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Objective and Method

Building on this approach, we aimed to retain the kinetic benefits of
electrostatic assistance while minimizing or avoiding charged
residues in the final product.
To achieve this, we developed a tandem electrostatic assistance
strategy that accelerates both key steps of the NCL reaction,
catalysis and capture, as depicted in the scheme on the right.

Conclusion

Overall, tandem electrostatic assistance of the NCL reaction offers an efficient and
catalyst-sparing approach for protein modification under dilute conditions, with reaction
rates reaching ~ 104 M-1 s-1.
Building on these promising results, the in trans approach could ultimately enable fast
and traceless protein modification.

Introduction

Native chemical ligation (NCL)1 couples a C-terminal peptide thioester with an N-terminal cysteinyl peptide to form a native peptide bond. This strategy has greatly expanded access to
proteins through semi- or total synthesis, enabling numerous applications. When peptide alkyl thioesters² are used, the reaction begins with nucleophilic catalysis: a thiol-thioester
exchange with an aryl thiol catalyst converts the alkyl thioester into a more reactive aryl thioester. In a subsequent capture step, this intermediate reacts with the cysteinyl peptide to
generate the native peptide bond.
Despite requiring a large excess of catalyst, the reaction exhibits only moderate rate constants at millimolar peptide concentrations (~50 M⁻¹ s⁻¹)3, promoting side reactions and
limiting efficiency at lower concentrations. Considerable efforts have therefore been devoted to accelerate this reaction through a variety of strategies.4 Among them, preliminary
work from our laboratory demonstrated that incorporating charged motifs into peptide sequences to promote electrostatic interactions can significantly enhance NCL kinetics.5

Tandem electrostatic assistance of aryl thiol-catalysed NCL between an alkyl thioester and a cysteinyl protein
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3. Protein modification

GSTYKLILNGKTLKGETTTEAVDA
ATAEKVFKQYANDNGVDGEWTY
DDATKTFTVTEGSGSHHHHHH

GB1 = LEIEAAFLERENTALETRVAELRQRV
QRLRNRVSQYRTRYGPLGGGKbiot

VinA =

LEIRAAFLRQRNTALRTEVAELEQE
VQRLENEVSQYETRYGPLGGGK

VinB =
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After demonstrating its efficiency on model peptides at low concentrations, we applied
this tandem strategy to protein modification at 100 nM with only submicromolar catalyst
loadings (500 nM):
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Theoretical kinetic profile of a second-
order reaction (k = 2 104 M−1 s−1)

Unlike the previous approach, introducing the charged module in trans brings the
charged group close to, but not directly next to, the cysteine, avoiding its incorporation
into the final product:

4. Protein modification in trans

CR6-GB1 was produced by
recombinant expression

2. Tandem NCL

Next, we demonstrated the feasibility and efficiency of the tandem NCL strategy using
3pS catalyst :
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The potential of this approach at low concentrations
was determined with ligations from 10 µM to 100 nM
between:

Kinetic profile almost unchanged upon 100-fold dilution
t1/2

1. Nucleophilic catalysis

Pgc 3- Arg3
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The reaction rate increases with the 
catalyst’s charge 

Introducing conformational constraints 
decreases the reaction rate 

Combination of Arg6 thioester and 3pS catalyst enable to achieve the fastest rate

First, we sought to identify the optimal charged moieties for electrostatic assistance by
focusing exclusively on the catalytic step of NCL:

• How does thioester
charge pre-
organization affect
the thiol-thioester
exchange rate with
3pS catalyst?

• How does the
catalyst’s charge
affect the thiol-
thioester exchange
rate with Arg6

thioester?
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