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Abstract: The reactions of Myocrisin with albumin and y-globulin have been investigated using atomic absorption 
spectrometry and gel filtration. Albumin rapidly binds gold up to the levels predicted from the concentration of free 
sulphydryl groups present in the protein. However,  in the presence of glutathione, gold incorporation is increased, 
suggesting that in vivo, free thiols (glutathione. thiomalate) may facilitate gold uptake by the protein. In comparison, ~/- 
globulin is found to be capable of binding up to one atom of gold per molecule of protein in a slow reaction which requires 
high Myocrisin concentrations. 
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Introduction 

Gold therapy remains one of the few effective 
treatments for rheumatoid arthritis. Active 
compounds have been developed which allow 
it to be administered orally (Auranofin) and 
intravenously (Myocrisin) [1]. Irrespective of 
which route is preferred clinically, it is clear 
that the bulk of the gold is transferred quickly 
to ligand sites on the circulating cells [2] and 
on plasma proteins [3]. The latter, principally 
albumin, act as a major long term pool for a 
large proportion of the administered gold 
present in the blood [3]. The metal protein 
complex formed has been described as a pro- 
drug [4], which facilitates the transport of gold 
to the various regions of the body including the 
synovial cavity, where it is believed to be 
active. It is, therefore, important that the 
number of binding sites available on each of 
the plasma proteins is documented and their 
reactivity understood. 

Thus far, studies of the interaction of gold 
with the plasma proteins has focused mainly on 
the chemistry of albumin and in particular on 
cysteine-34 [5, 6] located in the first domain 
[7]. It remains unclear if there is a second, 
weaker metal binding site for gold on albumin. 
For example, an interaction of gold with the 

copper or nickel binding sites [8, 9], would 
allow albumin to transport a second gold unit. 
Clinical studies on the determination of gold in 
plasma using electrophoresis have identified 
the presence of some Myocrisin loosely bound 
to albumin [1], separate from that bound to 
cysteine-34. This gold was postulated to reside 
in one of the pockets in the protein which are 
commonly occupied by other drugs. Although 
the amount of this "second type" of gold varied 
from patient to patient, it was usually of the 
order of 15% of the total [1]. The presence of a 
second weak binding site for the metal would 
give rise to a more active pool of gold which 
will be transferred more easily and would 
subsequently have more clinical relevance. 

Of the other plasma proteins, it is thought 
that gold will bind to the selenium site on 
glutathione peroxidase [10]. Clinical studies 
indicate the presence of gold bound to ~,- 
globulin, although at lower concentrations 
than in albumin. As the globulins lack a 
reactive sulphydryl function, the most likely 
reaction is the exchange between the gold- 
thiolate bond and disulphide bridges [11, 12] in 
the protein, possibly in the swing region. 

In this study we have quantitatively investi- 
gated the ability of gold to bind to both 
albumin and ~/-globulin to try and establish 
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how many binding sites exist for gold on the 
circulating plasma proteins and whether there 
are any priorities to their occupancy. 

Experimental 

Albumin and ~/-globulin (Cohn fraction 10) 
were purchased from the Sigma Chemical Co. 
(Poole, UK). Myocrisin was purchased from 
the Aldrich Chemical Co. (Poole, UK). 

Estimation of the sulphydryl content of albumin 
and ~-globulin 

The sulphydryl content of ~/-globulin and 
two separate batches of albumin were assayed 
using 5,5'-dithiobis-(2-nitrobenzoic acid), 
Ellmans reagent, in the standard manner [13]. 
Although ~/-globulin is known to have no free 
sulphydryl functions, the protein was assayed 
to ensure that there were no major sulphydryl- 
containing impurities in the purchased 
material. 

As albumin exists as a heterogeneous 
mixture in three forms (free sulphydryl, mixed 
disulphide with cysteine, and mixed disulphide 
with glutathione), different batches of albumin 
obtained commercially have differing amounts 
of free thiol. Each batch requires to be assayed 
[13] before use. The amount of free thiol may 
be expected to range between 0.3 -SH groups 
per protein and 0.7 -SH groups per protein. 

Preparation and separation of gold-modified 
proteins 

Myocrisin and albumin were mixed in equi- 
molar amounts in a small volume (2 ml, 5 × 
10 -4 M) of phosphate buffered saline, pH 
buffered to 7.4 (PBS) and allowed to react for 
1 h. The solution was applied to a Sephadex 
G25 column (2.6 × 40 cm) and eluted with 
PBS. One millilitre fractions were collected 
and analysed for protein by UV-spectrophoto- 
metry, and for gold by graphite furnace atomic 
absorption spectrometry as described else- 
where [14], using a Phillips PU 9100 spectro- 
photometer. 

The preparation of the gold modified ~/- 
globulin follows that described for albumin, 
except that higher concentrations of gold were 
also used (1:1, 1:2, 1:3, 1:5, 1:7 mole:mole, 
protein:gold). Due to the slower reaction of ~/J 
globulin, the mixtures were allowed to react 
for 7 days prior to separation and analysis. Due 
to the prolonged incubation period in this 
study, the samples were submitted to sterile 

filtration into sterile flasks in a laminar flow 
cabinet. The flasks were firmly stoppered to 
prevent interference from bacteria. 

Results and Discussion 

The activity of gold in rheumatoid arthritis 
must be governed to some extent by the 
chemistry of the species present in solution. 
Thus, although Auranofin and Myocrisin both 
produce beneficial effects clinically, the 
changes which occur with Auranofin in the 
digestive tract prior to absorption, and transfer 
to the macromolecules within the circulation, 
makes it difficult to clearly identify the 
important active species. Myocrisin, however, 
is administered intramuscularly, some of it 
appearing in the plasma in an unchanged form 
[1]. This makes the in vitro reaction of Myo- 
crisin with plasma proteins a key structural 
point of reference. The structure of Myocrisin 
is known to be polymeric involving bridging 
thiolates [11, 15, 16]. It is susceptible to rapid 
ligand exchange and, in the presence of a 
donor, to degradation [15]. This chemistry 
undoubtedly facilitates the transfer of poly- 
meric gold thiolate ([AuSR], RS = thio- 
malate) moieties to the cysteinyl residue on 
albumin and possibly other soft binding sites 
on the plasma proteins. 

It is easy to produce an in vitro simulation 
for the early events involved in the action of 
Myocrisin by mixing the drug with plasma 
proteins. The proteins can be saturated with 
gold by using excess Myocrisin and the 
modified protein generated separated by gel- 
filtration. The amount of gold incorporated 
into the protein fraction can be assayed by 
atomic absorption spectrometry and corre- 
lated, where applicable (i.e. albumin), with the 
corresponding thiolate level for the unmodified 
protein determined using the standard Ellmans 
assay [13]. 

Albumin studies 
It can be seen from Fig. I that there is a good 

separation of the modified albumin from the 
excess gold, and that gold is incorporated into 
the modified protein at levels (0.31 _+ 0.05 
gold atoms per molecule of protein) consistent 
with the amount of free thiol (0.32 + 0.02 -SH 
groups per protein). Although the assay 
suggests that there is little gold incorporation 
above the level predicted on the basis of the 
number of sulphydryl binding sites available, 
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Figure  1 
The concentration of albumin and gold in the 1-ml 
fractions obtained from the gel filtration column. Protein 
concentrations were determined by UV-spectrophoto- 
metry (280 nm) and the gold concentration by graphite 
furnace atomic absorption spectrometry. 

there could still be a small amount of gold 
adsorbed at other sites. 

Using a different batch of albumin (0.58 + 
0.03 -SH groups per protein),  samples of gold 
modified protein were prepared in the 
presence of excess glutathione. Although this 
would degrade the polymeric gold complex 
[15], it would not prevent gold incorporation at 
cysteine-34. However ,  it would be expected to 
prevent gold incorporation at the weaker bind- 
ing sites by providing a more apposite ligand 
(glutathione) for gold in solution. Analysis of 
these samples did not show any diminution of 
gold incorporation but curiously indicated that 
gold incorporation increased from 0.65 + 0.05 
to 0.82 _+ 0.05 gold atoms per molecule of 
protein. This suggests that in the presence of a 
reducing agent, glutathione, it is possible to 
generate extra sites on the protein by cleaving 
the mixed disulphides with cysteine and gluta- 
thione in the heterogeneous albumin mixture. 

~l-Globulin studies 
Although ~/-globulin does not contain a free 

sulphydryl function and, therefore,  cannot 
bind gold via rapid ligand exchange with a free 
thiolate, the data (Fig. 2) indicates that the 
protein is still capable of sequestering gold 
from Myocrisin. For this reaction to occur, 
however, prolonged incubation times (7 days) 
and relatively high gold concentrations are 
required. This behaviour is indicative of an 
interaction of Myocrisin with ~/-globulin di- 
sulphide bridges, a reaction known to be slow 
for simple disulphides [11]. The observed 
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Figure 2 
Above: gold incorporation into T-globulin as a function of 
the molar ratio of T-globulin: Myocrisin in the reaction 
mixture. Below: the concentration of ",/-globulin and gold 
in the 1-ml fractions obtained from the gel filtration 
column. Protein concentrations were determined by UV- 
spectrophotometry (280 nm) and the gold concentration 
by graphite furnace atomic absorption spectrometry. 

protein-gold interaction would seem to be 
stoichiometeric, each ~/-globulin being capable 
of binding up to one gold atom per molecule of 
protein. 

Concluding Remarks 

It would seem unlikely that there is a second 
weak binding site for gold on albumin. How- 
ever, the data suggests that under reducing 
conditions it is possible to achieve incorpor- 
ation of gold into the protei n at levels higher 
than initially expected. This may go some way 
to explain why certain workers have implied 
that a second site exists. Other  studies have 
highlighted the importance of the thiolate 
ligand (thiomalate, thioglucose) used to 
prepare active complexes [1]. This study 
suggests that the incorporation of gold into 
protein is in some way facilitated by the 
removal of free ligand by albumin mixed 
disulphides. 
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C o m p a r e d  to a lbumin,  the interaction of  
gold with ~/-globulin is slow and requires a 
high gold concent ra t ion .  However ,  distribution 
studies in a n u m b e r  of  patients show that  the 
ratio of  a lbumin gold to the gold found on the 
globulins does not  change appreciably as the 
plasma gold levels rise [12]. At  max imum 
therapeut ic  dose,  the gold level is well below 
the saturat ion level of  ei ther  the rapidly react- 
ing albumin site or  the slowly reacting ~/- 
globulin site, with the fo rmer  account ing for  
roughly  80% of  the total gold observed.  Thus  
the amoun t  of  ~/-globulin affected will increase 
as the effective plasma gold concent ra t ion  
increases,  possibly causing a greater  immuno-  
logical effect a round  12 weeks.  If  ~/-globulin 
modif icat ion reflects a modif icat ion of  related 
immunoiogical ly  useful proteins  such as 
rheuma to id  factor,  and there is noth ing  protein 
specific in the disulphide exchange proposed ,  
then a response time about  the same as that 
required  to build up the gold concent ra t ion  
would  give suitable kinetics. 
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