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CHAPTER I 

INTRODUCTION 

Compounds containing the thiol group are present in most biological 

systems, and take part in a great number of biological reactionso 

Knowledge concerning them has been accumulating within the past thirty= 

five years, and it is now abundantly clear that thiol compounds are 

very important in the chemistry of living organisms. 

Thiols are extremely reactive substances. They are easily oxidized 

or reduced; they combine with a large number of heavy metals, often 

reversibly, to give mercaptides; they react with many halogen-containing 

substances, usually irreversibly; and finally9 they have been found to 

combine with aldehydes, quinones, carbonyl compounds 3 and olefinse 

Thiol groups appear to be necessary for the activity of man:r 

enzymeso The possible role of the thiol group and the type of thiols 

which are responsible for this activity have been studied by Barron 

and Dickman (4) and Hellerman., ~ al. (10)., It is ce:t<tain that soluble 

thiols contribute to the regulation of cellular respiration .. 

The formation of actomyosin and muscle contraction seem to require 

fixed thiol groups. This was shown in work by Bailey and Perry (3) 

and Mendez and Peralta (19 ). 

A definite relationship between cell division and t:M.ol concentration 

has been demonstrated by Rapkine (25) .. The thiol content increascs 

during development of the cell and reaches its maximum level just. prior 

1 



to cell division., Mazia (17) '1as suggested that formation of the 

mitotic spindle involves oxidation of thiol groups, giving disulfide 

cross-linkages between protein fibers~ 

Baumberger (5) has suggested that the conversion of fibrinogen 

to fibrin in blood coagulation is due to air oxidation of sulfhydr;Jl 

groups in fibrinogen. 

Many antibiotics have been shm:,m to be inactivated by cysteine, 

glutathione, or other thiolse These an:5,tbiotics contain aldehyde, 

carbonyl, or olefin groups, with which thiol groups can react, and 

the antibiotic activity may be due to the removal of essential thfol 

groups in this way .. 

The successful use of glutathione in the treatment of certain 

cases of diabetes indicates that this thiol=containing tripeptide 

may be involved in the formation of insulin and in its action. 

In the investigation of the functions briefly mentioned above 3 

about which much remains to be learned, ,;:1.nd in the discovery of 

new functions, which will surely take place in the futureJ the 

analytical determination .·of thiol groups is of fundamental 

In this, as in other problems, accurate analysis is the corno:cstone 

on which sound chemical conclusions must be foundedo 'fhus, ne1tJ and 

better methods for the determination of thiol=containing com:r)otmds 

are needed, especially methods capable of application at the low 

concentrations in which these compounds are usually found. 

The purpose of the work reported here was to develop a sensitive 

and accurate method for the determination of cysteine and to investl·~ 

gate its applicability at low concentrations., 



CHAPTER II 

METHODS FOR TEE DETERMINATION OF CYSTEINE 

General Methods 

Several excellent surveys of methods for determining cysteine and 

thiol groups are available. The most complete of these are to be 

found in the works by Block and Bolling (6) and by Chinard and 

He ller:man ( 7 ) • 

In general, methods for determining cysteine are based on three 

reactions of the thiol group; oxidation, mercaptide formation, and 

thioether formation. Probably the most widely utilized method is 

the oxidation of cysteine to the disulfide, cystine. The course of 

reaction may be represented by the equation, 

2 R-SH + oxidant __ .. ..,.,.R-SS-R + reductant + 2H+ + 2e ~ 

Many oxidizing agents have been investigated and can be used., Another 

method is the use of mercaptide-f orming agents. These reagents react 

in the following ge~ral manner: 

R-SH + R' -HgX ------•-R-SHg-R 1 + Ir" + x= o 

Since, in the reaction, the sulhydryl group is replaced by mercaptide, 

an external indicator specific for the thiol group may be used to 

indicate the end point. Finally, all0Jlating agents may be used; £01: 

example, iodoace·tic acid reacts in the following :maru1er: 

and the hydriodic acid liberated may be oxidized to iodine and 
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titrated by conventional means. 

Several colorimetric methods have also been repor t ed which employ 

more specific reactions. In r ecent years , instrumental methods, apply-

ing the above mentioned reactions of the sulfhydryl group , have been 

reported; especially noteworthy has been the development of ampero-

me t ric and polarographic methods (13, 14). 

Iodine and Ferri cyanide as Reagents f or the 
Determination of Cysteine 

Many oxidizing agents have been used f or the determinations of 

cysteine and sulfhydryl groups, as has been mentioned in the preceding 

section. Now we wish to examine more closely the appl icability of 

these methods. In general, t he requirements for a satisfactory reagent 

are that it oxidize cysteine st oichiometrically, preferably to cystine, 

and that it be specific for the sulfhydryl group . 

The most thoroughly investigat ed and widely applied oxidizing agent 

has been i odine, but t his reagent can oxi dize cysteine beyond t he 

disul fide stage. A number of met hods have been recommended, but in 

most of them, excess oxidat ion occurs, and high results are consequently 

obtained. 
II 

Morner (22) first effected the determination of cysteine by titrating 

wi t h standard iodine in 10% hydrochloric acid. He obtained results 

that were only approximate. Okuda (23) placed his cysteine sample in 

a solution one- tenth normal with i odide i on and six-tenths normal wit h 

hydrochlori c acid, and t i trated wit h standard potassium iodate . Consider= 

able over-oxidation occurred and t he cysteine titer had to be calculated 
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with an empirical factor, the magnitude of which was dependent on 

temperature and other conditions. Lucas and King (15) studied the 

reaction between cysteine and iodine and concluded t hat the oxidation 

was of a complex nature and that no simple procedure would give quanti

tative reaction. They found the best conditions for oxidation to be 

o0c. temperature, and the presence of one norn1al hydrochloric acid 

and three-hundredths normal iodide ion in the titration medium. 

Lavine (12) was the first to deV"elop a quantitative iodimetric 

method that might be used at room temperature. He reported that the 

reaction was stoichiometric when an excess of iodine was allowed to 

react with cysteine in a medium one-molar in both hydrogen and iodide 

ions. The excess iodine was then bac k-ti trated with standard potassium 

thiosulfate. A blank was run and the cysteine was calculated from the 

difference between the blank and the sample titer. Pilmer (24), in 

an evaluation of Lavine's method, found that both the time of reaction 

and the amount of excess iodine must be controlled in order to obtain 

reproducible results. He reported the results to be reproducible to 

within one and one-half percent. Filmer developed a modified method, 

which employs a medium of pH 2 and one-molar in iodine ion. This medium 

he found to afford adequate protection against over-oxidatione His 

method did not require back-titration and is therefore more convenient 

than any of the others. 

It is difficult to evaluate the accuracy of the methods referred 

to, because samples of pure cysteine cannot be easily obtained, and 

were not available to the investigators mentioned. Therefore, it is 

open to question, in most cases, whether a stoichiometrically exact 

relation could be established. It is fair to say, in conclusion9 with 



respect to iodimetric methods, that reproducibility can be achieved,~ 

albeit with difficulty and scrupulous control of conditions, but 

their accuracy has not been satisfactorily established., Also :i many 

substances interfere with the determination.; since they also reduce 

iodine., 

In view of the shortcomings listed for the oxidation of cysteine 

by iodine, other oxidizing agents were consi.dered_~ and ferricyanide 

was the one we would find useful in our worko Mason (16) used 

6 

potassium ferricyanide first for the assay of cysteine samples* 1:he 

determination was carried out in a buffer of abtmt pH 7.,4 and the end 

point was signalled by the appearance of the permanent yellow color of' 

potassium f erricyanide.. Owing to the relatively pa.le color which denotes 

the end point, a large blank is necessary even with rather concentrated 

ferricyanide solutions, and the method is not applicable at low cyste:tnE{ 

concentrations. 

Kendall and Holst (11) used ferricyanide to titrate cyst,eine s in 

the course, of their studies upon certain cobalt complexes of 

Although they cl.id not describe their procedure 9 apparerrtly 5.t was 

similar to that of }lqson. 

Anson (1) was first to establish ·!;hat the reaction between. 

and ferricyanide at pH 6.,8 is stoichiomffbricall:-y exact., He also 

that at this pH there is little or no interfere nee .from other oxidizablE~ 

a.mine acidso 

Mi.rsky (21) developed a practical method for determining cysteine 

with ferricyanide,. According to this method, an excess of 

cyanide was added to the cysteine, and the amount of ferrocyan::Ld.,::. 

produced was determined color:imetrically by adding ferric sulfate 



to form Prussian blue., He obtained a precision of about i:5%.. This 

method has been used, with some modification, in several studies upon 

cysteine and the physiological role of thiol groups o Hmnrever, the 

results were not very accurate, by chemical standards@ 

7 

It seemed to us that the use of ferricyanide as an oxidizing agent 

for t,he determination of cysteine could be improved in precision and 

sensitivity., Therefore, a more systematic investigation was under= 

taken and will be described in Chapter III, Ferricyanide Method., Also 5 

the iodimetric methods, which were used previously to and concurrently 

with the ferricyanide methods are described in Chapter III, Iodimetry,, 



CHAPTER III 

METHODS EMPLOTu"l) IN PRESENT WORK 

Iodimetry 

Lavine's method and the modified method developed by Pilmer both 

were used in an attempt to determine the purity of commercial samples 

of cysteine and of samples produced by reduction of cystinB. 

The method of Lavine consists, as mentioned, of treating the 

cysteine sample, in the presence of one•wmolar hydrogen and iodide 

ions, with an excess of iodine., After a period of time, needt:od to 

secure completeness of reaction, the excess iodine is back=titrated 

with standard sodium thiosulfate.. A blank is r1m and the amount of 

cysteine present is calculated by the equation~ 

(ml -· ml ) N "" Blank Sample S203 

mlCySH 

Pilmer 1s method requires adjustment of the cysteine solution to 

a pH of 2 and addition of po·tassium iodide to give a l molar con-

centration. The titration is carried out with standard iodine so-

lution, prepared from potassium iodate and potassium iodide, of 

approximately the same concentration as that of the cysteine, and 

the end point is detected with starch indicator., Since the method 

elll>loys a direct titration and no blank is necessary!; it is more 

convenient than the method of Lavine, and eliminates one sourc:e of 

8 
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error. 

Both methods were applied to commercial cysteine samples and to 

samples of reduced cystine. The complete results are reported in 

Chapter IV. 

La.vine's method was found to give rather variable results . Usually, 

samples of cysteine were run in triplicate under identical conditions 

with a single blank being run for the three. Typical results are shown 

in the following table: 

Table I 

Aliquots of Commercial Cysteine Sample Number II 
Assayed by La.vine's Method 

Aliquot number 1 2 3 

Ml of s2o3: for blank 11.62 11.62 11. 62 
Ml of S203- used 7.01 6. 95 7.11 
Normality cysteine 

(from assay) 0.0987 0.1000 0.0966 
Normality cysteine 

(theoretical) 0.0993 0.0993 0.0993 
Percent purity 99.5 100.8 97.4 

With such variations found in samples treated in exactly the same 

manner and titrated at the same time , it can be seen that an accuracy 

greater than ±2% cannot be expected. 

More consistent results were obtained by using the method of Pilmer, 

although the precision is not entirely satisfactory; a typical set of 

determinations is shown in Table II . 

It can be seen, t hat, unfortunately the results of the two methods 

do not agr ee. This might be due to the fact that the end point i s 

somewhat indefinite, owing to slow reaction near it, and that there 

is, consequently, a tendency to undertitrate ; this causes high results 



b;y Lavine 1scmethod and low results by Pilmer 1s., In any case, it 

appears that these methods are not s uff'iciently reliable for an 

absolute determination of the purity of cysteine., 

Table II 

Aliquots of Commercial Cysteine Sample Number !I 
Assayed by Pilmer 1s Method 

_ (Normality of iodine = 0.,1063 N) -·--· -·---
Aliquot number 1 2 3 

··-·----· 
Ml of I 2 4 .. 37 4 .. 41 4 .. 35 
Normality of cysteine 

(from assay) 0.,0940 Oc0940 0 .. 0936 
Normality of cysteine 

( theoretical) 0.,0940 o .. 098h 0.,0984 
Percent purity 95.,5 96 .. 4 95el 

Determination of Cysteine with Ferricyanide 
With Two Polarized Electrodes 

The method utilized for the analysis of cysteine in the work to 

be described is an adaptation of the so-called 11 dead=stop 11 method., 

This method, first described by Foulk and Bawden (9) .,1 uses two 

electrodes and a low potential difference between them, which :is 

balanced by the back e .. m .. f .. of polarizationo With the small. po= 

tential., no current can flow between the electrodes ur.J.ess ther,3 is 

present a. rEwersible oxidation-reduction couple 3 one member of which 

10 

can be oxidized at the anode while the other is reduced at the cathodE, o 

Foulk and Bawden applied the method to the titration of iodine by 

thiosulfate., Upon addition of the first amount of thiosulfate, the 

couple, iodine-iodide, is set up. This results in a surge of current 

that is measured on a galvanometer .. With successive additions of 

thiosulfate, iodine gradually disappears and thra flow of current stops~ 



when all the iodine has been consumed. The galvanomet er then ab

ruptly returns to the zero-point; t hus, t he method was named the 

"dead-stop" method. 

11 

The method employed in this work involves the princ iple in reverse. 

Two platinum electrodes and the galvanometer are connected i n series 

to a source of direct current of about f ifty mi llivol t s potential. 

The cysteine sample is added to a phosphate buffer of pH 7 and placed 

in contact with the electrodes. Pot assium ferri cyanide i s added and 

oxidizes the cysteine to cystine, while it is itself reduced to ferro

cyanide. As long as the ferricyanide is consumed, no current flows 

through the system, but when the cysteine is completely oxidized, 

addition of a slight excess of ferricyanide establishes t he ferri

cyanide-ferrocyanide couple, and a surge of current is regis tered 

on the galvanometer. A plot of galvanometer deflections versus 

volume of titrant yields the end point by extrapolation to zer o 

deflection. A t ypical plot is shown i n Fi gure 1. 

In the first titrations by the ferricyanide methodj a relatively 

long period of time was required for the reaction of each added portion 

of titrant. This was time-consuming, and al so increased the possibility 

of adventitious air-oxidation. Addition of a t race amount of cupric 

ion, which Anson (2) had shown to be a catalyst for the oxidation of 

cysteine by ferricyanide and other oxidizing a gent s, c ompletely ob= 

viated this difficulty. The amount of catalys t was kept below one 

percent of the cysteine concentration, and t his amount apparently did 

not affect the reaction in any way except by catalysis . A smaller 

amount of catalyst would probably be suff ic i ent . 

Since Anson had determined that the reac t i on between fer ricyanide 
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and cysteine at pH 6.,8 was stoichiometric and subject to little or 

no interference from other oxidizable amino acids; a phosphate bu.ffer 

of pH 7 was used in the titrations., 'l.'wenty mil1iliters of buffer were 

usually used and the addition of as much as five milliliters of cysteine, 

one normal in hydrochloric acid, was found not to change the pH of the 

solution appreciably. 

Table III summarizes the results obtained with two different 

com:rnercial samples of cysteine, from which various stock solutions 

were prepared; several aliquots of different size were, in turn, taken 

from each stock solution. The precision of the method can be eva1o.ated 

from the reproducibility of the value of percentage purity 

for each sample. However, the accuracy cannot be assessed, because the 

actual purity of the samples is not lmmtm,. The average of results 

obtained by iodimetric methods are reported for corrrparison5 but reasons 

have already been given., why these results are also in doubt., In the 

next section, the determinations of samples prepared by the red1.1.ctfon 

of cystine will afford an independent check on the accuracy of 

method. 

Table III 

Summary of Determinations on Cysteine Samples I and II 

Sample No .. 
and 

Method 
I-,Lavine 
I-Pilmer= 
I=Fe(CN)6_ 
I-Fe (CN)6 =-

II-Lavine 
II-Filmer_ 
II=Fe (Cl\J),;: 
II~Fe(CN)?= 
II-Fe(CN)~= 

Ap-orox. Cone., Number of 
bf' Stock 

Solutions Determ:inations 

0.1-0.2 M 
0.,1=0.2 M 
O.l-0.2 M 
o ... Ol-0.,02 M 

0 .. 1-0.2 M 
0.1-0.2 M 
0.1-0 .. 2 M 
0.01-0.02 M 
0 .. 001=0,.002 M 

..., 
t:. 

2 
Q 
u 

6 

2 
2 

15 
6 
4 

Average 
% Purity 

96.,1 
97,,5 
96 .. 4 
95.,8 

99 .. 2 
96.,2 
96 .. 4 
96 .. 9 
96.9 

o .. 1e 
0.,52 

o .. fa? 
0.,21 
0.,15 



While ref ere nee should be made to Chapter IV, Experimental Md.hods 

and Results, for the exact procedure by which these results were ob

tained, it is perhaps well to mention here, for added emphasis.11 that 

reproducible results can be achieved on.ly if air oxidation :i.s avoided;i 

and that this demands much care., Deoxygenated deionized dist:Uled 

water was used for the making up of the reagents and buffer; pln'.'i.fied 

nitrogen was pa;ssed through the buffer solution before addition of' 

the cysteine sample.., and ov-er the solution during the titration., In 

preparing dilute stock solutions, 1.0 normal hydrochloric ac:td was 

used as a medium; when stock solutions were made up in water, low 

results were obtained, even though the water had been deo:icygenated 

as much as possible., 

In order to v·erify the expectation that, oxidizab1e amino 

would not interfere>,. the method was applied in the presence of a 

mixture of amino acids (tryptophan, threonine, Valine, leucine-9 

iso1eucine, 1ysine,l) methionine., phenylalanine, glutamic acid, and 

aspartfo acid, the solution being o.cn molar in each amino ac 

Also, since ferricyanide would be particularly liable to oxidiz,2, 

the phenolic groups of tyrosine and serine, each of tl,Gse amino 

acids was added individually to samples of eysteine o It can be 

seen from Table IV that the added amino acids had no ef.:f:.'E:,ct on 

the titrations .. 

Apparently other oxidizable amino acids are a+tacked onl~y j_n 

a more alkaline medit1m., This is in ace ordance with the findings 

of Mirsky ( 20) o 

No other substances containing sulfhydryl groups were titrated 

in conjunction with cysteine .. · It should be realized that, sinc,1 
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the method is specific for sulfhydryl groups, substances like gluta= 

thione, that contain a sulfhydryl group, would interfere with the deter= 

mination of cysteine. 

Table IV 

Cysteine Determinationsl in Presence of Amino Acj_d 
· Mixtures2 and with Ind:tvidual Aminq Acids 

Amino Acid Present Percent Purity Percent Purity 
________ W_i_t_h_A_m_:i..·_ n_o_A_c_i_d __ To_h_· t_h_out A~A~-----

Mixture 
Mixture 

Serine 
Tyrosine 

96 .. 96 
96.35 

96.96 
97 .. 70 

97 .:u~ 
96.,82'. 

96.73 
97.85 

1Assay by ferricyanide method. 
2Mixture 0.01 molar in leucine, isoleucine:; lysine., methionine 9 phenyl
alanine., tryptophan,, threonine., valine 3 aspartic acid., and glutamic acid 
in O.l molar hydrochloric acid. 

Potassium ferricyanide in aqueous solution is unstable, and deteriorates 

on standing~ It was necessary to prepare fresh solutions as needed~ Care 

was taken to av·oid exposure of the fresh solutions to direct sun light. which 

af.fects ferricyanide appreciably in a few minutes.,, 

The Reduction of Cystine 

It is very difficult to obtain cysteine in pure, solid form.. This 

amino acid, as has prev-iously been mentioned, is susceptible to atmospheric 

oxidation, and contamination is, accordingly, unav-oidable, unless air is 

totally excluded. The rate of ox:i,da.tion is diminished in acid solution and 

oxidation is reduced, but not completely avoided, by ma:i.nta.:lning cystd.rm 

as its hydrochloride. Shinohara., who investigated the purity of some com··· 

mercial samples available in 1935, found 5 to 1.5% impurity, most,ly cystine 

and water (26). 
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Much purer samples of cysteine are now available commercially, in the 

form of hydrochloride hydrate; but even these samples <:J,re only about 96% 

pnre and cannot be used to test the accuracy of analytical methods., We 

attempted to purify such connnerical samples by cryst·allization, but obtained 

a product more impure than the starting material., Since cysteine hydro

chloride is exceedingly soluble in water and too sparingly soluble in most 

organic solvents, purification by ordinary crystallization procedures is 

almost impossible. 

For this reason, the samples of cysteine in this investigatlon were 

commerical samples used without further purification, and our method was 

evaluated mainly be reference to the reproducibility of the thiol content 

found for a giv·en sample under different conditions and with aliquot portions 

of variable size. 

This procedure is not entirely satisfactory, however, and we sought, 

therefore, to prepare test samples of accurately known cysteine content by 

reducing samples of cystine quantitatively. The properties of cystine, 

notably its sparing solubility in water and its imperviousness to atmos-

pheric oxidation, make it much easier to obtain this compound in pure form; 

commercial samples of good purity are available. Its unusually h:i.gh optfoal 

rotatory power prov·ides a reliable index of purity, since the common impur

ities, cysteine and water, have a small and no rotation, respective1yo 

The literature lists many methods purported to gi,re quantitative reduction 

of cystine ( 6), but application of some of these methods .f.ailed to give us 

satisfactory results. Tin and hydrochloric acid were used by Lavine (12) 

f'or preparing samples used in testing the iodimetric method devised by 

himo After reduction, stannous ion was precipitated with hydrogen sulfide; 

stannous sulfide and excess tin were remov·ed by filtration, and the excess 
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hydrogen sulfide was removed by passing nitrogen through the solution., We 

found the method unsatisfactory; it was very difficult to remove the hydrogen 

sulfide completely,. It is significant., by the way::> that Lavine reports 

values in excess of lOQJb for cysteine samples obtained in this way" 

Zinc and hydrochloric acid were also used as reducing agents~ Since 

the zinc ion formed in the reaction does not interfere with analysis by 

iodi.metric methods, treatment with hydrogen sulfide and subsequent manip= 

ulations were unnecessary. The resu.1 ts were quite satisfacto~J,, How

ever, the presence of zinc ions in the solution is undesirable, since they 

would interfere in some uses to which the cysteine solution might be put. 

For example, zinc ion would interfere with the determination of the abso:rp=, 

tion spectrum. On the other hand, the difficulties i.nvolv·ed in removal of 

the zinc ion would likely be equal to those en9ountered in removal of sta..'1nous 

ionso An alternative method of reduction was therefore sought& 

Sodium was next conside_red as a reducj_ng agent. Sodii..un amalgam had 

alreadf been used by some investigators (27) for reduct,ion of eystine. 

Fu.:rthermcire.,. it can be expected that the sodium ion will no-t interfErrn 

with most possible uses. A satisfactory procedure was dev-:lsedi and it 

is fully described in the experimental section; In brief., 1% 

amalgam was prepared» best by dilution of 510 amalgam, whfoh i.s conm1.erc 

available; the amalgam was added drop by drop to a cystine solution which 

was sampled periodically and analyzed for cysteine; constant values wsra 

obtained, the cystine was considered to be completely recluced. A 

odor of hydrogen sulfide was detected during reduc·bion, but apparemtly the 

amount is small and can be minimized by slower addition of amalgamG 

Three different reduced samples from one sample of cystin.e were 

and tested for thiol content., A total of thirteen titrations were made by 
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the ferricyanide method, with aliquot samples of varying concentration., 

The mean of the percent purity was 97.,$%., The average deviation from the 

mean was O. 3.5. These results agree favorably with the purity indicated by 

the optical rotation of the cystine sample 3 which was 97 .. 7%,, The individual 

results are reported in Chapter IVo 



CHAPTER IV 

EXPERMNTAL METHODS AND RESULTS 

Lavina's Method 

PreEar~ion .9.-f §2.l~t~~ 

A standard iodine-iodide solution was prepared volurnetrically from an 

exactly weighed amount of Analytical Reagent grade potassium iodate, 86 

milliliters of concentra·bed hydrochloric acid and 166 grams of potassium 

iodide per liter of' solution. The solution was stored in brown glass 

containers. 

Six normal hydrochloric acid was prepared by dilution of 500 milli·· 

liters of concentrated acid to one liter . 

.A. solution of Ool normal sodium thiosulfate was made and standardized 

by comparison with the iodine solution previously prepared. 

The water used in preparing CJrsteine solutions was distilled water, 

first passed through Amberlite MB-1 mixed-bed ion-exchange resin, then 

boiled; while cooling, nitrogen was bubbled through it,, It was stored 

in a container, from which it could be siphoned, without coming in contact 

with atmospheric oxygen. 

Commercial samples of cysteine hydrochloride monohydrate were obta::'Lned 

from the California Foundation for Biochemical Research, Los Angeles, Cal= 

ifornia (Sample II) and from Schwarz Laboratories, Mount Vernon, New York 

(Sample I)~ The samples were stored in a desiccator in a cooler near o° Co 

19 
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One-tenth molar solutions were prepared by dissolving a weighed amour:.:t 

of cysteine hydrochloride monohydrate in 11 oxygen-free11 water and diluting 

to 100 milliliterse 

Procedure 

Ten milliliters of standard iodine-iodide solution was pipetted into 

a 2.50-milliliter Erlenmeyer flask. To this was added a five-milliliter 

aliquot of 0.1 molar cysteine. Three and one-half grams of potassium 

iodide were added to each sample to bring the iodide concentration to one 

molar. After allowing a short time for the iodine to compTetely oxidi?..,e 

the cysteine, the sample was titrated with standard sodium thio:=:mlfate. 

A blank was run omitting the cysteine and the cysteine concentration 

was calculated from the following equation: 

(VoJ,P.l -k Vol. 8. l )Gonc .. 8 O = = (VoLC SH)Conc: .. C -su 
LJ an amp e 2 3 y ;y .. n 

Pilmeris Method 

E!eparation of Solutions 

A buffer solution wa.s prepared using two=tenths molar phospho:r:l.e 

and titrating it with six molar sodium hydroxide to pH 2~ 

A 0 .. 1 normal standard iodine solution was prepared from a known amount 

of potassium iodate added to the buffer solution., enough potassium iodide 

to make the solution one molar in iodide j_on, c1,nd sufficient pH0-2 phosphate 

buffer to make one liter of solution., 

Cysteine samples were prepared in the same rfl.an.11er as described for the 

Lavine method~ 

Procedure 

A five-milliliter aliquot of cysteine was pipetted into a 250=ra:l.11i0"' 

liter Erlenmeyer flasko To this was added twenty milliliters of 
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solution (pH 2) and four grams of pot,assium ioq.ide. The sample was 

then titrated with standard iodine solution to a starch end point. 

The percent purity o.f the cysteine was calculated from the following: 

Results 

(mlr2) (Nr2) X _1igo~l 
=----------- X 100 

Sample Wt., of CySH 

The results of the cysteine determinations by Lavine 1s and Pilmer 1s 

methods are presented in Tables V and VI. 

Titration with Ferricyanide 

g__eagentE. 

Potassium ferricyanide and cupric sulfate were of A.C.S. reagent 

grade. 

The buffer was prepared by titrating 0.2 molar phosphorfo acid t.o 

pH 7 with one molar sodj.um hydroxide. 

The nitrogen used was a commercial, water-pumped grade" purified 

before use by bubbling through a vanadous ion solution to remove o:xygEm (ll1)., 

Water used in preparing cysteine and f'erricyanide so1utions was 

in the same manner as previously described for the :I.odimetr:i.e met,hods. 

The commercial cysteine samples were the same as those employed in 

iodimetric methods. 

The electrical circuit is shown diagramatically in F'igure 2 o The sourc:E:, 

of current was two one- and-one-half volt dry cell batteries cormecte·d in 

series, shorted through a 100,000-ohm fixed resistance and tbrough a 

divider by which the desired potential was impressed upon the ele.:1trodas. 

A -potential of fifty millivolts was employed; the valueJ however, is not, 



Sample 
Description 

Commercial 
Sample III 
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'!able V 

Cysteine Determinations by Lavine 1s Method 

Amount Percent Deviation from Amount 
Taken 

( moles X: 10?) 
Found l?.UF.it7_ Mean % Purity 

(moles x 105f _......_ __ 

49.60 49.4 99.5 +0.3 
49 .60 50.0 100.8 +1.6 
49 .60 48.3 97 .l1 -1.,8 
49.20 Li7 .8 97 .o -2e2 
49.20 48.J 98.2 -loO 
49.20 49.l 99.8 +Oo6 
49.20 48.6 98.,9 -0.3 
49.20 48.6 98.7 -Oe5 
45.6.5 45.J 99.2 o.o 
45.65 45o2 99.0 -0.2 
45 .. 6.5 44 .. 8 98.2 -LO 
49.45 5o.6 10202 +3.0 
49 .. 4.5 49~4 99.8 +Oe6 
49 04.5 _______ !+...._9..:;...;o~,---"l"'--00....;:.,'-'-7 __ ___,+l="=""-5, __ _ 

Mean 99.2 1.0 
Standard Deviation 1.4 _______ _.;.. ____________________ '~--.. 

Commercial 
Sample ,II 48.60 

48 .. 60 
52.30 
52030 
.52 .. 30 

98 .. 2 
98.0 
95.5 
93.4 
99.2 

Mean 96o9 
Standard Dev-iation 2 .. 4 

+1 .. 3 
+L 1. 
-1.1.i. 
=3.5 
+2.J 

L9 
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Table VI 

Cysteine Determinations by Pilmer 1s Method 

Sample Amount Amount Percent PeV'iation from 
Description Taken Found Purity Mean% Purity 

(molesx 105) (mole;x 105) 
Commercial 
Sample III 49.20 47 .. 5 96 .. 5 +0.,3 

49 .. 20 48 .. 4 98.3 +2 .. 1 
49 .. 20 47 • .5 96 .. 5 +0 .. 3 
49 .. 20 h7 .. 4 96.h +Oo2 
49 .. 20 47.,0 95 .. 5 =0 .. 7 
49 .. 20 46.8 9)ol -Ll 
45.6.5 43 .. 6 95.5 -0.1 
45065 43.6 95.5 -0.1 

Mean 96.2 0.7 
Standard Deviation 1.0 

--~ 
Commercial 
Sample II 52.30 5o.o 9.545 =2.0 

.52 .. 30 48.8 93 .. 5 . ... 4 .. 0 
i,2.,30 51.9 99.2 +l.,7 

. 46 .. :30 46.o 99o2 +L. 7 
46 .. 30 46.4 100.1 +2.,6 

Mean 0::-e" 9 r "") 2J.i 
Standard Deviation 2 .. 9 



l ______ , 
---.-----. 



critical. The galvanometer used was of the poirrter-type -( G.Me Laboratories, 

Cata.lot no .. 570-211)~ The damping resistance for the galvanometer was some= 

what less than the critical value. The circuit was disconnected only when 

the apparatus was not to be used for prolonged periods of time, since the 

batteries discharge only v-ery slowly through a 1009000 ohm resistance. 

The electrodes were pieces- of twenty-two g-u_age platinum wire about 0.,5 

centimeters in length, sealed through soft glass tub;Lngo Connection was 

made with the rest of the circuit by- means of rnercUYJ inside the tubing .. 

No special care was required in the preparation and maintenance of these 

electrodes. 

Vessels of two sizes were used in the titrations; 6:ne vessel~ used .for 

titrations of 1 .. 0 to 0 .. 00.5 millimoles of cysteine, was a Berzelius beaker 

closed with a rubber stopper. The rubber stopper was fitted with the 

electrodes, a gas bubbling tube, the burette tip, and the shaft of a glass 

stirrer. The stirrer was propelled by an or-dinary electric stirring motoro 

A ten milliliter burette was used. 

The vessel used for titrations of 10-3 to 10=4 millimoles of cystej.ne 

was an 18X 50 mm. PyI\ex test tube.. Platinum electrodes were sealed tr1rough 

the side of the test tube.. No cap was used, and into the open mouth of the 

tube was placed the shaft of the stirrer, a gas=bubbling tube and the 

of the burette o The burette used in these ti.trations was a Kirk horizontal 

capillary burette of 0.,10 milliliter capacity. A uniform ratt-: o.f st:Lrring 

was found to be important in the small-scale titrations., Satisfactory 

results were obtained with a glass stirrer with a small paddle, actuated 

by a stirrer motor of variable speed. 

~alytical Procedure 

The same general method was applied to both the large and small 
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titrations. 'l'he titrations differ only in the size of sarnple and amount 

of buffer solution used. 

The titration medium was prepared in the following manrwr, in a Ber-

zelius beaker was placed an adequate amount, usually twenty milliliters, 

of phosphate bui'fer solution. To this was added tr,10 milliliters of 10-4 

molar cupric,. sulfate. Cupric sulfate of 10=5 molarity was added to the 

~ore dilute samples. The stopper was placed on the beaker and deOA'Ygen

ated nitrogen was passed through the solution for about ten minutes while 
. . . . 

the solution was being stirred.. After this time, the bubbling tube was 

raised above the solution. and nitrogen was allowed to flow over the sur= 

face of the solution.. The cysteine sample, in the range of 10-l to 10-3 

molar, was carefully pipetted into the titration beaker. Care was taken, 

in transferring the sample, t? minimize contact with the air. After this 

was done, the burette tip was placed below the surface of the liquid o A 

capillary.tip of the burette allowed no diffusion of ferricyanide into the 

beaker while the stopcock was closed. The potc+ssium ferricyanide was 

allowed to enter the solution slowly.. Nearness to the end poirrt could be 

detected by. f'luetuatlons by the galvanometer rn;:edle and finally by d:dfi, 

of the needle from the zero point. The gal VcU,tome-ter readings and cm.:·t>e= 

spending b:urette readings were recorded and later plotted o 

Results 

The results of the titration with ferricyanfde are given in Tables 

VII and VIII i, 

Th$ Reduction of Cystine 

Reagents.·· 

Mercury., used in preparation of sodium amalgam., was AoC .. S., reagent 

grade. 
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Table VII 

Cysteine Determinations at Variable Concentrations 
· Of Commercial Sample III by the 

Ferricyanide Method 

Cysteine Amount Amount Percent Deviation .from 
Qoncentration Take.n Found Purity Mean % Purity 

Range (molesX 105) (moles)( 105) 
one-tenth 51.45 49.55 96 .. 31 -0.05 

to 51.45 49. 70 96 .. 60 +0.24 
two-tenths 48.0.5 45.90 9.5.52 =0 .. Blt 

48.05 46.15 96 .. 04 =0.32 
42.35 41.05 96S5 +0.59 
42.35 40.,90 96 .. 58 +0 .. 22 
30.90 29.50 95.53 -0.83 
30,;90. 29 0 70 96.12 -0.24 
79 .. 40 77.45 97.54 +1~18 

. 59 .. 65 57.80 96~90 =0.54 
44 .. 30 42 .. 70 96.39 +0.03 
35.44 33.,96 95.<J.5 =0.51 
62.02 59.L.3 95.85 -0.51 
45.oo 43. 74 96.20 -Ool6 
45 .. oo 43.69 97.,08 +O. 72 

Mean 96 .. 36 o.47 
Standard Deviation o.59 

one-hundredth 5 .. 400 5 .. 241 97.06 +0 .. 16 
to 3 .. 600 · ··3 .. 495 97 .. 07 +Oel7 

two=hundredths 4.68.5 ·4<1>543 96 .. 96 +0 .. 06 
in HCl 4.68S 4.551 97 .. 14 +0.24 

3 .. 748 3~611 96.35 =Oo55 
3 .. 74f$ . .3.629 96 .. 82 =0.08 

Mean 96 .. 90 0.21 
Standard Deviation 0.29 

... ~-·- ·-
one-hundredth v'4.805 4.420 9L99 =2,.00 

to 4.8oS 4.430 92.20 =L 79 
two-hundredths; 4.,235 4,.045 95.06 +lo07 
no extra HCl 3.090 2.935 94 .. 98 +0.99 

added 1..236 .1.11.i.2 92.33 ... 1 .. 66 
7.,940 . :. 7...655 96.41 +2.42 
5.965 .•. $, 660 .....•. 94089 +Oe90 
2 .. 386 2.244 94 .. 05 +0 .. 06 

Mean 93.99 1..3b 
Standard Deviation L64 

one-thousandth 0.216 0.208 96.,30 =0.29 
to 0.144 0.139 96.74 +0.15 

two-thousandth; 0.180 .· 0 .. 174 96.57 =0 .. 02 
in one molar HGT 0 .. 2.52 0.244 960 73 +0.14 

Mean 96.59 0 .. 15 
Standard Deviation 0.21 



Table VIII 

Gysteine Determinations at Variable Concentrations 
of CornmeJ'.'cial Sample II by the 

Ferricyanide Method . 
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--------------------------,---~----·-, · Cysteine Amount Amount Percent 
Concentration Taken Found Purity 

__ R_a_n-ge-.. ---(.,..m_o_l_e-sll'_l_o..,.5_)_(.,..m-o-le-"'s-XWj"r-·· .. ··.·····. -· ~-

one=tenth 53.,85 51.97 96 •. 47 
to 5.3@85 52008 96.75 

two-tenths 53085 52.36 97 .21 
43.08 41068 96®75 
96.93 93.87 96.B4 
49.,01 47.38 96~67 
39 ,.21 37 .95 96. 79 
68061 66.73 97,,26 

Mean 96" S[i. 
Standard Dev:iation Oo 27 

Deviation from 
Mean % Deviat:.I:9~--

=0.37 
=0.09 
+Oa37 
=0 .. 09 

0.,00 
=0.07 
=0.05 
+O.Li2 

---------------·--------- . -------·--
one-hundredth 

to 
two-hundredths; 
in one molar HCl 

one=hundredth 
to 

two=hundredth; 
no extra HCl 

added 

one-thousandth 
to 

two-thousandth;. 
no extra B.Cl 

added 

1 .. 960 
1.568 
4.308 
5.J85 
3.921 
4.,901 

1.875 
L51tl 
4"107 
5 .. 197 
3., 731 
4.690 

Mean 
Standard Deviation 

5.249 
4.283 
40362 
6 .. 454 
1 .. 823 
L.432 

. 2.179 

5.249 
4 .. 283 
4 .. 362 
6.454 
1.,823 
L432 
2.179 

95.61 
96 .. 79 
95035 
96.L.7 
95.15 
95.69 

87@06 
88.73 
90039 
89.,15 

·90 ... 52 
88.90 
90017 

=0o2J 
+0.95 
~,0Ji9 
+0 .. 63 
=-0.69 
=0.15 

=2~21 
=Oo54 
+Ll2 
=0.12 
+l.25 
=0 .. 37 
+0/?0 

Mean - 89.27 -·-- - o,j3 
Standard Deviation 1~22 

o .. 4828 
0 .. 6035 
o. 7242 

0 .. LI005 
0.5203 
006064 

Mean 

82.93 
86.,25 
83.,76 

=l.,38 
=l.94 
=0 .. 55 

1.29 
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Sodium amalgam, assaying approximately 5% sodium, was obtained from 

the General Chemical Div:i,~ion, Allied Chemical and Dye Corporation .. 

The cystine was chemically pure L-cystine, obtained from Schwarz 

Laboratories, Mount Vernon, New York. The optical rotation of the commercial 

sample was -208'\ which compared with the value given for pure cystine 3 

-213° (8); indicates a purity of 97.7%. 

Preparation of Amalgam 

At first, sodium amalgam was prepared by direct reaction between sodium 

and mercury under an organic solvent., This was done by weighing out freshly 

cut sodium under the solvent, usually xylene. The sodium and solvent were 

placed on a hot plate and heated until the sodium reached the melting pointo 

At this time, enough mercury, previously weighed out., to form a one per= 

cent amalgam was guiekly added to the sodiumo After the vigorous reaction 

had subsided, the resulting amalgam was purified by filtering. 

This method of making the amalgam involved considerable hazard, be= 

cause the reaction was quite vigorous; also some mercury was wasted 

owing to the formation of amalgam of approximately 6% sodium content 

which was solid and could not be used for reductiono 

A more convenient method of making one percent amalgam was subsequently 

.found .. It simply involved dilution of commerica.lly·available 5% sodium 

amalgam to one percent by grinding with the appropriate a.mount of mercury 

in a mortar•' 

Reduction Procedure· 

A cystine solution., tenth molar in cystine and one · molar :in hydro

chloric acid, was prepared and placed in a. dry centrifuge bottle o:f 2.50·= 

milliliter capacity. Sodium amalgam under a layer of isgoctane was 

placed in a separatory funnel to which a one-millimeter capillary was 
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attached,. The centrifuge bottle was closed with a rubber stopper, through 

which was fitted the capillary so that its tip dipped into the solution; 

the amalgam was allowed to drop slowly.into the solution for about two and 

one-half' hours~ Samples were taken and analyzed for cysteine at different 

times during the reaction. Both the ferricyanide and the iodimetria methods 

were .usede Aliquot samples were analyzed untU constant values of cysteine 

content were obtained; it was then assumed that reduction was complete and 

the reaction was stopped. 

Results 

The results of the determinations of reduced samples are given in 

Table n: •. 
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Table IX 

Determinations of Reduced Samples 

Method Amount Amount Percent Deviation from 
Taken Found Purity Mean% Purity 

Ferri= (moles 1' 10.5) (moles X 10.5) 
cyanide 60.000 58.726 97.88 +0.38 

50.000 48.700 97.40 -0.10 
40.000 38.810 97.02 -0.48 
6.000 5.855 97.58 +0.08 
5.ooo 4.884 97.68 +0.16 
4.000 3 .. 862 96.56 -0.94 
0.280 0.273 97.42 -0.08 
0.200 0.196 97.81 +0.31 
0.160 0.156 97.33 -0.23 

50.350 50.506 98.35 +0.85 
39~660 38.784 97 .. 79 +0.29 
39.660 38.485 97.03 -0.47 
39,,660 38. 737 97.67 +0.17 

Mean 97.50 0.35 
Standard Deviation o.45 

Lavine 1s 50.00 48.o 96.0 +0.7 
50.00 47 .J 94.6 -0.7 

Mean 95.3 0.7 

Pilmer 1s 49.67 48.7 98.1 =0.4 
48.40 . 47.0 97.2 +B. ', 

Mean 97.7 o.5 



SUMMARY AND CONCLUSIONS 

A method of analysis for cysteine and sulf'h:ydryl groups has been 

developed which utilizes titration with standard potassium ferrfoyanide 

solution, and the 11dead-stop 11 method for determining the end point. 'I'he 

method has :m.a.ny advantages over other procedu.res tested by the writer .. 

The apparatus used in the titration procedure is of simple design and 
' 

consists of materials that can be found in every modern laboratoryo The 

electrodes used are easily constructed and need no special care~ This is 

in contrast with the requirements for electrodes used in amperometr:k 

methodso 

The results indicate that this method is more sensitive than the iodi= 

metric methods of Lavine and of Filmer. At much lower cysteine concen= 

trations than can be determined by iodimetric methods, ferricyanide ti= 

tration gives precise results if precautions are taken to minimize atmos"· 

pheric oxidation. 

There is no absolute independent method of analysis for cysteine, to 

which the results obtained by the ferricyanide method may be cow:paredo 

It should be noted, however, that the results obtained with ferricyanide 

were consistent over a wide variation of concentrations. The precision 

affords some confidence about the reliability of the m~thod. 

Since ferricyanide is a milder oxidizing agent than iodine, the f'err:i= 

cyanide method should be less subject to interference from other oxidizable 

32 



substances. Indeed, none of the essential a.mi.no acids were found to have 

a detectable effect on cysteine titrations. Fo;r this reason., the method 

developed in this work will be useful for the determination of sulfhydr<Jl 

content in protein hydrolysates and in body fluids. It may even be possible, 

with appropriate electrodes, to measure the sulfhydryl content of intac·t 

cells. 

A simple method has been perfected for preparing pure samples of 

cysteine through the quantitative reduction of cystine .. Although the 

reducing agent employed has been used for cystine reduction before, no 

description was·available of the procedure needed to obtain quantitatiV'e 

resultso The procedure described in this work is simple, fast, and the 

resulting solution contains only sodium and chloride ions, which a't'e not 

likely to interfere with any purpose to which the cys·l:.eine may be put. 
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