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ABSTRACT

We have previously shown that a functional secretory
pathway is essential for continued ribosome synthesis

in Saccharomyces cerevisiae . When a temperature-
sensitive mutant defective in the secretory pathway is
transferred to the non-permissive temperature,
transcription of both rRNA genes and ribosomal
protein genes is nearly abolished. In order to define the
cis-acting element(s) of ribosomal protein genes
sensitive to a defect in the secretory pathway, we have
constructed a series of fusion genes containing the
CYH2 promoter region, with various deletions, fused to
lacZ. Each fusion gene for which transcription is
detected is subject to the repression. Raplp is the
transcriptional activator for most ribosomal protein
genes, as well as having an important role in silencing

in the vicinity of telomeres and at the silent mating-type
loci. To assess its role in the repression of transcription

by the defect in the secretory pathway, we have
introduced rapl mutations. The replacement of wild-type
Raplp by Raplp truncated at the C-terminal region
caused substantial attenuation of the repression.
Furthermore, we have demonstrated that the Raplp-
truncation affects the repression of TCM1, encoding
ribosomal protein L3, which has no Rap1p-binding site

in its upstream regulatory region. These results
suggest that the repression of transcription of ribosomal
protein genes by a secretory defect is mediated thr ~ ough
Raplp, but does not require a Raplp-binding site
within the UAS.

INTRODUCTION

economy of the celll). During our study of the mechanism of
this regulation, we found that a temperature-sensitive (ts)
mutation in SLY1 whose gene product is involved in the
ER—Golgi trafficking ,3), caused the transcriptional repression
both of ribosomal RNA and of ribosomal protein genés (
Analysis of a variety of mutants showed that a defect anywhere
in the secretory pathway, from a step prior to insertion of the
nascent peptide into the ER to a step involved in the formation of
the plasma membrane, prevents the continued synthesis of the
components of the ribosomé,X). Furthermore, most of the ts
mutants in which transcription of ribosomal protein genes is
temperature-sensitive appear to be defective in secretory pathway
(5). These results suggest an important coupling of plasma
membrane biosynthesis and ribosome biosynthesis. We propose
the existence of a signal transduction pathway from plasma
membrane to nucleus, recognizing that other models are possible.

In order to elucidate the molecular mechanism of the regulation
of transcription of ribosomal protein genes, we attempted to
identify cis-acting elements that mediate this repression, in the
promoter region of the ribosomal protein ggD¥H2 However,
any construct in which detectable transcription occurred was
subject to repression by a failure of the secretory pathway.

The UAS regions of most ribosomal protein genes have two
sites for the DNA-binding protein Rap1p, which is responsible for
most of the transcriptional activity of the gefel(l). Raplp is
a particularly interesting transcription factor. Not only does it
promote transcription of ribosomal protein genes, as well as genes
of the translation factors and of the glycolytic pathway, but it also
plays a key role in the silencing of the sildiM loci and of genes
adjacent to telomere$Z-15). We asked whether Rap1p could be
responsible for the repression of the ribosomal protein genes as
well. The experiments to be reported below demonstrate that the
Raplp C-terminal region, which has been shown to be essential
for telomere position effect and silencing at i loci, is also

The biosynthesis of ribosomes consumes an extraordinamportant for the repression of ribosomal protein genes. Further-
proportion of the macromolecular economySafccharomyces more, we have demonstrated that Raplp is also responsible for the
cerevisiae In a rapidly growing cell, ribosomal RNA transcription repression of CM1, encoding ribosomal protein L3, transcriptional
representsL60% of total transcription, and ribosomal proteinactivity of which is not dependent on Raplp. The results suggests
synthesis115% of total translation. Thus, precise and coordinatthat the repression does not necessarily require a Raplp binding
regulation of the components of ribosomes is critical for theite within the UAS.
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Table 1.Yeast strains used in this study

Strain Genotype Source or reference
W303 MATala his3-11,15/his3-11,15 ade2-1/ade2-1 ura3-1jura3-1 leu2-3,112/leu2-3,112 trpl-1/trpl-1 canl-100/canl-100 Rothstein, R.
W303a MATa his3-11,15 ade2-1 ura3-1 leu2-3,112 wrpl-1 canl-100 Rothstein, R.
J1003.1D MATa trpl-1 ade2-1 ura3-1 leu2-3, 112 canl-100 (13)
J1003.1E MATa his3-11,15 ade2-1 wura3-1 leu2-3,112 canl-100 (13)
KMo0014 MATa trpl-1 ade2-1 ura3-1 leu2-3, 112 canl-100 slyl )

KMO007 MATa/a his3-11,15/+ ade2-1jade2-1 ura3-1fura3-1 leu2-3,112/leu2-3,112 trpl-1/+ canl-100/cani-100 slyl/slyl This study
KMO009 MATa his3-11,15 ade2-1 ura3-1 leu2-3,112 trpl-1 canl-100 rapl::LEU2 sly] pURA3CEN4-RAP1 This study
KMO010 MATa his3-11,15 ade2-1 wra3-1 leu2-3,112 trpl-1 canl-100 rapl::LEU2 pURA3CEN4-RAP1 This study
KMo11 MATa his3-11,15 ade2-1 ura3-1 leu2-3,112 trpl-1 canl-100 rapl::LEUZ2 slyl pHIS3CEN6-RAP1 This study
KMo012 MATa his3-11,15 ade2-1 wra3-1 leu2-3,112 trpl-1 canl-100 rapl::LEU2 slyl pHIS3CEN6-RAP1-12 This study
KM013 MATa his3-11,15 ade2-1 ura3-1 leu2-3,112 trpl-1 canl-100 rapl::LEU2 slyl pHIS3CEN6-RAP1-17 This study
KMo014 MATa his3-11,15 ade2-1 ura3-1 leu2-3,112 trpl-1 canl-100 rapl::LEU2 pHIS3CEN6-RAP1 This study
KMO015 MATa his3-11,15 ade2-1 wra3-1 leu2-3,112 trpl-1 canl-100 rapl::LEU2 pHIS3CEN6-RAP1-12 This study
KMO016 MATa his3-11,15 ade2-1 wra3-1 leu2-3,112 trpl-1 canl-100 rapl::LEU2 pHIS3CEN6-RAP1-17 This study

8KMO001 was isolated by two back-crosses of the origirmalitant obtained from a screen of the libraris afiutants (4,16).

MATERIALS AND METHODS was employed to introduce plasmids witapl mutation in
Strai di dol id rapl-disrupted strain as follows (Fit)). Diploid W303 and KM0O7
trains, media and plasmids (slyl/sly) cells were transformed with pURA3CEN4-RAP1 and

The yeast strains used in this study are W303 and its derivativesirgiced to undergo meiosis. Among the progeny, haploid KM009
listed in Tablel. Yeast cells were grown in either yeast extract-and KMO010 in which RAP1 was disrupted and pURA
peptone—dextrose (YPD) or minimal medium supplemented witBCEN4-RAP1 was transformed were recovered. KMO09 and
2% g|ucoge as a carbon source. Plasmids COH'[MFI’Q.(].?) and KMO010 were transformed with pHIS3CENG-RAP1, pHIS3CENG-
PGK (18) were kindly provided by D. Shore and S. M. KingsmanRAP1-12 or pHIS3CENG-RAP1-17. Transformants losing pURA
respectively.  The  plasmids  pHIS3CEN6-RAP1  and3CEN4-RAP1 were selected by streak on a 5-FOA-containing plate
PURA3CEN4-RAP1 were constructed by insertion of the 3.7 kfKM011-KMO16).
fragment includindRAP1lin pRS313 and YCp50, respectively.

Other methods

Telomere-tract lengths were measured by Southern blot analysis of
Site-directed mutagenesis of pHIS3CEN6-RAP1 was performed Xhd-digested genomic DNA using poly[d(G—1pbly[d(C-A)] as

vitro using the U. S. E. Mutagenesis kit (Pharmacia). The DNA probe {9). Northern blot analysis was carried out using 1.5%
sequences were confirmed on a DNA sequencer. Plasmid shuffliagarose gel in formaldehyde and Nytran membrane, as described

Plasmid-shuffling mutagenesis

RAPI
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Figure 1. Scheme of plasmid shuffling mutagenesis employed to isolate Raplp mutants.
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A 400 @0 200 00 3 Figure 2A, were fused withacZ Temperature-sensitivelyl
an o e mutant which is deficient in the secretory pathwaylf was
cvH1 | 7 ) — - — /) transformed with the plasmids containing the fusion genes.
“1s00 CYHZ upstream sequence ka2 Figure2B shows a Northern analysis of the resulting strains at the
aza — d— permissive temperature and after 90 min at the non-permissive

temperature. Examination of the odd-numbered lanes, reflecting

A -zas [l -267 .. ..
transcription at the permissive temperature, shows that none of
423 207 Ml -es2 the deletions had a drastic effect on transcription. As shown
as 241 181 previously, there is substantial redundancy in the UAS elements
nE 2 I e of ribosomal protein genes. On the other hand, deletion of both
Raplp sites leads to almost complete loss of transcription (data
AS et H 125
not shown). The even-numbered lanes demonstrate clearly that
whatever transcription occurs is remarkably repressed in cells
with a defect in the secretory pathway. Quantitative analysis of
B I o ©c o o o E Figure2B shows that at the non-permissive temperature there is
5 a2 = = < < « ) <15% of thdacZ mRNA compared with permissive temperature
T S T LSS s s in each construction (data not shown). Thus, in the region from
RBREISRIALTTRE S —1500 to beyond a TATA element we can find no sequence element

that appears responsible for the repression of transcription in
response to a defect in the secretory pathway.
- - = P e e - — lacZ

SRS — D - - — -y - e s —% |3

Construction of yeast strains withrapl mutations
1 2 3 4 5 6 7 8 & 10 111213 14 15 16

As deletion of both Raplp-binding sites abolishes basal
Figure 2. Effects of promoter deletions on the repression due to a secretor}transcriptionm activity of th€YH2gene at 23C, each fusion

defect. ) Deletions in th€YH2promoter. The top bar indicates the region of . . . .
CYH2from —1500 to +3 (numbering is from the initiation site of translation), gene shown in FigureA by necessity contained at least one

fused withlacZ The positions of Rap1p-binding sites (A and B), T-rich region Rap1p-binding site. As we have foundai®acting element for

(C) and TATAs (D and E) are indicated. The remaining bars indicate the portiorthe repression of ribosomal protein genes over the range covering
of the sequence deleted in each of the six deletions. In the wil@&§lg2gene, the upstream region from the TATA box except Raplp-binding
there are a number of sites of initiation of transcription spread between —25 angite(s) we have next examined the role of Raplp on the

—12. The most prominent is the pair at —16 and —17E3N¢rthern analysis . . . L
using various deletions in i@ H2promoter. Yeastly1strains containing the ~ '€pression. Raplp is an unusual transcription factor for it is

plasmids with various deletions shown in (A) were grown &€281alf of the involved in both activating and silencing genes. A silencing
culture was shifted to 3€. After 90 min, the cells were harvested and total domain has been identified in Rap112,(.3,28). To examine the
ROA was prepared. The Northern blot was probed Withlabeled DNA  5sqihility that Raplp might have some role in the repression of
ragment fromacZ . . . L.
ribosomal protein genes, we constructed plasmids containing
either of twarapl mutationsrapl-12(12) andrap1-17(13), that
have been found to affect the silencing of genes. A diagram of
Raplp shows the locations of the mutations and the phenotypes
previously ¢,20). Yeast cells were transformed by the lithiumof the mutants (Fig3). The rap1-12 gene has two missense
acetate methoc (). Western blotting followed standard techniquesmutations at amino acids 726 and 727. TEl-17gene has a
and signals were visualized by Enhanced Chemiluminescengissense mutation at amino acid 661 and a frameshift mutation
(Amersham). The anti-Rap1 antibod) was a kind gift of S. M. creating a stop codon at amino acid 663. Their phenotypes on the
Gasser. silencing of mating-type loci and on the telomere position effect
are quite differentrapl-17 mutation leads to loss of telomere
position effect, whereas this is rather increasedapk12strain
(28). In rapl-17 cells, HMLa, but not HMRa is partially
No sequence specifically responsible for the repression was derepressed. On the other hand,rapl-12 cells, thehmr-
observed in the UAS oCYH2 AA:TRP1locus is completely derepressed. Each was used to
replaceRAP1by plasmid shuffling, as shown in FiguteBoth
One possible model for the repression of ribosomal protein genewitations have been reported to cause telomere lengthening
in response to a defect in the secretory pathway is that &h2,13). To confirm that the mutarapl genes were functioning as
unidentified repressor binds to @s-acting element in the predicted, we measured the average length of telomeres from mutant
promoter region. In order to search for sucisacting element, strains. As shown in Figur4, the mutants display a significant
we chose to analyze tiYH2gene encoding ribosomal protein increase in the average length of telomeres as compared with the
L29. The transcriptional features 6fYH2 which have been wild-type strain, indicating that the mutant cells are controlled with
thoroughly documented (Fi@A) (8), are similar to those of mutatedapl Western blot analysis shows that the truncated version
most, but not all ribosomal protein gen@4(,23-25). Anumber  of Raplp is produced at a similar level to the full-length Raplp
of mutantCYH2genes, with deletions in the UAS as shown in(Fig. 5). Although full-length Raplp has a predicted molecular

RESULTS
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rap1-12 (726 G—E, 727 D-N)

. o loss of HMRAA silencing
Nonessential Activation | telomere elongation
1 361 630 695

Rapip

DNAbinding 59 Silencing 827

rap1-17 (4 663-827, 661 P—L)

loss of telomere position effects
and HML silencing
telomere elongation

Figure 3. A diagram of Rap1p structure. The DNA binding (26), activation (27) and silencing (28) domains are shown. Also showséiertheftheapl-12
(12) andrap1-17(13) alleles and the effect of these alleles.

weight of 93 kDa, its anomalous mobility on SDS—polyacrylamidevhen the secretory pathway was disturbed by the presence of the
gels has been observed previously)( drug tunicamycin. As is apparent in Figufethe result using
tunicamycin is consistent with the result of temperature up-shift.
The rap1-17mutation leads to attenuation of the repression  hether inslyl or ‘in SEC" background, treatment with
due to a secretory defect tunicamycin resul_ted ina subs’gantlal decrease of mMRNA level of
CYH2andTCML1in cells carrying thdRAP1wild-type or the

The effect ofrapl mutations on the repression of ribosomalrapl-12allele (lanes 2, 4, 8 and 10). However, the repression of

protein genes in response to a secretory defect was determidaih CYH2and TCM1 was greatly attenuated in cells carrying

under two conditions; a temperature up-shift efyd ts mutant rap1-17 (lanes 6 and 12). The transcription R&K was not

to the non-permissive temperature, and treatment with tunicamyeiffected by tunicamycin treatment nor by thpl mutation. The

which inhibits the secretory pathway by inhibition of glycosgta  induction of KAR2 mRNA confirms that the tunicamycin

of proteins in the ER. Wild-type andpl mutant strains were treatment caused a secretory defect in each strain. Thus, it is

cultured at 23C overnight and transferred to a water-bath asuggested that Raplp is implicated in the repression of the

33°C for 90 min. RNA prepared from cultures taken before anttanscription of both types of ribosomal protein genes and that the

after the temperature shift was subjected to Northern analysisterminal region of Raplp is important for this role.

(Fig. 6). The blot has been probed to reveal the transcripts of

ribosomal protein genésYH2andTCML, of a glycolytic gene  The rap1-17mutation has little effect on the temporary

PGK, and ofKARZ a gene encodmg the yeast version of_ th‘?epression by mild heat-shock

chaperone BIiP, that is induced in response to a defect in the

ER-Golgi trafficking 80,31). SnoRNA U3 was used as a loadingMild heat-shock causes the temporary repression of transcription

control. It is evident that in cells with an intact secretory pathwagf ribosomal protein gene84,33). To ask if this repression acts

(lanes 7-12) the temperature shift has little effect on the level of the same way as that due to a failure in the secretory pathway,

transcripts ofCYH2 TCM1, KAR2or PGK. On the other hand, we have examined the effect oipl-17 mutation on the

in theslylts mutant, the temperature shift leads to a substantiegpression through heat-shock atB6As shown in Figur8, the

induction of KAR2 transcription, demonstrating that there is aribosomal protein geneSYH2andTCM1, are repressed 15 min

defect in the secretory pathway. The concomitant repression after the temperature shift-up in eitfikPLlor rapl-17strain in

transcription oCYH2in cells carrying th@AP1wild-type allele  the background both sfyland ofSEC (lanes 2, 7, 12 and 17).

is evident from lane 2. In cells carrying ttep1-12allele, the  This indicates that theapl-17 allele has little effect on the

results are much the same (lane 4). However, lane 6 reveals tiganporary repression of ribosomal protein genes through heat-

in cells carrying theap1-17 allele the repression of ti@YH2  shock. However, after the repression, in the backgrousigthf

gene is largely attenuated. the rap1-17 mutation permits the recovery of the transcription
Although the great majority of ribosomal protein genes ar@anes 8-10), although the mRNA level is not so high compared

driven by Rapi1p-binding site(s), several are activated by a singhéth that at 33C. The time course of mMRNA level 3CM1is

Abflp-binding site instead2@-25). An example iSTCM1,  very similar to that o€YH2 Heat-shock effect is also detected

encoding ribosomal protein L3. The transcription of thesat33C, while therapl-17allele has little effect on the temporary

ribosomal protein genes is also repressed by a secretory defegiression (data not shown).

(ref.4 and Fig$6, lane 2). Unexpectedly, however, the C-terminal

deletion of Rap1p has a similar effect on the repressibGMfl  pSCUSSION

(Fig. 6, lane 6). This result suggests that the repressive effect of

Raplp does not necessarily require a DNA bindingirsitts ~ We have shown previously that essentially any defect in the

Although the transcription of glycolytic genes is under the contraecretory pathway causes specific inhibition of ribosome synthesis,

of Raplp, it is not repressed through a secretory defed§  almost entirely at the level of transcription. We propose that this

shown in Figur, the transcription d?GK, a glycolytic gene, is is the result of a signal transduction mechanism that maintains

not affected by mutation (#AP1 balanced synthesis of the components of the cell, in this case the
To extend this result, we asked whether tugl-17 allele  plasma membrane and ribosomes. As a first step in identifying the

prevented the repression of ribosomal protein gene transcriptioomponents of such a signal transduction pathway, we attempted
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Figure 5. Western blot analysis of the truncated version of Rapl1p (rap1-17) and
the full-length Raplp. Crude cell extracts prepared 8lytstrains containing
B the plasmids witlhap1-17(lane 1) or wild-typdRAP1(lane 2) were denatured
in SDS-sample buffer and heated at@%or 5 min. Equal amounts of protein
were subjected to SDS—PAGE and Western blotting using antibodies directed

oy .
z i : against Raplp. The positions of size markers are shown on the right.
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Figure 4. Elongated telomere tracts in Rapl mutan®s) Schematic
representation of yeast telomeres. Many, but not all, telomeres contaif the Y 1 2 34 56 78 910 11 12
element, which has ®hd site near the poly((GaT) tract (29). B) Southern
analysis using2P-labeled poly[d(G—T)-poly[d(C—-A)] as a probe. Genomic DNA
from slylstrains containing the plasmids with wild-typ&P1(KMO011),rap1-12
(KMO012) orrapl-17(KM013) was digested witkhd. Broad bands marked by
an asterisk corresponds to the poly(5p) tract as shown in (A).

Figure 6. Northern analysis of the cells treated at°@G3 Yeast strains
KMO011-KMO0186, slyl (lanes 1-6) an8EC" (lanes 7—12) strains containing the
plasmids with wild-typdRAP1(lanes 1, 2, 7 and 8apl-12(lanes 3, 4, 9 and 10)
or rapl-17 (lanes 5, 6, 11 and 12) were grown at@3vernight. Half of the

) . . ) . culture was shifted to 3€ (lanes 2, 4, 6, 8, 10 and 12). After 90 min, the cells
to define thecis-acting element on a ribosomal protein gene thatwere harvested and total RNA was prepared. The blot was probe@ Yita

is responsible for the repression of transcription, perhaps bfgncoding RPL29]JCM1 (encoding RPL3)KAR2(encoding BiP)PGKand U3.
binding a repressive element. This was unsuccessful; any construct
with detectable transcription was susceptible to repression by the
secretory pathway. both rapl-12 andrapl-17 alleles lead to elongated telomeres,
Transcription of most, but not all the ribosomal protein genetheir phenotypes on the silencing of mating-type loci and on
is under the control of the DNA binding protein, Raplp. Raplpelomere position effect are different;rapl-17cells, telomere
is also involved in the transcriptional activation of many genes ngbosition effect is lost antiMLa, but notHMRa, is partially
repressed in response to a defect in the secretory pathwegrepressedl1@). On the other hand, imapl-12 cells, the
e.g.PYK1(4), and in the transcriptional silencing of the silenthmrAA::TRP1locus is derepresseis).
mating-type loci and of genes in the vicinity of telomeres One model consistent with most of the data presented is that in
(12-15). The possibility that under certain conditions Raplpmsecmutant, Raplp is modified so that it is no longer active on
could be acting as a silencing factor for ribosomal protein geneibosomal protein genes. Thapl-17 deletion might remove
has led us to evaluate mutantfafP 1that have been described such a modification site. However, we found that the transcription
(12,13). A truncated allele dRAP1 rap1-17 missing 165 of its of TCM1 mRNA, not dependent on Raplp, is also repressed in
827 amino acids, supports normal levels of transcription afsponse to a defect in the secretory pathwpyHurthermore,
CYH2 However, transcription of ribosomal protein mRNA isthis repression is attenuated irragpl-17 mutant (Figs6-8).
much less subject to repression sgemutant (Fig& and7). This  Another model is that modified Raplp, or an unknown factor
result suggests that the repression of ribosomal protein genesvldyose expression is regulated by Raplp, might prevent the
a secretory defect is mediated through Raplp. On the other hamderaction between Raplp or Abflp and a component of the
therapl-12allele, which has two missense mutations at amintranscription machinery. It is possible that the transcription
acids 726 and 727 has little effect on the repression. Althoughachinery for ribosomal protein genes might be specific and
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us = gpans ‘ andSEC strains (lanes 11-20) containing the plasmids with wild-BfB1

(lanes 1-5 and 11-15)@pl-17(lanes 6-10 and 16-20) were grown Q3
The culture was shifted to 36 and at the time intervals indicated, the cells
were harvested and total RNA was prepared. The blot was probe@Yiih
(encoding RPL29TCM1 (encoding RPL3) and U3.

Figure 7. Northern analysis of the cells treated with tunicamycin. Yeast strains
KM011-KM016,slyl(lanes 1-6) an8EC" (lanes 7—12) strains containing the
plasmids with wild-typeRAP1(lanes 1, 2, 7 and 8ppl-12(lanes 3, 4, 9 and

10) orrapl-17(lanes 5, 6, 11 and 12) were grown at@3vernight. To half

of the culture, tunicamycin was added (final igdml; lanes 2, 4, 6, 8, 10 and
12). After 4 h at 23C, the cells were harvested and total RNA was prepared.
The blot was probed witBYH2(encoding RPL29)TCM1 (encoding RPL3),
KAR2 (encoding BiP)PGK and U3.

1 2 3 4

5 6 7 8 9 10 1112

blocks the decline of ribosomal protein mRNA in response to a
secmutant (Li and Warner, in preparation). These observations
support the idea that an unknown protein(s) which acts as a
repressor might be produced in response to a shut-off of the
secretory pathway.

Interestingly, therapl-17 allele has little effect on the
temporary repression of transcription brought about by mild
common. A very recent papeB4) has suggested that the heat-shock (Fig8), in contrast with its attenuation of the
TAF) 145, a subunit of the yeast TREomplex, might be specific secretory response. This is the first instance in which the response
for ribosomal protein genes. It will be interesting to determine ifo heat-shock and a secretory defect have been distinguishable.
Rap1p interacts directly with TAE45. In any case, modification Although mechanistic details remain to be elucidated, our results
of Raplp might be important. The conversion presumablgtrongly suggest that Raplp has an important role in the
depends on the C-terminal sequences. The same C-termirgjpression of both the Raplp- and Abflp-regulated ribosomal
region of Raplp has been implicated in the silencing dfrotein genes in response to a secretory defect.
telomere-proximal genes, through the recruitment of many copies
of Sir3p and Sir4p35). However, neither Sir3p nor Sirdp are ACKNOWLEDGEMENTS
necessary to bring about the repression of transcription of the )
ribosomal protein genes (Li, Nierras and Warner, in preparationj’€ &re grateful to S. M. Gasser for generous supply of the anti-Rap1
It has been suggested that phosphorylation influences the binditigioodies, D. Shore and S. M. Kingsman for plasmids and
and/or transcriptional activity of Rap1p&37), although the sites H-Uemura for h_elpful dlSCL_JSSIOh. We thank A. Tokui and C. Oda
and the regulation of Raplp phosphorylation have not been Sho{);;ﬁteqhnlcal assistance. ThIS. research was supported by grants from
yet. Itis also possible that phosphorylation/dephosphorylation mighe Ministry of Education, Science, and Culture of Japan (to K.M.).
be important for the repression of ribosomal protein genes in
response to a defect in the secretory pathway. Western blot analf®iSFERENCES
showed that the truncated version of Raplp (rapl-17) is produceld

- . VT Velculescu, V. E., Zhang, L., Zhou, W., Vogelstein, J., Basrai, M. A.,
at a similar level to the normal protein (F5y, indicating that the S ouescy and o g o asrel

Bassett, D. E., Jr, Hieter, P., Vogelstein, B. and Kinzler, K. W. (108IT)

effect of rapl1-17 on the repression is not caused by higher
expression.

Although the slower growth rate (1.6-fold) @&pl-17 cells
could contribute to the effect on the repression, we should not
that the slow growth rate (1.2-fold) @fp1-12cells has no effect g
and thatSEC" rap1-17cells, which show the attenuation of the &
repression, grow at a similar rateshgl rap1-12 Furthermore,
we have recently identified another alletap1-21 (14), that
permits growth at the same rate r@pl-12 but causes the
attenuation of repression by tunicamycin treatment (Miziati,

2

7
8

88, 243-251.

Ossig, R., Dascher, C., Trepte, H. -H., Schmitt, H. D. and Gallwitz, D.
(1991)Mol. Cell. Biol., 11, 2980-2993.

Lupashin, V. V. and Waters, M. G. (19%0ience276 1255-1258.
Mizuta, K. and Warner, J. R. (199pl. Cell. Biol., 14, 2493-2502.

Li, B. and Warner, J. R. (1998)Biol. Chem, 271, 16813-16819.
Woolford, J. L., Jr and Warner, J. R. (199he Molecular and Cellular
Biology of the Yeagaccharomyce&enome Dynamics, Protein
Synthesis, and Energeti@Sold Spring Harbor Laboratory Press,
Cold Spring Harbor, New York, pp. 587-626.

Planta, R. J. and Raué, H. A. (1988)ndsGenet, 4, 64—68.
Schwindinger, W. F. and Warner, J. R. (198Biol. Chem, 262

unpublished data). These results suggest that the slow growth rate5690-5696.

is not the main cause even if it might contribute any. 9

We have shown that partial inhibition of protein synthesis b
cycloheximide blocks the effect of a defective secretory pathway
on ribosome synthesig)( In addition, inhibition of transcription 11

Woudt, L. P., Smit, A. B., Mager, W. H. and Planta, R. J. (1B8&0J.,
5, 1037-1040.

0 Leer, R. J., van Raamsdonk-Duin, M. M. C., Hagendoorn, M. J. M.,

Mager, W. H. and Planta, R. J. (198&)cleicAcidsRes 12,6685-6700.
Rotenberg, M. O. and Woolford, J. L., Jr (198@). Cell. Biol., 6, 674—687.



12
13

14
15

16

18

19

20

22

23

24

Sussel, L. and Shore, D. (19%1dc. Natl. Acad Sci USA, 88, 7749-7753.
Kyrion, G., Boakye, K. A. and Lustig, A. J. (19929!. Cell. Biol., 12,
5159-5173.

Liu, C., Mao, X. and Lustig, A. J. (199@Enetics138 1025-1040.
Moretti, P., Freeman, K., Coodly, L. and Shore, D. (1€#f)eDev, 8,
2257-2269.

Shuai, K. and Warner, J. R. (199)cleicAcidsRes, 19, 5059-5064.
Shore, D. and Nasmyth, K. (19&%|, 51, 721-732.

Ogden, J. E., Stanway, C., Kim, S., Mellor, J., Kingsman, A. J. and
Kingsman, S. M. (198@ylol. Cell. Biol. 6, 4335-4343.

Shampay, J. and Blackburn, E. H. (198&)c. Natl. Acad Sci USA, 85,
534-538.

Eng, F. J. and Warner, J. R. (198#)|, 65, 797-804.

Ito, H., Fukuda, Y., Murata, K. and Kimura, A. (1983Bacteriol, 153
163-168.

Verdier, J. M., Stalder, R., Roberge, M., Amati, B., Sentenac, A. and
Gasser, S. M. (199®ucleic Acids Resl8, 7033-7039.

Hamil, K. G., Nam, H. G. and Fried, H. M. (1988)I. Cell. Biol., 8,
4328-4343.

25

26

27

Dorsman, J. C., Doorenbosch, M. M., Maurer, C. T. C., de Winde, J. H., 37

Mager, W. H., Planta, R. J. and Grivell, L. A. (198RicleicAcidsRes,
17, 4917-4923.

Nucleic Acids Research, 1998, Vol. 26, No. 41069

Herruer, M. H., Mager, W. H., Dorrenbosch, T. M., Wessels, P. L. M.,
Wassenaar, T. M. and Planta, R. J. (198®)leicAcidsRes, 17, 7427-7439.
Henry, Y. A. L., Chambers, A., Tsang, J. S. H., Kingsman, A. J. and
Kingsman, S. M. (1990YucleicAcidsRes, 18, 2617-2623.

Hardy, C. F. ., Balderes, D. and Shore, D. (198&) Cell. Biol., 12,
1209-1217.

Buck, S. W. and Shore, D. (1995¢neDev, 9, 370-384.

Chan, C. S. M. and Tye, B. -K. (19&3Il, 33, 563-573.

Mori, K., Sant, W., Kohno, K., Normington, K., Gething, M. -J. and
Sambrook, J. F. (199BMBOJ., 11, 2583-2593.

Normington, K., Kohno, K., Kozutsumi, Y., Gething, M. -J. and
Sambrook, J. F. (198@ell, 57, 1223-1236.

Kim, C. H. and Warner, J. R. (198@pl. Cell. Biol., 3, 457-465.
Herruer, M. H., Mager, W. H., Raue, H. A., Verken, P., Wilms, E. and
Planta, R. J. (1988YucleicAcidsRes, 16, 7917-7929.

Shen, W. -C. and Green M. R. (19€8)J|, 90, 615-624.

Shore, D. (1994)rendsGenet 10, 408-412.

Tsang, J. S. H., Henry, Y. A. L., Chambers, A., Kingsman, A. J. and
Kingsman, S. M. (1990YucleicAcidsRes, 18, 7331-7337.

Klein, C. and Struhl, K. (1994)ol. Cell. Biol., 14, 1920-1928.



