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Reduction and Re-oxidation of the Disulphide 
Bonds of Soy Bean Trypsin Inhibitor 

SEVERAL examples have recently been reported of 
the partial or complete recovery of the native conform­
ation and the biological activity of a protein following 
the reduction of all disulphide bridges under strongly 
denaturing conditions, such as 8 M urea or 5 M guanidine 
hydrochloride. The examples include insulin', ribonu­
clease•, lysozyme•, and pepsinogen•. In each case the 
recovery was induced by removing the reducing agent 
and denaturing solvent and allowing the disulphide 
bridges to re-form spontaneously through re-oxidation of 
sulphydryl groups by atmospheric oxygen. 

Since the loss of the native molecular organization is 
generally very extensive for reduced, denatured proteins, 
these results are of importance as a direct test of the 
hypothesis that the overall configuration of proteins is 
primarily determined by their amino-acid sequence•. 

Investigations in this laboratory have recently demon­
strated that soy bean trypsin inhibitor is likewise capable 
of a major degree of recovery of its native structure after 
treatment of this kind. The organized structure of this 
protein has been shown to be rather refractory to the 
action of 9 M urea at neutral pH and 25° c•. Exposure 
to alkaline pH or elevated temperatures in this solvent 
results in a time-dependent transition to a molecular 
state which is much more loosely organized, as judged 
by changes in intrinsic viscosity, optical rotation, and 
rotational relaxation time•. 

Soy bean trypsin inhibitor (STI) consists of a single 
polypeptide chain of molecular weight 21,000 which is 
cross-linked by 2 disulphide bridges7 • Treatment of 
1 per cent STI (Worthington) solutions in 9 M urea, 
5 per cent (3-mercaptoethanol for 20-30 min at 57° re­
sulted in quantitative reduction of cystine groups to 
cysteine, as determined by titration with p-chloro­
mercuribenzoate8. The product of the combined re­
duction and denaturation under these conditions exists 
in an advanced state of molecular disorganization, as 
indicated by the high value of intrinsic viscosity (21·2 
ml. g-1 ), and low value of rotational relaxation time 
(p~= 1·6 x 10-9 ), as determined by fluorescence polariz­
ation•. However the non-vanishing value of the latter 
parameter suggests that some structural restraints may 
survive under this condition. 

Removal of urea and mercaptoethanol by passage 
through a 'Sephadex G-25' column, eluting with O· l M 
Na~Ac, p~ 5·6, yields the reduced protein in water. 
This maten_al has little o~ no inhibiting capacity ( < 2 per 
cent of native) for trypsm, as determined by assay with 
the substrate tosyl arginine methyl ester at pH 7·5, 
25° (ref. 10). 

Air oxidation of a 0·1-0·3 g/1. solution in 0·l M phos­
phate, pH 8·0 for 48 h at 25° results in quantitative 
reformatio:r_i of disulphide bridges to yield a re-oxidized 
product with 30-40 per cent of the trypsin-inhibiting 
capacity of the original (Table 1). Ultracentrifugal 
examination of the product, after re-concentration by 
pervaporation, shows two components of sedimentation 
coefficient 4·7 and 2·2 (1 per cent STI in 0·l M potassium 
chloride, 0·01 M phosphate, pH 7). The value for the 
latter component is close to that for native inhibitor. 

Table 1. PROPERTIES OF REOXIDIZED STI PREPARATIONS 

Preparation 
STI-R-1 
STI-R-3 
STI-R-4 
STI-R-5 
STI-R-6 

Per cent 
reduction 

90 
100 
100 
100 

93 

Per cent 
activity 

reMoxidized 
material 

42 
43 
38 

Per cent 
activity 

n1onon1eric 
fraction* 

81 
85 

100 
61 

Reduction was carried out in 9 M urea, 0·l M phosphate, pH 7·7 for 15-20 
min at 58°. Re-oxidation was carried out in 0·l M phosphate, pH 8·0 for 
48 h at 25°. The concentration of STI was 0·l to 0·3 g/1. 

*Obtained by 'Sephadex G-lO0'fractionation. 

The two components could be separated by fraction­
ation on a 'Sephadex G-100' column. The elution pattern 
of re-oxidized STI showed two major components and 
sometimes a minor ( < 10 per cent) trailing component. 
The leading component (F I) and the second elution 
peak (F II) had sedimentation coefficients of 4·7 and 
2·2 respectively (1 per cent STI in 0·l M potassium 
chloride, 0·01 M phosphate, pH 7). 

Almost all the inhibitory activity of the re-oxidized 
material was present in fraction F II, the specific activity 
of which was 80-100 per cent of the native protein. 
There was some indication of a slight ( < 10 per cent) 
activity in F I, but the possibility of contamination 
with F II has not been rigorously excluded. 

The monomeric fraction (F II) probably closely 
resembles the native material in structure, in view of its 
sedimentation properties and biological activity. It 
would, however, be premature to equate it with the original 
in all structural aspects. It is clear that the process, 
competitive with re-formation of the native molecule, 
involves aggregation, possibly through formation of 
intermolecular cystine bridges. 

It may be concluded that soy bean trypsin inhibitor 
may be added to the list of proteins which are capable 
of spontaneous re-formation of a conformation resembling 
the native after an extensive loss of structure. 
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