D. Antiparallel

e next major grouping consists of domains that are
organized around an antiparallel sheet. ey are as nu-
merous as the parallel / structures, and their topology
and classi cation have been discussed before (see Levittand
Chothia, 1976; Sternberg and  ornton, 1977a,b; Rich-
ardson, 1977). s category is the most varied in terms
of size and organizational patterns. Figures 79 through 84
show backbone schematics for the antiparallel domains,
grouped into subcategories.

Most of the antiparallel domains have their  sheets
wrapped around into a cylinder, or barrel, shape. None of
the antiparallel barrels has as symmetrical or as continuous-
ly hydrogen-bonded a cylindrical sheet as the singly wound
parallel barrels of triosephosphate isomerase and pyruvate
kinase d1; however, antiparallel barrels are very much more
common. Because of gaps in the hydrogen bonding, some
of these structures have been described as two sheets fac-
ing each other (e.g., Schi eretal.,, 1973; Blake et al., 1978;
Harrison et al., 1978). Our reasons for treating them all as
barrels are that the gap positions are sometimes di erent
in domains that are probably related, and that the barrel
description yields very much simpler and more uni ed to-
pologies.

Domains

Barrels seem to prefer pure parallel or antiparallel
structure even more strongly than does sheet in general.
All the known singly wound barrels are pure parallel. An
antiparallel barrel with an odd number of strands is con-
strained to have one parallel interaction, but no other par-
allel strand pairs occurs within antiparallel barrels except in
the acid proteases. [ Of course, there are now more absolute
numbers of such exceptions, but they are still quite rare. ] Also,
even-stranded barrels are much more common than odd-
stranded ones.

e rst type of antiparallel barrel, in analogy with
the rst type of helix bundle, has simple up and down +1,
+1, +1 connections all around. Although it is relatively un-
usual for a barrel to be composed entirely of up-and-down
strands, many of the larger barrels and sheets have four- to
six-stranded sections of simple up-and-down topology
embedded within them.  ere are three examples of pure
up-and-down  barrels: soybean trypsin inhibitor, papain

dl, and catalase d1. [ Two interesting later examples are reti-
nol-binding protein (1KT7) and the large, membrane-spanning,

16-strand or more up-and-down barrel of porins (e.g. 1HXX). ]
Figure 95 shows a stereo and a schematic drawing of papain
d1. Soybean trypsin inhibitor has long excursions at the

Fapain domain 2

F . 95. Papain domain 2 as an example of an up-and-down antiparallel

barrel. (a) -Car-

bon stereo, viewed om one side of the barrel; (b) backbone schematic, viewed as in a.
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ends of three of the strand pairs, forming separate, twisted

ribbons; there is a strong internal 3-fold symmetry which
includes these ribbons as well as the strand pairs in the bar-
rel (McLachlan, 1979C). Catalase d1 is an eight-stranded
up-and-down barrel with less extreme loop excursions.
Rubredoxin could be considered as a very irregular and in-
complete up-and-down barrel in which -type hydrogen
bonds are formed between only about half of the strand
pairs (see Fig. 76). It is very small and compact, and is pre-
sumably stabilized partly by the network of Cys ligands to
the iron; therefore we have placed it in the small metal-rich
category.

Soybean trypsin inhibitor, papain d1, and rubredoxin
have identical topologies: six strands of +1, +1, +1, ... pro-
ceeding to the le around the barrel if the chain termini are
at the bottom. However handedness is not nearly as mean-
ingful a property for up-and-down topologies as it is for
Greek keys, since up-and-down handedness can change on
addition or defection of a single strand.

e commonest subgroup of antiparallel barrel struc-
tures has a Greek key topology, with -3, +1, +1, -3 connec-
tionsoraclose variant. e rst Greek key barrel structures
were compared in Richardson et al. (1976), and they and

the up-and-down barrels were described as categories in
Richardson (1977). Figure 96 illustrates Cu,Zn superox-
ide dismutase as an example of a Greek key barrel.  ere
are 13 Greek key barrels in our sample, and 12 of them (all
except staphylococcal nuclease) have the same handedness:
viewed from the outside, the Greek key pattern forms a
counterclockwise swirl (see Fig. 97). e four barrels shown
in Figure 81 have a more complicated jellyroll topology
with an extra swirl in the Greek key (this pattern was also
common on Greek vases); the jellyroll Greek key topolo-
gies are shown in Fig. 98. e jellyroll pattern is produced
by having a pair of connections, rather than just one connec-
tion, crossing each end of the barrel. e Greek key barrels
have between 5 and 13 strands, but in all cases they enclose
approximately the same cross-sectional area (see Section
[1,B). e cross sections are somewhat elliptical, with more
attening the more strands there are. For 8- to 10-stranded
barrels, it is noticeable that the direction of the long axis of
the cross-section twists from one end of the barrel to the
other by close to 90 (see Fig. 99).
—3 connections are not particularly common outside of
the barrels so that the prevalence of Greek key topologies is
not due simply to chance combination of the connection

Cu, Zn Superoxide Dismutase

FIG. 96. Cu,Zn superoxide dismutase as an example of a Greek key antiparallel

barrel. (a)

-Carbon stereo, viewed om one side of the barrel; (b) backbone schematic viewed as in a.






