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Macrocyclizationy

2R,3S 46% (7%), ( )
2S,3R 51% (8%)
2S,3S 62%
2R,3R 36%

no cyclodimers observed
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1H-NMR
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NMR experimentsp
1D 2D

large MWsmall MW

Karplus gives torsion angle (C‘NCC‘)
intensity

mixing time
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ROESY, 300 ms
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Conformational AnalysisConformational Analysis
1H‐NMR:
sharp signalssharp signals
large coupling constants 
chemical shifts differ

ROE‐signals per macrocycle:HN
O

~ 40 cross peaks
25 intraresidual contacts
13 sequential contacts

20‐30 distances for
force field calculations

HN

O

N
H

O
OO

O

OH

O

(2S,3R)-13
H

1 medium range contactstarker NOE 1.8 - 2.3 Å
mittlerer NOE 2.3 - 3.5 Å
schwacher NOE 3.5 - 5.0 Å

Force field calculations:
OPLS force field with GB/SA solvation model
TNCG minimization, LMOD method

with NMR‐restraints lowest energy conformation
without restraints control and flexibility
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Computational Studiesp
1. Calculate Energy (OPLS force field parameters):
•Optimal bond length, angle,…is given

E = Ebond length + Ebond angle + Etorsion angle + Eelectrostatic + Evan der Waals

•Harmonic and disharmonic potentials are used 

2. Minimize Energy (TNCG):
•Find minimum next to calculated energy

•Use 1st & 2nd derivative 

3. Find Next Minimum (LMOD):

P t ti l h f

•Low frequency distortions (vibrations)

•using Hesse matrices

2 d d i ti  ddl i tPotential hyper surface •2nd derivatives  saddle points
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Conformational Analysis H
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OBn
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2S 3R2S 3S 2R 3R2S,3R2S,3S 2R,3R

2R 3S 2S 3R D-Ser 2R 3S D-Ser2R,3S 2S,3R D-Ser 2R,3S D-Ser

 peptidic part determines overall geometry

Stefan Wetzel
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Effect of D-Ser on Conformation

2S,3R 2R,3S

L‐Ser:  red
D Ser: oliveD‐Ser: olive
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Phosphorylation

84% 70% 80% 76%84% 70% 80% 76%

95% 87% 95% 97%

a) Tetrazole, (BnO)2PNiPr2) , ( )2 2
b) tBuOOH, 0°C
c) H2, Pd/C
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Phosphorylated Depsipeptides
O
PO3H2p y p p p
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Benzylated vs PhosphorylatedBenzylated vs. Phosphorylated
Cyclodepsipeptides

2R,3S yellow
2S,3S green
2S 3R red2S,3R red
2R,3R blue
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Flexibilityy

in 50 kJ/mol from the global minimum

h h l d h fl iblPhosphorylated structures are much more flexible.

Are there any consequences on biological activity?Are there any consequences on biological activity? 
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Synthesized CyclodepsipeptidesSynthesized Cyclodepsipeptides
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Enzyme Assaysy y

colorless yellow

[S] in assay < K Initial rate:[S] in assay < Km
less than 10% product are formed
 [S]  [S]0, nearly no reverse reaction
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VHR activity at 100 µM inhibitor conc.y µ
known inhibitor

different  aa sequencesdiastereomeres

phosphorylated
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IC50 Determination50
Measure enzyme activity at different inhibitor concentrations.
IC50 = [I] at which half of the original enzyme activity is reached. 

IC50(VHR) = 50 µM
Ki (VHR) = 36 µM

IC50(VHR)= 41 µM
Ki (VHR) = 30 µM

HN
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IC50(VHR) = 60 µM
Ki (VHR) = 44 µM
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Ki (VHR) = 28 µM
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Dephosphorylation of Inhibitor

Malachit green oxalate

Using my assay conditons:
3% dephosphorylation of inhibitor

 stable inhibitor
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VHR In The Cell
Cell growth/proliferation

nucleus
plasma

nucleus
plasma

ZAP70 activation of VHR:
- Kinase ZAP70 phosphorylates VHR

active VHR dephosphorylates pERK

VRK3 activation of VHR:
- Kinase VRK3 binds to VHR
- active VHR dephosphorylates pERK- active VHR dephosphorylates pERK

- ERK is inactive

immunosupressant

active VHR dephosphorylates pERK
- ERK is inactive

cancer treatmentimmunosupressant

Investigate phosphorylation state of ERK
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Cellular studies
Phosphorylation state of ERK:
-incubated HeLa-cells + inhibitor (DMSO)

ti l t d ith-stimulated with serum
-lysed and blotted

Cervical cancer cells from 
H i tt L k hHenrietta Lacks, who 
died from cancer in 1951.

Fast dephosphorylation of pERK.
(at constant total ERK)

• inactive in VHR assay

Inhibited pERK Dephosphorylation

inactive in VHR assay
• active in cell

Inhibited pERK-Dephosphorylation.
(at constant total ERK)

Cellular studies were performed with Karin Warburg
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Possible Explanationsp
• The compound is targeting a different enzyme, which also dephosphorylates ERK.

other MKPs have to be tested

• The compound inhibits VRK3 or ZAP70 (VHR activators).
Nearly no ZAP70 expression in HeLa cells. Only VRK3 could be inhibited. 

• The compound gets activated (e.g. phosphorylated) in the cell.
phosphorylated structures have been shown to be active

membrane
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Antibiotic Screen
Stapphylococcus aureus

Bernhard
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O
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MHB, 2.5%NaCl

MHB, 2.5%NaCl, 1.25mM Ca2+

MHB, 2.5%NaCl, 6.25mM Ca2+

20 (S) (R)

O
HN

O
OO

O

0
ST694A NIB469A ST690A NIB528 NIB537 ST692A

50 M I hibit

HN N
H

OO

OPO3H2

OH

NIB52850 µM Inhibitor NIB528
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Summaryy
•Synthesis of Stevastelin C3 Analogs
• high yielding synthesis of Stevastelin C3 Analogs• high yielding synthesis of Stevastelin C3 Analogs

– 6 diastereomeric cyclodepsipeptides

– 4 phosphorylated cyclodepsipeptides

difi d i id– modified amino acid sequence

•Conformational  Analysis
• cyclodepsipeptides can serve as rigid templates

• peptidic part determines geometry

• Phosphorylation controls conformation of the peptidic part

•Biological Investigations
• Phosphorylation is essential for VHR inhibitionPhosphorylation is  essential for VHR inhibition

• unphosphorylated analogs lead to inhibition of ERK  

depohosphorylation

• weak antibacterial activity• weak antibacterial activity
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PTP & DSP Mechanism


