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1. Introduction. One pillar of protein chemical

synthesis based on the application of ligation chemistries to
cysteine is the group of reactions enabling the selective
desulfurization of cysteine residues into alanines.2 Modern
desulfurization reactions use a phosphine as a sink for sulfur
under activation conditions involving the generation of sulfur-
centered radicals. Here we show that cysteine desulfurization by
a phosphine such as tris(2-carboxyethyl)phosphine TCEP can be
effected efficiently by micromolar concentrations of iron under
aerobic conditions in hydrogen carbonate buffer, that is using
conditions that are reminiscent of iron-catalyzed oxidation
phenomena occurring in natural waters.
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2. Influence of thiol type, thiol concentration and
hydrogen carbonate concentration

MPSNa thiol provided the best kinetics (a)
when used at 30 mM (b). Elevated thiol
concentrations are strongly inhibitory (b).
Hydrogen carbonate concentration has a major
impact on the rate of desulfurization (c). The
use of glass vials for the reaction is strongly
inhibitory (c).
Optimal conditions (MPSNa 30 mM, NaHCO3

0.24 M, TCEP 50 mM, pH 7.2, 25 °C) enabled
peptide 1 desulfurization at 810 mg scale (80%).
Desulfurization of 1 in D2O yields the
monodeuterated peptide (5 mg scale, 52%).
The process is useful at the protein level as
well.
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3. Implication of molecular oxygen

4. Implication of iron

The experiment was performed under nitrogen. Thiol oxidation occuring during the NCL step
enabled to consume the dissolved molecular oxygen remaining in the buffer solutions. The
desulfurization carried out subsequently proceeded only with the aerated sample.

Desferrioxamine B binds metal ions, preferably
Fe(III). The siderophore inhibits the
desulfurization process when added at µM
concentrations. The desulfurization process can
be restored to the level of the control by adding
FeSO4, but not other metal salts.

5. Discussion & conclusion
In our experiments, the concentration of iron species is three orders of
magnitude less (µM) than the peptide concentration (mM). In such
conditions, Fe(II) species must be recycled into Fe(III) to achieve useful
desulfurization yields.
Several studies established that the rate of oxidation of Fe(II) into Fe(III)
by molecular oxygen is critically dependent on iron speciation. In
particular, King and coworkers showed that in natural waters containing
more than 1 mM of carbonate ions, the ferrous carbonate complex
Fe(CO3)2

2- is the most kinetically active species at neutral pH for reacting
with molecular oxygen, and hence plays a major role in the degradation
of organic matter in many aquatic systems.3

Our calculations of iron speciation support the presence of Fe(CO3)2
2-in

the desulfurization mixture.1 Therefore, we think that part of the
iron(II)-catalyzed peptide desulfurization process reported here is likely
reminiscent of the iron-catalyzed oxidation phenomena occurring
naturally in aquatic systems.

The natural Fe content of a desulfurization
mixture is ~1.5 µM. * Below quantification 

limit (0.01 µM).

*
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