
• Increasing the sum of Hammett parameters of the phenol substituents in the esters give a linear

decrease in hydrolysis half-life of esters

• This also gave more non-specific acylation of model peptides

R
E

S
U

L
T

S
 A

N
D

 D
IS

C
U

S
S

IO
N

Novel functionalized acylation reagents for Gly-

and Lys-His tag acylation on proteins
Delphine N. Møller, Christian Kofoed, Mikkel B. Thygesen, Kasper K. Sørensen, Tuule Treiberg, Knud J. Jensen

Department of Chemistry, Faculty of Science, University of Copenhagen, Denmark

DEPARTMENT OF CHEMISTRY

UNIVERSITY OF COPENHAGEN

References
1) M. C. Martos-Maldonado, C. T. Hjuler, K. K. Sørensen, M. B. Thygesen, J. E. Rasmussen, K. Villadsen, S. R. Midtgaard, S. Kol, S. Schoffelen, K. J. Jensen, Nat. Commun. 2018, 9, 3307.

2) C. Kofoed, S. Wu, K. K. Sørensen, T. Treiberg, J. Arnsdorf, S. P. Bjorn, T. L. Jensen, B. G. Voldborg, M. B. Thygesen, K. J. Jensen, S. Schoffelen, Chem. Eur. J. 2022, 28, e202200147.

3) K. J. Jensen, M. B. Thygesen, K. K. Sørensen, S. Wu, T. Treiberg, S. Schoffelen, ChemBioChem 2022, 23, e202200359.

4) C. Hansch, A. Leo, R. W. Taft, Chem. Rev., 1991, 91, 165-195.

We gratefully acknowledge our collaborator Dr. Sanne Schoffelen for her contribution to the design of these experiments and protocols for the expression of N-terminally Gly-His 

tagged proteins. We thank Independent Research Fund Denmark for a grant (2035-00277B) to KJJ.

ACKNOWLEDGEMENTS

Esters with a higher sum of Hammett parameters of the phenol substituents hydrolyzed more rapidly and gave more formation of P2+. 

The increased electronegativity at the α-carbon in 5 relative to 4 and 6 resulted in enhanced formation of P1 and improved the 

selectivity of the protein acylation reaction. Incorporation of a carboxylate on the phenolic side of the ester increased the solubility and 

selectivtiy of the protein functionalization. Further, it did not affect the pH of the reaction mixture (data not shown). Esters with an EWG 

at the α-carbon showed the highest selectivity in Gly-His tag acylation of GH6-Protein X. We expect an increase in the applications of 

our Gly- and Lys-His tag acylations following this development of a highly selective reagent for protein functionalization.
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Step 1: Organic synthesis Step 2: Protein modification
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Chemical modification of protein amines is often performed by acylation of amines using NHS-esters. Due 

to the high reactivity of NHS-esters, mixtures of products are formed. Highly selective chemical 

modification of a protein was performed using an N-terminal histidine based peptide tag, the Gly-His tag 

(GHHHHHH–), which has been developed in our lab. New acylating reagents which facilitate the 

introduction of functionalities such as biotin, fluorophores, or half-life extending moeities were designed 

and synthesized using well-known organic chemistry. This was demonstrated by the synthesis of an array 

of activated biotin esters. We compared them to our previous biotinylation reagent, and a biotin ester with 

X = H. The reactivity and solubility of the esters were tuned by varying the substituents on the α-carbon, X 

and Y, and including a carboxylate on the phenolic side. Our optimized esters reacted with very high 

selectivity towards GH6-Protein X.
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Conditions: 30 μM GH6-Protein X in PBS, pH 7.4 at 4°C was reacted with the ester for 48 h (5% DMSO was used to dissolve 4-6).

The relative abundances of products were derived from deconvoluted mass spectra (ESI-TOF).

Gly-His tag: 

Lys-His tag:
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Conditions: 2.5 equiv. ester 7-14 in acetonitrile was reacted with 1 mM 

GHHHHHHG-DWLKAFYDKVAEKLKEAF in 200 mM HEPES, pH 7.5 at
4°C for 24 h. The relative abundances of monofunctionalized (P1) and

multi-functionalized (P2+) products were derived from UPLC traces (215 

nm).

Conditions: 2.5 mM ester 7-14 in 200 mM HEPES (10% 
acetonitrile), pH 7.5 at 4°C was monitored on UPLC for 24 h.

The areas under the curve for the ester signals were used to 

estimate the hydrolysis.

Improved biotin esters
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