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Summary~ Calculations carried out by the quantum-mechanical PCILO method indicate 
that the stable conformation of the disulphide bridge corresponds to a twist of 
90°-iO0 ° around the S-S bond. This result is confirmed by the experimental studies 
on the conformation of these bridges in a number of cystine derivatives and in the 
globular proteins:ribonuclease S, chymotrypsin and lysozyme. The calculations pre- 
dict a higher cis (90 ° to 0 ° ) than trans (90 ° to 180°) rotational barrier. 

The conformational energy map of the disulphide bridge of preteins was 

recently investigated theoretically on the model compound 043 - S - S - 043 by 

Ponnuswamy (I) both by the "empirical" computations and with the help of a simple 

quantum-mechanical procedure, namely the Extended HSokel Theory. The results of 

both types of computation were unsatisfactory. Thus, while experimentally the 

S - S bridges undergo a twist of about 90 ° (right handed or left handed) around 

the S - S bond in amino acids and in proteins (vide infra), the "empirical" com- 

putations indicate an energy minimum for a rotation of about 35 ° and the Extended 

HOckel computations favor the angle of 180 ° (trans conformation). 

In view of this situation, we have reinvestigated theoretically the con- 

formational energy curve of the disulphide bridge using a substantially more refi- 

ned quantum-mechanical procedure, the PCILO (Perturbative Configuration Interaction 

using Localized Orbitals) method, elaborated recently in our laboratory (2 and the 

references given therein) and which has given satisfactory results in the cons- 

truction of conformational energy maps for a large number of amino acid residues 

of proteins (3)-(7), as well as for other types of biomolecules : nucleosides and 

nucleotides (8), disaccharides (9), steroids (10), retinals (II) etc... 

This method belongs to the all valence electrons procedures studying 

simultaneously the ~ and ~ electrons, It takes into account interelectronic 

repulsions and goes beyond the self-consistent field approximation in the cal- 

culation of the ground state energy by incorporating an appreciable fraction of 
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the correlation energy. Its fundamental idea is to choose a set of reasonable 

bonding and antibonding orbitals localized on the chemical bonds. Such a set may 

be constructed on a basis of hybridized atomic orbitals, the bond orbitals being 

obtained as linear combinations of distinct hybrids taken two by two, each bon- 

ding orbital being associated with an orthogonal antibonding orbital. A localized 

orbital representing a lone pair is described by a single hybrid orbital. 

The bonding orbitals are used to construct a fully localized 81ater de- 

terminant. This determinant represents the zeroth order wave function for the 

ground state of the system. The antibonding orbitals are utilized to build the 

excited states and a configuration interaction matrix is considered to be cons- 

tructed on such a basis of configurations. The lowest eigenvalue and eigenstate~ 

i.e. the energy and the wave function of the ground state of the system are then 

obtained by a Rayleigh-SchrBdinger perturbation expansion truncated after the 

third order. 

As a technical simplification, the principal working hypotheses of the 

CNDO/2 procedure (12)(18)-have been retained, in particular thehypothesis of 

complete neglect of differential overlap as well as the general perametrization 

of this procedure. 

In the present case the GNDO parameters of Sentry and Segal are used for 

the sulphur atom (14). The calculations take into account the 3s end 3p orbitals 

of that atom but do not include its 3d orbitals. The fact that such a limited 
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Fiqure I~ - The eonformational energy of OHR-S-S-CH 3 with respect to the energy 
of the most stable conformation-taken ag zero. The drawing in the 
upper right corner corresponds to ~ = 0 ° (cis conformation). Experi- 
mental conformations of the 8-S bridge in : 

& small cystine compoundsj 

o globular proteins, 
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basis set of atomic orbitals is sufficient to account for the main conformational 

features (in particular for the angle of rotation) in hydrogen persulfidej HS-SH, 

was shown by the ab initio self-consistent field molecular orbital calculations 

of Schwartz (15) and Hiliier et al. (16), although it is possible that the inclu- 

sion of the 3d orbitals may influence the values of the rotation barriers. The 

geometrical input data are taken following the indications of microwave spectros- 

copy (I?). 
Fig. I presents the variation of the total molecular energy of dimethyl 

disulphide, with respect to the energy of the most stable conformation taken as 

energy zero~ for rotations around the disulphide bridge from the cis (W = O°)to 

the trans (W = 180 ° ) position. The rotations were carried out in increments of 30 ° , 

except for the zone @ = 60 ° - 120 ° in which the increments were of 10 ° in order 

to locate the minimum more accurately° For the results indicated in the figure, 

the methyl groups are assumed in the staggered arrangement with respect to the 

disulphide bridge. 

TABLE I 

The conformation of the disulphide bridge in cystine 
derivatives and in globular proteins. 

Protein or compound 

Ribonuclease-S ( 1 8 )  

Chymotrypsin 

Lysozyme 

(19) 

(20) 

L-cystine dihydrobro~ ( 2 1 )  
Hexagonal L-cystine " " 
N,N'-diglyeyl-L-cystine dihydrate (23) 
C y s t i n e  ( 2 4 ]  . , 
Oystine 2H Br ! 2 4 !  
Cystine 2H C1 t24) 
N,N L diglycyl-cystine(24) 
Dimethyldisulphide (microwaves) (I?) 

h e  residues 
involved 

.n the bridge 

26 - 84 
40 - 95 
58 - 110 
65 - ?2 

I - -  

4 2 -  
1 3 6 -  
168 - 
191 - 

222 
58 
201 
182 
220 

127 
115 
80.  
94 

B - 

3 0 -  
6 4 -  
? 6 -  

The a n g l e  

101 ° 
84~ 
?89 
8a-e 

113 o 
?59 

1049 
679 
839 

101.5 ° 
105 .39  
£ 7 . 1 9  
9 8 . 9 9  

90 ° 
1069 
1019 
? 3 . 8  ° 

- 8 1 . 3 9  
- T g .  19 
- 7 9  ° 

84 .?  ° 

67 



Vol. 43, No. 1, 1971 BIOCHEMICAL AND BIOPHYSICAL RESEARCH COMMUNICATIONS 

The most stable conformation is found at W = 100 ° and corresponds thus 

to an approximately perpendicular orientation of the two methyl groups about the 

s - s bond. The calculated rotational cis (90° to Oo) and trans (gOo to 160°) bar- 

riers are 2o9 and 1.3 kcal/mole, respectively. 

Similar calculations carried out for the eclipsed arrangement of the methyl 

groups indicate that the energy minimum is located at the same value of W but I 

kcal/mole below the minimum of the staggered form. The trans rotation barrier is 

similar (I kcal/mole) but the cis one is much higher 10 kcal/mole). 

Fig. I confronts also the theoretical results with the X~ray determined 

conformations of the S-S bridge in a few simple cystine derivatives and in the 

three globular proteins : ribonucleese S, chymotrypsin and lyzosyme. The corres- 

ponding numerical data are indicated in Table I. The overall agreement between 

theory and experiment is satisfactor~ practically all the observed residues oc- 

curing within 0.5 kcal/mole above the minimum. 
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