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A simple method for monitoring the cysteine content in
synthetic peptides
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Abstract: A new method for the determination of the cysteine content of synthetic peptides is described. For this purpose the
classical amino acid analysis is not suitable, as cysteine may undergo oxidative dimerisation to cystine during the hydrolysis
or evaporation. The intact peptide was reacted with N-ethylmaleimide (NEM) yielding a stable S-(N-ethylsuccinimido)-cysteine
derivative, which could be separated by RP-HPLC and characterised by mass spectrometry. For the quantitative determination
less than 0.1 µM peptide was sufficient. Copyright  2008 European Peptide Society and John Wiley & Sons, Ltd.
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INTRODUCTION

Peptide/polypeptide and protein-based conjugates with
covalently attached epitope peptides are considered as
potential synthetic vaccine or diagnostics candidates
and also for drug targeting to be used in chemother-
apy [1]. Applications of cysteine-insertion and thioether
linkage approaches to the preparation of a number
of bioactive peptide conjugates are reported [1–3].
Peptides containing epitopes from (i) Herpes simplex
virus type 1 glycoprotein D, (ii) a specific N-terminal
β-amyloid epitope recognised by therapeutically active
antibodies, (iii) GnRH-III peptide from sea lamprey with
anti-tumour activity, (iv) Mycobacterium tuberculosis
related epitope peptides, (v) cytokines and their recep-
tors related peptides were elongated with Cys residues
and attached to chloroacetylated carrier derivatives via
a thioether linkage either directly or by insertion of a
spacer [2,3]. An advantage of such a direct linkage is the
non-antigenic character of the linkage compared with
some of those introduced with hetero-bifunctional cou-
pling agents [2,4]. The structure and molecular homo-
geneity of all the peptide conjugates were ascertained
by HPLC, MALDI and electrospray mass spectrometry.
Experimental data showed that the purity of the Cys
elongated peptides and the attachment site of the Cys
residues to the epitope peptides (N- or C-terminal elon-
gation), have significant effects on the quality of the
final conjugates and the yield of the coupling reactions.

In controlling the purity of synthetic peptides, quan-
titative amino acid analysis is still one of the most
important methods. After hydrolysis the building amino
acids can be separated by chromatography and deter-
mined using pre-column or post-column derivatisation.
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In the case of cysteine-containing peptides one has to
take into account some difficulties. It is well known that
cysteine is very sensitive to oxidation. Even under care-
fully selected reaction conditions cysteine residues can
be easily oxidised to cystine. A similar side-reaction can
occur during synthesis as well, it is not easy to decide
whether the cystine determined by the amino acid anal-
ysis originated from the hydrolysate or the investigated
peptide was contaminated. On ion-exchange chro-
matography the retention time of proline and cysteine is
almost the same, therefore cysteine can be determined
only in the case of a proline free peptide. Choosing the
other well-known method, the pre-column derivatisa-
tion by ortho-phthaldialdehyde (OPA), another difficulty
should be taken into consideration. To stabilise the
isoindole derivative originating during the reaction, one
has to use a sulfhydryl-containing compound. It is clear
that in such circumstances the determination of cys-
teine is theoretically almost impossible. To solve these
problems, in the early period of amino acid analysis
a procedure was proposed [5] in which the cysteine
of a protein or peptide was oxidised and determined
as cysteic acid. This method has some disadvantages.
Amino acids sensitive to oxidation, e.g. methionine, may
also react and cysteic acid may originate from cystine
impurities.

For the determination of free sulfhydryl-groups in
proteins, Ellman’s method is commonly used [6]. 5,5′-
Dithiobis(2-nitrobenzoic acid) (DTNB) is a symmetrical
aryl disulfide that readily undergoes a thiol–disulfide
interchange reaction in the presence of free sulfhydryl-
groups forming the corresponding thionitrobenzoic acid
(TNB), which can be determined spectrophotomet-
rically. The reaction has been successfully applied
for different proteins, especially in measuring the
activity of acetylcholinesterase [7,8]. In spite of its
widespread popularity the method has some practi-
cal problems, e.g. pH-induced disulfide disruption and
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the re-oxidation of the R-SH groups [9]. Though the
reaction is quantitative, the fact that the product to be
measured is the result of a second reaction step can
cause some difficulties. Among the reaction parameters
neutral pH, temperature and the oxygen-free medium
are very important. Even when these conditions are
carefully controlled anomalies may be observed [10,11].

The reaction of a free sulfhydryl-group with N-
ethylmaleimide (NEM) is well known. The formation
of the adduct has been followed by spectrophotomet-
ric measurement using the decrease of the absorbance
at λ = 300 nm [12–14]. The cysteine content of several
proteins has been determined using this method. The
stability of NEM in solution and the rate of the reaction
between NEM and glutathione at different pH values
have also been investigated [15]. Many attempts have
been made to improve the method, in order to make
the determination of the sulfhydryl–maleimide adduct
easier. For example, the cysteine content of different
proteins was determined using a coloured maleimide-
derivative [16], fluorescent maleimide-derivative [17]
and various N-substituted maleimides [18]. In the
case of polypeptides or proteins of low molecular
weight, the number of free sulfhydryl-groups can be
determined by the reaction with 4-vinylpyridine or
NEM followed by mass spectrometry [11]. A series of
N-polymethylenecarboxymaleimides has been synthe-
sised as membrane-permeant sulfhydryl-reagents and
by this means the position of sulfhydryl-groups within
the membrane has been investigated [19]. Studying the
redox-status of cysteine, homocysteine and glutathione

in human plasma, NEM was used for blocking the free
sulfhydryl-groups [20].

Our aim was to develop a new method based on
an unequivocal reaction course leading to a stable
reaction-product easy to measure for determination of
free sulfhydryl-group of synthetic, cysteine containing
peptides. For this purpose the reaction between the
free sulfhydryl-group and NEM seemed to be a suitable
one. By this new method it is possible to determine
the cysteine content in the intact peptide. The reaction
with NEM is very simple (Figure 1), in neutral or slightly
basic medium it takes place in a few minutes. The
product, the S-(N-ethylsuccinimido)-cysteinyl-peptide
can be measured by RP-HPLC, the starting substance
and the unreacted reagent (NEM) could be separated
efficiently and the product was confirmed by mass
spectrometry. The relative amount of reduced and
oxidised Cys-peptide was calculated from the peak area.
In this article, we restrict ourselves to present only
a few, very characteristic, examples of determination
of SH-groups by this method developed in our
laboratory. As reference substances N-acetylcysteine
and glutathione have been used.

MATERIALS AND METHODS

Materials

NEM and L-glutathione were purchased from Fluka (Buchs,
Switzerland). N-Acetylcysteine was obtained from Sigma
(Steinheim, Germany), all other amino acid derivatives from
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Figure 1 Reaction of N-ethylmaleimide with N-acetylcysteine.

Figure 2 RP-HPLC analysis of N-acetylcysteine dissolved in 0.1M TRIS buffer (pH = 7.0, c = 1 mg/ml) (A) and of the reaction
mixture with NEM (1.1 M equivalent) (B). The eluent B content was from 0 to 40% in 20 min.
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Reanal (Budapest, Hungary). Acetonitrile and trifluoroacetic
acid (both HPLC grade) were from Merck (Darmstadt,
Germany).

Peptide Synthesis and Purification

The sequences of the analysed peptides are as the fol-
lowing: SEFAYGSFVRTVSLPVC, DQVHFQPLPPAAVVC, IRVR-
NASWQHDIDSLFCTQR (peptides derived from immunodomi-
nant proteins of M. tuberculosis), SEWSC (highly conserved
interleukin-6 receptor domain). All peptides were synthesised
on solid phase using Fmoc/tBu chemistry as described in
detail elsewhere [3,21,22]. After cleavage from the resin the
peptides were purified by RP-HPLC on semi-preparative C-18
column. Peptides were of minimum 90% purity and homogene-
ity was confirmed by analytical RP-HPLC, mass spectrometry
and amino acid analysis.

Reaction of Free Thiol Group with N-Ethylmaleimide

All peptides and amino acid derivatives were dissolved at
the concentration of 1 mg/ml in 0.1M TRIS buffer (pH 7.0).
NEM was dissolved in absolute ethanol to obtain a stock
solution (c = 0.1 mg/ml), freshly prepared daily. To the peptide
solution, 1.1 M equiv of NEM to 1 equiv free thiol group was
added. The mixture was sonicated at room temperature for
5 min. There were no significant differences in peak areas of
the succinimide derivatives when samples were incubated at
room temperature from 5 to 60 min.

Amino Acid Analysis

Amino acid analysis was performed on a Sykam Amino Acid
S433H analyser (Eresing, Germany).

High-Performance Liquid Chromatography

Peptides, amino acid derivatives and the reaction mixtures
were analysed by RP-HPLC using a laboratory-assembled
Knauer HPLC system (Bad Homburg, Germany) with an
Eurospher-100 C-18 column (250 mm × 4 mm I.D., 5 µm
particle size, 300 Å pore size) (Knauer, Bad Homburg,
Germany). The gradient elution system consisted of 0.1% TFA
in water (eluent A) and 0.1% TFA in acetonitrile/water = 80/20
(v/v) (eluent B). The eluent B content varied depending on the
polarity of the analysed product. The flow rate was 1ml/min at
room temperature. 20 µl of samples were injected and peaks
were detected at λ = 214 nm.
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Figure 4 Formation of dehydroalanine by β-elimination of
C-terminal cysteine residue during solid phase synthesis.

Figure 3 Analytical RP-HPLC chromatogram (A) and ESI mass spectra (B) of glutathione. After adding 1.1 M excess of NEM
(Rt = 13.85 min) the product eluated in two peaks (Rt = 11.65 min and Rt = 12.06 min) (C). The eluent B content was from 2 to
60% in 30 min. The molecular mass of the target compound was confirmed by ESI MS (D).
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Mass Spectrometry

Mass spectrometric analyses were performed on a Bruker
Esquire 3000+ ion trap mass spectrometer (Bruker, Bremen,
Germany) equipped with electrospray ionisation (ESI) source.
Spray voltage was set to 4.0 kV, and 40.0 V orifice voltage
was applied. Samples were dissolved in a mixture of
acetonitrile/water = 1/1 (v/v) containing 0.1% acetic acid and
introduced by a syringe pump with a flow rate of 10 µl/min.

The instrument was used in positive mode in the range of
50–3000 m/z with 13 000 m/z/sec scan resolution.

Time Dependence of Dimerisation of
SEFAYGSFVRTVSLPVC Peptide

To monitor the rate of dimerisation, the peptide was dissolved
in 0.1M TRIS (pH 8.3), (c = 1 mg/ml) and stirred at room
temperature. In every hour, to 100 µl (100 µg, 53.8 µmol)

Table 1 Analytical characterisation of peptides and peptide derivatives

Peptide Mmo
a Rt

b

(min)
Mmo of

succinimido
derivativea

Rt of succinimido
derivativeb

(min)

glutathione 306.7 5.84 431.8 11.65/12.06
SEWSC 609.9 20.52 734.9 23.78
SEFAYGSFVRTVSLPVC 1860.1 32.83 1958.2 34.25
DQVHFQPLPPAAVVC 1450.2 28.62 1575.2 30.31
IRVRNASWQHDIDSLFCTQ 2444.4 31.10 2569.6 32.31

a Monoisotopic molecular mass measured by ESI MS.
b Retention time on analytical RP-HPLC chromatogram.

Figure 5 Analytical RP-HPLC chromatogram (A) and ESI mass spectrum (B) of SEWSC peptide. Chromatogram C shows the
reaction of the peptide with NEM (Rt = 17.00 min), the resulting succinimido derivative (Rt = 23.78 min) and the byproduct
containing dehydroalanine (Rt = 20.39 min). Molecular mass values of these compounds are shown in spectrograms D and E, the
latter being by 34.0 Da lower than that of the intact peptide (indicating the formation of dehydroalanine derivative).
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Figure 6 Analysis of SEFAYGSFVRTVSLPVC peptide by analytical RP-HPLC (A) and ESI MS (B). The eluent B content was from
2 to 60% in 35 min. The reaction with NEM (Rt = 18.25 min) resulted in the succinimide derivative (Rt = 34.25 min) (C), the
structure of which was confirmed by ESI MS (D).

sample 1.1 M equivalent (7.4 µg, 59.1 µmol) NEM was added
and the reaction mixture was analysed by RP-HPLC.

RESULTS

The reaction between cysteine and NEM leads to a com-
pound S-(N-ethylsuccinimido)-cysteine. (Figure 1). As
expected the resulting product contains the equimolar
mixture of the S,R and S,S diastereomers, which can be
separated by analytical RP-HPLC in the case of smaller
molecules.

The HPLC chromatograms presented in Figure 2
clearly shows the disappearance of the starting
material (Rt = 11.02 min) and the appearance of two
diastereomers (Rt = 17.39 and 17.65 min), as well as
the presence of the excess reagent (Rt = 19.46 min).

In the reaction of the glutathione with NEM the
diastereomers of the product appear again. The
structure of the product from the isolated fraction of
the HPLC run was confirmed by mass spectrometry
(Figure 3).

The diastereomers obtained from synthetic peptides
of higher molecular mass during the reaction with NEM
were not demonstrable, perhaps due to the minimal
differences in their retention times under the conditions
used.

An unexpected reaction has been encountered in the
course of determination of the sulfhydryl-group in the

SEWSC peptide. The peptide on HPLC chromatogram
seemed to be homogeneous, but after the reaction with
NEM beside the reaction-product and the excess NEM a
new peak appeared. At the investigation of this fraction
by mass spectrometry the new peak proved to be a
dehydroalanine containing contamination (Figure 5),
which could have originated from cysteine by β-
elimination during the synthetic steps (Figure 4).

Two of the investigated peptides are worth mention-
ing, both from the sequence of the immundominant
protein of the M. tuberculosis, namely, a heptade-
capeptide amide (SEFAYGSFVRTVSLPVC) and a tride-
capeptide amide (DQVHFQPLPAVVC). By the amino
acid analysis – because of the presence of proline – the
determination of the cysteine residue is impossible,
their cysteine content could be demonstrated only
by mass spectrometry. The reaction with NEM sup-
ported the correct structure of the peptides in both
cases. At the heptadecapeptide using the reaction
with NEM, even the time dependence of dimerisa-
tion of the peptide could be followed. The decrease
of the amount of free sulfhydryl-containing pep-
tide was measured for 8 h, when the conversion
was about 80% and the reaction became very slow.
Figure 6 shows the reaction of the heptadecapeptide
with NEM.

In the Table 1 we summarise our results, showing the
molecular mass and retention time values of starting
peptides and the product with NEM.
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DISCUSSION

The purity of the synthetic peptides was controlled in
every case by amino acid analysis. Though the peptides
were homogeneous by HPLC and their structure was
supported by mass spectrometry, we could not detect
cysteine in the hydrolysate in the calculated amount.
In those cases, when the sequence did not contain
proline whose presence could disturb the determination
of cysteine by amino acid analysis, the cysteine content
appeared mostly as cystine. It is very likely that the
milieu of the hydrolysis and the succeeding evaporation
are responsible for the formation of cystine, but even
under carefully controlled reaction conditions a partial
oxidation of cysteine could not be avoided. In the
case of amino acid analysis of glutathione, as a
reference substance, the cysteine–cystine ratio was
85 : 15.

According to the literature, [23,24] the NEM-
derivative of cysteine-containing peptides can be
hydrolysed and determined by amino acid analysis. The
product with NEM is S-(N-ethylsuccinimido)-cysteine,
which yields equal amounts of cysteine-S-succinic acid
and ethylamine during the hydrolysis. At ion-exchange
chromatography, the expected cysteine derivative elutes
before aspartic acid and ethylamine after the basic
amino acids. However, in the case of glutathione, not
only the succinic acid derivative but also free cysteine
was detected after the hydrolysis. This amino acid
could be originated only from the partial decomposi-
tion of the thioether compound. It is certainly possible
to eliminate this side-reaction by modifying the hydrol-
ysis parameters; however, we are convinced that for
the determination of the cysteine content in the intact
peptides, the reaction with NEM and the monitoring
by HPLC, the resulting S-(N-ethylsuccinimido) com-
pound is the most promising method as described
in this article. A great advantage of it is to provide
a selective, chemically defined and safe way to tell
apart dimer from the monomer originally containing
free sulfhydryl-group. As it was shown, the method
is suitable to detect side-reactions as well. The β-
elimination step is possible in the case of cysteine-
containing peptides and it is sometimes hard to deter-
mine peptides of higher molecular mass by HPLC.
Furthermore, it is easy to follow a dimerisation reac-
tion between two cysteine residues by this procedure.
For the determination of the sulfhydryl content by this
procedure, less than 0.1 µM of the synthetic peptide is
sufficient.
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