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Effect of Chloroquine on the Sulfhydryl Group and 
the Denaturation of Bovine Serum Albumin 

By DONALD A. GERBER 

Chloroquine diphosphate was demon- 
strated to be capable of blocking the 
sulfhydryl disulfide interchange reac- 
tion that ordinarily occurs during the 
denaturation of bovine serum albumin 
by either heat or urea. Chloroquine was 
also shown to inhibit the reduction of 
ferricyanide by cysteine, and to bind to 
certain sulfhydryl groups of human se- 
rum protein when present in concentra- 
tions found in patients taking the com- 
pound for rheumatoid arthritis. 

Esseva demonstrate que diphosphato de 
chloroquina es capace de blocar le reac- 
tion de intercambio de sulfhydrylo e di- 
sulfido que ordinarimente occurre dur- 
ante le disnaturation de albumina in sero 
bovin per medio de calor o de urea. 
Esseva demonstrate etiarn que chloro- 
quina inhibi le reduction de ferricyanido 
per systeina e que ill0 se liga a certe 
gruppos sulfhydrylic in le proteina de 
sero human quando ill0 es presente in 
concentrationes que es trovate in pa- 
tientes qui recipe le composito pro le 
tractamento de arthritis rheumatoide. 

HE EFFECTS OF GOLD thiomalate and chloroquine in suppressing T many of the manifestations of rheumatoid arthritis seem to be somewhat 
simi1ar.l It has recently been shown that gold thiomalate alters the reactivity 
of the sulfhydryl group2 of cysteine and sodium thiomalate and prevents 
the sulfhydryl disulfide interchange reaction3 that is capable of cross-linking 
protein molecules during the denaturation of bovine serum albumin by 
either heat or urea. Histological evidence suggests4 that chloroquine also has 
an idhibitory effect on the reactivity of the sulfhydryl group and it is known5 
that chloroquine excretion is increased by the sulfhydryl containing com- 
pound 2,3-di-mercapto-l-propanol ( BAL ) . 

This study was therefore undertaken to inquire further into the effect of 
chloroquine on the sulfhydryl group by investigating the effect of chloroquine 
on the sulfhydryl disulfide interchange mediated denaturation of bovine 
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serum albumin by both heat and urea, by studying the binding of chloroquine 
to the sulfhydryl groups of serum protein and by studying the effect of 
chloroquine on the ability of cysteine to reduce ferricyanide. 

METHODS 
Heat denuturatwn. Following the method of Hospelhorn and JensenG three ml. aliquots 

of 0.44 g per 100 ml. bovine serum albumin in 0.2 M. phosphate a t  pH 7.4 were heated 
to 90 C. for 30 minutes in the presence of varying amounts of chloroquine diphosphate." 
Viscosity measurements were then made at 30 C. in an Ostwald viscosimeter with a 2 ml. 
bulb and a water passage time of 68.4 seconds. Results are expressed in terms of reduced 
viscosity. 

t (albumin with chloroquine) 
1) .  _ -  I 

C t (water) 
Reduced viscosity = - ( 

In this expression the passage time is represented by t and the protein concentration in g 
per 100 ml. by c. C was 0.44 in all instances. 

Urea denatumtion. Employing a slight modification of the method of Hospelhorn, Cross 
and Jensen7 one g per 100 ml. bovine serum albumin in 0.1 M phosphate, 1.0 mM EDTA 
(to remove trace free cupric ion) and 6 M urea at pH 7.4 was incubated at 30 C. for 2 
hours in the presence or absence of chloroquine. Viscosity measurements were made in 
an Ostwald viscosimeter at 5 minute intervals over the 2 hour period. 

Serum binding. Fifteen ml. aliquots of dialized human serum diluted to a concentra- 
tion of 4.0 g. protein per 100 ml. and containing 253 pM sulfhydryl group (3.8 pmoles) 
as determined by para chloromercuribenzoate8 were prepared at p H  8.6 in 0.08 ionic 
strength phosphate and 0.07 M borate buffer and 16 pM chloroquine. After the addition 
of graded amounts of mercuric chloride 0.1 ml. of ultrafiltrate was obtained by centrifuga- 
tion in 3/s inch diameter cellulose casing* for 10 minutes at 400 rpm in 50 ml. poly- 
propylene test tubes (chloroquine adsorbs onto glass) according to the method of Prasad 
and Flink.9 The chloroquine concentration in the ultrafiltrate was determined by fluores- 
cence in 2 ml. of 0.2 M sodium carbonate-bicarbonate buffer at p H  9.9 at 390 mp when 
excited at 335 mp in an Aminco Bowman Spectrophotofluorometer using a Zenon lamp 
and a # 3  slit arrangement. 

Ferricyunide reduction by cysteine. Serial determinations were made for 30 minutes at 
420 mp in a Klett Summerson photoelectric colorimeter of the absorbency of a 5 ml. 
solution of 4 mM ferricyanide in 0.1 M sodium acetate-acetic acid buffer at pH 4.5 to 
which 3.4 mM cysteine was added in the presence of graded amounts of chloroquine. Kt. 
was calculated according to an equation for a second order reaction, 

1 C (F-X) 

F-C F (C-X) 
kt = In - - 

where k = the reaction rate and t = time in minutes. F = initial concentration of fer- 
ricyanide, C = initial concentration of cystein and x = the decrease in concentration of 
ferricyanide at time t, all in moles per liter. 

RESULTS 
Heat denaturation. Bovine serum albumin (0.44 g per 100 ml. ) denatured 

by heat in the presence of chloroquine at pH 7.4 (fig. 1) and pH 6.7 is more 
viscous than bovine serum albumin denatured in its absence. At pH 7.4 2 mM 
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Fig. 1.-Reduced viscosity of bovine serum albumin denatured in the presence 

of graded amounts of chloroquine. Denaturation was carried out at 90 C. for 30 
minutes at pH 7.4 in 0.2 M phosphate. Albumin = 0.44 g per 100 ml. 

chloroquine produced an increase in transit time of 5.1 seconds. This cor- 
responds to a 46 per cent increase in reduced viscosity. Reagents that react 
with the sulfhydryl group effect a rise in reduced viscosity up to 0.93 by 
inhibiting the sulfhydryl-disulfide interchange reaction which, in the absence 
of sulfhydryl-reacting reagents, results in the formation of large symmetrical 
cross-linked albumin molecules.G At pH 6.7 in 0.2 M phosphate the effect of 
chloroquine in increasing the viscosity of bovine serum albumin' is reduced 
% in the presence of 1.1 mM cysteine. Chloroquine has no effect on the 
viscosity of bovine serum albumin prior to heat denaturation or if added 
after denaturation has proceeded for 30 minutes whether or not denaturation 
is continued for an additional 30 minutes. At pH 7.4 in 0.2 M phosphate no 
effect on viscosity was observed when denaturation took place in the presence 
of 10 mM calcium chloride, diphenylhydantoin, para-aminohippurate, peni- 
cillin G, riboflavin, sodium salicylate or tetracycline. Tris (0.2 M )  produced 
a rise in reduced viscosity to 0.90. Below this concentration of Tris the in- 
crease in viscosity was linearly proportional to the concentration of Tris 
present during denaturation. 

Urea denaturation. The characteristic sulfhydryl disulfide interchange me- 
diated rise in viscosity of 1 g per 100 ml. bovine serum albumin in 0.1 M 
phosphate, 1 mM EDTA and 6 M urea at pH 7.4? was completely absent in 
the presence of 333 PM chloroquine. It is to be noted that the effect of sulf- 
hydryl inhibiting reagents on the viscosity of bovine serum albumin in urea 
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is the reverse of that induced by heat? Chloroquine did not effect the viscosity 
of this system if added after the rise in viscosity had taken place. 

Serum binding. Reagents that react with the sulfhydryl group compete 
with chloroquine for binding sites on dialized human serum. In a solution of 
4 g per 100 ml. dialized serum protein in phosphate-borate buffer at pH 
8.6 in the presence of 16 yM chloroquine approximately 20 per cent of the 
chloroquine present is ultrafilterable. An additional 8 per cent may be made 
ultrafilterable by adding HgC1, (fig. 2 ) .  The effect of HgClz in releasing 
chloroquine into the ultrafiltrate becomes maximal when sufficient HgClZ 
(300 yN) has been added to react with all the sulfhydryl groups present (253 

Bound chloroquine is also released into the ultrafilterable fraction at pH 
8.6 on the addition of any one of the following: N ethylmaleimide, iodoacet- 
amide, iodoacetate, para chloromercuribenzoate, phenyl mercuric acetate, and 
gold thiomlalate. All of these reagents are thought to react with the sulfhy- 
dry1 group. Control experiments without serum or with sodium salicylate 
in place of chloroquine produced negative results. Chloroquine binding to 
dialized human serum increases as the pH rises above 7.4. At pH 7.4 in 
0.075 M phosphate and 0.075 M sodium chloride in the presence of 2.4 yM 
chloroquine approximately 1/2 of the chloroquine is ultrafilterable. After the 
addition of HgC12 (0.8 mM) all the chloroquine present can be accounted 
for in the ultrafiltrate. 

Heating serum to 6.0 C. for 30 minutes prior to the addition of 8 PM 
chloroquine doubles the concentration of chloroquine bound to the protein 
at pH 7.4. This additional trapped chloroquine could not be rendered ultra- 
filterable by HgC12. The release of chloroquine into the ultrafiltrate by HgC12 
could not be demonstrated in the presence of 0.1 M Tris at pH 7.4 or in the 
presence of 0.06 M Tris with 0.16 M phosphate at pH 8.5. This is consistent 
with the observation that similar concentrations of Tris effect the denatura- 
tion of bovine serum albumin in a manner similar to reagents that react with 
the sulfhydryl group. None of the sulfhydryl inhibiting reagents used altered 
the fluorescence of chloroquine in carbonate-bicarbonate buffer at pH 9.9. 
At no pH between 6 and 12 was the fluorescence of 1.3 pM chloroquine 
altered by as much as 0.1 M cysteine. 

Ferricyanide reduction by cysteine. The rate of reduction of 4 mM ferri- 
cyanide by 3.4 mM cysteine at pH 4.5 in 0.1 M sodium acetate is reduced 4.7 
fold by 0.8 mM chloroquine and 7.0 fold by 2 mM chloroquin'e (fig. 3 ) .  
Qualitatively similar results are obtained at pH 7.4 where the reaction is 
more rapid. If ascorbic acid is used in place of cysteine no effect of chloro- 
quine is observed. Chloroquine alone does not alter the absorbency of fer- 
ricyanide or cysteine at 420 my. 

PM). 

DISCUSSION 
For technical reasons it was convenient in this investigation to study the 

effect of chloroquine on the sulfhydryl group by studying its effect on the 
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sulfhydryl-disulfide interchange reaction that occurs during the denaturation 
of bovine serum albumin. A reaction of this type may be described by the 
expression RSSR’ + R”SH + R”SSR’ + RSH where R, R ,  and R” repre- 
sent polypeptide chains. During the course of this reaction the disulfide 
bond is attacked by the sulfhydryl group. As a result a new disulfide linkage 
is created and at the same time that the original sulfhydryl group is incorpo- 
rated into a disulfide bond a new sulfhydryl group is generated. The new 
sulfhydryl group is capable of reiterating the process so that in this manner 
a single sulfhydryl group can bring about the transformation of a large 
number of disulfide bonds under mild conditions. The cross-linked protein 
molecules which form as a result of the sulfhydryl-disulfide interchange re- 
action may be identified3 by their special viscosity characteristics and 
by the fact that they are insoluble in 83 per cent acetic acid. 

The sulfhydryl-disulfide interchange reaction plays a role3 in the denatura- 
tion of such proteins as bovine serum albumin, lactoglobin and fibrinogen 
by such agents as heat and urea. In addition the reaction is thought to be 
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Fig. 3.-Effect of chloroquine on the rate of reduction of 4 mM ferricyanide 
Kt was calculated according to second order by 3.4 mM cysteine at pH 4.5. 

kinetics. The slope of the curve is proportional to the rate of the reaction. 

involved in mitosis, hormone action, electron transport in oxidation-reduction 
reactions involving sulfhydryl enzymes, the production of keratin and the 
formation of physiological gels such as the mitochondria1 framework. 

In addition to the sulfhydryl-disulfide interchange reaction the sulfhydryl 
group is thought to take part in other reactions of biological interest. Karush 
has proposed'O that the sulfhydryl group and the disulfide bond play a role 
in the acquisition of immunologic specificity by gamma globulin. Hayashi et 
a1.l1 found that the activity of a sulfhydryl dependent skin protease in- 
creased with the development of the cutaneous Arthus phenomenon. The 
injection of reduced glutathione or cysteine, but  not other reducing agents 
into recently healed sites of Arthus phenomenon produced a reactivation of 
the inflammation. 

Reagents that react with the sulfhydryl group reduce the infectivity of 
pleuropneumonia organisms and most viruses12 and destroy the activity of. 
papain, muscle phosphorylase, glyceraldehyde-3-phosphate dehydrogenase, 
L glutamic acid dehydrogenase,13 microsomal cytochrome reductase,14 and 
myosin.I5 Sulfhydryl groups are required for the integrity of platelets,16 the 
growth of hemolytic streptococci,17 and protection from gamma irradiation.18 
Sulfhydryl groups decrease the tyrosinase-induced development of adreno- 
chrome from epinephrine, and noradrenochrome from norepinephrine19 and 
depolymerize macroglobulin.20 A lack of sulfhydryl groups induces the 
formation of L forms of the streptococcus.21 Still unexplained is the observa- 
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tion that the serum proteins of patients with rheumatoid arthritis, systemic 
lupus erythematosus, and other diseases associated with inflammation often 
possess subnormal concentrations of free sulfhydryl groups.22 

Serum chloroquine and chloroquine metabolite levels in patients receiving 
these drugs for rheumatoid arthritis are approximately 25 rM and 13 PM 
re~pectively.~~ Tissue levels may rise to 600 PM ch1oroquine.l Our data sug- 
gest that chloroquine in these concentrations like gold thiomalate alters the 
reactivity of certain sulfhydryl groups in vitro. Evidence at present does not 
however indicate what sulfhydryl dependent system might be inhibited by 
such an effect in patients with rheumatoid arthritis receiving these drugs for 
suppression of their disease. 

SUMMARY 
Chloroquine diphosphate alters the denaturation of bovine serum albumin 

in a manner similar to compound that inhibit the sulfhydryl disulfide inter- 
change reaction between protein molecules. Chloroquine decreases the rate 
of reduction of ferricyanide by cysteine and in concentrations present in the 
serum of patients receiving the drug appears to bind to certain sulfhydryl 
groups of human serum protein. 
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