Technical Comment

Similarity of Protein G and Ubiquitin

A. M. Gronenborn et al. (1) describe the
three-dimensional structure of the immuno-
globulin G (IgG) binding domain of protein
G, a streptococcal multidomain protein on
the cell surface. I have found an unexpected
structural similarity of the IgG binding do-
main of protein G to ubiquitin (2), a protein
that is thought to be part of the intracellular

Fig. 1. Schematic ribbon drawing of ubiquitin.

protein degradation pathway. The similarity
can be seen by comparing the fold of the
IgG binding domain of protein G with that
of ubiquitin (Fig 1).

Both proteins share the unusual cross-
over motif of the outer strands of the B
sheet and the central o helix. The topology
of the fold is identical in both proteins
except for a short additional B strand in
ubiquitin. There is no discernible sequence
similarity between the two proteins. Al-
though neither protein contains any disul-
fide bridges, both are extremely stable to
denaturation.

Ubiquitin has been identified as part of a
lymphocyte-homing receptor, and it has
been proposed (3) that ubiquinated cell-
surface molecules could play a role in cell-
cell interaction and adhesion. This raises the
question of whether ubiquitin and the IgG
binding domain of protein G are evolution-
arily as well as structurally related.

Such a relation would not be unprece-
dented, as it has been shown that the chap-
erone protein PapD, which mediates the
assembly of pili in Escherichia coli, contains
the same structural fold as the immunoglo-
bulin-type domain. It has also been pro-
posed that “genes involved in eukaryotic

cell-cell interactions may have been recruited

by bacteria to aid in their attachment to

cukaryotic cells (4). It is possible that this

hypothesis also applies to the IgG binding
domain of protein G and ubiquitin.
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Response: We thank P. J. Kraulis for his
comment. The structures of the IgG binding
domain of protein G and ubiquitin are exam-
ples of a growing number of protein structures
that have been found with unrelated
but similar folding motifs (1).

The IgG binding domain (Fig. 1) has a
four-stranded sheet with a —1, +3x, —1 topol-
ogy, while ubiquitin has a five-strand ed sheet
with a —1, +3x, +1, —2x, topology. A least

best match of the two structures with
the program O (2) reveals that 41 residues of
the two proteins can be superimposed with a
backbone atomic root-mean-square difference
of 22 A (Fig. 2). The resulting sequence
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Fig. 1. Schematic ribbon drawing of the IgG
binding domain of protein G, produced with the
program Molscript (3).

alignment based on the structural superposi-
tion (Fig. 3) indicates that within the 41 boxed
residues with backbones that can be superim-
posed, there is only 12% sequence identity (5
out of 41 residues).

Although speculations about a possible evo-
lutionary relation between these two proteins
may be tempting, there is little evidence to
support this notion. Indeed, it may be that this
particular structural motif an ener-
getically favorable folding unit that is not de-
rived from a common ancester.
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Fig. 2. S of backbone atoms of the superposition for the complete backbone (A) and for the
C* atoms (B) of the matched 41 residues. The IgG binding domain is displayed as thick lines and
ubiquitin as thin lines. These 41 residues make up strand B1 (residues 1 to 8 of both proteins), strand
B2 (residues 13 to 22 of the IgG binding domain and 11 to 20 of ubiquitin), part of the helix (residues
27 to 36 of the IgG binding domain and 23 to 32 of ubiquitin), strand B3 (residues 40 to 45 of both
proteins), strand B4 of the IgG binding domain (residues 50 to 56), and strand B5 of ubiquitin
(residues 65 to 71).
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Fig. 3. Sequence alignment of the IgG binding domain of protein G (G) and ubiquitin (UBQ); boxed
residues indicate backbone \ atoms that can be superimposed. Abbreviations for the amino acid residues
are as follows: A, Ala; C, Cys; D, Asp; E, Glu; F, Phe; G, Gly; H, His; L, Ile; K, Lys; L, Leu; M, Met;
N, Asn; P, Pro; Q, Gln; R, Arg; S, Ser; T, Thr; V, Val; W, Trp; and Y, Tyr.

SCIENCE, VOL. 254





