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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.? 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.

SH O

%peptideﬂ JCys oo Ala

NH, SH

. . NCL o o
CySteInyI peptlde reaction . Desu|furizati0n ;
+ - peptide 1 )LN peptldGZ] . peptide 1 )J\N peptIdGZ]
O H O H o
peptide1 )kSR ligated peptide desulfurized peptide
1
Radical v
peptide thioester source dy rogen
- onor
phosphine
) PR .
0 S \3 0
peptide )LN peptide2) - peptide XN/H((peptldeZ]
H o ) 1 g
S=PRj
thiyl radical C-centered radical
This work o S
i ( )
o, Fe(ll)L, peptide )LNLH/(pept'deZ] ) . | Phosphine PR,
H 0
O_
S L= © O R = /,/\/COZH
)OL O)ko Tris(2-carboxyethyl)
—° : peptide2y - g o
0, Fe(llL, pepiided™ "N ) _Phosphine, TCEP |
O

2. Influence of thiol type, thiol concentration and

hydrogen carbonate concentration

3. Implication of molecular oxygen

SH Thiol, phosphine H NaHCO3; 0.24 M
PILKE. VHGV-NH NaR©0s, RO PILKE VHGV-NH 7O o san HE 5.7 M Fo50, 10 M
] - - ] ! LA-
N 2 H7.2-7.7, 25 °C N 2 ILKEPVHGA\H/S\/, . N/E”/(ILKEPVHGV-NH) MPSNa 30 mM_ dtﬁmgﬁm : . (:t'églimgo_ﬁﬂ
@) @) O 2 O 37 OC, under N2 = Under N2
1(3 mM) 2 3 (3 mM) 4 (3 mM) 5 or 6
a _ b Aerated
TCEP 100 mM, thiol 10 mM, Gdn-HCI 5.5 M TCEP 50 mM, Gdn-HCI 5.7 M

100 100 a 5-> 6, Aerated 5->6, Under N, b

90 - 90 - e Abs. (UV, 215 nm) t=6h Abs. (UV, 215 nm) t=6h 60
e I\ e _ 50 - ®
> 80 - o S 80 - — Et=2h TCEP=S 5 o 5) ®
o k) - _ < i O
2 70 - 2 704~ L L at=4n ° 5 o 4
9 L ) 60 I Ht=22h AILKEPVHGV-NH 6 £ 30 - ®

60 - A —I 60 - X Aerated
a 7 HS” >""SO;Na ® MPSNa | @& (4 desulfurized) = ° © Aeraie
T 50 /0 Hs T 50 - - s, 20 1 O Under N,
S ‘A <> ~">50,Na O MESNa S 4 O 104
Sa{ ~"CO,H A MPA 5 30 { [ X TCEAP:S L 0 © O O
820_A/<>/ NH, O SHH & GSH 820_ AL L B LR ' ' ' ' ' '
8 <>/ /'\@)J\ § CO.H 8 5.0 10.0 15.0 5.0 10.0 15.0 0 1 2 3 4 ) 6

10 - HO,C 2 N T2 10 - Time (min) Time (min) Time (h)

0 | | 0 | ol I P O OB O OB OO OB The experiment was performed under nitrogen. Thiol oxidation occuring during the NCL step
0 > 10 e (h 15 20 25 0 s 10 ZO[MF?gNaTC(’mJ)O 60 70 80 90 enabled to consume the dissolved molecular oxygen remaining in the buffer solutions. The
Ime
. . L c desulfurization carried out subsequently proceeded only with the aerated sample.
MPSNa thiol provided the best kinetics (a) TCEP 50 mM, MPSNa 30 mM k Y P Y P

100

when used at 30 mM (b). Elevated thiol
concentrations are strongly inhibitory (b). %97
Hydrogen carbonate concentration has a major = 89 1
impact on the rate of desulfurization (c). The
use of glass vials for the reaction is strongly

70 -

60 -

4. Implication of iron

MPSNa 30 mM, TCEP 50 mM, Desferrioxamine B (DesB) 5.7 uM
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Several studies established that the rate of oxidation of Fe(ll) into Fe(lll)
oy molecular oxygen is critically dependent on iron speciation. In
oarticular, King and coworkers showed that in natural waters containing
more than 1 mM of carbonate ions, the ferrous carbonate complex
Fe(CO,),* 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(CO,),%in
the desulfurization mixture.! Therefore, we think that part of the
iron(ll)-catalyzed peptide desulfurization process reported here is likely
reminiscent of the iron-catalyzed oxidation phenomena occurring
naturally in aguatic systems.

concentrations. The desulfurization process can The natural Fe content of a desulfurization
be restored to the level of the control by adding mixture is ~1.5 uM. * Below quantification
FeSO,, but not other metal salts. limit (0.01 uM).
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