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DETERMINATION OF MICROQUANTITIES OF CYSTEINE AND CLUTATHIONE
BY THE IODIDE-PERSULFATE REACTION

Prikladna§ Biokhimiva 1 Hikrob%glo‘;zi Yu, N. Il'ina, B. A.

Appli iochemistry and Microblology), Talmud and P, V,

Vol 1, No 3, 1965, pp 352-355. Afanas'yev of the
Institute of Bio-

chemistry imeni A. N.
Bakh AS USSR,

Sulfhydryl groups play a large part in biological metadbolism process-
es. There are various methods of determining them quantitatively, the basis
of which is the high reactivity of the sulfhydryl groups.

Methods based on the oxidation reactions of thiols were widely
used, owing to their sensitivity. But the oxidation reaction is not very
spacific;imidazole, hydroxyl and other groups are oxidized along with the
sulfhydryl groups. Oxidation of the sulfhydryl groups does not always
stop at the disulfide bond formation stage. The degree of oxidation of the
sulfhydryl groups can change, depending on the reaction conditions (pH of
the solution, concentration of the reagents, presence of metal ions,
temperature), which leads to divergence from the stoichiometric ratios.

Anong the oxidizing agents employed for determining the sulthydryl
groups iodine was widely used. Both direct titration with iodine and back
titration of an excess of iodine with hyposulfite are used for the determi-
nation of thiols. The degree of oxidation of the sulfhydryl groups by
iodine also depends on the caxditions under which the reaction takes place.
Thus, upon oxidation of cysteine to the disulfide bond an acid medium, low
temperature, and an excess of iodide are necessary for the suppression of
cysteic acid formation. The oxidation of cysteine to cysteic acid requires
six equivalents of iodine. With an insufficient amount of iodine the inter.
mediate products sulfinic acid and sulfonic acid are formed. The reaction
between potassium iodide and potassium iodate was proposed for obtaining a
standard concentration of iodine in the solution (1).

Many variants exist for the iodometric titration of sulfhydryl
groups, tut they ars all unsuitable for determining microquantities of
these groups,
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In recent years investigations in which catalysis and kinetic indices
are used for apalytiocal purposes have been appearing with ever-increasing
frequency. The determination of the initial reaction rate, caloulation of
the amowmt of sny of the reaction products after specific time intervals,
ssaswrenent of the time during which the substance reacted, i, o. the durs-
tion of the reaction == all these indices can also serve for the determina-
tion of misroquantities of sulthydryl groups.

certained by the suthors of (2, 8, 7) thai the reaction be-

It was as
tween sodium aside and iodine is catalysed by divalent sulfur compounds,
vwhercupon the rate of this reaction depends on the amount of the catalyst.
Kur- w7a (5) worked osut a method of determining mioroquantities of cysteins
and cystine on the dasis of the different rates at nhich these substances
catalyse the 1odine aside reaction. Pardus and Shepherd (4) worked ocut a
micromethod of de oystine which was based on continuous potentio-
»otiric msesasurement of the decreasing concentratiom of iodine in the first
seconds of the resction. The rate of reduction of the iodine in the initial
stage 1is a funotion of the cystine concentratiom,
the

In 1964 we developed a method of quantitative analysis of protein by
catalytic action of the copper of a diuret complex on the oxidation re-
action of potassium 1odide with potagsium persulfats (5). The amount of pro-
tein is judged by the length of time in vhioh the iodine bdeing liberated
combined with a definite amaunt of sodium hyposulfite present in the reac-
tion nixture., The duration of the reaction depends not anly on the aaount
of catalyst, but also on the hyposulfite comcentration. Thus the carrying
out of the reaction of oxidising iodide with persulfate without a catalyst
Teveals a way t0 determine the conoentration of the hyposulfite o other
reducing sgent. Compounds with sulfhydryl groups can be redusing agents of
that type. The free iodine liberated uptm reaction oxidizes the SH groups
in the solution.

The reaction cmn de represented schematically in this forms
e+ rzszoazzgzso‘a»rz
_:2+znm-nssn+en
After oxidation of all the sulfhydryl groups in the solution free
s whioh cen be revealed by the starch-iodine reaction. The

the oxidation reaction of the sulfhydryl groups to
sppears depends on the concentratiom of SH
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The effect of the pH on the reaction rate in the presence of 44 micro-
grans of cysteine is shom in Fig. 1. In the alkaline and acid sones the re-
action rate is markedly slowed dom, But the alkaline sone is not suitable
for the method worked ocut, owing to suto-oxidation of the SH groups under .
these conditions. Thus it was asoertained that the pH renge below 2 is the
most suitadble for the analysis of small comocentrations of sulfhydryl groups.
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Fig. 1. Effect of pH on the Reaction Time of Oxidation
of the Sulfhydryl Groups of Cysteins \

The study of the effect of different concentratioms of KI and
on their reaction rate showed that a low rate with a clsar-cut point at
which the blue color appears can be obtained at concentrations of 0.01 M
or KI and 0.004 M for xzszoa.

The determination of cysteins was carried out as follows: to 2.5 ml
of the solution being investigated were added 0.5 ml HC1 (1 N), 0.5 ml starch
(one percent), 0.6 ml KI (0.1 u)mdmnxzség (0.02 M) (potassium per-
sulfate is added last, since it also causes oxi gion of the sulfhydryl
groups). The time from the moment of adding the persulfate to when the starch
begins to tum blue was recorded by stopwatch. The reaction was carried ocut
in a thermostat at 25 1 0.02°, In Mg, 2 is shom the relation between the
cysteine concentration and the time interval from the start of the reactiom.
to the appearance of the blus coloration. On the ordinate is plotted the
difference between the reaction time of the test sample and that of the oon~
trol. Water takem in place of the test solutiom as the omtrol, The
aare cysteine there is, the more iodine is used up in oxidising it, and
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Mot of oysteine in the reactim
mixture

Hg. 2. Relationship Between the Cysteine Comoentration
snd the Reacticn Time of the Oxidation of its Sulfhydryl
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Fig. 5. Relationship Betwesn the Cysteine Comoemtratiom
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later the starch-iodine reaction starts. Upon determination of cysteipe with-
in the 0.5 to 1000 microgras cancentration renge the time interval corres-
pondingly varied from 0.5 secands to 50 minutes. The error of the method is
about 2,5 percent, but with a decrease in cysteine cmcentration the relative
error increased. In order to increase the limit of sensitivity of the method
it is necessary 40 decrease the reactionm rate. It is convenient to do this
by lowering the temperature. In Fig. 5 is rspresented the relation of the
sensitivity of the cysteine determination to the temperataure. At 25° 0.8
micrograms can be determined at a reaction time otozz secands; at 15° — 0.8
aicrograns at a reaction time of 18 secands; at 10° — 0.2 micrograms in 24
seconds.

Determination of glutathiome under the same conditions showed that
the reaction time in this case is cansidersbly less than in the determina-
tion of cysteins (Fig. 4), 1. . the sensitivity of the reactim was inguf-
| ficient, In oxder to increase it, it was necessary to change the reaction

canditions. This was achisved by decreasing the concentratiom of the re~
agents — KI to o.oosundxzsgo,too.os M.
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To 5 ml glutathione solution were added 0.5 ml HC1 (1 ¥), 0.5 ml
starch (one percent), 0.25 ml KI (0.1 M) and 0.75 ml K;8,0g (0,02 ).

The reaction was carried out at 26 % 0.02° and at 15°, At 26° ane
microgrea of glutathione can be determined at a reaction time of 17 seconds,
®md at 15° — 0.5 micrograms st a resction time of 25 seconds (Fig. §).

Time from the start | ;
of the reaction to '
the monent the
starch turns blne, 3
in xivutes :
(] 2 '6 o__-i f?lrcropm
Amount of glutathione in the reaction
aixture

Fig. §. Relationship Between the Glutathione Comcentra-
tiom and the Reaction Time of Oxidation of its Sulthydryl
Oroups at Different Temperatures

1 - 16% 2 - 2g°

To explain the effect of other amino acids on the determination of
the sulfhydryl groups a series of experiments was set up, in vhich the rates
of reaztion of potassium lodide with potassium persulfate in the presence
of a mmber of smino acids were determined. Here it turned out that cystine,
serine, wvaline, glycine, hydroxyproline, lysine, arginine, phenylalsnine,
tyrosine, s 88 and glutamic asid in amounts of up to 500
micrograms do not affect the reaction rate and do mot interfere with the
deternination of cysteine and glutathione. Histidine slightly inhibits the
reaction, but methionine accelerstes it. Sulfides and sulfites, competing
for the iodine deing liderated, interfere with the deteraination of the
! mm.mummummmumumm

present in amomts, addition of the complexcme suppresses their cate~
lytio sctivity.
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CONCLUSIONS

‘A micromethod of determining thiolsof low molecular weight is pro.
posed.

The method is based on measurement of the reaction time of the
oxidation of the sulfhydryl groups by the iodine liberated upon the reac.
tion of potassium iodide with potassium persulfate. Hinimm amounts of
the substance which can be determined are 0.8 microgrm for cysteine and
one miorogram for glutathione.
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