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Exploring the interactions among the
proteins identified by genome se-

quencing can be overwhelming. Like a
visitor arriving in a new country, there are
many different ways to take in the points
of interest. In the pregenomic era, we
tended to stay in particular neighborhoods
and study them in great detail. By analogy,
we’ve learned a lot about protein–protein
interactions from studying specific pro-
teins or biochemical activities from many
model organisms. Complete genome se-
quences have whetted our appetite for a
different kind of exploring by giving us the
genes for every protein encoded by the
genome. Now we can complement our
knowledge of the famous landmarks with
a directory of every building. Recent pa-
pers from Uetz et al. (1) and Ito et al. (2)
have described the early progress at gen-
erating a comprehensive census of the
protein–protein interactions from the
budding yeast Saccharomyces cerevisiae.
These two groups both used the yeast
two-hybrid system (3) as a rapid and gen-
eralizable assay to detect interactions be-
tween any two proteins, called the bait and
the prey. Pairwise combinations of pro-
teins were examined where a full-length
ORF of every known or predicted gene
from S. cerevisiae was used as bait andyor
prey.

The paper by Newman et al. (4) in this
issue of PNAS provides a complementary
approach that uses bioinformatics to guide
the search for interactions to a particular
class of interacting proteins: those with
coiled-coil domains. Coiled coils are
perhaps the most common motif used to
hold proteins together. Using the program
MULTICOIL (5) to predict coiled coils from
the yeast genome, Newman et al. found
that 1 of every 11 yeast proteins is pre-
dicted to contain a coiled coil; they esti-
mate that more than 5% of putative ORFs
in sequenced genomes contain coiled coils.
Because coiled coils are known to interact
with each other in homotypic and hetero-
typic complexes, focusing a two-hybrid
screen on predicted coiled coils had an
excellent chance of finding both partners
for any interaction based on this motif.

Newman et al. examined interactions
among 162 putative coiled-coil regions
from 121 yeast proteins of the 550 or so
that were predicted to contain coiled coils.
The subset was selected to include pro-
teins that had high MULTICOIL scores
andyor annotations in the Yeast Pro-
teome Database that suggested involve-
ment in the spindle pole body. From the
162 3 162 5 26,244 pairwise tests sug-
gested by this computationally directed
screen (fewer were actually used due to
activation by 11 of the bait fusions in the
absence of any prey), 213 interactions
were found involving 100 putative coiled
coils from 77 different proteins. Of the
identified interactions, 33 were homotypic
and 175 were heterotypic. Many of the
tested coiled-coil sequences interacted
with more than one partner; the biological
significance of these multipartner interac-
tions is not yet clear.

As noted by the authors, an obvious
extension of this work is to perform di-
rected interaction screens based on other
known interaction motifs. Given the on-
going efforts to generate comprehensive
interaction maps, one might wonder
whether the directed approach champi-
oned by Newman et al. is merely looking
for a subset of the interactions that have
been or eventually will be found by the
comprehensive projects. In fact, there are
several good reasons why this kind of
directed approach will play a central role
in the future exploration of protein inter-
action space.

First, any two-hybrid assay for protein–
protein interactions scales as the square of
the number of candidate interactions that
are being examined. Screening every pos-
sible ORF 3 ORF interaction for the
approximately 6,000 genes in the yeast
genome requires examining on the order
of 3.6 3 107 pairs. Despite the heroic
efforts of the comprehensive searches, it is
clear that they are far from saturation,
judging by the fact that there are many
nonoverlapping hits identified by the two
studies. Indeed, none of the interactions
identified by Newman et al. were found in
either of the comprehensive screens. A

10-fold enrichment for proteins that are
likely to be involved in an interaction gives
a 100-fold improvement in the size of the
search that has to be performed. The
number of pairwise possibilities for the
550 or so two- and three-stranded coiled
coils predicted by MULTICOIL is only on the
order of 3 3 105. Extrapolating these
calculations to larger genomes increases
the advantage of a directed approach ex-
ponentially.

Second, any interaction identified by
the directed approach described by New-
man et al. localizes the site of interaction
within the ORF. Localization can provide
clues about function in cases where a
protein interacts with different partners.
If the interactions share the same target,
the proteins may be involved in a subunit
exchange process to generate a series of
different complexes with shared compo-
nents. The paradigm for this kind of sub-
unit sharing is provided by the bZip tran-
scription factors, where different
combinations of subunits are held to-
gether by mixing and matching coiled coils
(6). On the other hand, if different targets
are used by two partners to interact with a
particular protein, it suggests that all three
could be part of a single complex.

Third, the use of full-length ORFs in a
two-hybrid assay can often obscure real
interactions between proteins that can be
detected by using protein fragments. The
reasons for this are probably different on
a case-by-case basis, but there are a num-
ber of plausible explanations. For exam-
ple, interaction surfaces are not always
accessible in an isolated protein subunit;
an allosteric interaction may be required
to reveal them. A well-known example is
the interaction of the s70 subunit of Esch-
erichia coli RNA polymerase with pro-
moter DNA (7). A domain in s70 blocks its
interaction with the promoter until it
binds to core RNA polymerase. Frag-
ments lacking the inhibitory domain bind
promoter DNA. Interactions may also es-
cape detection if either the bait or prey is

See companion article on page 13203.

*E-mail: jimhu@tamu.edu.

PNAS u November 21, 2000 u vol. 97 u no. 24 u 12935–12936

CO
M

M
EN

TA
RY



mislocalized by interactions with endoge-
nous yeast proteins. Elsewhere, arguments
have been presented for why this possibil-
ity of mislocalization suggests that
searches for interactions among yeast pro-
teins should use one of the newer bacterial
two-hybrid systems (8). Whereas the di-
rected approach does not completely ob-
viate this problem, full-length ORFs
present more ways for a fusion to be
trapped by endogenous proteins through
noncompetitive interactions with differ-
ent domains.

Newman et al. point out that the yeast
two-hybrid system may underrepresent
homotypic interactions. A striking anom-
aly was their failure to observe a homo-
typic interaction for the best-studied
coiled coil in the yeast proteome, the
leucine zipper from Gcn4p. The rationale
for this underrepresentation is based on a
local concentration effect (Fig. 1). It’s easy
to forget that the DNA-binding proteins
used to localize baits to a reporter gene
are themselves dimeric. Barring steric
constraints, a monomer bait that forms
homodimers will prefer to bind to an
identical bait on an adjacent subunit over
a prey coming from solution. In addition,
dimerization of the prey will decrease its
effective concentration. My own work
with leucine zippers began with the ob-
servation that l repressor fusions provide
a convenient genetic system to examine
the formation of homodimers by the
GCN4 leucine zipper (9). At the time, we
considered using the yeast two-hybrid sys-
tem; given the result reported by Newman
et al., using the l system was fortunate in
hindsight. Recently, we’ve found that the
coiled coil predicted by MULTICOIL in
Bbp1p, but not observed as an interaction
in Newman et al., is among the homotypic
oligomers detectable in repressor fusions
(L. Mariño-Ramı́rez, unpublished data).

Despite any interactions that may have
been missed, the data from Newman et
al. provide a wealth of useful new infor-
mation. Further analysis of the interac-
tions is clearly needed, but the data
already raise interesting questions. Ob-
vious questions are: What do the com-
plexes look like? Which ones form

dimers, trimers, or higher order homo-
typic or heterotypic complexes? Are they
parallel or antiparallel? The baits and
preys tested range in size from 31 aa (one
of two putative coiled coils from SIN3)
to 712 aa (from IMH1). Many of the
observed interactions involve predicted
coiled coils of dramatically different
sizes. Because by definition a coiled coil
involves two or more helices, the longer
subunit will contain significant amounts
of unfolded polypeptide in the areas
where it is not covered by the shorter
subunit. Thus, the registration of the
helices in the complexes is also an im-
portant unknown. Although biochemical
and biophysical methods can be used to
address these questions, the answers may
come first from structural genomics
projects.

The wealth of new data may be particu-
larly useful for extending prediction algo-
rithms beyond evaluating which sequences
belong to a class of structures toward pre-
dicting the detailed partnering interactions
themselves. Several groups have reengi-
neered model coiled coils to generate new
assembly specificities (10–15). It will be
interesting to see whether the principles
learned from protein design allow us to
generate predictive algorithms that cor-
rectly match the different partnerships seen
by Newman et al.
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Fig. 1. Self-squelching of homodimers in a two-hybrid system. Hybrid proteins containing baits and preys
from the same homodimeric protein are in equilibrium between species shown in A, B, and C. Only B is
competent to form complex D, where the activation domain (AD) is recruited to the promoter. Only
complex D can recruit the general transcription machinery (RNAP) to form complex E, which is transcrip-
tionally activated. Because the DNA-binding domains (DBD) used in two-hybrid systems are homodimers,
the local concentration of the bait favors the formation of complex C, which cannot recruit the activator-
prey fusion. In addition, formation of complex A competes with formation of complex B.
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