


Cα separations of less than 6.5 Å unless they are stretched 
across a β barrel or perhaps a short loop. The majority will 
have either the left-handed spiral conformation or the right-
handed hook conformation.

Now let us examine the distribution and position of 
disulfides in proteins. The simplest consideration is distri-
bution in the sequence (see Fig. 51), which is apparently 
quite random, except that there must be at least two resi-
dues in between connected half-cystines. [Rare cases are now 
known with tighter spacing, which is thus quite unfavorable but 
not impossible.]  Even rather conspicuous patterns such as 
two consecutive half-cystines in separate disulfides turn 

out, when the distribution is plotted for the solved struc-
tures (Fig. 51), to occur at only about the random expected 
frequency. The sequence distribution of half-cystines is 
influenced by the statistics of close contacts in the three-
dimensional structures, but apparently there are no strong 
preferences of the cystines that could influence the three-
dimensional structure.

Disulfide topology may be considered in terms of the 
possible patterns of cross-bridges on a floppy string. The 
cases that occur appear to be a random selection among the 
possible alternatives, showing no evident preferences for 
or against any particular features (such as whether nearest-
neighbor half-cystines are connected or whether the total 
connectivity can be drawn in two dimensions). This situa-
tion is a very marked contrast to what we found for β sheet 
topology, where there are a number of quite strong topo-
logical preferences. However, the topological and sequence 
randomness of disulfides is what one would expect if their 
major role is to stabilize close contacts in the final structure 
but they have no influence on the early stages of the pro-
tein-folding process.

We can also examine what types of backbone confor-
mation are found at the ends of disulfides, and here we can 
see some preferences again. Well over half of the backbone 
strands are in extended conformation, although a relatively 
small fraction are actually part of a β sheet. It is not possible 
for a disulfide to join neighboring strands in a β sheet [(This 
has turned out not to be true: SS “staples” do so (see above).)]: 

any but the closest residues on adjacent strands are too far 
apart, and a closest pair of residues is slightly too close to-
gether. Also, for a close pair on β sheet the Cα-Cβ bonds of 
the two are approximately parallel, while they need to be 
approximately perpendicular for a right-handed hook and 
antiparallel for either right- or left-handed, spirals. Occa-
sionally disulfides join next-nearest-neighbor β strands with 
only some disruption of the intervening hydrogen-bonding 
pattern (e.g., Cys-40-Cys-95 in ribonuclease S). An even 
more common relationship to β sheet is a disulfide join-
ing the continuation of two nearest-neighbor strands after 
they have separated from the β sheet and can attain a more 

suitable separation and angle. Typically the disulfide is one 
or two residues out from the last hydrogen bond on one 
strand and three or four residues out on the other strand; 
the β strands are almost always antiparallel rather than par-
allel. This sort of arrangement is somewhat reminiscent of a 
β bulge (see Section II,D), and for the case of Cys-65-Cys-
72 in ribonuclease S the disulfide actually spans one end of 
a wide type β bulge. [Another common arrangement in anti-
parallel β structure has two SS in contact, coming from residues 
directly opposite on the adjacent strands of a β-hairpin, one SS 
in a right-hand spiral and one in a left-hand spiral (Richardson 
Protein Tourist). This has been aptly named the SS β cross (Stern-
berg).]

α-Helix is also quite common as the backbone confor-
mation flanking a disulfide, but there is seldom well-formed 
helix on both ends of a given disulfide. If one end comes 
from an α-helix, the other end will usually be an extended 
chain, or one or more tight turns, or irregular structure past 
the end of a helix. Presumably the constraints on favorable 
separation and angle of Cα—Cβ bonds in disulfides are 
difficult to satisfy with residues in any of the normal helix 
packing arrangements (see Section II,A). There are no di-
sulfides at all in any of the helix-bundle structures (see Sec-
tion III,B). Disulfides do connect a pair of adjacent helices, 
however, in phospholipase A2 and in crambin.

In cases in which backbone direction is readily definable 
(primarily for extended or helical chains), the two chains 
joined by a disulfide almost always cross at steep angles to 

FIG. 51. Number of residues between sequence-neighbor half-cystines. Pairs which are in the same 
disulfide are shown by asterisks and those which are not by circles.



one another (60 to 90°).
The third most frequent backbone conformation at di-

sulfide ends is a tight turn. Sometimes it is a succession of 
turns, or bit of 310-helix. Turns seem to be somewhat fa-
vored at the hook end of a right-handed hook disulfide.

There is a correlation between the backbone conforma-
tions which commonly flank disulfides and the frequency 
with which disulfides occur in the different types of over-
all protein structure (see Section III,A for explanation of 
structure types), although it is unclear which preference is 
the cause and which the effect. There are very few disulfides 
in the antiparallel helical bundle proteins and [almost] 
none in proteins based on pure parallel β sheet (except for 
active-site disulfides such as in glutathione reductase). An-
tiparallel β sheet, mixed β sheet, and the miscellaneous α 
proteins have a half-cystine content of 0-5%. Small proteins 
with low secondary-structure content often have up to 15-
20% half-cystine. Figure 52 shows the structure of insulin, 
one of the small proteins in which disulfides appear to play 
a major role in the organization and stability of the overall 
structure.

FIG. 52. A schematic backbone drawing of insulin, a small 
structure which is dependent on its disulfides for stability.


