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In Saccharomyces cerevisiae, more than 180 assembly factors associate with preribosomes to enable folding of pre-rRNA,
recruitment of ribosomal proteins, and processing of pre-rRNAs to produce mature ribosomes. To examine the molecular
architecture of preribosomes and to connect this structure to functions of each assembly factor, assembly subcomplexes
have been purified from preribosomal particles. The Nop7-subcomplex contains three assembly factors: Nop7, Erb1, and
Ytm1, each of which is necessary for conversion of 27SA3 pre-rRNA to 27SBS pre-rRNA. However, interactions among
these three proteins and mechanisms of their recruitment and function in pre-rRNPs are poorly understood. Here we show
that Ytm1, Erb1, and Nop7 assemble into preribosomes in an interdependent manner. We identified which domains
within Ytm1, Erb1, and Nop7 are necessary for their interaction with each other and are sufficient for recruitment of each
protein into preribosomes. Dominant negative effects on growth and ribosome biogenesis caused by overexpressing
truncated Ytm1, Erb1, or Nop7 constructs, and recessive phenotypes of the truncated proteins revealed not only interaction
domains but also other domains potentially important for each protein to function in ribosome biogenesis. Our data
suggest a model for the architecture of the Nop7-subcomplex and provide potential functions of domains of each protein.

INTRODUCTION

Ribosome assembly in eukaryotes requires the association of
79 different ribosomal proteins with ribosomal RNAs, con-
comitant with folding, modification, and processing of the
rRNA primary transcript to form mature 5.8S, 18S, and
25–28S rRNAs. Genetic screens and new proteomic tools
have identified more than 180 different assembly factors
necessary for maturation of these preribosomes (pre-
rRNPs) in the yeast Saccharomyces cerevisiae (reviewed in
Fatica and Tollervey, 2002; Fromont-Racine et al., 2003;
Raué, 2003; Granneman and Baserga, 2004). Homologues
of most of these assembly factors are found in metazoans
from Drosophila to humans (reviewed in Boisvert et al.,
2007; Leung et al., 2003).

The major challenge now before us is to understand the
precise functions of each of these assembly factors. Identifi-
cation of networks of interactions among the assembly fac-
tors, ribosomal proteins, and ribosomal RNAs is an impor-
tant first step to address this question. To begin to identify
this internal structure of preribosomes and to connect this
structural information to function of ribosomal molecules,
we have used a combined genetic and biochemical approach
to identify neighborhoods or subcomplexes of interacting

proteins within preribosomes (Harnpicharnchai et al., 2001;
Miles et al., 2005; Zhang et al., 2007).

One such neighborhood is the Nop7-subcomplex, which
contains assembly factors Nop7, Ytm1, and Erb1 (Harnpi-
charnchai et al., 2001; Du and Stillman, 2002; Krogan et al.,
2004, Miles et al., 2005). Two-hybrid assays and GST pull-
down experiments show that Nop7 and Ytm1 interact di-
rectly with Erb1, but not with each other (Miles et al., 2005).
Mammalian counterparts of these three proteins, Pes1,
WDR12, and Bop1, also associate with each other to form the
PeBoW complex (Hölzel et al., 2005). Each of these proteins
is essential, conserved among eukaryotes, located primarily
in the nucleolus, and required for the assembly of 60S ribo-
somal subunits (Strezoska et al., 2000; Pestov et al., 2001;
Adams et al., 2002; Lerch-Gaggl et al., 2002; Oeffinger et al.,
2002; Miles et al., 2005; Hölzel et al., 2005). The Nop7-sub-
complex is also a member of a “functional cluster” in yeast;
depletion of each of these three proteins causes identical
defects in rRNA precursor (pre-rRNA) processing: altered
conversion of 27SA3 pre-rRNA to 27SBS pre-rRNA (Adams
et al., 2002; Miles et al., 2005; Oeffinger et al., 2002; Pestov et
al., 2001). Knock-down of the mammalian proteins also af-
fects processing of the corresponding pre-rRNAs. Nop7 and
Erb1 assemble into 90S preribosomal particles containing
35S pre-rRNA, whereas Ytm1 is recruited later, into 66S A2
preribosomes (Miles et al., 2005). Thus, Nop7, Ytm1, and
Erb1 function several steps after they associate with pre-
ribosomes, suggesting that there may be separate means to
recruit and to utilize these proteins in subunit assembly.

Nop7, Ytm1, and Erb1 each contain potential protein–
protein interaction domains, which may enable them to
form a microscaffold within nascent ribosomes, to organize
a neighborhood necessary for processing of 27SA3 pre-
rRNA. Here, we used several different methods to investi-
gate how these three ribosome assembly factors interact
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with each other and are recruited into and function in pre-
ribosomes: 1) identifying ligands of these interaction do-
mains both in vitro and in vivo, 2) testing whether truncated
Ytm1, Erb1, or Nop7 proteins containing or lacking each
potential interaction domain can associate with preriboso-
mal particles, and 3) assaying effects of the truncations on
cellular localization, ribosome assembly and pre-rRNA
processing in both wild-type cells and cells lacking the
corresponding full-length proteins. We found that Ytm1
binds to Erb1 via the C-terminal WD40 domain of Ytm1, the
N-terminal conserved region of Erb1 interacts with Nop7
and Ytm1, and the central region of Nop7 binds to Erb1.
Surprisingly, the conserved C-terminal WD40 domain of
Erb1 is not essential for growth or ribosome biogenesis. We
also show that recruitment of Nop7, Ytm1, and Erb1 into
nascent ribosomes is mutually interdependent. Interactions
between these specific domains in the three proteins are
important for the assembly of each protein into preribo-
somes. Moreover, dominant negative effects on growth and
ribosome biogenesis caused by overexpressing truncated
Ytm1, Erb1, or Nop7 proteins reveal domains potentially
important for each protein to function in preribosome mat-
uration. The methods described here can be used as an
experimental system to discover interactions among other
assembly factors and ultimately contribute to understand
the molecular architecture of preribosomes.

MATERIALS AND METHODS

Yeast Strains and Media
All yeast strains were derived from JWY3400 (MATa ura3-52 lys2-801 trp1-1
leu2-1 his3-�200 pep4::HIS3 prb1-�1.6R can). Yeast cells were grown at 30°C in
YEPD medium (2% dextrose, 2% peptone, and 1% yeast extract), or else
synthetic medium lacking leucine (C-leu) or uracil (C-ura) and supplemented
with 1% raffinose (C-leu or C-ura � 1% raffinose) or with 1% raffinose � 1%
galactose (C-leu or C-ura � 1% raffinose and 1% galactose). Cells were
harvested at 5–107 cell/ml unless otherwise indicated. Yeast strains express-
ing C-terminal triple hemagglutinin (3HA)-tagged proteins, C-terminal 13
Myc-tagged proteins, or N-terminal 3HA-tagged proteins were created as
described previously (Longtine et al., 1998). RPF2-TAP strains were generated
by integrating the tandem affinity purification (TAP) tag at the 3� end of the
genomic RPF2 allele (Rigaut et al., 1999).

Cloning of Full-Length or Truncated YTM1, ERB1, or
NOP7 Genes into Yeast Expression Plasmids
Full-length or truncated YTM1, ERB1, or NOP7 genes were PCR-amplified
from yeast genomic DNA and cloned into the pGREG535 or pGREG536 CEN
plasmids using the SalI restriction site (Jansen et al., 2005). Both plasmids have
a galactose-inducible and glucose-respressible GAL1 promoter. To generate
plasmids expressing TAP-tagged truncated proteins, plasmids containing
different truncations of the YTM1, ERB1, or NOP7 genes in pGREG535 were
linearized by XhoI, and the TAP tag was introduced into the 3� end of each
gene by PCR and gap-repair (Rigaut et al., 1999). Sequences of oligonucleo-
tides used for PCR to clone or tag genes are available upon request.

Assays for Growth Defects
Growth of yeast cells was assayed by plating serial dilutions. Yeast trans-
formed with plasmids containing full-length or truncated YTM1, ERB1, or
NOP7 were grown in C-leu � 1% raffinose medium or C-ura � 1% raffinose
medium to early log phase. Cells were diluted 10-, 100-, 1000-, and 10,000-
fold; 10 �l of cultures was spotted onto C-leu� glucose or C-leu � galactose
medium where specified.

Assaying Ribosome Production
Ribosome assembly subcomplexes, preribosomes, ribosomes, and polyribo-
somes were resolved on 7–47% sucrose gradients as described previously
(Harnpicharnchai et al., 2001).

Tandem Affinity Purification, One-Step Purification,
and Mass Spectrometry of Preribosomes
Tandem affinity purification of preribosomes or ribosome assembly subcom-
plexes from whole cell extracts was carried out by the methods of Miles et al.
(2005). Preribosome purification after a high-speed spin was performed as

described in Krogan et al. (2004). One-step purification of preribosomes from
whole cell extracts was performed as described in Oeffinger et al. (2007).
Proteins copurifying with Ytm1-C-TAP were identified by mass spectrometry
as described in Horsey et al. (2004).

GST Pulldown and Yeast Two-Hybrid Assays
GST pulldown and yeast two-hybrid assays of protein–protein interactions
were performed as described in Miles et al. (2005).

Indirect Immunofluorescence Microscopy
Yeast transformed with plasmids containing truncated YTM1, ERB1, or NOP7
were grown at 30°C in synthetic medium containing 1% raffinose to �3�107

cells/ml. Galactose was added to each culture to a final concentration of 1%
to induce the expression of truncated proteins. Cells were harvested after 4-h
induction and prepared for microscopy (Pringle et al., 1989). Cells were
incubated with monoclonal anti-HA antibodies in phosphate-buffered saline
containing 0.5% bovine serum albumin overnight at 4°C. After washing, cells
were incubated with anti-mouse fluorescein-conjugated antibodies (Invitro-
gen, Carlsbad, CA). To detect nuclear DNA, cells were stained with 4�,6�-
diamidino-2-phenylindole (DAPI) for 3.5 min. Slides were viewed using a
Zeiss Axioskope 2 plus microscope equipped with a 100� objective (Thorn-
wood, NY). Photographs were taken on a Canon Powershot G5 camera.
Digital images were processed using Adobe Photoshop (San Jose, CA).

Analysis of RNA
RNA isolated from whole cell extracts was assayed by Northern analysis or
primer extension as described in Horsey et al. (2004).

Western Blotting and Antibodies
Proteins present in whole cell extracts, purified preribosomes, or assembly
subcomplexes were assayed by Western blot analysis according to standard
protocols (Ausubel et al., 1994). TAP-tagged proteins were detected using
alkaline phosphatase conjugated to IgG (Pierce, Rockford, IL). HA-tagged
proteins were identified with mouse mAb 12CA5. Rabbit polyclonal Nop7
antibody, rpL5 antibody, Sec61 antibody, and mouse monoclonal Myc anti-
body were used against Nop7, rpL5, Sec61, or Myc-tagged proteins, respec-
tively.

RESULTS

Assembly of Erb1, Nop7, and Ytm1 into Preribosomes Is
Interdependent
Do individual components of the heterotrimeric Nop7-sub-
complex influence the association of the other two proteins
with preribosomes? To address this question, we assayed
the constituents of preribosomes when Nop7, Erb1, or Ytm1
was depleted. Strains that express each of the three proteins
under the control of the galactose-inducible and glucose-
repressible GAL promoter were constructed. Western blot-
ting of proteins from whole cell extracts confirmed Nop7,
Erb1, or Ytm1 were depleted to very low or undetectable
levels in the respective strains upon shifting each strain from
galactose- to glucose-containing medium (Figure 1A). Con-
sequently, growth of the cells slowed significantly (Pestov et
al., 2001; Adams et al., 2002; Miles et al., 2005). Preribosomal
particles were affinity-purified from these strains using TAP-
tagged Rpf2, which is present in 90S preribosomes and each
of the consecutive 66S precursors to mature 60S ribosomal
subunits (Zhang et al., 2007). Rpf2 is required for a different
pre-rRNA processing step than the Nop7-subcomplex
(Zhang et al., 2007); thus it is unlikely to directly interact
with the Nop7-subcomplex. SDS-PAGE and silver staining
of proteins from preribosomes purified from the undepleted
and depleted strains revealed that although a specific subset
of proteins was absent, pre-rRNPs were otherwise largely
intact upon depletion of Nop7, Ytm1, or Erb1 (Figure 1B).
When either Nop7 or Erb1 was depleted, the other two
components of the Nop7-subcomplex were completely or
almost completely undetectable in preribosomes. In con-
trast, when Ytm1 was depleted, amounts of Nop7 or Erb1 in
preribosomes were reduced to a lesser extent (Figure 1B).
These results are consistent with our previous findings that
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Ytm1 assembles into preribosomes after Nop7 and Erb1
(Miles et al., 2005). The decreased levels of Nop7 and Erb1 in
preribosomes from Ytm1-depleted cells indicate that assem-
bly of Ytm1 into preribosomal particles is important for the
retention of these two earlier assembled proteins. Because
preribosomes undergo multiple consecutive rearrangements
during their maturation, it seems very likely that dynamic
intermolecular interactions would play an important role to
maintain association of factors with particles. To assess
whether the inability of Nop7, Erb1, or Ytm1 to associate
with preribosomes upon depletion of one is due to instabil-
ity of those proteins in cells, Western blots from whole cell
lysates were carried out. On depletion of either Erb1 or
Ytm1, wild-type levels of the other two proteins were de-
tected in whole cell extracts, indicating no effects on their
stability (Figure 1A). Thus their absence from preribosomes
was not simply caused by their absence from cells. In con-
trast, amounts of Erb1 and Ytm1 in whole cell extracts were
substantially decreased upon depletion of Nop7 (Figure 1A),
indicating that their inability to associate with preribosomes
upon depletion of Nop7 arises due to their instability in the
absence of Nop7. We conclude that association of Erb1, Nop7,
and Ytm1 with pre-RNPs occurs in an interdependent manner,
whereas association of most other proteins with preribosomes
is not affected in the absence of these three proteins.

Ytm1 Binds Erb1 via Its C-terminal WD40 Repeats
Previously, we showed that Ytm1 interacts directly with
Erb1 (Miles et al., 2005). To determine which portion of Ytm1
is responsible for this interaction, we assayed binding in
vitro to GST-Erb1 of the N-terminal 98 amino acids of Ytm1
(Ytm1-N) containing the Notchless-like element (Nal et al.,
2002), and the C-terminal 362 amino acids of Ytm1 (Ytm1-C)
containing seven WD40 repeats (Miles et al., 2005; Figure
2A). Although the function of the Notchless-like element
is unknown (see Discussion), the WD40 repeats form a
beta-propeller structure, a well-characterized protein–
protein interaction domain (reviewed in Smith et al.,
1999). [35S]methionine labeled Ytm1, Ytm1-N, and Ytm1-C
were synthesized in vitro and assayed for binding to
purified GST-Erb1. Ytm1-C bound to GST-Erb1 almost as
well as full-length Ytm1, whereas Ytm1-N did not bind to
GST-Erb1 (Figure 2B). Therefore, Ytm1 binds Erb1 via its
C-terminal WD40 domain.

Binding to Erb1 Enables Ytm1-C to Assemble Into 66S
Preribosomes
We then asked whether binding to Erb1 is required for
association of Ytm1 with assembling ribosomes. If this is
true, Ytm1-C should copurify with preribosomal particles,

Figure 1. Interdependence of assembly of
Erb1, Nop7, and Ytm1 into preribosomes.
Yeast strains containing GAL-NOP7, GAL-
ERB1, or GAL-YTM1 were grown at 30°C in
galactose medium to 3�107 cells/ml. A second
culture of each strain was grown in galactose
medium and shifted to glucose medium for
16 h to 3 � 107 cells/ml, to deplete the respec-
tive proteins. Preribosomes were isolated
from whole cell extracts by affinity purifica-
tion, using Rpf2-TAP. (A) Proteins in whole
cell extracts were assayed by Western blot-
ting. (B) Proteins in affinity-purified preribo-
somes were resolved by SDS-PAGE and
stained with silver (top) or subjected to West-
ern blot analysis (bottom). Positions of stained
Erb1, Nop7, and Ytm1 are indicated.
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whereas Ytm1-N should not. To test this prediction, we
expressed HA-tagged Ytm1, Ytm1-N, or Ytm1-C under con-
trol of the GAL promoter in cells also expressing endoge-
nous Ytm1. Western blotting indicated that each protein was
expressed at similar levels, 4 h after induction of the GAL
constructs (Supplementary Figure S1A). Pre-rRNPs from
cells expressing HA-tagged Ytm1, Ytm1-N, or Ytm1-C were
purified using TAP-tagged Rpf2. Consistent with our pre-
diction, Ytm1-C, but not Ytm1-N, associated with preribo-
somal particles to the same extent as full-length HA-tagged
Ytm1 (Figure 3A). Indirect immunofluorescence microscopy
showed that both truncated Ytm1 proteins localized to the
nucleus (Supplementary Figure S2A). Thus, the absence of
Ytm1-N from preribosomes is unlikely to result from its
inability to enter the nucleus.

To verify the interaction between Ytm1-C and Erb1 in
vivo, TAP-tagged Ytm1-C was used to affinity-purify
Ytm1-C and associated molecules from whole cell ex-
tracts. Significant amounts of both Erb1 and Nop7 copu-
rified with Ytm1-C (Figure 3B), indicating that Ytm1-C
forms a heterotrimeric subcomplex with Erb1 and Nop7 in
vivo. In contrast, neither Erb1 nor Nop7 copurified with
TAP-tagged Ytm1-N (Figure 3B). Western blotting using
antibodies against other ribosome assembly factors showed
that preribosomes copurified with Ytm1-C, but not Ytm1-N
(Figure 3B, and Supplementary Figure S3), providing inde-
pendent evidence that Ytm1-C can assemble into preriboso-
mal particles.

Previously we showed that the Ytm1–1 mutant protein
contains two mutations, G398D and S442N, in the sixth and

seventh WD40 repeats, which disrupt the interaction be-
tween Ytm1 and Erb1 and weaken the association of Ytm1
with preribosomes (Miles et al., 2005). To confirm that bind-
ing to Erb1 enables Ytm1-C to assemble into preribosomes,
we tested whether these mutations in Ytm1-1-C that de-
crease binding to Erb1 affect the association of Ytm1-1-C

Figure 2. The C-terminal WD-40 domain of Ytm1 (i.e., Ytm1-C)
interacts directly with Erb1. (A) Schematic representation of Ytm1
and truncation constructs. Shown are the notchless-like element
(NLE, white rectangle), and WD40 repeats 1–7 (hatched boxes).
Black triangles (�) indicate two mutations: G398D and S442N. (B)
Left, 40% of the input [35S] labeled proteins in each assay and 100%
of the pulled down GST proteins (Coomassie blue staining) are
shown. Right, synthetic 35S-methionine–labeled full-length Ytm1,
Ytm1-N, or Ytm1-C proteins (*) were incubated with purified GST-
Erb1 protein. Complexes were eluted from glutathione beads, sub-
jected to SDS-PAGE, and detected by autoradiography.

Figure 3. Ytm1-C assembles into preribosomes and the Nop7-
subcomplex in vivo. Yeast strains containing each of the GAL-
inducible full-length or truncated YTM1 genes were grown at 30°C
in synthetic medium containing 1% raffinose to �1.5�107 cells/ml.
Galactose was added to each strain to a final concentration of 1% to
induce the expression of Ytm1 proteins. Cells were harvested after
4-h induction (one doubling time). (A) Lysates were prepared from
cells expressing endogenous Ytm1 plus HA-tagged full-length
Ytm1, Ytm1-N, Ytm1-C, or Ytm1-1-C, or from cells expressing only
endogenous Ytm1 (WT). Pre-rRNPs were purified using TAP-
tagged Rpf2. Proteins present in the affinity-purified preribosomes
were resolved by SDS-PAGE and stained with silver (top) or sub-
jected to Western blot analysis (bottom) using anti-HA or anti-rpL5
antiserum. (B) Left, preribosomes purified from wild-type cells us-
ing TAP-tagged Ytm1 and purified from cells using TAP-tagged
Ytm1-C. Right, preribosomes purified from cells expressing TAP-
tagged Ytm1-N. Proteins in affinity-purified samples were resolved
by SDS-PAGE and stained with silver. Protein bands in the Ytm1-
C-TAP purified samples were excised and subjected to mass spec-
trometry to identify Erb1, Nop7, and Ytm1-C-TAP. The band indi-
cated by an asterisk is Ste23, a protein not necessary for ribosome
biogenesis (L. Tang, unpublished data).
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with pre-RNPs. We constructed strains expressing Ytm1–1
or Ytm1-1-C, each of which contains these two mutations
(Figure 2A). Although Ytm1-1-C was expressed at levels
similar to Ytm1-C (Supplementary Figure S1A) and was
primarily localized to the nucleus (Supplementary Figure
S2A), it did not copurify with preribosomes (Figure 3A).

Overexpression of Ytm1-C Has Dominant Negative Effects
on Growth and Ribosome Biogenesis
The above results indicate that Ytm1-C might compete with
wild-type Ytm1 for binding to Erb1 and assembly into pre-
ribosomal particles. However, the absence of the N-terminal
98 amino acids may prevent the truncated Ytm1-C protein
from carrying out all necessary functions of full-length
Ytm1. Thus preribosomes containing Ytm1-C might not un-
dergo proper maturation. Alternatively, the truncated Ytm1-C
protein might fold into an aberrant structure (“poison sub-
unit”) and interfere with ribosome biogenesis (Herskowitz,
1987). Consistent with these ideas, overexpression of
Ytm1-C had a dominant negative effect on growth, whereas
overexpression of either full-length Ytm1 or Ytm1-N did not
affect growth rate (Figure 4A). To determine the effect of
overexpression of Ytm1-C on ribosome biogenesis, we as-
sayed levels of ribosomal subunits by sucrose gradient sed-
imentation. Cells overexpressing either full-length Ytm1 or
Ytm1-N contained wild-type levels of 60S subunits (Figure
4C). In contrast, yeast overexpressing Ytm1-C contained
significantly fewer free 60S subunits (Figure 4C), indicat-
ing a defect in 60S ribosomal subunit assembly almost as
strong as observed upon depletion or inactivation of Ytm1
(Harnpicharnchai et al., 2001; Miles et al., 2005). To further
investigate defects in 60S subunit biogenesis in strains
overexpressing Ytm1-C, we assayed the relative amounts
of pre-rRNA processing intermediates and mature rR-
NAs. Surprisingly, we observed no significant differences in
the relative amounts of pre-rRNA or mature rRNA in these
cells compared with wild-type cells (Figure 4E). These re-
sults suggest that overexpression of Ytm1-C must cause a
defect in production of 60S ribosomal subunits that does not
include perturbations of pre-rRNA processing.

If Ytm1-C binds to Erb1 and competes with full-length
Ytm1 to assemble into preribosomes, then disrupting the
interaction between Ytm1-C and Erb1 should suppress the
dominant negative phenotypes caused by Ytm1-C. Consis-
tent with this idea, overexpression of the mutant Ytm1-1-C
protein did not affect either growth or ribosome biogenesis
(Figure 4, A and C). In addition, when full-length Ytm1 was
co-overexpressed together with Ytm1-C, the growth defect
caused by Ytm1-C was suppressed (Figure 4B).

All of these findings are consistent with our previous
results that Ytm1 assembles into preribosomal particles later
than Erb1 (Miles et al., 2005) and that Erb1 is required for
Ytm1 recruitment (Figure 1). Additionally, our findings help
explain why overexpression of WDR12 �Nle, a similarly
truncated version of WDR12, the mammalian homologue of
Ytm1, causes dominant negative effects on cell proliferation
and ribosome biogenesis in cultured mammalian cell lines
(Hölzel et al., 2005).

The N-terminal Conserved Region of Erb1 Interacts with
Nop7 and Ytm1
Like Ytm1, Erb1 also contains seven WD40 repeats (Supple-
mentary Figure S4; D. Wilson, personal communication). By
binding directly to both Nop7 and Ytm1, Erb1 plays a cen-
tral role in the formation of the Nop7-subcomplex (Miles et
al., 2005). However, which domain of Erb1 (or its mamma-
lian homologue Bop1) is required for these interactions has

not been determined. To systematically investigate domains
involved in the interaction between Erb1 and other compo-
nents in the Nop7-subcomplex and domains required for the
recruitment of Erb1 into preribosomes, full-length Erb1 and
a panel of four different truncated Erb1 constructs (Figure
5A) were expressed from the GAL promoter in cells also
expressing endogenous full-length Erb1. Erb1-N contains
the N-terminal 419 amino acids of Erb1, which includes a
highly conserved region of unknown function (Pestov et al.,
2001). Erb1-C1 contains the C-terminal 388 amino acids of
Erb1, which includes the seven WD40 motifs. Erb1-C2 con-
tains amino acids 265–807, including half of the N-terminal
conserved region and all of the WD40 repeats. Erb1-M,
containing amino acids 383–639 (Figure 5A), was identified
as a ligand of Ytm1 in a genome-wide two-hybrid screen
(data not shown). Western blotting indicated that all four trun-
cated constructs were stably expressed (Supplementary Figure
S1B). Indirect immunofluorescence microscopy showed that all
four truncated proteins were present in both the cytoplasm and
the nucleus. Among them, Erb1-C2 accumulated most strongly
in the nucleolus (Supplementary Figure S2B).

We first tested which of these Erb1 fragments is present in
preribosomal particles. Pre-rRNPs were purified from cells
expressing each of the truncated Erb1 constructs, using TAP-
tagged Rpf2. Western blotting showed that Erb1-N and
Erb1-C2 assemble into preribosomes at levels similar to full-
length Erb1, whereas Erb1-C1 and Erb1-M do not (Figure
5B). Thus, amino acids 265–383, which are present in both
Erb1-N and Erb1-C2, but not in Erb1-C1 and Erb1-M (Figure
5A), are important for recruitment of Erb1 into pre-rRNPs.

To identify whether Nop7, Ytm1, or any other molecules
associate with each domain of Erb1 in vivo, we carried out
affinity purification with each TAP-tagged truncated Erb1
protein. Nop7 and Ytm1, as well as small amounts of other
preribosomal proteins (Supplementary Figure S3), copuri-
fied with Erb1-N-TAP and with Erb1-C2-TAP (Figure 5C).
This confirmed our previous findings that both Erb1-N and
Erb1-C2 assemble into preribosomes. No Nop7 and very
little Ytm1 copurified with Erb1-C1-TAP (Figure 5C). Con-
sistent with the two-hybrid interaction observed between
Ytm1 and Erb1-M (data not shown), Ytm1, but not Nop7,
copurified with TAP-tagged Erb1-M (Figure 5C). Erb1-M
contains only three WD40-repeats (amino acids 420–639),
which may not be able to fold into a �-propeller structure
and serve as a stable functional interaction domain. Thus we
conclude that the N-terminal region of Erb1-M lacking the
WD40 domains (amino acids 383–419) most likely interacts
with Ytm1. Other protein(s) might contribute to the interac-
tion between each truncated Erb1 and these ligand(s), but
this seems unlikely because both Nop7 and Ytm1 bind to
Erb1 directly in vitro (Miles et al., 2005). Additionally, inter-
actions between Erb1-N and Ytm1 or Nop7 were confirmed
by yeast two-hybrid assays (data not shown).

Therefore, these results indicate the following: 1) amino
acids 265–383, which are present in both Erb1-N and Erb1-
C2, but not in Erb1-M, are required for interaction with
Nop7, and are important for Erb1 to assemble into preribo-
somes, 2) the central region of Erb1 containing amino acids
383–419 is involved in interactions between Erb1 and Ytm1
(see Figure 9), and 3) interactions with both Nop7 and Ytm1
enable Erb1-N and Erb1-C2 to stably associate with preribo-
somal particles. Conversely, the inability to bind to Nop7
most likely prevents Erb1-C1 and Erb1-M from assembling
into or remaining associated with pre-rRNPs. These results
are consistent with the findings that efficient association of
Erb1 with preribosomes is dependent upon both Nop7 and
Ytm1 (Figure 1B).
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Effects of Overexpression of Erb1 Truncations on Growth
and Ribosome Biogenesis
We also investigated effects of overexpression of Erb1
truncations on growth rate and ribosome biogenesis. As
predicted, overexpression of Erb1-C1 and Erb1-M, two
Erb1 truncations that cannot associate with preribosomes,
did not cause any defects in growth (Figure 6A) or ribo-
some biogenesis (Figure 6B). Similarly, overexpression of
full-length Erb1 did not affect cell growth or ribosome

assembly (Figure 6, A and B). This result is different from
two previous observations, which showed that overex-
pressing Bop1 in cultured mouse or human cells has mild
or strong dominant negative effects on cell proliferation
and pre-rRNA processing (Strezoska et al., 2000; Rohr-
moser et al., 2007). The differences between these results in
mouse and human cells and yeast may indicate subtle
structural, functional, and regulatory changes during evo-
lution.

Figure 4. Expression of Ytm1-C causes dominant negative effects on growth and ribosome biogenesis. (A) Wild-type cells or yeast
expressing endogenous Ytm1 plus full-length or truncated Ytm1 proteins were grown to early log phase, serially diluted (10-, 100-, 1000 and
10,000-fold) onto Glu (glucose) or Gal (galactose) medium, and incubated at 30°C. (B) Wild-type cells or yeast overexpressing Ytm1-C or
co-overexpressing Ytm1-C and full-length Ytm1 were grown to early log phase and serially diluted as above. (C) Whole cell extracts were
subjected to centrifugation on sucrose gradients to separate 40S and 60S ribosomal subunits, 80S ribosomes, and polyribosomes. (D)
Pre-rRNA processing pathway in the yeast S. cerevisiae. (E) RNA was extracted from wild-type yeast (WT) or from strains in which Ytm1 was
depleted (GAL-YTM1) or Ytm1-C was overexpressed (YTM1-C). Pre-rRNAs were assayed by primer extension (left) or by Northern blotting
(right), using specific oligonucleotide primers or probes, respectively.
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In contrast, overexpression of Erb1-C2 had a dominant
negative effect on growth (Figure 6A) and on levels of 60S
ribosomal subunits (Figure 6B), indicating a defect in mat-
uration of 66S preribosomes. Primer extension and Northern
blotting experiments showed that in the strains overexpress-
ing Erb1-C2, the relative amounts of the 27SA3 pre-rRNA
intermediate increased, whereas 27SB and 7S pre-rRNAs, as
well as 25S and 5.8S rRNAs, decreased (Figure 6C). These
pre-rRNA processing defects are similar to those in the Erb1
depletion strain, but are not as strong (Pestov et al., 2001;
Figure 6C). These results with Erb1-C2 suggest that the
N-terminal 264 amino acids of Erb1, missing from Erb1-C2,
are important for ribosome biogenesis and pre-rRNA pro-
cessing, or else that Erb1-C2 might function as a “poison
subunit” to interfere with assembly of 60S ribosomal sub-
units. Consistent with these results, overexpression of
Bop1�, a mammalian Erb1 deletion construct containing the
same domains as Erb1-C2, causes dominant negative effects
on cell proliferation and 60S ribosomal subunit assembly
(Strezoska et al., 2000, 2002).

Surprisingly, although Erb1-N also binds to Nop7 and
Ytm1 and assembles into pre-rRNPs, overexpression of
Erb1-N does not cause dominant negative effects on growth,
60S ribosomal subunit assembly, or pre-rRNA processing
(Figure 6, A–C).

The WD40 Motifs of Erb1 Are Not Essential
The absence of effects on ribosome biogenesis caused by
overexpression of Erb1-N, despite the significant association
of this truncated protein with preribosomes, suggests that
Erb1-N is sufficient to perform all essential functions of Erb1.
To test this hypothesis, Erb1-N was expressed from its own
promoter in a strain that also contains a GAL-ERB1gene.
Thus, when cells grown in galactose are shifted to glucose,
Erb1-N but not full-length Erb1 will be expressed. Consis-

tent with our hypothesis, expression of ERB1-N rescued the
lethal phenotype of shutting off GAL-ERB1 (Figure 7A). In
contrast, neither Erb1-C1 nor Erb1-C2 could complement the
lethality caused by depletion of wild-type Erb1 (Figure 7A),
consistent with our observations that Erb1-C1 cannot assem-
ble into preribosomes and that Erb1-C2 can assemble into
preribosomal particles, but causes dominant negative effects.
Compared with wild-type cells expressing full-length Erb1,
cells expressing only the truncated Erb1-N protein showed
no obvious defects in 60S ribosomal subunit assembly and
polysome formation (Figure 7B). Consistent with this lack of
noticeable effects on ribosome production or function, the
relative levels of 27SA3 or 27SB pre-rRNAs in cells express-
ing Erb1-N were only slightly different from those in wild-
type cells (Figure 7C). Mild defects in ribosome assembly in
vivo are sometimes exacerbated by growing cells under less
than ideal conditions, such as high or low temperatures.
However, cells expressing only Erb1-N exhibited no growth
defects at 37 or 13°C, compared with 30°C (data not shown).
Nevertheless, the reproducible mild defects in pre-rRNA
processing in cells expressing Erb1-N leave open the possi-
bility that the conserved C-terminal WD40 domain of Erb1
may be involved in some function of Erb1 in ribosome
biogenesis.

The Central Region of Nop7 (Nop7-M) Binds to Erb1,
Assembles into 66S Preribosomal Particles, and Causes
Mild Dominant Negative Effects
Previously, we showed that Nop7 interacts directly with
Erb1 but not Ytm1 in vitro (Miles et al., 2005). Wild-type
Nop7 and a panel of Nop7 truncations were generated to
investigate domains involved in interaction between Nop7
and Erb1 and in recruitment of Nop7 into preribosomes
(Figure 8A). The N-terminal half of Nop7 (Nop7-N) contains
a highly conserved pescadillo-like sequence of unknown

Figure 5. The N-terminal conserved region
of Erb1 interacts with both Nop7 and Ytm1
and assembles into preribosomes. (A) Sche-
matic representation of full-length and trun-
cated Erb1 constructs. Shown are the N-terminal
conserved region of Erb1 (white rectangle)
and the WD40 repeats 1–7 (hatched boxes). (B)
Lysates were prepared from cells expressing
endogenous Erb1 plus HA-tagged full-length
Erb1 or each Erb1 truncation or from wild-
type cells only expressing endogenous Erb1
(WT), as in Figure 3. Pre-rRNPs were purified
using TAP-tagged Rpf2. Proteins present in
the affinity-purified preribosomes were re-
solved by SDS-PAGE and stained with silver
(top) or subjected to Western blot analysis
(bottom) using antibodies against the HA tag,
or ribosomal protein L5. (C) TAP-tagged
Erb1-N, Erb1-C1, Erb1-C2, or Erb1-M was ex-
pressed using the GAL promoter by the addi-
tion of galactose to a final concentration of 1%
for 4 h. Proteins associated with each tagged,
truncated protein were affinity-purified, re-
solved by SDS-PAGE, and stained with silver
(top) or subjected to Western blot analysis
using antibodies against Nop7, the Myc tag on
Ytm1, or the HA tag on the Erb1 proteins
(bottom). The black arrow (3) in each panel
indicates the corresponding TAP-tagged Erb1
truncation.
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function, and the C-terminal half (Nop7-C) contains three
predicted protein–protein interaction domains: a BRCT mo-
tif (Clapperton et al., 2004) and two coiled-coil domains
(Figure 8A). Nop7-M lacks the amino-terminal 51 amino
acids and the carboxyl-terminal 120 amino acids of wild-
type Nop7, but contains most of the amino-terminal pesca-
dillo-like region, the BRCT domain, and one coiled-coil do-
main (Figure 8A). HA-tagged full-length Nop7 and these
three HA-tagged Nop7 truncations were expressed from the
GAL promoter in cells also expressing endogenous full-
length Nop7 (Supplementary Figure S1C). To identify the
domains of Nop7 required for its recruitment into preribo-
somes, pre-rRNPs were purified from cells expressing each
truncated Nop7 construct, using TAP-tagged Rpf2. Western
blot analysis demonstrated that Nop7-M, but not Nop7-N or
Nop7-C, was present in purified preribosomal particles at
levels similar to full-length Nop7 (Figure 8B). Indirect im-
munofluorescence microscopy showed that each of the trun-
cated Nop7 proteins was localized to the nucleus (Supple-
mentary Figure S2C). Thus, the absence of Nop7-N and
Nop7-C from preribosomes is unlikely to result from their
inability to enter the nucleus. When each truncated Nop7
construct was TAP-tagged and used for affinity purification,
more Erb1 and Ytm1 copurified with Nop7-M than with
Nop7-N or Nop7-C (Figure 8C), indicating domains present

only in Nop7-N or Nop7-C are not sufficient for Nop7 to
bind Erb1 stably. Although the interaction between Erb1 and
each Nop7 truncation could be indirect, we believe that
these interactions are direct, because Nop7 and Erb1 bind to
each other directly in vitro (Miles et al., 2005). We also
observed that overexpression of Nop7-M caused mild de-
fects in growth (Figure 8D) and ribosome biogenesis (Figure
8E). Consistent with these mild defects in cells overexpress-
ing Nop7-M, only small amounts of 27SA3 pre-rRNA accu-
mulated relative to 27SB pre-rRNAs (Figure 8F). In contrast,
overexpression of full-length Nop7, Nop7-N, or Nop7-C did
not affect growth or ribosome assembly (Figure 8, D and E).
Taken together, these results indicate that Nop7 binds to
Erb1 via amino acids 52–484 containing multiple potential
protein–protein interaction motifs. The mild dominant phe-
notype of Nop7-M suggests that either the amino- or car-
boxyl-terminal portion of Nop7, or both, missing from
Nop7-M, might be important for ribosome biogenesis.

Previous studies on Pes1, the mammalian homologue of
Nop7, are consistent with and support our results. Transpo-
son-based insertion mutagenesis of Pes1 suggested that a
stretch of seven amino acids located in the pescadillo-like
domain is involved in interaction of Pes1 with Bop1 and that
this interaction is important for Pes1 to function in pre-
rRNA processing and cell proliferation (Lapik et al., 2004).

Figure 6. Expression of Erb1-C2 causes dominant negative effects on growth and ribosome biogenesis. (A) Wild-type cells or yeast
expressing endogenous Erb1 plus full-length or truncated Erb1 proteins were grown to early log phase and serially diluted as in Figure 4A.
(B) Extracts from wild-type cells (WT) or from cells overexpressing the indicated forms of Erb1 were subjected to centrifugation on sucrose
gradients to separate 40S and 60S ribosomal subunits, 80S ribosomes, and polyribosomes. (C) RNA was extracted from wild-type yeast (WT)
or from strains in which Erb1 was depleted (GAL-ERB1) or Erb1-C2 was overexpressed (ERB1-C2). Pre-rRNAs were assayed by primer
extension (left) or Northern blotting (right), using specific oligonucleotide primers or probes, respectively.
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Systematic deletions of Pes1 and mutation of the BRCT
domain in Pes1 indicated that the BRCT domain, a coiled-
coil domain, and most of the N-terminal pescadillo-like pro-
tein domains are important for incorporation of Pes1 into the
PeBoW-complex (Grimm et al., 2006; Hölzel et al., 2006).

DISCUSSION

Rearrangements of pre-rRNP structure and processing of
pre-rRNAs during ribosome biogenesis occur in multiple
consecutive steps. Each step is likely to require the concerted
action of discrete subcomplexes within the large preriboso-
mal particles. Therefore, dissecting the mechanisms of pre-
rRNA processing and ribosome assembly could be greatly
facilitated by resolving large preribosomal particles into in-
dividual, functional subcomplexes and determining the dy-
namics of interactions within and between subcomplexes.
For example, understanding the functions of proteins within
the kinetochore (De Wulf et al., 2003; Shang et al., 2003) or the
nuclear pore complex (Alber et al., 2007a,b) has benefited
greatly from identifying subcomplexes and interactions
within or among them.

At least fourteen different subcomplexes have been iden-
tified from preribosomal particles in yeast, revealing the
modular nature of ribosome assembly (Harnpicharnchai et
al., 2001; Du and Stillman, 2002; Granneman et al., 2003;
Dosil and Bustelo, 2004; Galani et al., 2004; Krogan et al.,
2004; Miles et al., 2005; Karbstein and Doudna, 2006; Rashid

et al., 2006; Schäfer et al., 2006; Rosado et al., 2007; Rudra
et al., 2007; Zhang et al., 2007). Interactions among compo-
nents of a subcomplex, such as the Nop7- or PeBoW-sub-
complex (Lapik et al., 2004; Miles et al., 2005), the Rpf2-
subcomplex (Morita et al., 2002; Miyoshi et al., 2004; Nariai et
al., 2005; Zhang et al., 2007), or the Arx1-subcomplex (Leb-
reton et al., 2006), have been inferred from indirect yeast
two-hybrid experiments in vivo, GST pulldown assays in
vitro, or by assays for genetic interactions.

Interaction Domains Are Necessary for the Recruitment of
Ytm1, Erb1, and Nop7
In this study, we have shown that assembly of Nop7, Erb1,
and Ytm1 into preribosomes is interdependent. By purifying
TAP-tagged truncated Ytm1, Erb1, and Nop7, and associ-
ated molecules and by purifying preribosomes in cells ex-
pressing truncated versions of these proteins, we have iden-
tified domains in each protein responsible for interactions
among these three proteins in vivo and sufficient for their
assembly into preribosomes. Examination of dominant and
recessive phenotypes upon expression of each truncated
protein revealed not only interaction domains, but also
which sequences are important or not for other functions of
these proteins.

Our results indicate that amino acids 265–419 within the
N-terminal conserved region of Erb1 bind to the central
region of Nop7 containing most of the N-terminal pesca-
dillo-like protein domain, a coiled-coil domain, and the

Figure 7. The C-terminal WD40 domain of
Erb1 is not essential for growth or ribosome
assembly. (A) Empty vector or a plasmid con-
taining each ERB1 truncation driven by the
ERB1 promoter was introduced into the GAL-
ERB1 strain. Cells were grown to early log
phase in galactose medium, serially diluted
(10-, 100-, 1000-, and 10,000-fold) onto Glu
(glucose) medium, to turn off the wild-type
GAL-ERB1 gene, or Gal (galactose) medium,
to express GAL-ERB1, and incubated at 30°C.
(B) Erb1-N was expressed from its own pro-
moter in a GAL-ERB1 strain. This GAL-ERB1
ERB1-N strain was grown at 30°C in galactose
medium to 3 �107 cells/ml. A second culture
was grown in galactose medium and shifted
to glucose medium for 16 h to 3 �107 cells/ml,
to deplete wild-type Erb1 protein. Whole cell
extracts were subjected to centrifugation on
sucrose gradients to separate 40S and 60S
ribosomal subunits, 80S ribosomes, and
polyribosomes. (C) RNA was extracted from
the GAL-ERB1 ERB1-N strain grown in ga-
lactose, or shifted to glucose for 16 h. The
27SA2, 27SA3, 27SBL, and 27SBS pre-rRNAs
present in each strain were identified by
primer extension.
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Figure 8. Interaction domains of Nop7. (A) Schematic representation of Nop7 and its truncation constructs. Shown are the N-terminal
pescadillo domain of Nop7 (white rectangle), BRCT domain (dotted box), and two coil-coiled domains (gray boxes). (B) Pre-rRNPs were
purified from cells expressing endogenous Nop7 plus HA-tagged full-length Nop7 or each Nop7 truncation or from wild-type cells only
expressing endogenous Nop7 (WT) as in Figure 3. Proteins present in the affinity-purified preribosomes were resolved by SDS-PAGE and
stained with silver (top), or subjected to Western blot analysis (bottom) using antibodies against the HA epitope, or ribosomal protein rpL5.
(C) TAP-tagged Nop7-N, Nop7-C, Nop7-M, or full-length Nop7 was expressed from the GAL promoter by the addition of galactose to a final
concentration of 1% for 4 h. Cell extracts from these strains were prepared and subjected to a high-speed spin (42K) for 3 h. Proteins associated
with each tagged truncation were affinity-purified from the supernatants, resolved by SDS-PAGE, and stained with silver (top), or subjected
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BRCT domain (Figure 9). This interaction is important for
association of both proteins with preribosomal particles.
However, it is not clear whether Erb1 and Nop7 form a
heterodimeric complex before entering into pre-RNPs. Once
in preribosomes, Erb1 recruits Ytm1 by the interaction be-
tween amino acids 383 and 419 within the amino-terminal
conserved region of Erb1 and the carboxyl-terminal seven
WD40 domains of Ytm1 (Figure 9). Assembly of Ytm1 into
pre-rRNPs stabilizes association of previously incorporated
Nop7 and Erb1. These associations might otherwise be
weakened as a result of the structural rearrangements that
occur during maturation of preribosomes.

Hölzel et al. (2006) found that mammalian counterparts of
these three proteins, Pes1, Bop1, and WDR12, form the Pe-
BoW complex. Our results are consistent with previous find-
ings with Pes1, Bop1, and WDR12 and provide additional
mechanisms for their assembly with each other and into
preribosomes. Pes1 and Bop1 require each other to localize
in the nucleolus and to cosediment with preribosomes
(Lapik et al., 2004; Rohrmoser et al., 2007). Coimmunopre-
cipitation and cosedimentation experiments with mutant
Pes1 or Bop1 proteins suggested domains required for their
incorporation into the PeBoW complex or into preribosomes
(Strezoska et al., 2000, 2002; Lapik et al., 2004; Grimm et al.,
2006). Studies on WDR12 inferred that the C-terminal WD40
domain of this protein is important for its nucleolar local-
ization (Hölzel et al., 2005).

Functions of WD40 Motifs in Ytm1 and Erb1
One interesting feature about the Nop7-subcomplex is that it
contains two proteins with WD40 motifs. There are 111
WD40 repeat-containing proteins in yeast; 22 are ribosome
assembly factors (Saveanu et al., 2007). However, the roles of

WD40 domains in ribosome biogenesis have only been ex-
plored in a few cases (Miles et al., 2005). Here, our data
provide in vivo and in vitro evidence that the carboxyl-
terminal WD40-repeats of Ytm1 interact with Erb1 and are
essential for Ytm1 to associate with pre-rRNPs. In contrast,
the seven conserved WD40 motifs of Erb1 are not necessary
for interaction of Erb1 with Nop7 or Ytm1, nor for the
assembly of Erb1 into preribosomes, and surprisingly, are
not required for ribosome biogenesis or any other essential
functions of Erb1. Results with mammalian Bop1, the mam-
malian homologue of Erb1, are consistent with these find-
ings. Overexpression of the Bop1 N4 truncation, which is
homologous to Erb1-N, but extends 80 additional amino
acids C-terminal into Bop1, causes no defects in cell cycle or
pre-rRNA processing. However, overexpression of Bop1 N2,
which is �40 amino acids shorter than Erb1-N, does cause
defects in cell proliferation and ribosome biogenesis. To-
gether, these results with Erb1 and Bop1 truncations suggest
that the amino-terminal conserved region of Erb1 (419aa) or
Bop1 (391aa), lacking the WD40 motifs, are largely sufficient
for their function. Conserved amino acids 346–419 in
Erb1-N or 324–391 in Bop1 N4, which are missing from Bop1
N2, likely are important for ribosome biogenesis but not
necessary for assembly of Erb1 or Bop1 into preribosomes.
The WD40 motifs of Erb1 may bridge interactions in preri-
bosomal particles that are not essential for 60S subunit as-
sembly or might participate in a different nonessential func-
tion of Erb1. Genome-wide two-hybrid assays using Erb1-C1
identified several ER binding proteins as potential ligands of
the WD40 domain of Erb1, suggesting a potential “moon-
lighting” function of the WD40 repeats of Erb1 (data not
shown).

Roles for Domains Other Than Interactions within the
Nop7-Subcomplex
The dominant negative phenotype caused by Ytm1-C dem-
onstrates the functional importance of the amino-terminal 98
amino acids of Ytm1, containing the Notchless-like element.
This sequence was originally identified in the N-terminal
part of Notchless, a protein implicated in the modulation of
Notch signaling in Drosophila (Royet et al., 1998). Previously,
Nal et al. (2002) found a direct interaction between GST-
WDR12 and the intracytoplasmic domain of the Notch1
protein in vitro, presumably via the Nle of WDR12. Be-
cause there are no known Notch homologues in yeast, the
function of the Nle in Ytm1 remains unclear. The Nle of
Ytm1 might interact with other preribosomal molecules to
recruit them into assembling ribosomes, or to initiate

Figure 8 (cont). to Western blot analysis using antibodies against
the Myc tag on Ytm1 or Erb1, or the protein A tag on Nop7-TAP
(bottom). The black arrow in each panel indicates the corresponding
TAP-tagged Nop7 truncation. The asterisk (*) indicates Ste23, a
protein not necessary for ribosome biogenesis (L. Tang, unpub-
lished data). (D) Wild-type cells or yeast expressing full-length or
truncated Nop7 proteins were grown to early log phase and serially
diluted as in Figure 4A. (E) Cell extracts were subjected to centrif-
ugation on sucrose gradients to separate 40S and 60S ribosomal
subunits, 80S ribosomes, and polyribosomes. (F) RNA was extracted
from wild-type yeast (WT) or from strains in which Nop7 was
depleted (GAL-NOP7) or Nop7-M was overexpressed (NOP7-M).
Pre-rRNAs were assayed by primer extension (top) or Northern
blotting (bottom), using specific oligonucleotide primers or probes,
respectively.

Figure 9. (A) Interaction domains within the Nop7-subcomplex. Light pink or light green boxes in each protein indicate the smallest region
shown to interact with their full-length ligands. (B) Architecture of the Nop7-subcomplex.
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conformational changes in preribosomes essential for
their further maturation.

To assemble into and function in preribosomal particles,
assembly factors are likely to interact with multiple protein
or RNA ligands. Domains not required for interactions
among Nop7, Erb1, and Ytm1, such as the WD40 domain of
Erb1, or the Nle element of Ytm1, may bind to other assem-
bly factors. Genetic assays could provide valuable informa-
tion about potential candidates that interact with the Nop7-
subcomplex proteins. For example, the nop7-1 mutation is
synthetically lethal with specific mutant alleles of DRS1, a
putative DEAD box helicase necessary for 60S subunit as-
sembly (Adams et al., 2002), and overexpression of DRS1
suppresses certain nop7 mutants (L. Tang, unpublished
data). Overexpression of NOP7 suppresses the thermosensi-
tive growth defects of certain mutations in ribosome assem-
bly factor Nog1 (Honma et al., 2006). More experiments need
to be done to discover proteins that physically associate with
the Nop7-subcomplex within nascent ribosomes. Moreover,
identification of these molecules will enable us to walk out
of the Nop7-neighborhood and expand our knowledge of
the architecture of preribosomes.
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