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Outline

• Background: Post‐translational modifications (PTM)
• Methods to introduce site‐directed PTMs in proteins or

peptides: SPPS, NCL and EPL

• Paper 1 (application of SPPS and NCL): One‐pot total chemical
synthesis of human α‐synuclein

• Paper 2 (application of SPPS, NCL and EPL): One‐pot
semisynthesis of exon 1 of the Huntingtin protein: new tools for
elucidating the role of PTM in the pathogenesis of Huntington’s disease



Protein post‐translational modifications (PTMs)
• Protein post‐translational modifications (PTMs) increase the functional diversity of

the proteome by the covalent addition of functional groups or proteins, proteolytic
cleavage of regulatory subunits or degradation of entire proteins

• Post‐translational modification can occur at any step in the "life cycle" of a protein
– Shortly after translation is completed to mediate proper protein folding or stability or to direct the

nascent protein to distinct cellular compartments (e.g., nucleus, membrane)
– After folding and localization are completed to activate or inactivate catalytic activity or to otherwise

influence the biological activity of the protein
– Proteins are also covalently linked to tags that target a protein for degradation

• PTMs are most often mediated by enzymes such as, kinases, phosphatases,
transferases and ligases, which add or remove functional groups, proteins, lipids or
sugars to or from amino acid side chains, and proteases, which cleave peptide
bonds to remove specific sequences or regulatory subunits. Many proteins can
also modify themselves using autocatalytic domains, such as autokinase and
autoprotolytic domains.



PTMs: some examples
Proteins in eukaryotic cells can be edited after translation by a wide variety of reversible 
and irreversible PTM mechanisms.
The structure, stability and function of proteins in the cells can be dynamically altered by 
these PTMs.

Wang et al. Cell Research (2014)



Methods for site‐directed introduction of PTMs in 
peptides or proteins

• Solid‐phase peptide synthesis (SPPS)
• Native chemical ligation (NCL)
• Expressed protein ligation (EPL)



Solid‐phase peptide synthesis (SPPS)

http://www.astbury.leeds.ac.uk/facil/jifweb/



Peptide ligation I: Synthetic strategy for Fmoc‐
SPPS of thioester peptides

Blanco‐Canosa et al. Angewandte Chemie (2008) Nbz: N‐acyl‐benzimidazolinone



Peptide ligation II: Synthesis of LYRAG‐Nbz

Dawson et al. Angewandte Chemie (2008)



Native chemical ligation (NCL)

Dawson et. al, Science (1994)



NCL for peptides with no Cys

Yan et. al, JACS (2001)



Mechanism & catalysis of NCL

Johnson & Kent, JACS (2006)



Synthetic scheme for thioester generation by using 
Dbz as a masked thioester during Fmoc SPPS

Mahto et al. Chembiochem (2011)



Dbz protection strategy

Mahto et al. Chembiochem (2011)





Rationale:
• Several PTMs identified in Lewy bodies (LBs) (i.e. phosphorylation, mono‐

and poly‐ubiquitination at Lys residues, truncations and nitration)
suggesting that they can play a role in syn aggregation

• Also, PTMs regulate key aspects of the physiological and pathogenic
properties of PD‐associated pre‐synaptic α‐synuclein (i.e. degradation by
the proteosome or authophagy, subcellular localization and physiological
functions)

Goal:
• Introduction of single or multiple PTMs (or small molecules) at any site of

α‐synuclein to get homogeneous preparations

Fauvet et al. 2013, “One‐pot total chemical synthesis of human α‐synuclein”



PTMs of α‐synuclein

PTMs identified from in‐vitro studies (below) 

PTMs identified in Lewy Bodies



Approach: design of α‐synuclein fragments

Four‐fragment ligation strategy (top) and 
three‐fragment scheme (bottom)



Approach: One‐pot total chemical synthesis

Fauvet et al. 2013



One‐pot synthesis of α‐synuclein
Peptides chosen for 3‐fragment strategy



Purity analyses of the peptides used for WT α‐
syn(1‐140) total synthesis



One‐pot synthesis of α‐synuclein







Biophysical and biochemical characterization of 
synthetic wt α‐syn vs rec α‐syn

Circular dichroism
spectroscopy

Multi‐angle light 
scattering 

Fibrillization studies
after high‐speed 
centrifugation

TEM



Summary

• Development of a strategy to allow one‐pot total chemical
synthesis of α‐syn using 3 peptide fragments

• Chemical α‐syn has comparable biophysical and biochemical
properties than rec α‐syn

• NCL and SPPS enables synthesis of PTMs in regions
unaccessible by semisynthetic methods.





Ansaloni et al. “One‐Pot Semisynthesis of Exon 1 of the Huntingtin Protein: New 
Tools for Elucidating the Role of Posttranslational Modifications in the Pathogenesis 

of Huntingtons Disease” (2014)

Rationale
• Huntingtons disease (HD) is an autosomal dominant neurodegenerative 

disorder caused by polyglutamine repeat expansion (polyQ repeat>37Q) 
within the first exon (ex1) of the Huntingtin (Htt) gene enhanced Htt
aggregation, increased toxicity in animal models of HD, and early disease 
onset in humans

• High number of PTMs in the Nt17 (highly conserved among species) of Htt
(i.e. acetylation, phosphorylation, SUMOylation, and Ubiquitination)
regulation of Htt function in health and Disease

Goal
• Site‐specific introduction of pT3 in the Nt17 domain of the Httex1 (in mg 

amounts) and to determine the effects of such PTM on structure and 
aggregation



Approach: semisynthetic strategy by EPL

Nbz‐peptide fragment 
(Nbz=N‐acyl‐benzimidazolinone) 



Semisynthesis of wt and pT3 Httex‐23Q



Preparation of recombinant Htt10‐90(A10C)‐23Q



Purification and analysis of Htt10‐90(A10C)GST‐23Q



General scheme of the cleavage and purification of 
Htt10‐90(A10C)‐23Q





Cation‐exchange purification of Htt10‐90(A10C)‐23Q



Circular dichroism spectroscopy







AFM analyses

wtpT3



wt

pT3

AFM analyses













Protein ubiquitination example

Hejjaoui et al. Angewandte (2011)



Summary
• Httex1 with polyQ repeats below the pathogenic threshold (23Q) leads to

aggregates and spherical and short fibril‐like structures in contrast to
previous findings (in fusion proteins in which peptides or proteins were
fused to the N and/or C termini of Httex1, the effect of the cleaved protein
tags on the aggregation process was not assessed or accounted for.

• The general semisynthetic strategy described here can be easily extended
to generate homogeneously phosphorylated, acetylated, or
ubiquitinylated forms of Httex1‐23Q in mg quantities as for α‐syn (add
refs)



PTMs intro
• Chemical modifications that playing a key role in functional proteomics, because they regulate activity, 

localization and interaction with other cellular molecules such as proteins, nucleic acids, lipids, and 
cofactors normal cell biology and pathogenesis

• Post‐translational modification can occur at any step in the "life cycle" of a protein. For example, many 
proteins are modified shortly after translation is completed to mediate proper protein folding or stability 
or to direct the nascent protein to distinct cellular compartments (e.g., nucleus, membrane). Other 
modifications occur after folding and localization are completed to activate or inactivate catalytic activity 
or to otherwise influence the biological activity of the protein. Proteins are also covalently linked to tags 
that target a protein for degradation. Besides single modifications, proteins are often modified through a 
combination of post‐translational cleavage and the addition of functional groups through a step‐wise 
mechanism of protein maturation or activation.

• Protein PTMs can also be reversible depending on the nature of the modification. For example, kinases 
phosphorylate proteins at specific amino acid side chains, which is a common method of catalytic 
activation or inactivation. Conversely, phosphatases hydrolyze the phosphate group to remove it from the 
protein and reverse the biological activity. Proteolytic cleavage of peptide bonds is a thermodynamically 
favorable reaction and therefore permanently removes peptide sequences or regulatory domains

• Protein post‐translational modifications (PTMs) increases the functional diversity of the proteome by the covalent addition 
of functional groups or proteins, proteolytic cleavage of regulatory subunits or degradation of entire proteins. 

• Regulate cellular activity
PTMs occur at distinct amino acid side chains or peptide linkages and are most often mediated by enzymatic activity. Indeed, it is 
estimated that 5% of the proteome comprises enzymes that perform more than 200 types of post‐translational modifications (4). 
These enzymes include kinases, phosphatases, transferases and ligases, which add or remove functional groups, proteins, lipids or 
sugars to or from amino acid side chains, and proteases, which cleave peptide bonds to remove specific sequences or regulatory 
subunits. Many proteins can also modify themselves using autocatalytic domains, such as autokinase and autoprotolytic domains.

Pierce


