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BACKGROUND 

In Saccharomyces cerevisiae the nucleolus is a crescent-shaped structure 
that abuts the nuclear envelope and occupies up to one-third of the nucleus. 
The positioning of the nucleolus in the nuclear periphery is thought to be 
important for the genomic stability of the highly repetitive ribosomal DNA 
(rDNA) (1). Several inner nuclear membrane (INM) proteins and rDNA 
silencing factors have been implicated in tethering the rDNA to the nuclear 
envelope (1).  

Many tRNA genes are clustered close to the nucleolus, suggesting that there 
is co-compartmentalization of tRNA and ribosome synthesis (2). 

In mitosis, the nucleolus remains mostly intact and splits just when the rDNA 
is segregated, at the end of anaphase (3,4). Thus, the rDNA and the early 
ribosome synthesis factors are seen as part of a recognizable region inside 
the mother cell in metaphase and most of anaphase. They remain always in 
close proximity and stream into the bud at the end of anaphase to give rise to 
the daughter-cell nucleolus. It is therefore assumed that the mother-cell 
nucleolus is the major and sole place of ribosome production in early mitosis. 

MAIN FINDINGS 
1.  During early mitosis in budding yeast, the initiation of ribosome 

synthesis not only takes place in the nucleolus, but also at a 
discrete region of the daughter-cell nucleus that is in close 
proximity to the nuclear envelope. 

2. The extranucleolar ribosome-synthesis body is a site in which 
pre-ribosome maturation and export are highly efficient. This 
body contains rDNA and early pre-ribosomes, but has a low 
content of intermediate pre-export particles. 

3. The exportin Crm1 is required for the focal accumulation of early 
pre-ribosomes at the extranucleolar body. This role is consistent 
with the function we have previously proposed for this exportin 
in coupling pre-40S particle maturation and export (10). 

4. Initiating ribosome synthesis at a site that is in close proximity to 
the nuclear envelope might serve to expedite export of 
ribosomes and facilitate the growth of the bud during mitosis.  
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I. Presence of Tsr1 at a punctate body in the daughter cell during metaphase-anaphase 

A. Localization of the pre-40S factor Tsr1 at a discrete site distant from the nucleolus 

picture taken at 40 min after HU release  
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B. Formation of the extranucleolar Tsr1 body in wild type cells and in cell cycle mutants 

III. The RiBi body is at the nuclear envelope 
and is not close to the SPB 

esp1-1 arrest in metaphase-anaphase 
cdc14-2  arrest in anaphase-telophase 
cdc5-1  arrest in telophase 
cdc15-2  arrest in telophase 

II. The Tsr1-containing  body is a site of ribosome synthesis 

A. Other nucleolar ribosome synthesis factors also localize at an extranucleolar site in 
metaphase-anaphase 

40S SUBUNIT AND 60S SUBUNIT PRE-RIBOSOMES 

Nop1, Nop58, Pwp2 in 1 
Enp1 in 1,2,3 
Rrp12 in 1, 2 
Tsr1 in 2,3 
Ltv1 and Rio2 mostly in 3 
Nop7 in 5, 6 (mostly nucleolar) 
Nsa1 in 6 (mostly nucleolar) 
Arx1 in 6, 7  

B. Co-localization of factors at extranucleolar site 

C. Presence of pre-rRNA  

D. Presence of rDNA at extranucleolar site 

IV. Formation of the RiBi body does not depend on rDNA 
tethering proteins 

VI. Several 
candidate  
nucleoporins 
are not 
required for 
the formation 
of the RiBi 
body 

DA2 probe binds to pre-
rRNAs present in pre-
ribosomes 1, 2 and 3 

A. Rrp12 does not accumulate at the extranucleolar body upon Crm1 inhibition 

B. Tsr1 and Nop7 localization upon Crm1 inhibition 
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  Crm1-dependent NE RiBi body 

V. The Crm1 exportin is required for the focal accumulation of  pre-ribosomes 
in metaphase-anaphase 


