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The SCF E3 complex mediates G1/S cell cycle 
progression 
Cell cycle progression is driven by two ubiquitin ligase (E3) compp
plexes that ubiquitylate specific substrates at defined stages of 
the cell cycle for degradation in the proteasomes. The SCF (Skp1/ 
Cdc53/Fpbox protein) is active mainly at G1/S and is responsible 
for ubiquitylation of G1 cyclins, and of the cyclinpdependent 
kinase inhibitor, yeast Sic1/human p27, among others. The SCF 
scaffold, yeast Cdc53/human Cullin, binds at its Npterminus a 
substrateprecruiting module comprising the Skp1 adaptor and an 
Fpbox protein [1]. 

Multiple Fpbox proteins each recognize a subset of degradation 
substrates; these are usually marked by phosphorylation, thus linkpp
ing proteasomal degradation with the regulatory protein kinase 
signal transduction cascades [1,2]. At its Cpterminus the SCF  
scaffold has a catalytic module comprising the RING protein, Rbx1, 
which serves as a landing pad for ubiquitinpcharged E2, in yeast, 
Cdc34. Most Fpbox proteins have an Fpbox domain that binds Skp1, 
and a WD40 or LRR proteinpprotein interaction domain to which 
the degradation substrate binds. Subunits of the SCF coppurify with 
proteasomes [3]; however, extraction of ubiquitylated substrates 

UIM = ubiquitinpinteracting motif 
SCF = Skp1/Cdc53/Fpbox protein

from the SCF complex and their transfer to the proteasome is 
not completely understood. Most Fpbox proteins are shortplived 
proteins and are ubiquitylated within the SCF complex and depp
graded; however, recent reports indicate that the second cell cycle 
E3 complex, the APC, may also play a role in their turnover [4].

The mating switch endonuclease, Ho, is 
regulated by rapid degradation 
In the course of a study on the yeast mating switch endonuclepp
ase, Ho, we identified a novel Fpbox protein, Ufo1, that recruits 
Ho to the SCF [5,6]. Ufo1 is unique among Fpbox proteins in 
that its transcription is induced in response to DNA damage [7]. 
Ho is very efficiently imported into the nucleus [8] and makes 
a sitepspecific doublepstrand break at the mating type locus, 
MAT, in late G1. The doublepstrand break is repaired by gene 
conversion using as a template a copy of MAT sequence found at 
one of the silent matingptype cassettes. This regenerates the Ho 
cognate site. We found that in addition to tight transcriptional 
regulation of HO [9], the protein is rapidly degraded via the 
ubiquitinp26S proteasome system with a halfplife of about 8 
minutes [5]. Ho is marked for degradation by functions of the 
DNA damage response, specifically a pathway defined by MEC1, 
RAD9 and CHK1 [5]. This DNA damage response subppathway 
leads to phosphorylation of Ho on residue Thr225 and this is 
essential for nuclear export of Ho. Mutation of Thr225 to alanine, 
or deletion of Mec1, results in nuclear accumulation of Ho that is 
not degraded. Ho nuclear export occurs via the nuclear exportin, 
Msn5, and in Δmsn5 cells Ho trapped in the nucleus is stabilized 
[Figure 1]. Moreover, HO expressed from its native promoter and 
stabilized by deletion of Msn5 leads to genome instability with 
accumulation of multipbudded cells in which both daughter nuclei 
are often retained in the mother cell. Our interpretation is that 
constant Ho activity perturbs the synchronization between the 
DNA synthesis, and the bud emergence and nuclear migration 
pathways of the cell cycle. 

The novel F-box protein, Ufo1 
Ufo1 resembles the human Cdc4/Fbw7 Fpbox protein; however, 
it has a unique Cpterminal domain comprising multiple coppp
ies of the ubiquitinpinteracting motif. This motif is predicted 
to bind ubiquitin and ubiquitinpdomain proteins [10]. Deletion 
of the UIMs of genomic UFO1 is lethal; ectopic expression of 
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truncated UFO1 without UIMs leads to cell cycle arrest. Deletion 
of the UIMs leads to stabilization of Ufo1, which may inhibit 
turnover of SCFUfo1ΔUIM complexes. Cells in which UFO1ΔUIM is 
overpexpressed arrest with long buds and resemble skp1 mutants 
at the restrictive temperature, indicative of lack of SCF activpp
ity. Therefore, we contend that stabilized Ufo1ΔUIM acts as a 
dominant negative and inhibits the SCF pathway of substrate 
degradation. This is supported by experiments showing that 
substrates of other Fpbox proteins, e.g., Cln2, recruited to the SCF 
by Grr1, and Sic1, a ubiquitylation substrate of the Fpbox protein, 
Cdc4, accumulate in cells in which UFO1ΔUIM is overpexpressed. 
Ho degradation is not affected by deletion of the Ufo1 UIMs, 
indicating that this domain is not required for Ufo1pmediated 
substrate ubiquitylation [11].

Ufo1 binds the UbL-UbA protein, Ddi1, via its 
UIMs 
The UbLpUbA proteins, exemplified by Rad23, Dsk2, and Ddi1, 
are proposed to act as adaptors and to deliver ubiquitinpconpp
jugated substrates to the proteasome [12,13]. The UbA domain 
[14] shows a high affinity for K48plinked polyubiquitin chains 
[13,15], whereas the Npterminal ubiquitinplike domain adopts a 
ubiquitin fold and binds the 19S RP [16,17]. We found indeed 
that the Ufo1 UIMs bind all three UbLpUbA proteins; however, 
fullplength Ufo1 shows specificity for the UbLpUbA protein, Ddi1 
(DNA damage inducible) [11].

Ufo1 is an unusually stable F-box protein and is 
further stabilized in Δddi1 cells 
Given the interaction of Ufo1 with Ddi1 and the stabilization 
of Ufo1 by deletion of its UIMs we tested whether the halfplife 
of fullplength Ufo1 would be extended in Δddi1 cells. Indeed we 
found a retardation of Ufo1 turnover compared with wildptype 

UbL = ubiquitinplike

cells, or in rad23 or dsk2 mutants. Furthermore, in Δddi1 cells fullp
length Ufo1 could lead to cell cycle arrest and the appearance of 
cells with long buds [11]. 

Ddi1 is required for the final stages of Ho 
degradation
Ho interacts specifically with Ddi1 – and this only when propp
duced in cells that support its ubiquitylation. Ddi1 interacts with 
ubiquitylated Ho via its UbA domain and with the 19S RP via 
its UbL domain. Both domains of Ddi1 are required for complex 
formation between Ho and the 19S [Figure 2]. In Δddi1 mutants, 
stabilized Ho accumulates in the cytoplasm [18].

Conclusions 
The UbLpUbA protein, Ddi1, interacts both with ubiquitylated Ho 
endonuclease and with the Fpbox protein, Ufo1. This suggests 
that it functions both in substrate extraction and in SCFUfo1 
complex disassembly. Given the interaction between Ddi1 and the 
19S RP these processes may occur in a megacomplex comprising 
SCF and proteasome. All the functions involved in rapid eliminapp
tion of Ho endonuclease are involved in the cellular response to 
DNA damage. These include Mec1, Rad9, Chk1, Ufo1, and Ddi1. 
Thus, elucidation of the pathway of Ho degradation has revealed 
a unique role for the ubiquitinp26S proteasome system in the 
maintenance of genome stability. 
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Figure 1. Diagram illustrating phosphorylation of Ho by functions 
of the DNA damage response (DDR) within the nucleus. 
Phosphorylation of HoT225 is essential for nuclear export of Ho 
that is mediated by the karyopherin, Msn5 [6]. 

Figure 2. Diagram showing the interactions between Ufo1 and 
the SCF subunits, Skp1 and Cdc53 [8]; between ubiquitylated 
Ho and the UbA domain of Ddi1 [18]; and between the UIMs 
of Ufo1 and the UbL domain of Ddi1 [11]. We hypothesize that 
these interactions may take place in a complex with the 19S 
RP of the proteasome. 
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A major source of antibiotic resistance genes is soil micropp
organisms that produce antimicrobial agents and develop a 
variety of resistance mechanisms as a way of selfpdefense 
against their own toxic products. D’Costa and team show 
that soil microbiota also represent an enormous reservoir of 
antibioticpresistant organisms, most of which do not produce 
antimicrobial agents themselves. The authors characterized 

strains of sporepforming bacteria and tested them against 21 
antimicrobial agents – some in long use as well as compounds 
recently introduced into the antimicrobial armamentarium. Every 
strain was multidrug resistant and exhibited resistance to at 
least 7 to 8 antibiotics, and sometimes to as many as 20. 

Science 2006;311:374
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Capsu le

Antibiotic resistance in the soil

The only gift is giving to the poor. All else is exchange.

Thiruvalluvar (1st century BC), Indian poet

For all our conceits about being the center of the universe, we live in a routine planet of a 
humdrum star stuck away in an obscure corner … on an unexceptional galaxy which is one 
of about 100 billion galaxies. … That is the fundamental fact of the universe we inhabit, and 
it is very good for us to understand that.

Carl Sagan (1934-1966), American astronomer, astrobiologist, and highly successful science 
popularizer. He pioneered exobiology and promoted the Search for Extra-Terrestrial Intelligence 
(SETI). He is best known for his popular science books and for co-writing and presenting the 
award-winning television series Cosmos, the most watched television show on PBS of all time. 
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