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Nuclear cap binding complex (CBC) is recruited cotranscriptionally and stimulates spliceosome assembly on
nascent mRNAs; however, its possible functions in regulating transcription elongation or termination were not
well understood. We show that, while CBC appears to be dispensable for normal rates and processivity of
elongation by RNA polymerase II (Pol II), it plays a direct role in preventing polyadenylation at weak
termination sites. Similarly to Npl3p, with which it interacts, CBC suppresses the weak terminator of the
gall0-A56 mutant allele by impeding recruitment of termination factors Pcfllp and Rnal5p (subunits of
cleavage factor IA [CF IA]) and does so without influencing Npl3p occupancy at the termination site.
Importantly, deletion of CBC subunits or NPL3 also increases termination at a naturally occurring weak
poly(A) site in the RNA14 coding sequences. We also show that CBC is most likely recruited directly to the cap
of nascent transcripts rather than interacting first with transcriptional activators or the phosphorylated
C-terminal domain of Pol II. Thus, our findings illuminate the mechanism of CBC recruitment and extend its
function in Saccharomyces cerevisiae beyond mRNA splicing and degradation of aberrant nuclear mRNAs to

include regulation of CF IA recruitment at poly(A) selection sites.

Prior to export of mRNA from the nucleus, the m’Gppp 5’
cap is bound by the nuclear cap binding complex (CBC), com-
prised in Saccharomyces cerevisiae of Cbp20p and Cbp80p (1).
The CBC subunits are not essential in yeast, but deletion of
CBP20 (also known as CBC2, MUD13, and SAE1) was shown
to reduce the efficiency of pre-mRNA splicing (9). Consistent
with this, both CBC subunits reside in the splicing commitment
complex (50), and CBC stimulates spliceosome assembly in
yeast (13). CBC is a limiting factor for export of U snRNAs in
Xenopus laevis oocytes but is apparently dispensable for effi-
cient nuclear export of mRNAs in yeast (20). CBC is required
for degradation of mRNAs retained in the nucleus and was
implicated in blocking utilization of defective transcription ter-
mination sites in yeast cells (10, 11).

Synthesis of the m’G cap is carried out in budding yeast by
a complex of three enzymes: RNA triphosphatase Cetlp, RNA
guanylyltransferase Ceglp, and guanine 7-methyltransferase
Abd1p. Capping occurs cotranscriptionally in yeast and other
eukaryotes (1) and is facilitated by recruitment of capping
enzymes to the heptad repeats in the C-terminal domain
(CTD) of the Rpblp subunit of polymerase II (Pol II) when
phosphorylated on serine-5 by the Kin28p subunit of transcrip-
tion factor ITH (TFIIH) (23, 29, 39). It is likely that binding of
CBC to the cap also occurs cotranscriptionally, as Cbp80p was
coimmunoprecipitated with Pol II in mammals (25) and
Cbp80p and Cbp20p were found associated with certain con-
stitutively transcribed genes in yeast (49) in an RNA-depen-
dent manner (38). Cotranscriptional recruitment is also im-
plied by the fact that CBC stimulates spliceosome assembly at
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transcribed genes in yeast (13). However, the molecular mech-
anism of CBC recruitment has not been investigated.

Transcriptional activators in yeast recruit an array of coac-
tivators, such as histone acetyltransferase complex SAGA, di-
rectly to the upstream activation sequences (UASs) of target
genes independently of a functional downstream promoter or
recruitment of Pol IT itself (4, 34). Recruitment of other factors
that function during elongation, such as the Pafl complex (32),
occurs indirectly and is stimulated by Rpb1p-CTD phosphory-
lation, as observed for capping enzymes (42). We considered
that binding of CBC to the nascent transcripts could be stim-
ulated indirectly by recruitment of CBC to the UAS by acti-
vators, or to the promoter region by the phosphorylated
Rpb1p-CTD, prior to its interaction with the mRNA cap. Our
analysis of CBC recruitment by chromatin immunoprecipita-
tion (ChIP) assays in various yeast mutants disfavors an im-
portant role for CBC interaction with activators or phosphor-
ylated Rpblp and provides evidence that the m’G cap is the
key factor driving CBC recruitment to nascent transcripts in
yeast cells.

Given the role of CBC in stimulating cotranscriptional spli-
ceosome assembly, we also wondered whether it enhances the
rate or processivity of transcription elongation by Pol II or
regulates 3'-end formation. The possibility of an elongation
defect was prompted by the finding that chpS80OA null mutants
display increased sensitivity to 6-azauracil (6AU) and myco-
phenolic acid (MPA) (36). These drugs reduce the elongation
rate and processivity of Pol II in vivo (26), and sensitivity to
both is frequently displayed by mutants impaired for transcrip-
tion elongation (36). Furthermore, chp80 mutations interact
genetically with mutations in HPRI (47), encoding a subunit of
the THO/TREX complex involved in transcription elongation
and mRNA export (37, 44), and deletion of HPRI (or other
THO subunits) reduces processivity of Pol II elongation in vivo
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(26). c¢bp80 mutations also interact with mutations in DNA
topoisomerase I and increase negative superhelicity of a plas-
mid in vivo, which could arise from longer RNA-DNA hybrids
formed by nascent transcripts during elongation (47). Finally,
Cbp80p copurified with certain factors implicated in transcrip-
tion elongation, including Burlp (Sgvlp), Bur2p, Nhp68p
(yFACT complex), and Tho2p (THO complex) (12). However,
using a sophisticated ChIP assay to measure the progression of
Pol II molecules during transcription of an extended (~8-kb)
coding sequence (26), we show that inactivation of CBC has no
detectable effect on the rate or processivity of elongating Pol II
molecules in vivo.

The idea that CBC participates in termination was sug-
gested previously by the finding that inactivation of CBP80
partially suppressed the effects of a mutation in the 3’ end of
the CYCI gene (cycl-512) that leads to decreased CYC!
mRNA coupled with the appearance of longer, read-
through transcripts. Although cbp80A decreased the degra-
dation rate of certain read-through transcripts produced
from cycl-512, it also appeared to increase the level of
properly terminated transcripts by enhancing termination at
the correct poly(A) addition site (11). This finding suggested
that CBC suppresses the recognition of weak or defective
signals for 3’-end formation.

We have taken several approaches to obtaining direct evi-
dence that CBC antagonizes transcription termination inde-
pendently of its effects on turnover of read-through transcripts
and to probe the molecular mechanism of this antitermination
activity. First, we analyzed the effect of chbpSOA on the gall0-
A56 allele, which contains a defective terminator. The Gal™
phenotype of this mutation results from interference with
preinitiation complex (PIC) assembly downstream at the
GAL7 promoter by elongating Pol II molecules that read
through the defective poly(A) site at gal10-A56 (7). Our results
indicate that cbpS8OA decreases the number of such “read-
through” polymerases, directly implicating wild-type (WT)
CBC in blocking recognition of the weak gal/l10-A56 terminator.
Second, we conducted ChIP assays to demonstrate that chp80A
elevates recruitment of subunits of the termination complex
cleavage factor IA (CF IA) to the gall0-A56 terminator, pro-
viding a molecular mechanism for CBC action in blocking
termination. The same function was recently identified for the
NPL3 product (7), and interestingly, Npl3p interacts with the
CBC both genetically (synthetic lethal interactions) and phys-
ically (in the context of mRNP) (28, 41). Finding that recruit-
ment of Npl3p to the termination region of gall0-A56 is unaf-
fected by cbp80A, we conclude that CBC and Npl3p both
function cotranscriptionally to impede CF IA recruitment to
weak terminators. We further demonstrate that CBC and
Npl3p cooperate to suppress termination at a naturally occur-
ring weak poly(A) site within the native RNAI4 coding se-
quences. Our finding that 6AU, like cbp80A and npl3A muta-
tions, increases utilization of the internal RNAI4 terminator
helps to explain the 6AU sensitivity of these mutants.

MATERIALS AND METHODS

Yeast strains. All yeast strains used in this work are listed in Table 1. The WT
parent strain BY4741 and deletion derivatives were described previously (48)
and purchased from Research Genetics. The presence of all reported deletion
alleles was confirmed by PCR amplification or complementation of mutant
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phenotypes by plasmid-borne WT genes. Myc-tagged strains were constructed as
described previously (32).

To construct gal10-A56 mutants, plasmid pCK200 (21) was linearized with
Nhel and used to transform the appropriate ura3A strains to Ura™, directing
plasmid integration to the GALI10-GAL7 locus. Ura™ derivatives were selected
on medium containing 5-fluoroorotic acid and screened for recombination events
that replaced WT GALI0-GAL7 with gall0-A56 by PCR analysis of genomic
DNA using oligonucleotide primers complementary to sequences upstream or
downstream of the GAL10 poly(A) site: 5'-CTTTTAGTTCTTAATTGCAACA
C-3" and 5'-CCGTCCATATCTTTCCATAG-3'. The P4, ;-YLR454w strains
were prepared by single-step integration of a Kpnl-linearized URA3 plasmid
containing the GALI promoter fused to the first 300 bp of the YLR454w coding
region, as described previously (26). All strains were verified by PCR analysis.

Biochemical methods. The ChIP experiments were conducted as described
previously (34) using the primers described elsewhere (6, 7, 22, 33) or provided
on request. Northern analysis of total RNA was carried out as described previ-
ously (32). Poly(A)* RNA was purified from total RNA on oligo(dT)-cellulose
(Biolab) (3). Western analysis of whole-cell extracts was conducted using extracts
prepared by trichloroacetic acid precipitation (35). Antibodies employed were
the following: monoclonal anti-Myc (Roche), anti-Rpb3p (Neoclone), anti-
Rpblp-Ser5P (H14; Covance), anti-Rpblp (§WG16; Covance), and polyclonal
anti-Ged6p (8).

RESULTS

Efficient cotranscriptional recruitment of CBC requires the
m’G cap but is likely independent of CBC interaction with
activator, Rpb1p-CTD, or Npl3p. Although the cotranscrip-
tional recruitment of CBC is well established, its mechanism of
recruitment has not been examined in detail. We asked
whether CBC might be recruited directly by a transcriptional
activator to the UAS prior to its interaction with the cap.
Induction of Gendp synthesis by starvation for isoleucine and
valine (by treating cells with the inhibitor sulfometuron) leads
to a strong increase in binding of Gendp and recruitment of
coactivators to the UAS and of general transcription factors
and Pol II to the promoter of ARGI (14, 33, 34, 46). Impor-
tantly, deletion of the TATA element at ARG (argl-ATATA)
impairs recruitment of Pol II to the promoter but not the
recruitment of coactivators to the UAS (34). We reasoned that
if Gendp recruits CBC directly to the UAS, in the manner
observed for coactivators, then we should observe high-level
CBC occupancy at the UAS that would be unaffected by the
ATATA mutation.

To test this prediction, we conducted ChIP analysis of strains
containing Myc-tagged CBC subunits. The Myc-tagged strains
grew identically to the parental strains on yeast extract-pep-
tone-dextrose (data not shown), indicating that the tagged
proteins were functional in vivo. At odds with the hypothesis
that CBC is recruited directly by Gendp, the UAS element
displayed the lowest level of Cbp20p occupancy of all locations
tested at the ARG gene in WT cells treated with sulfometuron
(Fig. 1A to C). Cbp20p occupancy was also much lower in the
nontranscribed sequences in the promoter (TATA) or down-
stream of the polyadenylation site (“Down” primers) than in
transcribed sequences throughout the ARGI open reading
frame (ORF). As expected, Cbp20p occupancy was reduced to
background levels at all locations in the isogenic gcn4A mutant,
confirming that appreciable CBC recruitment to ARGI de-
pends on transcriptional activation by Gendp (Fig. 1A to C).

Deletion of the TATA element had the expected effect of
reducing Pol I (Rpb3p) occupancy at all locations tested at the
induced ARG1 gene (Fig. 1D). The same finding was made for
Cbp20p occupancy (Fig. 1C), suggesting that transcription ini-
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TABLE 1. Yeast strains used in this study

Name Parent Genotype” Reference or source
Myc-tagged strains
HQY691 BY4741¢ SUA7-myc ;3::HIS3* 32
CMY005 BY4741¢ CBP20-myc 3::HIS3* This work
CMY006 BY4741¢ CBPS80-myc;5::HIS3* This work
CMY007 2497 CBP20-myc ;3::HIS3* gen4A::kanMX4 This work
CMY008 HQY700 CBP20-myc;5::HIS3* argl-ATATA This work
CMY009 6566 CBP20-myc ,;3::HIS3* cbp80A::kanMX4 This work
CMY010 42684 CBP20-myc,;3::HIS3* npl3A::kanMX4 This work
CMYO011 20744 CBPS80-myc ,;3::HIS3* cbp20A::kanMX4 This work
CMY012 42684 CBP80-myc,;3::HIS3* npl3A::kanMX4 This work
CMYO013 HQY957 CBP80-myc ,5::HIS3* kin28A::kanMX4[LEU2 KIN28-HA] This work
CMY014 HQY958 CBP80-myc, 5:HIS3* kin28A::kanMX4[LEU2 kin28-HA-ts16] This work
CMYO015 ABDIWT CBP80-myc,5::HIS3* abd1A::LEU2[TRP1 ABDI] This work
CMYO016 abdl-5 CBP80-myc,;5:HIS3* abd1A::LEU2[TRPI abdI-5] This work
CMYO017 CMY125 RPB3-myc,5:HIS3* P4, - YLR454w This work
CMYO018 CMY126 RPB3-myc;3::HIS3* cbp80A::kanMX4 P 4; ;- YLR454w This work
CMY019 BY4741 PCF11-myc,;::HIS3* This work
CMY020 CMY127 PCF11-myc,;3::HIS3* gall0-A56 This work
CMYO021 CMY128 PCFI11-myc,;3::HIS3* cbp80A::kanMX4 gall0-A56 This work
CMY022 CMY129 PCF11-myc,;::HIS3* npl3A::kanMX4 gall0-A56 This work
CMY023 BY4741 RNAI15-myc,;5::HIS3* This work
CMY024 CMY127 RNA15-myc,;3::HIS3* gall0-A56 This work
CMY025 CMY128 RNA15-myc,;3::HIS3* cbp80A::kanMX4 gall0-A56 This work
CMY026 CMY129 RNAI15-myc,;5::HIS3* npl3A::kanMX4 gall0-A56 This work
CMY027 BY4741 NPL3-myc,;3::HIS3 This work
CMY028 2074 NPL3-myc,;::HIS3* cbp20A::kanMX4 This work
CMY029 6566 NPL3-myc,5::HIS3* cbpSOA::kanMX4 This work
Untagged strains

BY4741 mata his3-Al leu2-A0 met15-A0 ura3-A0 Research Genetics
249¢ BY4741¢ gendAz:kanMX4 Research Genetics
2074 BY4741¢ cbp20A::kanMX4 Research Genetics
6566 BY4741¢ cbp80A::kanMX4 Research Genetics
4268¢ BY4741¢ npl3A::kanMX4 Research Genetics
HQY700 BY4741¢ argl-ATATA 32
HQY957 BY4741¢ kin28A::kanMX4[LEU2 KIN28-HA] 32
HQY958 BY4741¢ kin28A::kanMX4[LEU2 kin28-HA-ts16] 32
CMY125 BY4741¢ Pg 4 -YLR454w This work
CMY126 6566 cbp80A::kanMX4 P, ;-YLR454w This work
CMY127 BY4741¢ gall0-A56 This work
CMY128 6566 cbp80A::kanMX4 gall0-A56 This work
CMY129 4268 npl3A::kanMX4 gall0-A56 This work
W303 mato leu2 ura3 lys2 trpl his3
ABDI WT W303 abd1A:LEU2[TRPI ABDI] 40
abdl-5 W303 abdlA::LEU2[TRPI abdI-5] 40

¢ Purchased from Research Genetics (48).
b HIS3* designates the HIS3 allele from Saccharomyces kluyveri.

tiation at the correct site is required for high-level CBC re-
cruitment to the 5’ end of ARGI. We showed previously that
shorter heterogeneous ARG/ mRNAs are produced in the
argl-ATATA mutant at a level (combined for all transcripts)
below that of native ARG mRNA, most likely from inefficient
initiation at cryptic promoter sequences in the ARG ORF
(32). Thus, the fact that the ATATA mutation does not erad-
icate Cbp20p occupancy of the middle, 3'-ORF, and down-
stream sequences could be explained if Cbp20p is recruited to
the capped 5’ ends of shorter transcripts initiating in the ARG
OREF of the argl-ATATA allele.

Together, these results seem inconsistent with the possibility
that CBC is recruited directly by Gen4p to the UAS prior to its
association with the mRNA cap. If this were the case, then
deletion of the TATA element might cause an accumulation of
CBC in the UAS due to the reduced level of capped transcripts

produced by the argl-ATATA allele, whereas we observed
nearly background levels of Cbp20p at the UAS in the pres-
ence or absence of the TATA element. Consistent with our
findings on ARG1, we found that induction of the GALI gene
by galactose leads to much higher CBC occupancies in the
coding sequences compared to the promoter, whereas Myc-
tagged TFIIB/Sua7p is recruited exclusively to the promoter
region of GAL! (Fig. 1E).

The results presented above suggest that CBC is recruited
directly to the capped 5" end of nascent transcripts. If so, then
mutations that reduce 5’ capping of the mRNA should reduce
CBC recruitment to the 5" end of the gene. Moreover, since
recruitment of the capping enzymes is stimulated by Ser5 CTD
phosphorylation by Kin28p, then reducing Kin28p function by
the temperature-sensitive kin28-ts16 mutation should decrease
CBC occupancy at the 5’ end of the induced GAL1 gene. ChIP
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FIG. 1. Induction of Gendp increases Cbp20p occupancy in the transcribed, but not UAS, region of ARG, dependent on the TATA element.
(A) ARGT locus with names and positions of fragments (relative to the ATG) that were PCR amplified for ChIP analyses given below. Dashed
lines depict the adjacent gene YOLO057w. (B to D) ChIP analysis of Myc-Cbp20p or Rpb3p occupancy at ARG following induction of Gen4p.
CBP20-myc strains CMY007 (gcn4A), CMY008 (WT), and CMY009 (argl-ATATA) were cultured in synthetic complete medium lacking Ile and
Val and treated with sulfometuron (final concentration, 0.5 pwg/ml) for 30 min to induce Gendp synthesis. Cells were cross-linked with formaldehyde
and subjected to ChIP analysis with anti-Myc (B and C) or anti-Rpb3p (D) antibodies. DNA was extracted from immunoprecipitates (IP) and input
chromatin (Input) samples and subjected to PCR in the presence of [**P]JdATP to amplify radiolabeled fragments from the UAS, TATA, 5'-ORF,
middle-OREF, or 3’-ORF regions of ARG together with a control fragment from a nontranscribed region of HML. PCR products were resolved
by 6% Tris-buffered EDTA polyacrylamide gel electrophoresis and visualized by autoradiography (B) or quantified with a phosphorimager, and
the ratios of experimental to control signals in the immunoprecipitate samples were normalized for the corresponding ratios for input samples to
yield the occupancy values plotted in histograms (C and D). (E) Strains with genes encoding the relevant Myc-tagged proteins HQY691
(SUA7-myc), CMY005 (CBP20-myc), and CMY006 (CBP80-myc) were cultured in synthetic complete medium lacking histidine with 2% raffinose
to an A4, of ~0.6 and treated with galactose (final concentration, 2%) for 30 min to induce GALI. Cells were cross-linked with formaldehyde and
subjected to ChIP analysis with anti-Myc antibodies as described above, except with the use of primers to amplify the TATA, 5'-ORF, and 3'-ORF
sequences at GAL1 corresponding to nucleotides —185 to —57, +422 to + 567, and +1233 to +1355, respectively. The average results obtained
from two independent cultures and two PCR amplifications for each culture were plotted in the histograms with standard errors shown as error
bars.

analysis showed that incubation of kin28-ts16 cells at 37°C for
30 min followed by shifting cells from glucose to galactose to
induce GALI (at 37°C) led to the expected decline in occu-
pancy of Rpblp-Ser5P at the GALI promoter (Fig. 2A and B;
open bars are 37°C), whereas total levels of Pol II (Rpb3p) at
the promoter did not decrease (Fig. 2C and D). Thus, Pol II
hypophosphorylated on Ser5 accumulates at the induced
GALI promoter in the kin28-ts16 cells at 37°C. Importantly,

Cbp80p occupancy in the GALI promoter was substantially
reduced in the kin28-ts16 mutant at 37°C (Fig. 2E and F),
leading to a substantial decline in the ratio of Cbp80p to Pol II
(Rpb3p) (Fig. 2G).

We presumed that the requirement for Rpb1p-Ser5P in ef-
ficient CBC recruitment is indirect and reflects the stimulatory
effect of Ser5 phosphorylation on recruitment of the capping
enzymes. If so, then mutation of a capping enzyme should
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FIG. 2. Optimal Cbp80p recruitment to GALI requires Kin28p-
dependent Ser5 phosphorylation of the Pol II CTD. Isogenic CBPS0-
myc strains CMY013 (KIN28) and CMY014 (kin28-ts16) were cultured
in synthetic complete medium lacking histidine with 2% raffinose at
25°C to an Agy, of ~0.6 and transferred to 37°C for 30 min, and
galactose (2%) was added for another 30 min at 37°C (open bars). The
same strains were cultured identically except at 25°C rather than 37°C
(filled bars). (A to F) ChIP analysis of factor occupancies at GALI was
conducted as described for Fig. 1E except with the use of H14 anti-
bodies specific for the Rpblp CTD phosphorylated on Ser5 (SerSP) (A
and B), Rpb3p antibodies (C and D), or Myc antibodies (to detect
Myc-Cbp80p) (E and F). (G) Occupancies of Myc-Cbp80p in panel F
were normalized to those for Rpb3p in panel D. The average results
obtained from two independent cultures and two PCR amplifications
for each culture were plotted in the histograms with standard errors
shown as error bars.

decrease CBC occupancy without any decrease in Rpblp-
SerSP levels in the promoter. The temperature-sensitive
abdl-5 mutation is perfectly suited to test this prediction be-
cause it impairs production of the m’G caps on mRNAs with-
out decreasing Pol II occupancy at the 5 ends of yeast genes in
vivo (40). Consistent with this, incubation of abdI-5 cells at
37°C for 30 min followed by a shift to galactose (at 37°C)
produced little or no reduction in Pol II occupancy at the
promoter or 3'-ORF sequences at GALI compared to the
values observed in isogenic WT cells incubated at 37°C (cf.
open bars in Fig. 3B and E). By contrast, there were significant
reductions in Cbp80p occupancy at both the promoter and the
3’ end of the ORF in the abdI-5 mutant (Fig. 3A and D, open
bars), leading to reduced Cbp80p-to-Pol II (Rpb3p) ratios in
both GALI locations (Fig. 3C and F). The GALI mRNA level
is not reduced in the abdl-5 mutant grown under nonpermis-
sive conditions (data not shown). Importantly, the abdl-5 mu-
tation also does not lower Rpb1p-SerSP at GALI (Fig. 3G and
H), indicating that Ser5 CTD phosphorylation is insufficient
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for high-level CBC recruitment in the absence of the m’G cap.
These results provide the first in vivo evidence that the guanine
7-methylated cap is a prerequisite for efficient cotranscrip-
tional recruitment of the CBC.

The results presented above suggest that CBC is recruited
directly by the m’G cap on the nascent transcript and that the
transcriptional activator, intact promoter, and Ser5 CTD phos-
phorylation all contribute indirectly to CBC recruitment by
promoting formation of the capped nascent transcript. An-
other result consistent with this model is that recruitment of
Cbp80p is strongly dependent on Cbp20p, the cap-binding
subunit of the CBC (27). This is shown by the fact that deletion
of CBP20 strongly impairs Cbp80p recruitment to GALI (Fig.
3I), without reducing the steady-state level of Cbp80p (Fig. 3J,
lanes 4 and 5). Hence, binding of Cbp20p to the m’G cap is
likely to be required for Cbp80p recruitment to the nascent
transcript. As deletion of CBPS0 greatly reduces the level of
Myc-Cbp20p (Fig. 3J, lanes 1 and 2) (41), we could not address
whether Cbp80p is also necessary for recruitment of Cbp20p.

Finally, we addressed whether Npl3p promotes CBC recruit-
ment, a possibility prompted by physical and genetic interac-
tions of Npl3p with the CBC (19, 41). Deletion of NPL3 had no
significant impact on recruitment of Cbp80p or Cbp20p to
GALI (Fig. 31 and data not shown). Furthermore, it was re-
ported previously that cbpSOA does not affect Npl3p recruit-
ment in vivo (24). The independent recruitment of these fac-
tors might be explained by the fact that recruitment of Npl3p
is mediated by its interactions with Pol II and the nascent
mRNA (41) while CBC is recruited directly by the m’G cap.

CBC does not play a critical role in promoting the rate or
processivity of elongation by Pol II. The findings that chp80A
confers sensitivity to 6AU and MPA and interacts genetically
with deletion of HPRI, a subunit of the THO/TREX complex,
suggested a possible defect in transcription elongation. Con-
sistent with this, we found that chp20A also confers sensitivity
to 6AU and MPA (Fig. 4A). Hence, we measured the effect of
¢bp80A on the elongation rate and processivity of Pol II in vivo
by kinetic ChIP analysis during induction and repression of the
~8-kb YLR454w ORF placed under the control of the GAL1
promoter (P, ;- YLR454w) (Fig. 4B). On addition of glucose
to cells growing in galactose, recruitment of new Pol II mole-
cules to the GALI promoter is blocked and preexisting elon-
gating Pol II molecules finish transcribing the coding se-
quences. The kinetics of Pol II runoff during this last wave of
elongation provides a measure of the elongation rate (26). As
expected, following addition of glucose to WT cells, Pol II was
lost from the promoter and the sequences at the 5" end of the
P 4. ,-YLR454w OREF sooner than it disappeared from the 3’
end of the ORF (Fig. 4C). Analysis of the chpSOA mutant
revealed no significant difference from WT in the rate of Pol II
runoff during glucose repression (Fig. 4C, E, and F). Very
similar results were obtained in several replicate experiments.
As shown previously (26), addition of 6AU decreased the elon-
gation rate of Pol IT in WT cells (Fig. 4G), and we observed a
similar decrease in the chp8OA mutant (Fig. 4H).

The processivity of Pol II during elongation can be examined
by comparing the Pol II occupancies at the 5 and 3" ends of
the ~8-kb YLR454w OREF in cells growing in galactose. Pre-
vious results showed that treatment with 6AU or mutations in
certain elongation factors (SPT4 and THO components) lead
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FIG. 3. Optimal Cbp80p recruitment to GALI requires the cap guanine 7-methyltransferase Abdlp. (A to H) Isogenic CBP80-myc strains
CMYO015 (ABDI) and CMYO016 (abdI-5) were cultured under the same conditions described for Fig. 2 for galactose induction and heat treatment,
and ChIP analysis was conducted as described for Fig. 1 using antibodies to Myc (to detect Myc-Cbp80p) (A and D) or Rpb3p (B and E).
Occupancies of Myc-Cbp80p were normalized to those for Rpb3p for the GALI TATA (C) and GALI 3’ ORF (F). ChIP analysis of the same
samples was conducted using H14 antibodies specific for the Ser5-phosphorylated CTD (SerSP) (G). Occupancies of Ser5SP were normalized to
those for Rpb3p for the GALI TATA in panel B (H). Optimal Cbp80p recruitment to GALI requires Cbp20p but not Npl3p. (I) Isogenic
CBP80-myc strains CMY006 (WT), CMYO011 (cbp20A), and CMY012 (npl3A) were cultured under the conditions described for Fig. 2 for galactose
induction except that cells were grown at 30°C, and ChIP analysis was conducted as described for Fig. 1 with the use of antibodies to Myc (to detect
Myc-Cbp80p). The average results obtained from two independent cultures and two PCR amplifications for each culture were plotted in the
histograms with standard errors shown as error bars. (J) Western blot analysis of Myc-Cbp20p and Myc-Cbp80p expression. Whole-cell extracts
of isogenic CBP20-myc strains CMY005 (WT), CMY009 (cbp80A), and CMYO010 (npl3A) and CBP80-myc strains CMY006 (WT), CMY011
(¢bp20A), and CMYO012 (npl3A) were subjected to Western blot analysis using antibodies to Myc (to detect Myc-Cbp20p or Myc-Cbp80p) or Ged6p

(loading control).

to a progressive decline in Pol II occupancy across the long
P - YLR454w ORF (26). In agreement with that study, we
observed similar Pol IT occupancies at the 3’ end compared to
the 5’ end of the P4, ,-YLR454w ORF in WT cells (Fig. 4D)
and a reduction in Pol II occupancy across the ORF in WT
cells treated with 6AU (data not shown). However, there was
no difference in Pol II occupancy across the ORF in the
cbp80A mutant (Fig. 4D), indicating no obvious reduction in
Pol II processivity in the absence of Cbp80p. We did observe a
small reduction in Pol II occupancy at all locations of the
P4 - YLR454w gene in cbpS8OA cells, which might indicate a
defect in PIC assembly that reduces the number of Pol II
molecules entering the elongation phase of transcription.
CBC reduces termination/poly(A) addition at the defective
gall0-A56 terminator in vivo. Npl3p antagonizes 3'-end for-
mation by impeding the recruitment of polyadenylation/termi-
nation factors (7). In view of genetic and physical interactions
between CBC and Npl3p and our finding that np/3A also con-
fers sensitivity to 6AU and MPA (Fig. 4A), we investigated
whether cbp80A resembles npl3A in elevating 3'-end formation
at the gall0-A56 allele in vivo. The A56 mutation eliminates 55
bp at the 3’ end of GAL10 and reduces the efficiency of 3'-end

formation at the correct site, allowing read-through into the
GAL7 gene downstream. Gal7p is not expressed from the
read-through bicistronic transcript, and the production of na-
tive GAL7 mRNA is impaired by transcription elongation
across the GAL7 promoter—both factors contributing to the
Gal™ phenotype of gall0-A56 cells (Fig. 5A) (15, 21). It was
shown previously that the mpl3-120 mutation partially sup-
presses the Gal™ phenotype of gal10-A56 (7). We observed the
same result for the npl/3A null allele (Fig. 5B, row 3), which
decreases production of the GAL10-GAL?7 read-through tran-
script and increases expression of native GAL7 mRNA (Fig.
5C, lanes 2 and 4). Importantly, chp80A behaved similarly in
reducing the read-through transcript and restoring WT levels
of GAL7 mRNA, and both effects were complemented by
plasmid-borne CBP80 (Fig. 5C, lanes 2, 3, and 5). Also simi-
larly to npl3A, the cbpS8OA mutation suppresses the Gal™ phe-
notype of gal10-A56 cells (Fig. 5B, rows 1 to 3). These findings
are consistent with the idea that Cbp80p antagonizes 3'-end
formation at the defective transcription terminator of gall0-
A56.

To confirm this interpretation, we conducted ChIP analysis
to determine whether cbpS0A increases recruitment of polyaden-
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FIG. 4. c¢bp80A does not detectably affect Pol II elongation rate and processivity in vivo. (A) cbp20A and npl3A mutants, like chbp80A cells, are
sensitive to 6AU and MPA. Tenfold serial dilutions of strains BY4741 (WT), 2074 (cbp20A), 6566 (cbpS80A), and 4268 (npl3A), transformed with
YCplac33, were spotted on synthetic complete medium lacking uracil plates containing 2% glucose supplemented with 6AU (75 wg/ml) or MPA
(15 pg/ml). (B) Diagram of the P ,; ;-YLR454w gene with PCR primer pairs used to amplify the promoter and indicated coding sequences
(numbered relative to ATG). (C) ChIP analysis of Rpb3p occupancies across the P 4, ;- YLR454w gene induced with galactose and at different
times of glucose repression. CMY017 (WT) or CMY018 (cbp80A) strains containing RPB3-myc and P, 4, ;- YLR454w were induced with galactose
for 2 h (time = 0) and treated with 4% glucose for the indicated times. ChIP analysis was conducted using Rpb3p antibodies and primers (TATA
to 8000, from top to bottom) shown in panel B. Amplification of a noncoding region on chromosome I (Chr I) was used as a control for nonspecific
immunoprecipitation. (D) Quantification of the Rpb3p occupancies measured in panel C at the five indicated positions in WT and cbp80A cells
grown in galactose medium (time = 0), normalized to the values in the WT strain at each position. (E and F) Quantification of the Rpb3p
occupancies measured in panel C at the five positions indicated by the key in panel D in WT (E) or ¢hp80A (F) cells grown in glucose for the
indicated times, normalized to the values in galactose (time = 0). (G and H) The assays were performed exactly as described for panels E and F
except that cells were grown with 75 pg/ml 6AU. The average results obtained from two independent cultures and two PCR amplifications for each
culture were plotted in the histograms.
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FIG. 5. Cbp80p impedes utilization of the weak gall0-A56 terminator. (A) Schematic showing the GAL10-GALI gene pair with the A56
mutation in the GAL10 terminator. Arrows depict locations and relative abundances (proportional to line thickness) of transcripts produced in
strains of the indicated genotypes and Gal phenotypes. RT, read-through. (B) cbp80A and npl3A partially suppress the Gal™ phenotype of
gall0-A56 cells. Tenfold serial dilutions of chpS0A and npl3A cells were spotted on yeast extract-peptone plates containing either 2% glucose (left)
or 2% galactose (right) as carbon sources for 4 days. Rows 1 to 3, CMY127 (WT), CMY128 (cbp80A), and CMY 129 (npl3A) strains with gal10-A56;
rows 4 to 6, isogenic GAL10 strains, BY4741 (WT), 6566 (cbp80A), and 4268 (npl3A). (C) Northern analysis of GAL10, GAL7, and GAL10::GAL7
read-through mRNAs. Total RNAs (20 pg) from wild-type (GALI0™") strain BY4741 and gal10-A56 strains CMY127 (WT), CMY128 (cbp80A),
and CMY129 (npl3A) induced with 2% galactose for 3 h were resolved and probed for GALI10 or GAL7 mRNAs and the Pol III transcript SCRI
(as a loading control). The read-through transcript that hybridizes with both GAL10 and GAL?7 probes is marked (RT).

ylation/termination factors Rnal5p and Pcfl1p, belonging to
the CF IA complex (17), at the defective transcription termi-
nation site of gall0-A56. The results show that chpSOA and
npl3A lead to comparable increases in Rnal5p and Pcfllp
occupancies in the 3’ untranslated region (UTR) of gall0-A56
(Fig. 6A to C) without affecting Pol II occupancy at this loca-
tion (data not shown). Moreover, cbp80A and npl3A produce
similar increases in TATA binding protein recruitment to the
GAL?7 promoter in the gall0-A56 background (Fig. 6F and G),
providing evidence that they reduce the deleterious effect of
read-through transcription on PIC assembly downstream at the
GAL7 promoter. The fact that chpSOA restores GAL7 mRNA
production by eliminating Pol II molecules reading through
the defective gall0-A56 terminator into the GAL7 promoter
shows clearly that chbp80A increases recognition of the weak
terminator independently of any effect that it might have in
stabilizing aberrantly terminated GAL10 transcripts in the nu-
cleus (11).

It was important to investigate whether the antiterminator
functions of CBC and Npl3p apply only to weak termination
sites or are fundamental to the mechanism of 3'-end process-
ing. Therefore, ChIP analysis was performed to measure the
possible effects of chp80A and npl3A mutations on Pcfl1p and
Rnal4p occupancies of the native termination regions at the
PMA1I and PYKI genes (22). The results show that cbp80A and
npl3A do not increase the Pcfl1p and Rnal4p occupancies in
the 3’ UTRs of these genes (Fig. 6D and E), suggesting that
CBC and Npl3p effectively impede recruitment of CF IA only
at weak terminators, such as that present at gal10-A56.

Consistent with previous findings (24), we found that the
occupancy of Myc-Npl3p at the 3" end of GALI0 is not re-
duced by cbp80A or cbp20A mutations (Fig. 6H and I), con-
firming that the effect of the latter mutations on 3'-end for-

mation is not an indirect effect of impaired association of
Npl3p with the nascent transcript. Thus, we conclude that CBC
and Npl3p collaborate in suppressing utilization of the weak
gall0-A56 termination site.

Finally, it was important to determine whether CBC antag-
onizes termination at a naturally occurring cryptic termination
site in a WT gene. Rnal4p is a component of CF IA required
for cleavage and polyadenylation during mRNA 3’-end pro-
cessing (30). Interestingly, the RNAI4 gene produces three
stable mRNAs, the full-length 2.2-kb transcript and truncated
1.5- and 1.1-kb transcripts that terminate in the coding se-
quences (Fig. 7A). Defects in transcription termination lead to
production of only the full-length transcript (2, 5, 43), and
growth under respiratory conditions increases the truncated
1.1-kb transcript at the expense of the 1.5- and 2.2-kb tran-
scripts (43). Accordingly, we asked whether cbp20A, cbpSOA,
and npl3A mutants would increase production of the truncated
1.1-kb RNAI4 mRNA by increasing utilization of the weak
terminator for this transcript.

Northern blot analysis of the WT strain showed that the
2.2-kb RNA transcript is the most abundant, while the 1.1-kb
RNA transcript occurs at the lowest level, among the three
RNA14 transcripts (Fig. 7B, lane 1). Thus, under our experi-
mental conditions, the most distal poly(A) site is used most
frequently to produce full-length RNA74 mRNA. Importantly,
cbp20A, cbp80A, and npl3A mutants all exhibit higher 1.1-kb to
2.2-kb transcript ratios than do WT cells (Fig. 7B, Ratio: A/C,
lanes 3 to 5). These data suggest that CBC and Npl3p coop-
erate to suppress cleavage and polyadenylation at position
+1119 within the native RNAI4 coding sequences.

Interestingly, while all three RNAI4 transcripts were re-
duced by 6AU treatment (16), the proportional amount of the
1.1-kb transcript increased in WT cells treated with this inhib-
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FIG. 6. Cbp80p and Npl3p impede recruitment of polyadenylation/termination factors Pcfl11p and RnalSp to the gall0-A56 terminator. (A to
C) ChIP analysis of Myc-Pcf11p or Myc-Rnal5p occupancies was conducted as described for Fig. 1E except using primers to amplify the GAL10
3" UTR, employing PCF11-myc strains CMY019 (WT), CMY020 (gal10-A56), CMY021 (cbp80A gal10-A56), and CMY022 (npl3A gal10-A56) and
RNA15-myc strains CMY023 (WT), CMY024 (gal10-A56), CMY025 (cbpS0A gal10-A56), and CMY026 (npl3A gal10-A56). (D and E) Cbp80p and
Npl3p do not impede recruitment of polyadenylation/termination factors Pcf11p and Rnal5p to the PMAI and PYKI terminators. Myc-Pcf11p or
Myc-Rnal5p occupancies of the PMAI and PYKI 3’ UTRs were analyzed in the same chromatin samples analyzed for panels A to C. (F and G)
TATA binding protein (TBP) occupancies of the GAL7 TATA region were analyzed in the same chromatin samples analyzed for panels A to C.
(H and I) Myc-Npl3p occupancy of the GAL10 3" ORF is unaffected by chp20A and cbpS8OA. ChIP analysis of Myc-Npl3p was done for NPL3-myc
strains CMY027 (WT), CMY028 (cbp20A), and CMY029 (cbp80A) as described for Fig. 1E. Cells were cultured either in 2% raffinose (—) as a
control or in 2% galactose (+) for induction of GALI0 expression. The average results obtained from two independent cultures and two PCR
amplifications for each culture were plotted in the histograms with standard errors shown as error bars.
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FIG. 7. The CBC inhibits termination at an internal poly(A) addi-
tion site in the RNAI4 ORF. (A) Schematic of the RNA14 gene and its
three transcripts (A, B, and C) generated by the major poly(A) sites
labeled with asterisks (43). The position of the DNA fragment used to
probe all three transcripts by Northern blot analysis is indicated by the
black bar. (B) Strains BY4741 (WT), 2074 (cbp20A), 6566 (cbp80A),
and 4268 (npl3A), transformed with YCplac33, were grown in synthetic
complete medium lacking uracil with 2% glucose; BY4741 (WT) was
treated separately with 6AU (at 50 pg/ml) for 4 h; and poly(A)*
mRNAs were isolated from 150 pg total RNA and subjected to North-
ern blot analysis, with probing for RNA14 and PYKI (as loading con-
trol). The hybridization signals for the RNAI4 transcripts were quan-
tified by phosphorimaging analysis, and the ratios of the B and A
transcripts relative to the C transcript were calculated and normalized
to the corresponding ratios measured in WT cells. The middle panel
shows a longer exposure of the upper panel. (C) A hypothetical model
depicting cooperation between the CBC and Npl3p in preventing tran-
scription termination at weak termination sites. (Top) CBC is re-
cruited cotranscriptionally to the capped 5" end of the nascent tran-
script and interacts with Pol II during elongation, forming a
pseudocircular mRNA. CBC also interacts with Npl3p and stabilizes
Npl3p binding to weak termination sites in the nascent mRNA (gray).
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itor (Fig. 7B, lane 2). Thus, in addition to decreasing elonga-
tion rate and processivity (26), it appears that 6AU also en-
hances the selection of weak poly(A) sites for transcription
termination. Perhaps the increased dwell time of Pol II due to
depletion of UTP pools by 6AU increases the probability of
transcript cleavage and termination at a weak poly(A) site. The
fact that 6AU and the cbp20A, cbp80A, and npl3A mutations all
enhance utilization of a weak termination site helps to explain
the 6AU sensitivity of the chbp20A, cbp80A, and npl3A mutants
(Fig. 4), even though CBC and Npl3p play no significant role in
transcription elongation (7).

DISCUSSION

In this study, we have examined the mechanism of CBC
recruitment to the cap structure and evaluated the contribu-
tions of CBC to transcription elongation and 3’-end formation.
We first explored the possibility that the CBC could be re-
cruited directly by transcriptional activators to the UAS, or to
the promoter by the Ser5-phosphorylated CTD of Rpblp, and
then transferred to the cap once the latter appeared on the
nascent transcript. A prominent role for CBC recruitment by
the activator Gendp seems unlikely because the UAS occu-
pancy of CBC at ARG is only slightly above background. One
could propose that CBC is recruited to the UAS but is trans-
ferred to the cap so rapidly that its steady-state level at the
UAS remains low. If so, then a reduction in the rate of tran-
script initiation and cap formation should increase CBC occu-
pancy in the UAS. However, we found that deleting the TATA
element at ARG, which reduces transcriptional output and
CBC association with the coding sequences, did not increase
CBC occupancy in the UAS.

We found that the fs76 mutation in Kin28p, and attendant
decline in Rpblp-Ser5P, lowered CBC recruitment at the 5’
end of the GAL1 ORF without any decrease in Pol II occu-
pancy. This result is consistent with the known requirement for
Ser5 CTD phosphorylation in recruitment of the capping en-
zymes to nascent transcripts in vivo (39). It could also reflect a
role for the phosphorylated CTD in direct recruitment of CBC;
however, we found that the abd -5 mutation in the cap guanine
7-methyltransferase lowers recruitment of CBC without de-
creasing Rpb1p-Ser5SP occupancy. In addition, CBC occupancy
is higher in the ORF than at the promoter, whereas Rpblp-
Ser5P and the capping enzymes Ceglp/Cetlp show the oppo-
site pattern. Thus, it seems likely that direct recruitment of
CBC to the phosphorylated CTD is inefficient at best, and the
major pathway is direct binding of CBC to the cap structure on
nascent mRNA. Nevertheless, we cannot eliminate the possi-
bility that CBC interacts transiently with Ser5-phosphorylated
Pol II at the promoter (or with the activator at the UAS) in a

Npl3p competes with CF I for recruitment to weak terminators, pre-
venting transcript cleavage. The circularization of the mRNA by CBC
might also impede cleavage by CF I. (Bottom) At the strong termina-
tion site, CF I displaces Npl3p and cleaves the mRNA to prepare the
3" end for polyadenylation. CBC dissociates from Pol II by an unknown
mechanism.
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manner that, while undetectable by ChIP, facilitates its subse-
quent binding to the m’G cap.

It has been shown that the CBC is required for efficient
cotranscriptional assembly of the spliceosome, but its partici-
pation in other transcription-coupled functions was not well
defined. Although cbpSOA and cbp20A mutants are sensitive to
6AU and MPA, we did not observe any obvious defect in the
rate or processivity of Pol II elongation during induced tran-
scription of the ~8-kb P, ,-YLR454w coding sequences.
This is consistent with the fact that chpS8OA cells are not de-
fective for induction of IMP dehydrogenase (/MD2) mRNA by
6AU or MPA, a response severely impaired by mutations in
known elongation factors, such as Dstlp/TFIIS (36). Of
course, it is possible that CBC promotes elongation rate or
processivity in a manner that is fully redundant with the func-
tions of other factors. Indeed, no defect in elongation of the
P41 - YLR454w construct was observed previously in mutants
lacking TFIIS or intact Pafl complex (26).

On the other hand, we observed a clear defect in 3’-end
formation in chp80A cells similar to that described recently (7)
for an npl3-120 point mutant (and confirmed here for an npl3A
null mutant) wherein 3’-end formation occurs more efficiently
at the defective termination site of the gall0-A56 allele. This
can be attributed to the increased recruitment of polyadeny-
lation/termination factors Rnal5p and Pcfllp, both CF IA
components, to the defective termination site that we observed
in cbp80A cells. These findings imply that, like Npl3p, CBC is
an antagonist of 3’-end formation that functions at least partly
by impeding recruitment of CF IA. Thus, termination/poly(A)
addition should occur inappropriately at naturally occurring
weak termination sites in cbpSOA cells. Our analysis of termi-
nation of RNA14 transcription provides direct confirmation of
this prediction, as deletions of CBP20, CBP80, and NPL3 all
increase termination at a native weak poly(A) addition site
within the RNAI4 coding sequences. The fact that 6AU also
enhances this weak termination suggests that the 6AU sensi-
tivity of these mutants results from additive increases in utili-
zation of weak termination sites in coding regions.

The idea that CBC suppresses termination/poly(A) addition
at weak terminators was suggested previously by the finding
that inactivation of CBP80 partially suppressed the deleterious
effect of the cyc1-512 mutation on production of stable CYCI
transcripts. Like the gall0-A56 mutation, cycl-512 leads to
aberrant, longer transcripts with 3’ ends downstream of the
normal poly(A) site. It appeared likely that cbp80A increased
3’-end formation at the correct site during transcription of
cycl-512, rather than merely stabilizing aberrantly terminated
transcripts (11). Our analysis of the gall0-A56 allele provides
more direct evidence that cbp80A restores termination at the
correct site at gall0-A56, as cbpSOA not only increases correctly
terminated GALI0 transcripts but eliminates the interference
of read-through transcription on PIC assembly downstream at
the GAL7 promoter, with an attendant increase in GAL7
mRNA. We also investigated the molecular mechanism of
antitermination by CBC and showed directly (by ChIP as-
says) that chbp80A increases the recruitment of subunits of
termination/polyadenylation factor CF IA to the 3’ region of
gall0-A56.

Most pre-mRNAs are processed at their 3’ ends by a two-
step process. The first step is cleavage of the nascent transcript
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~20 to 30 bases downstream of a conserved poly(A) addition
site. This endonucleolytic cleavage requires the cooperation of
several multisubunit cleavage factors, namely, CF IA (Pcfllp,
Rnaldp, RnalSp, and Clplp), CF IB (Hrpl), and cleavage/
polyadenylation factor (CPF). In the second step, the poly(A)
tail is added to the 3’ end of the cleaved transcript by poly(A)
polymerase. Surprisingly, the recruitment of some CPFs, e.g.,
CF IB and Ssu72p, is not restricted to the 3’ ends of genes but
also occurs at the promoter and throughout the coding se-
quences. To prevent premature termination, it is thought that
antitermination factors are associated with elongating Pol II
that prevent recognition of weak poly(A) addition signals lo-
cated upstream of the authentic terminator (31).

It was proposed that Npl3p, an RNA binding protein, an-
tagonizes termination at weak poly(A) addition sites in the
nascent transcript by competing effectively with the RNA bind-
ing termination factors Rnal5p and Hrplp (7). This could be
particularly important in budding yeast, where the consensus
sequence for polyadenylation/termination is weak However, as
RnalSp and Hrplp show greater specificity than Npl3p does
for AU-rich RNA sequences (17, 18), these components of CF
IA and CF IB, respectively, could displace Npl3p at the AU-
rich consensus elements of strong termination sites and func-
tion with CPF to cleave and polyadenylate the transcript.

How might CBC function in blocking weak terminators? As
demonstrated here and elsewhere (24), the CBC does not
antagonize 3'-end formation indirectly by stimulating recruit-
ment of Npl3p to sites of transcription. However, CBC might
stabilize Npl3p binding specifically to weak termination se-
quences in the nascent transcript. In this view, Npl3p would
still be recruited to the nascent mRNA in CBC mutants (as
observed in ChIP experiments) but would shift its occupancy
toward sequences unrelated to termination signals. Hence, we
envision that CBC bound to the cap maintains physical asso-
ciation with elongating Pol II and that simultaneous interac-
tion of CBC with both Npl3p (41) and Pol 11, and of Npl3p with
Pol II (24), stabilizes Npl3p binding to weak termination sig-
nals in the nascent transcript as they emerge from elongating
Pol II (Fig. 7C, top). This assembly would be disrupted at
strong terminators by the competition of Rnal5p and Hrplp
with Npl3p for binding to consensus termination signals, as
described above (Fig. 7C, bottom).

Considering that simultaneous deletion of CBP80 and NPL3
is lethal (28, 41), the CBC might also function independently of
Npl3p to help suppress cryptic termination sites. CBC could
interfere directly with the recruitment or function of a com-
ponent of the termination/polyadenylation machinery. Alter-
natively, as circular or pseudocircular RNA precursors are
resistant to cleavage by CPF/CF 1 (45), the hypothetical
mRNA loop formed by the interaction of CBC with Pol II in
our model (Fig. 7C) could make the nascent transcript topo-
logically resistant to cleavage.
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