
The 26S proteasome is composed of a 20S 
proteolytic barrel and a 19S regulatory cap 
(1). The latter contains at least 18 proteins 
(2), including six highly related adenosine 
triphosphatases (ATPases) of the ATPases 
associated with various cellular activities 
(AAA) family (3). Five of these ATPases 
have been linked to transcription either bio- 
chemically or genetically (4-7). However, 
these observations have been presumed to 
reflect the indirect effects of proteasome-me- 
diated proteolysis of transcription factors (8, 
9), and the 19S complex is generally thought 
solely to stimulate and regulate 20S-mediated 
proteolysis. However, recent biochemical 
studies have provided evidence that the 19S 
complex plays a nonproteolytic role in tran- 
scription elongation (7). This view was sup- 
ported by the observation that certain muta- 
tions in SUG1/RPT6 render yeast highly sen- 
sitive to 6-azauracil (7), a hallmark of a 
defect in elongation (10), but more direct in 
vivo evidence for a role of the 19S in tran- 
scription has been lacking. Here we provide 
evidence that a subset of the 19S complex is 
involved in transcription in vivo. 

If the 19S complex is involved directly in 
transcription, it should be physically associated 
with the promoter region of a gene. To test this 
hypothesis, we examined the GALl-10 promot- 
er of yeast by chromatin immunoprecipitation 
(ChIP) assays (11). As a positive control, we 
precipitated the promoter with antibodies 
against the regulator of the GALl-10 promoter, 
Gal4 (12). It is known that Gal4 protein is 
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the anti-20S and anti-Rpn9 antibodies to immu- 
noprecipitate each of the corresponding pro- 
teins from an extract (15). Rpn9 is part of the 
so-called "lid" subcomplex of the 19S particle, 
which can be separated biochemically in high- 
salt buffers from the base (which includes the 
six ATPases, Rpnl, and Rpn2) (16, 17). Both 
the 20S and lid components are present on the 
GALl gene at later times after induction (14). 
These data therefore indicate that the 19S base 
is recruited to the promoter independently of 
the 20S and lid subcomponents. 

To determine whether recruitment of the 
19S ATPases was restricted to the promoter, we 
repeated the ChIP assays using polymerase 
chain reaction (PCR) primers targeted to re- 
gions along the GAL1 gene. Antibodies raised 
against Gal4 precipitated predominantly the 
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Fig. 1. Localization of proteasome proteins on the 
GALl-10 promoter under inducing conditions by 
ChIP assay. (A) Analysis of the level of GALl-10 
DNA coimmunoprecipitated by the antibodies 
shown. The region of the GALl-10 promoter is 
designated on the diagram on Fig. 2. Serum with 
antibody to cyclophilin served as a negative con- 
trol. (B) Gal4 dependence of Sugl/Rpt6 protein 
binding to the GAL1-10 promoter. Wild-type 
(W+) or GAL4-deleted (A4) yeast were grown 
under conditions indicated in the figure and the 
resultant extracts were used for ChIP analysis. 
Preimmune serum was used to determine the 
level of background binding in this experiment. 
Various dilutions of chromatin from samples not 
subjected to immunoprecipitation were used to 
demonstrate that the samples were run in the 
linear range of the reaction (14). 

present on the promoter under both noninducing 
(raffinose) and inducing (galactose) conditions 
(13). A portion of the promoter encompassing 
the Gal4 binding sites was immunoprecipitated 
by antibodies to Gal4 under both conditions 
(Fig. 1A). Preimmune serum or antibodies 
raised against cyclophilin did not precipitate the 
promoter (Fig. 1) (14), nor was the promoter 
precipitated with the same anti-Gal4 antibodies 
against an extract from a strain deleted for GAL4 
(Fig. 1B). Amplification of an irrelevant portion 
of the yeast genome from chromosome VII 
showed no signal above background (15). 

The SUG1/RPT6 gene was originally 
identified genetically on the basis of muta- 
tions that suppressed defects in the COOH- 
terminal activation domain of Gal4 (4). Sugl/ 
Rpt6 is one of the six highly conserved 
ATPases of the AAA class in the 19S. Anti- 
Sugl/Rpt6 antibodies precipitated little, if 
any, of the promoter region in raffinose me- 
dium (Fig. 1A). However, within 10 min of 
inducing the GALl-10 genes, Sugl/Rpt6 as- 
sociated with the promoter. The same pattern 
of precipitation was also seen with antibodies 
raised against Sug2/Rpt4 (14) and Ytal/Rpt5 
(Fig. 1A), two other ATPases of the 19S 
complex. These results indicate that the 
Sugl/Rpt6, Sug2/Rpt4, and Ytal/Rpt5 pro- 
teins are recruited to the GALl-10 promoter 
region rapidly upon induction of transcrip- 
tion. This association with the promoter is 
Gal4 dependent because little or no promoter 
was precipitated by anti-Sugl antibodies 
from a Gal4-deletion strain (Fig. 1B). 

In contrast, antibodies generated against the 
20S complex did not precipitate the promoter in 
raffinose or galactose-grown cells (Fig. 1A). 
Antibodies raised against Rpn9, a non-ATPase 
19S subunit, also did not precipitate the promot- 
er after induction with galactose (Fig. 1A). 
Control experiments demonstrated the ability of 
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promoter region of the GAL1 gene (Fig. 2). In 
contrast, using anti-Sugl/Rpt6 antibodies, we 
found that Sugl/Rpt6 protein was present 
throughout the length of the GAL1 gene (Fig. 2, 
bottom panel). This is consistent with our pre- 
vious report that the 19S ATPases are important 
for efficient RNA polymerase II elongation (7). 

The Gal4 activation domain (AD) was pre- 
viously shown to associate with Sugl/Rpt6 and 
other 19S ATPases when added to a crude 
extract (5) or an immunopurified 19S complex 
(6). This suggests that Gal4 directly recruits a 
fragment of the proteasome that includes the 
19S ATPases and perhaps other prol 
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not the 20S proteolytic or 19S lid subunits. 
Therefore, we investigated whether the Gal4 
AD retains each of the six 19S ATPases from 
an extract. As shown in Fig. 3A, approximately 
the same proportion of input protein was re- 
tained for all of these factors (Rptl to Rpt6). 
However, using antibodies raised against the 
20S Prel (Fig. 3A), Pre5, or Pre6 (14) proteins, 
we found no evidence for retention of the 20S 
subunit. Furthermore, neither Rpn9 nor Rpnl2, 
two 19S lid components, could be detected in 
the Gal4 AD-bound fraction (Fig. 3A). These 
results are not due to artifactual separation of 

teins, but the various subcomplexes during extract prep- 
aration because pull-down of the intact 26S 
proteasome was observed when the Gal4AD 
was replaced by the Rad23 ubiquitin-like do- 

Z]I main, a known proteasome ligand (18). Thus, 
there is a correlation between the in vivo ChIP 

E results and the in vitro Gal4 AD association 
assays. 

Finally, we examined whether there was 
specificity in the interactions between the Gal4 
AD and any of the six AAA ATPases. Whereas 
direct association of the Gal4 AD and in vitro- 

-G 14 . translated Sugl/Rpt6 and Sug2/Rpt4 has been 
a-GaI4 reported previously (5, 6), binding to the other 

yeast 19S ATPases has not been assessed. Each 
of these proteins was transcribed and translated 
in vitro (19, 20) and assayed for their retention 

a-Sugl by the glutathione-S-transferase (GST)-Gal4 
AD fusion protein. Only Sugl/Rtp6 and Sug2/ 
Rtp4 bound the AD above background levels 

present (Fig. 3B). This is important given that only 
ene after Sugl/Rpt6 and Sug2/Rpt4 mutations arose in a 
fere per- selection for suppressors of a defect in the Gal4 
displayed 
sinduyed (4). This correlation between the genetics 
h of the and the specificity of binding in vitro strongly 
the hori- suggests that the AD-Sugl/Sug2 interactions 

are physiologically relevant. 

To more specifically address the physiolog- 
ical relevance of the interaction between the 19S 
and Gal4 on DNA, we examined whether mu- 
tations in SUG2 that do or do not suppress a 
defect in the Gal4 AD also differentially affect- 
ed the association of the 19S with the promoter 
in vivo. A partial deletion of the Gal4 AD (4D) 
that yields a galactose-minus phenotype also 
abolished the association of the Sugl protein 
with the promoter (Fig. 4). However, when this 
gal4D mutation was combined with the sug2-l 
mutation that restores the ability to grow on 
galactose, the association of the Sugl protein 
with the promoter was restored (Fig. 4). In 
contrast, another mutation in SUG2, sug2-13, 
that does not suppress the gal4D defect did not 
restore Sugl protein to the promoter (Fig. 4). 
This strict correlation of mutations in Sugl and 
Sug2 with gene expression and recruitment of 
the Sug proteins to the promoter, especially 
when considered together with the biochemical 
associations demonstrated in Fig. 3, imply that 
the Sug proteins play a functional role in gene 
expression. 

We previously demonstrated a nonproteo- 
lytic role for the 19S proteins in elongation in 
vitro (7). The observation of a rapid, activator- 
dependent association of at least three of the 
19S ATPases with the GAL1 promoter reported 
here suggests a functional role in the early 
events of transcription in vivo as well. The 
finding that Sugl/Rpt6 protein also associates 
throughout the length of the gene is consis- 
tent with its proposed role in elongation. 

The results reported here demonstrate that 
the Gal4 AD binds only a subset ofproteasomal 
proteins in vitro and that this subset appears to 
be the same one that is recruited to the GAL1 
promoter in vivo. The 19S and 20S complexes 
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Fig 4. Mutations in Sug2 correlate transcrip- 
tional phenotype and association of the 19S 
with the GAL1-10 promoter. ChIP assays were 
performed as in Fig. 1A in four different strains: 
SUG2 GAL4 (4+), SUG2 gai4D(4D), sug2-1 
ga14D, and sug2- 13 gal4D. The gal4D protein is 
missing 28 amino acids of the AD and in a 
SUG2 background does not grow on galactose. 
The sug2- 1 mutation was selected for its ability 
to suppress the gal4D mutation and restore 
growth on galactose. The sug2-13 mutation 
was selected under different criteria and does 
not suppress the gal4D phenotype. ChIP assays 
were performed after formaldehyde treatment 
30 min after galactose was added to the me- 
dium, and with antibody to Sugl protein. 
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can be separated biochemically, and the former 
can be further subdivided into base, which con- 
tains Rptsl-6, Rpnl, and Rpn2 and exhibits 
chaperonin activity (21, 22), and lid (16, 17). 
However, there has been no previous evidence 
that these subspecies represent physiologically 
relevant complexes. Our results suggest that 
there is at least one discrete subcomplex of the 
19S and that it functions independently of other 
proteasome subunits in Gal4-mediated tran- 
scription. This species, which we call the APIS 
(AAA proteins independent of 205) complex, 
clearly includes the six 19S ATPases (Rptl to 
Rpt6) and perhaps other proteins. The precise 
composition of the APIS complex, and whether 
it corresponds to the biochemically defined 
base, remains to be elucidated. 

There has been increasing evidence of a link 
between ubiquitylation and transcription (23- 
26). Recent work by Tansey and colleagues 
suggests a mechanism by which they might be 
linked temporally. They found that for the arti- 
ficial LexA-VP16 activator, ubiquitylation of 
the activator is required for the activator to 
function in yeast (26). Importantly, linkage of a 
single ubiquitin molecule to the activator was 
shown to lead to activation, but did not signal 
proteolytic turnover. This suggests that it is 
ubiquitylation per se, and not ubiquitin-linked 
proteolysis, that is crucial for activator function. 
Whereas the Gal4 AD alone is capable of bind- 
ing the APIS complex (Fig. 3), an attached 
monoubiquitin might enhance this interaction or 
modulate the activity of the AD-bound complex 
in a way that is important for transcription to 
proceed. After induction, the ubiquitin chain on 
the activator would grow, possibly signaling a 
switch in activator association from the APIS 
complex to the full 26S proteasome. The time 
required for the ubiquitin chain to reach the 
minimum size needed to signal proteasome- 
mediated degradation (27) would be used by 
Gal4 to drive high-level transcription. But after 
that time, the activator would be subject to 
degradation, thus placing a "governor" on gene 
expression. The critical element of this model is 
that mono- and polyubiquitin chains are funda- 
mentally different modifications that signal dif- 
ferent intermolecular interactions. Although 
speculative, we believe that this model is useful 
in potentially linking a number of notable recent 
findings and in providing a number of readily 
testable hypotheses. 

References and Notes 
1. W. Baumeister, J. Walz, F. Zuhl, E. Seemuller, Cell 92, 

367 (1998). 
2. M. H. Glickman, D. M. Rubin, V. A. Fried, D. Finley, 

Mol. Cell. Biol. 18, 3149 (1998). 
3. F. Confalonieri, M. Duguet, BioEssays 17, 639 (1995). 
4. J. C. Swaffield, J. Bromberg, S. A. Johnston, Nature 

357, 698 (1992). 
5. K. Melcher, S. Johnston, Mol. Cell. Biol. 15, 2839 

(1995). 
6. C. Chang et al., J. Biol. Chem. 276, 30956 (2001). 
7. A. Ferdous, F. Gonzalez, L Sun, T. Kodadek, S. A. 

can be separated biochemically, and the former 
can be further subdivided into base, which con- 
tains Rptsl-6, Rpnl, and Rpn2 and exhibits 
chaperonin activity (21, 22), and lid (16, 17). 
However, there has been no previous evidence 
that these subspecies represent physiologically 
relevant complexes. Our results suggest that 
there is at least one discrete subcomplex of the 
19S and that it functions independently of other 
proteasome subunits in Gal4-mediated tran- 
scription. This species, which we call the APIS 
(AAA proteins independent of 205) complex, 
clearly includes the six 19S ATPases (Rptl to 
Rpt6) and perhaps other proteins. The precise 
composition of the APIS complex, and whether 
it corresponds to the biochemically defined 
base, remains to be elucidated. 

There has been increasing evidence of a link 
between ubiquitylation and transcription (23- 
26). Recent work by Tansey and colleagues 
suggests a mechanism by which they might be 
linked temporally. They found that for the arti- 
ficial LexA-VP16 activator, ubiquitylation of 
the activator is required for the activator to 
function in yeast (26). Importantly, linkage of a 
single ubiquitin molecule to the activator was 
shown to lead to activation, but did not signal 
proteolytic turnover. This suggests that it is 
ubiquitylation per se, and not ubiquitin-linked 
proteolysis, that is crucial for activator function. 
Whereas the Gal4 AD alone is capable of bind- 
ing the APIS complex (Fig. 3), an attached 
monoubiquitin might enhance this interaction or 
modulate the activity of the AD-bound complex 
in a way that is important for transcription to 
proceed. After induction, the ubiquitin chain on 
the activator would grow, possibly signaling a 
switch in activator association from the APIS 
complex to the full 26S proteasome. The time 
required for the ubiquitin chain to reach the 
minimum size needed to signal proteasome- 
mediated degradation (27) would be used by 
Gal4 to drive high-level transcription. But after 
that time, the activator would be subject to 
degradation, thus placing a "governor" on gene 
expression. The critical element of this model is 
that mono- and polyubiquitin chains are funda- 
mentally different modifications that signal dif- 
ferent intermolecular interactions. Although 
speculative, we believe that this model is useful 
in potentially linking a number of notable recent 
findings and in providing a number of readily 
testable hypotheses. 

References and Notes 
1. W. Baumeister, J. Walz, F. Zuhl, E. Seemuller, Cell 92, 

367 (1998). 
2. M. H. Glickman, D. M. Rubin, V. A. Fried, D. Finley, 

Mol. Cell. Biol. 18, 3149 (1998). 
3. F. Confalonieri, M. Duguet, BioEssays 17, 639 (1995). 
4. J. C. Swaffield, J. Bromberg, S. A. Johnston, Nature 

357, 698 (1992). 
5. K. Melcher, S. Johnston, Mol. Cell. Biol. 15, 2839 

(1995). 
6. C. Chang et al., J. Biol. Chem. 276, 30956 (2001). 
7. A. Ferdous, F. Gonzalez, L Sun, T. Kodadek, S. A. 

Johnston, Mol. Cell 7, 981 (2001). 
8. D. Rubin et al., Nature 379, 655 (1996). 

Johnston, Mol. Cell 7, 981 (2001). 
8. D. Rubin et al., Nature 379, 655 (1996). 

9. K. Ferrell, C. R. M. Wilkinson, W. Dubiel, C. Gordon, 
Trends Biochem. Sci. 25, 83 (2000). 

10. G. Orphanides, W.-H. Wu, W. S. Lane, M. Hampsey, D. 
Reinberg, Nature 400, 284 (1999). 

11. P. C. Dedon, J. A. Soults, C. D. Allis, M. A. Gorovsky, 
Anal. Biochem. 197, 83 (1991). 

12. S. A. Johnston, J. E. Hopper, Proc. Natl. Acad. Sci. 
U.S.A. 79, 6971 (1982). 

13. D. Lohr, P. Venkov, J. Zlatanova, FASEB j. 9, 777 
(1995). 

14. F. Gonzalez, A. Delahodde, T. Kodadek, S. Albert 
Johnston, data not shown. 

15. Supplementary figures and details of experimental 
procedures are available on Science Online at 
www.sciencemag.org/cgi/content/full/296/5567/ 
548/DC1. 

16. M. H. Glickman et al., Cell 94, 615 (1998). 
17. Y. Saeki, A. Toh-e, H. Yokosawa, Biochem. Biophys. 

Res. Commun. 273, 509 (2000). 
18. C. Schauber et al., Nature 391, 715 (1998). 
19. The RPT genes were amplified by PCR from yeast 

genomic DNA and cloned into the in vitro transcrip- 
tion vector pTL37N. The resultant RNA was then 
translated with the TNT rabbit reticulocyte system 
(Promega). 

9. K. Ferrell, C. R. M. Wilkinson, W. Dubiel, C. Gordon, 
Trends Biochem. Sci. 25, 83 (2000). 

10. G. Orphanides, W.-H. Wu, W. S. Lane, M. Hampsey, D. 
Reinberg, Nature 400, 284 (1999). 

11. P. C. Dedon, J. A. Soults, C. D. Allis, M. A. Gorovsky, 
Anal. Biochem. 197, 83 (1991). 

12. S. A. Johnston, J. E. Hopper, Proc. Natl. Acad. Sci. 
U.S.A. 79, 6971 (1982). 

13. D. Lohr, P. Venkov, J. Zlatanova, FASEB j. 9, 777 
(1995). 

14. F. Gonzalez, A. Delahodde, T. Kodadek, S. Albert 
Johnston, data not shown. 

15. Supplementary figures and details of experimental 
procedures are available on Science Online at 
www.sciencemag.org/cgi/content/full/296/5567/ 
548/DC1. 

16. M. H. Glickman et al., Cell 94, 615 (1998). 
17. Y. Saeki, A. Toh-e, H. Yokosawa, Biochem. Biophys. 

Res. Commun. 273, 509 (2000). 
18. C. Schauber et al., Nature 391, 715 (1998). 
19. The RPT genes were amplified by PCR from yeast 

genomic DNA and cloned into the in vitro transcrip- 
tion vector pTL37N. The resultant RNA was then 
translated with the TNT rabbit reticulocyte system 
(Promega). 

20. J. C. Carrington, T. D. Parks, S. M. Cary, W. G. Dough- 
erty, Nucleic Acids Res. 15, 10066 (1987). 

21. B. C. Braun et al., Nature Cell Biol. 1, 221 (1999). 
22. E. Strickland, K. Hakala, P. J. Thomas, G. N. DeMartino, 

J. Biol. Chem. 275, 5565 (2000). 
23. E. Molinari, M. Gilman, S. Natesan, EMBO . 18, 6439 

(1999). 
24. S. E. Salghetti, S. Y. Kim, W. P. Tansey, EMBO J. 18, 

717 (1999). 
25. S. E. Salghetti, M. Muratani, H. Wijnen, B. Futcher, 

W. P. Tansey, Proc. Natl. Acad. Sci. U.S.A. 97, 3118 
(2000). 

26. S. E. Salghetti, A. A. Caudy, J. G. Chenoweth, W. P. 
Tansey, Science 293, 1651 (2001). 

27. J. S. Thrower, L. Hoffman, M. Rechsteiner, C. M. 
Pickart, EMBO J. 19, 94 (2000). 

28. We thank J. Swaffield (North Carolina State Univer- 
sity) for antibodies raised against Rptl-3 and Rpt-5, 
and A. Toh-e (University of Tokyo) for antibodies 
raised against Rpn9 and Rpn12. We also thank E. 
Webb, L Zhang, and X. Chen for technical assistance. 
F.G. was supported in part by an NIH training grant. 
A.D. was supported in part by the CNRS. This work 
was supported by unrestricted funds of T.K. and S.A.J. 

2 January 2002; accepted 6 February 2002 

20. J. C. Carrington, T. D. Parks, S. M. Cary, W. G. Dough- 
erty, Nucleic Acids Res. 15, 10066 (1987). 

21. B. C. Braun et al., Nature Cell Biol. 1, 221 (1999). 
22. E. Strickland, K. Hakala, P. J. Thomas, G. N. DeMartino, 

J. Biol. Chem. 275, 5565 (2000). 
23. E. Molinari, M. Gilman, S. Natesan, EMBO . 18, 6439 

(1999). 
24. S. E. Salghetti, S. Y. Kim, W. P. Tansey, EMBO J. 18, 

717 (1999). 
25. S. E. Salghetti, M. Muratani, H. Wijnen, B. Futcher, 

W. P. Tansey, Proc. Natl. Acad. Sci. U.S.A. 97, 3118 
(2000). 

26. S. E. Salghetti, A. A. Caudy, J. G. Chenoweth, W. P. 
Tansey, Science 293, 1651 (2001). 

27. J. S. Thrower, L. Hoffman, M. Rechsteiner, C. M. 
Pickart, EMBO J. 19, 94 (2000). 

28. We thank J. Swaffield (North Carolina State Univer- 
sity) for antibodies raised against Rptl-3 and Rpt-5, 
and A. Toh-e (University of Tokyo) for antibodies 
raised against Rpn9 and Rpn12. We also thank E. 
Webb, L Zhang, and X. Chen for technical assistance. 
F.G. was supported in part by an NIH training grant. 
A.D. was supported in part by the CNRS. This work 
was supported by unrestricted funds of T.K. and S.A.J. 

2 January 2002; accepted 6 February 2002 

In several organisms, introduction of double- 
stranded RNA has proven to be a powerful tool 
to suppress gene expression through a process 
known as RNA interference (1). However, in 
most mammalian cells this provokes a strong 
cytotoxic response (2). This non-specific effect 
can be circumvented by use of synthetic short 
[21- to 22-nucleotide(nt) interfering RNAs 
(siRNAs)], which can mediate strong and spe- 
cific suppression of gene expression (3). How- 
ever, this reduction in gene expression is tran- 
sient, which severely restricts its applications. 
To overcome this limitation, we designed a 
mammalian expression vector that directs the 
synthesis of siRNA-like transcripts [pSUPER, 
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suppression of endogenous RNA, Fig. 1A and 
Supplementary fig. 1C (4)]. We used the poly- 
merase-III HI-RNA gene promoter, as it pro- 
duces a small RNA transcript lacking a poly- 
adenosine tail and has a well-defined start of 
transcription and a termination signal consisting 
of five thymidines in a row (T5). Most impor- 
tant, the cleavage of the transcript at the termi- 
nation site is after the second uridine (5) yield- 
ing a transcript resembling the ends of synthetic 
siRNAs, which also contain two 3' overhanging 
T or U nucleotides (nt) (Fig. 1A). We designed 
the gene-specific insert such that it specifies a 
19-nt sequence derived from the target tran- 
script, separated by a short spacer from the 
reverse complement of the same 19-nt sequence. 
The resulting transcript is predicted to fold back 
on itself to form a 19-base pair stem-loop 
structure, resembling that of C. elegans Let-7 
(Fig. 1A). 
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Mammalian genetic approaches to study gene function have been hampered by 
the lack of tools to generate stable loss-of-function phenotypes efficiently. We 
report here a new vector system, named pSUPER, which directs the synthesis 
of small interfering RNAs (siRNAs) in mammalian cells. We show that siRNA 
expression mediated by this vector causes efficient and specific down-regula- 
tion of gene expression, resulting in functional inactivation of the targeted 
genes. Stable expression of siRNAs using this vector mediates persistent sup- 
pression of gene expression, allowing the analysis of loss-of-function pheno- 
types that develop over longer periods of time. Therefore, the pSUPER vector 
constitutes a new and powerful system to analyze gene function in a variety 
of mammalian cell types. 

A System for Stable Expression 
of Short Interfering RNAs in 

Mammalian Cells 
Thijn R. Brummelkamp,1 Rene Bernards,1'3 Reuven Agami1'2z3* 

Mammalian genetic approaches to study gene function have been hampered by 
the lack of tools to generate stable loss-of-function phenotypes efficiently. We 
report here a new vector system, named pSUPER, which directs the synthesis 
of small interfering RNAs (siRNAs) in mammalian cells. We show that siRNA 
expression mediated by this vector causes efficient and specific down-regula- 
tion of gene expression, resulting in functional inactivation of the targeted 
genes. Stable expression of siRNAs using this vector mediates persistent sup- 
pression of gene expression, allowing the analysis of loss-of-function pheno- 
types that develop over longer periods of time. Therefore, the pSUPER vector 
constitutes a new and powerful system to analyze gene function in a variety 
of mammalian cell types. 

550 550 


