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Summary: A simple and specific assay was developed for the determination of cysteine. Cysteine was reacted
with p-dimethylaminocinnamaldehyde in methanol at 60 °C for 2 h in the presence of sulphuric acid as a
catalyst. Absorbance was measured at 587 nm; the chromogen was stable at 60 °C for at least 5 h. The colour
reaction was specific for cysteine, and was negative for other amino acids but positive for cysteamine. The
absorbance followed Beer’s law in the range from 0.825 to 413,mol/l, and the apparent molar lineic absor-
bance was calculated to be 5000 m? - mol~'. This procedure is applicable to the determination of cysteine and
cystine in amino acid mixtures and in plasma, since cystine can be quantitatively reduced to cysteine with
dithiothreitol under alkaline conditions. Recovery of cysteine and cystine from human plasma was 98.5 to
103% and 94.2 to 102%, respectively.

Einfache und spezifische kolorimetrische Bestimmung von Cystein mit p-Dimethylaminocinnamaldehyd

Zusammenfassung: Eine einfache und spezifische Methode zur Bestimmung von Cystein wurde entwickelt.
Cystein wurde mit p-Dimethylaminocinnamaldehyd und Schwefelsdure als Katalysator in Methanol bei 60 °C
fiir 2 h zur Reaktion gebracht. Die Absorption wurde dann bei 587 nm getestet. Das Chromogen war bei
60 °C fiir mindestens 5 h stabil. Die Farbreaktion war spezifisch fiir Cystein und negativ fiir andere Amino-
sduren, jedoch positiv fiir Cysteamin. Die Absorption folgte dem Beer’schen Gesetz im Bereich von 0,825 bis
413 pmol/l Cystein und die Berechnung der molaren linearen Absorbanz ergab 5000 m?- mol~'. Das Ver-
fahren ist auf die Bestimmung von Cystein und Cystin in Aminosaure-Gemischen und Plasma anwendbar,
weil Cystin zu Cystein mit Dithiothreitol unter basischen Bedingungen quantitativ reduziert wurde. Cystein
wurde aus menschlichem Plasma im Bereich von 98,5 bis 103% und Cystin von 94,2 bis 102% wiederge-
funden.

Introduction

Many methods for the determination of cysteine and
cystine have been reported. These methods depend
on ion-exchance chromatography (1—4), spectro-
photometry (5—7), gas chromatography (8), thin
layer chromatography (9), polarography (10), fluo-
rometry (11), enzymatic reaction (12) and high per-
formance liquid chromatography (13—15), which
has been the subject of many recent publications.
High performance liquid chromatography analysis is
too elaborate and time consuming. The method of
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Gaitonde (5), which is based on coloration of cys-
teine with the modified ninhydrin reagent, is widely
used because of its simplicity and specificity.

In the present paper, we describe a new method for
the determination of cysteine, based on the forma-
tion of a chromophore with p-dimethylaminocin-
namaldehyde; it is applicable to amino acid mixtures
and plasma. The quantification of cystine, after re-
duction to cysteine with dithiothreitol under alkaline
conditions, is also presented.
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Materials and Methods

Reagents and Instrumcnts

GSH and GSSG were kindly supplied by Yamanouchi Pharma-
ceutical Co. Ltd. (Tokyo). L-Cystathionine was isolated and puri-
ficd from the urine of a cystathionuric patient by Mizuhara and his
coworkers at this university. L-Homocysteine and L-homocystine
were prepared in this laboratory according to the method de-
scribed in l.c. (16). N-Acetylcysteine, S-methylcysteine, L-cys-
teamine, cysteine methyl ester, cysteic acid, taurine, p-dimethyl-
aminocinnamaldehyde and all other reagents of analytical grade
were purchased from Wako Pure Chemicals Ind. Ltd. (Osaka).

A Shimadzu UV-180 spectrophotometer equipped with a re-
corder was used for measuring the absorbance at 587 nm and for
recording the absorption spectra. Evaporation of organic solvents
and water under reduced pressure was carried out with a Speed
Vac Concentrator (Savant. USA), unless otherwise stated. This
apparatus permits the simultaneous treatment of 24 samples. The
analysis of cysteine by high performance liquid chromatography
was carried out with a Shimadzu model LC-3A system.

Methods

Fundamental to this method is the dual function of dithiothreitol;
it serves as the SH-protecting agent in acidic solution and as the
reducing agent in alkaline solution.

Colorimetric determination of cysteine in an aqueous solution and
in amino acid mixtures

A sample solution (0.5 ml) was added to 2 mol/l HCI (50 pl), 0.01
mol/l EDTA (50 ul) and 10 g/l dithiothreitol (50 pl). After evap-
oration under reduced pressure, 1.0 ml of 3 g/l p-dimethylamino-
cinnamaldehyde solution in methanol and 1.0 ml of 2 g/1 sulphuric
acid solution in methanol were added to the dried residue. After
thorough mixing, the solution was kept in a water bath at 60 °C for
2 h in a tightly capped 3 ml specimen vial (Iwaki Glass Co. Ltd.,
Tokyo). The absorbance was then measured at 587 nm against a
blank containing p-dimethylaminocinnamaldehyde and sulphuric
acid.

Colorimetric determination of cystine in an aqueous solution

Cystine was reduced to cysteine with dithiothreitol under alkaline
conditions. A sample solution (0.5 ml) was made alkaline by addi-
tion of 50 g/ NaHCO3; (0.1 ml), to which 10 g/1 dithiothreitol
(50 pl) was added. After incubation at 37 °C for 30 min, the reac-
tion mixture was acidified with 2 mol/l HCI (50 wl), and 0.01 mol-
/1 EDTA (50 ul) was then added. After evaporation under re-
duced pressure, the dried residue was treated in the same manner
as described above.

Individual colorimetric determination of cysteine and cystine in an
aqueous solution

A sample solution was divided into two portions. Cysteine was
determined as described above, and total cysteine (cysteine and
cystine) after reduction of cystine with dithiothreitol in the above
procedure. The difference between both values divided by 2 rep-
resented the cystine concentration.

Colorimetric determination of cysteine in plasma

Plasma (0.8 ml) was divided into two portions. A 0.4 ml aliquot
was added to a mixture containing 50 pl of 2 mol/l HCI, 50 ul of
10 ¢/1 dithiothreitol. 50 ul of 0.01 mol/l EDTA and 3 ml of chio-
roform-ethanol (2+1, by volume). After stirring with a Vortex-

mixer, the mixturc was centrifuged at 1000 g for 15 min. The su-
pernatant was transferred to a 3 ml vial, and evaporated to dry-
ness under reduced pressure.

The remaining 0.4 ml aliquot was added to chloroform-ethanol
(3 ml), followed by stirring and centrifugation as described above.
After reaction of the supernatant with 25 g/l N-ethylmaleimide
(0.1 ml) at room temperature for 20 min to eliminate intrinsic cys-
teine, the reaction mixture was added to a mixture containing
50 ul of 2 mol/t HCI, 50 ul of 10 g/l dithiothreitol and 50 pl of
0.01 mol/l EDTA,; this was evaporated to dryness under reduced
pressure, and used as a blank after colour development.

Both dried residues were treated in the same manner as described
for cysteine in aqueous solution, except that 1.0 ml of a solution
containing 6 g/1 (instead of 3 g/1) p-dimethylaminocinnamalde-
hyde solution was added to them. The cysteine concentration was
estimated from the difference between both absorbances.

Colorimetric determination of cystine and total cysteine in plasma

Plasma (1.2 ml) was divided into thfee poitions: sample A for cys-
tine determination, sample B for total cysteine deteimination and
sample C as a blank for both determinations.

Each 0.4 ml aliquot was deproteinized with 3 ml of chloroform-
ethanol as described in the previous section. Sample A and C were
reacted with 25 g/l N-ethylmaléirnide (0.1 ml) at room tempera-
ture for 20 min, while water (0.1 ml) was added to sample B. The
sample C was added to a mixture of 0.1 ml of 50 g/l NaHCO3,
50 ul of 2 mol/1 HCI and 50 pl of 0.01 mol/l EDTA, then evapo-
rated to dryness under reduced pressure. Sample A and B were
added to 50 g/t NaHCO; (0.1 ml) and 35 g/l dithiothreitol (50 ul),
followed by incubation at 37 °C for 30 min. After addition of 50 ul
of 2 mol/l HCI and 50 pl of 0.01 mol/t EDTA to both reaction
mixtures, they were evaporated to dryness under reduced prés-
sure. The dried residues were treated in the same manner as de-
scribed in the previous section. The cystine concentration was es-
timated from the difference between the absorbances of the sam-
ple A and C, and total cysteine from the absorption difference of
samples B and C. Needless to say, the cysteine concentration
could be also estimated from the difference between total cysteine
and cystine.

=

Determination of cysteine, cystine and total cysteine in plasma by
the madified method of Gaitonde

In order to confirm the reliability of the data obtained by the pres-
ent method, the method of Gaitonde was modified for the pre-
treatment of samples as follows.

Plasma (2.0 ml) was deproteinized with 700 g/kg HCIO; (0.2 nil),
followed by centrifugation at 7000 g for 4 min. The supernatant
was adjusted to 2.0 ml with deionized water. A 0.5 ml aliquot for
cysteine determination (sample D) was added to 100 g/l Na,COj;
(0.4 ml), water (0.1 ml), glacial acetic acid (0.5 ml) and the acid
ninhydrin reagent 2 (see l.c. (5)) (0.5 ml), followed by stirring and
heating at 100 °C for 10 riin in a water bath. Aftet cooling, ethan-
ol (2.0 ml) was added to the reaction mixture, and the absorbance
was measured at 560 nm against a reagent blank. The 'second
0.5 ml aliquot for total cysteine determination (sample E) was
added to 100 g/1 Na;CO3 (0.4 ml) and 10 g/1 dithiothreitol (50
), followed by incubation at 37 °C for 30 min, and the colour was
developed as described above. The third 0.5 ml aliquot (sample F)
served as a blank for the determination of cysteine and total cys-
teine; this was added to 100 g/1 Na,COj3 (0.4 ml) and 25 g/l N-
ethylmaleimide (0.1 ml), followed by incubation at room temper-
ature for 20 min, and the colour was developed as described
above.

The cysteine concentration was estimated from the difference be-

tween the absorbarices of samples D and F, and total cysteine

from the absorption différence of samples E and F. Cystine was

calculated from the difference between totalicysteine and cystine.
\
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Determination of cysteine and total cysteine in plasma by high per-
formance liquid chromatography

In order to confirm the reliability of the data obtained by the pres-
ent method, a high performance liquid chromatographic method
was devised and carried out as follows.

Plasma (1.0 ml) was deproteinized with 0.1 ml of 500 g/kg tri-
chloroacetic acid, followed by centrifugation as described above.
The supernatant was adjusted to 1.0 ml with deionized water. A
0.25 ml aliquot for cysteine determination was added to 100 g/l
Na,CO; (0.2 ml), water (0.1 ml) and 0.5 mol/l iodoacetic acid
(50 ul), followed by incubation at room temperature for 20 min.
Another 0.25 ml aliquot for total cysteine determination was
added to 100g/1 Na,CO; (0.2ml) and 10g/1 dithiothreitol
(0.1 ml), followed by incubation at 37 °C for 30 min. To the reac-
tion mixture 0.5 mol/l iodoacetic acid (50 ul) was added, and the
mixture was allowed to stand at room temperature for 20 min. To
both reaction mixtures (0.6 ml) 10 ul of 2,4-dinitrofluorobenzene
was added, followed by incubation at 30 °C for 1 h with vigorous
shaking. The mixture was acidified with 6 mol/l HCI (50 i), fol-
lowed by the addition of benzene (1 ml). After vigorous stirring,
the mixture was centrifuged at 7000 g for 4 min. After removal of
the organic layer by aspiration, an aliquot (5—25 ul for total cys-
teine determination and 50—100 ul for cysteine determination) of
the aqueous phase was subjected to high performance liquid chro-
matography.

The analytical conditions were as follows. The column, 150 X
4.6 mm i.d., packed with octadecylsilane bonded to microparticu-
la (Zorbax ODS, Du Pont Co., USA) was used. The flow rate was
1.0 ml/min, and the column temperature was maintained at 44 °C.
The mobile phase was isocratic. 0.01 mol/l acetate buffer (pH
3.65) — acetonitrile (96 +4, by volume); this was allowed to flow
for 20 min, then changed to 700 ml/1 methanol for 10 min. The
detection was carried out at 375 nm. Peak height was used for the
quantification. A good linearity was obtained in the range from 2
to 100 umol/] reaction mixture, and typical chromatograms are
shown in figure 1.

10 min
—_

A 375nm:

.

Results
Absorption spectrum

The absorption spectrum of the coloured solution
obtained from cysteine is shown in figure 2. The ab-
sorption maxima of cysteine are observed at 480 and
587 nm. Amino acids other than cysteine developed
colour with weak absorbance in the range from 470
to 490nm (data not shown). The wavelength of
587 nm was chosen for the quantification because of
its specificity for cysteine.

1.0

Absorbance

0.5

Il ! 1
550 600 650
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Fig. 2. Absorption spectrum of the coloured solution from cys-
teine. Cysteine (41.3 nmol) was reacted with p-dimethyl-
aminocinnamaldehyde and sulphuric acid in methanol un-
der standard conditions.

Time

Fig. 1. Typical high performance liquid chromatograms obtained from carboxymethylcysteine, cysteine and human plasma.

a: Carboxymethylcysteine (57.8 umol/l, 0.25 ml) was added to 100 g/l Na,COj3 (0.1 ml), water (0.25 ml) and 2,4-dinitrofluoro-
benzene (10 ut), followed by incubation at 30 °C for 1 h with vigorous shaking. The reaction mixture was treated in the same
manner as described for HPLC. A 10 ul aliquot of the aqueous phase was injected into the chromatograph.

b: Cysteine (82.5 p.mol/l 0.25 ml) was added to 100 g/l Na;COs3 (0.1 ml), water (0.2 ml) and 0.5 mol/l iodoacetic acid (50 pl).
followed by incubation at room’temperature for 20 min. After derivatization with 2,4-dinitrofluorobenzene as described for
HPLC, a 10yl aliquot of the aqueous phase was subjected to high performance’ liquid chromatography.

“c: Human plasma was treated in the procedure for total cysteine determination as described for HPLC. A 10 pl aliquot was

subjected to high performance liquid chromatography.
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Conditions for colour development

A methanolic solution of cysteine was used for the
establishment of reaction conditions.

a) Time course and effect of reaction temperature

As shown in figure 3, it took about 2 h at 60 °C to
develop the maximum absorbance. At 25°C, even
after 5 h, the absorbance reached no more than 30%
of the maximum absorbance attained at 60 °C. This
colour was stable for at least Sh at 60 °C.

Asgr om

Fig. 3. Effect of the reaction time and temperature on colour de-
velopment. Colour was developed at 60 °C (0— 0)
and 25°C (O----- O) using cysteine (82.5 nmol) with
1.5 g/l p-dimethylaminocinnamaldehyde and 1 g/I sulph-
uric acid.

b) Effect of the concentration of sulphuric acid and
p-dimethylaminocinnamaldehyde

Cysteine (82.5 nmol) was reacted at 60°C for 2 h
with varying concentrations of sulphuric acid and a
fixed concentration of p-dimethylaminocinnamalde-
hyde (1.5 g/1). As shown in figure 4 a, the maximum
absorbance was observed in the range from 0.8 to
1 g/1 sulphuric acid.

Cysteine (41.3 nmol) was reacted at 60°C for 2 h
with varying amounts of p-dimethylaminocinnamal-
dehyde and a fixed concentration of sulphuric acid
(1 g/1). Figure 4b shows that the optimal concentra-
tion of p- dimethylaminocinnamaldehyde is 1.5 g/l

c) Effect of different acids on colour development

Sulphuric acid, phosphoric acid and p-toluenesul-
phonic acid were tested as acid catalysts in the colour
reaction. p-Toluenesulphonic acid gave almost the
same results as sulphuric acid, and the optimal con-
centration was 2 g/I. However, phosphoric acid gave
half the absorbance obtained in the presence of
sulphuric acid or p-toluenesulphonic acid.

-
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Fig. 4. Effect of the concentrations of sulphuric acid and p-dime-
thylaminocinnamaldehyde on colour development.
In figure 4 a, cysteine (82.5 nmol) was reacted at 60 °C for
2h with p-dimethylaminocinnamaldehyde (1.5 g/I) and
sulphuric acid from 0 to 2 g/l. '
In figure 4b, cysteine (41.3 nmol) was reacted with p-
dimethylaminocinnamaldehyde from 0 to 10 g/ and sul-
phuric acid (1 g/1).

d) Effect of water on colour development

The colour was developed under standard conditions
(1.5g1 p-dimethylaminocinnamaldehyde, 1 g/l
sulphuric acid, at 60 °C for 2 h), except that varying
amounts of water were added to the reaction mix-
ture. As shown in figure 5, the presence of water sig-
nificantly inhibits colour development.

0 w0 200
‘Water added [pl] o

Fig. 5. Effect of water on colour development. Cysteine
(41.3 nmol) was reacted at 60 °C for 2 h with p-dimethyl-
aminocinnamaldehyde (1.5 g/I) and sulphuric acid (1 g/1)
in the presence of water from 0 to 200 i with a total vol-
ume of 2.0 ml. "
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Standard curves and sensitivity

As shown in figure 6, the absorbance at 587 nm fol-
lowed Beer’s law in the range from 0.825 to 413
umol/l. The apparent molar lineic absorbance at
587 nm was calculated to be 5000 m? - mol~!. Good
reproducibility was also observed (coefficient of va-
riation 1.29% (n = 5)) when cysteine (41.3 nmol)

20

10
10

200 400

A 587 nm
o

1 1 1

0 5 10 15 20
Cysteine [umol /1)

Fig. 6. Standard curves of cysteine. Varying amounts of cysteine
(methanolic solution) from 0.825 to 413 umol/l was react-
ed at 60 °C for 2 h with p-dimethylaminocinnamaldehyde
(1.5gN1) and sulphuric acid (1gA). Dithiothreitol
(0.25 g/1) was present in the mixture containing cysteine
below 4.13 umol.

was treated by the procedure for cysteine in aqueous
solution. And coefficients of daily variation (n = 5)
were 3.76%, 4.31% and 6.63%, when cysteine
(8.25, 41.3 and 82.5 nmol, respectively) was treated
by this procedure.

Specificity of the colour reaction

Specificity of the colour reaction was studied using
different amino acids, peptides, SH compounds and
several components in urine.

The following compounds did not give a colour
around 587 nm: Asp, Asn, Glu, Gln, Thr, Ser, Met,
Pro, Hyp, Gly, Ala, Val, Ile, Leu, Tyr, Phe, Trp, Lys,
Arg, cystine, cystamine, cystz«fthionine, GSH, GSSG,
homocystine, homocysteine, 2-mercaptoethanol, N-
acetylcysteine, S-methylcysteine, cysteic acid, tau-
rine, urea, uric acid and creatine.

Only cysteamine and cysteine methyl ester showed
the positive colour reaction. The coloured solution
obtained from cysteamine exhibited absorption max-
ima at 482 and 562 nm. The apparent molar lineic
absorbance at 562 nm was 2500 m? - mol~!, half the
value of cysteine.
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Cysteine in amino acid mixtures

Cysteine (41.3 nmol) was added to the amino acid-
mixtures containing 20 common amino acids in
equimolar amounts (sample I) and 5-fold molar
amounts (sample II), and cysteine was determined in
the procedure described for cysteine in aqueous so-
lution. The resulting values for cysteine were
39.4 nmol in the sample I, and 34.8 nmol in the sam-
ple II.

Individual determination of cysteine and cystine in an
aqueous solution

Aqueous solutions (0.5 ml) containing varying
amounts of cysteine, both cysteine and cystine, and
cystine were prepared, and analysed for cysteine and
total cysteine after reduction with dithiothreitol as
described in ““Methods”. The results are summarized
in table 1, indicating that the addition of dithiothrei-
tol under acidic conditions almost completely pro-
tects the oxidation of cysteine to cystine through the
analytical process, and dithiothreitol almost com-
pletely reduces cystine to cysteine under alkaline
conditions.

Tab. 1. Individual determination of cysteine and cystine in an
aqueous solution.

Cysteine Cystine Cysteine determined (pg)
added (ug) added (ug) without with reduction
reduction
2.5 0 2.47 291
5 0 486 5.67
10 0 10.4 11.8
2.5 2.5 2.37 5.35
5 ) 4.90 11.9
10 10 10.7 22.2
0 2.5 0.03 2.40
0 5 0.06 4.81
0 10 0.12 10.1

All values were determined from a standard curve of a methanolic
solution of cysteine.

Recovery test

With the aim of applying this procedure to biological
samples, recovery tests were carried out. Various
amounts of cysteine or cystine were added to human
plasma, and they were measured by the respective
procedure under “Methods”. The results are sum-
marized in table 2. Recoveries of cysteine and cys-
tine were 98.5 to 102.9 (100.7 % 2.2), and 94.2 to
102.2 (99.0 = 3.8) per cent, respectively.
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Tab. 2. Recoveries of cysteine and cystine added to human plasma

Recovery

Cysteine Cystine Cysteine Total cysteine
a({ded added found found % Mean *+ SD
(nmol/0.4 ml) (nmol/0.4 ml) (nmol/0.4 ml) (nmol/0.4 ml)
0 - 2.3 - . 100.7£2.2
20.6 - 22,6 - 98.5
41.3 - 439 - 100.7
82.5 - 87.2 - 102.9
- 0 - 23.8 99.0+ 3.8
- 10.4 - 33.6 94.2
- 20.8 - 44.1 97.6
- 41.6 - 66.3 102.2
- 62.4 -

87.4 101.9

Varying amounts of cysteine and cystine were added to human plasma sample after deproteinization, and cysteine and total cysteine were
measured by the respective procedures, for cysteine in plasma and cysteine and total cysteine in plasma, under Methods.

Each value is the mean from duplicate determinations.

Comparison of results obtained by the present meth-
od, the method of Gaitonde and high performance
liquid chromatography

In order to evaluate the analytical values obtained by
the present method, cysteine, cystine and total cys-
teine were determined by the method of Gaitonde
and by a high performance liquid chromatographic
method devised by us. Table 3 shows that the values
obtained by the present method are in good agree-
ment with those obtained by the other methods.

Tab. 3. Cysteine, cystine and total cysteine concentration in hu-
man plasma determined by the present method, the
method of Gaitonde and the high performance liquid
chromatographic method.

Present Method of High
method Gaitonde performance
liquid chro-
matography
Cysteine 5.86*) 4.95 4.29
3.71*%*)
Cystine 42.9%*) 45.8 40.0
Total cysteine  90.0**) 96.6 84.2

*) Method for cysteine in plasma.
**) Method for cystine and total cysteine in plasma.

Each value is the mean from duplicate detéerminations, and pres-
ented as umol/l.

Chromogen from the reaction of cysteine with p-
dimethylaminocinnamaldehyde

The chromogen migrated as a purple spot with an
R¢-value of 0.55 on thin layer chromatograms (silica
gel, n-butanol: acetic acid: water, 4+1+1, by vo-
lume).

In order to isolate the chromogen, L-cysteine
(60 mg), p-dimethylaminocinnamaldehyde (175 mg)
and three drops of 98 % sulphuric acid were added to
15 ml methanol, which was allowed to stand at 30 °C
for 24 h. The reaction mixture was applied to a silica
gel column (200 mesh, 42 x3 cm), which was pre-
pared with n-propanol. The column was washed with
n-propanol and eluted with the mixture -of n-butan-
ol, acetic acid and water (4+1+1, by volume). The
fractions of the eluate were checked by thin layer
chromatography, and those with a purple spot of an
R¢-value 0.55 were combined and evaporated under
reduced pressure with a rotatory evaporator. The re-
sidue thus obtained was purple, amorphous, and sol-
uble in methanol and water but insoluble in chloro-
form. The colour changed from purple to orange on
addition of sodium hydroxide solution, and was not
restored by acidification. The chromogen was stable
in the reaction mixture, but unstable during purifica-
tion. This substance appears to have a molecular
weight of 390 by mass spectrometry.

o7
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Discussion

Many methods for the determination of cysteine and
cystine have been reported. By determining only
cysteine or cystine, most of these are impractical. In
general, cyst(e)ine is an amino acid which has proved
difficult to measure. The method of Gaitonde (5) has
been widely used for the determination of cysteine in
perchloric acid extracts of brain, liver and blood. The
method uses an acid ninhydrin reagent and is highly
specific for cysteine. The present method is also util-
ized for the determination of cysteine and cystine,
because the colour reaction is highly specific for cys-
teine and very sensitive.

Cysteine in biological samples is oxidized readily to
cystine during extraction and pretreatment proce-
dures. This is responsible for the difficulties encoun-

- tered in the accurate determination of cysteine. We

therefore devised the present method which uses di-
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