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ABSTRACT

The yeast TRP4 mRNA 3' end formation element is a
bidirectional element which functions in both orien-
tations in an artificial  in vivo test system. In this study,
therole of 3 ' end formation was analysed in the context

of the entire TRP4 gene. The 3’ untranslated region
(3'UTR) of TRP4 was altered and changes were
analysed for their influence on  TRP4 gene expression.
The 3'UTR in reverse orientation was fully functional
and did not affect TRP4 gene expression. Exchanging
the TRP4 3'UTR by the bidirectional ARO4 or the
unidirectional GCN4 3’ end formation element allowed
efficient gene expression. Deletion of the entire TRP4
3'UTR resulted in 70% reduction of  TRP4mRNA and 50%
reduced specific Trp4 enzyme activity in comparison to
wild-type. A single point mutation within the TRP43'UTR
caused the same effect on gene expression. This point
mutation did not only affect the efficiency of 3 " end
formation, but also produced new poly(A) sites which
were situated upstream of the wild-type poly(A) sites.
Therefore this sequence motif in the  TRP4 3'UTR acts
simultaneously as both an efficiency and positioning
element.

INTRODUCTION

motif which was essential for efficient 8nd processing, (ii) a
near upstream motif necessary for the positioning of the poly(A)
site where cleavage occurs and (iii) the poly(A) site itSIf (
Efficiency motifs are usually located upstream of the positioning
motif. An exception is the efficiency motif of the ye&8P1
3 end formation element which is located downstream of a
poly(A) site selection motif4). Sequence motifs which direct
efficiency of 3 end formation vary considerably in different yeast
genes. First investigations of t8& Clgene revealed a tripartite
sequence TAG.. TATGT...TTB(6). Variations of this motif have
also been found in tHERP1 ARO4andTRP4genesT). A3 end
formation signal of the Cauliflower mosaic virus (CaMV) was
functional in yeast because of a condensed version of the tripartite
sequence motif ). Saturation mutagenesis of the CaMV
sequence revealed different functional motifs of which TATATA
was the most efficientd]. In some other genes a variation of
TATATA, a TTTTTAT stretch, has been found to function as an
efficiency motif (L0). Among others, th&CN4 and thePHO5
3 end formation elements include such motifs The GCN4
3' end formation element carries two TTTTTAT stretches. Deletions
of either one or both sequences resulted in 30 and 60% decreasec
processing activity, respectively, in an artifigialvivo test system
(11). This suggests an accumulative effect of both signals in mRNA
3 end formation. In most genesUIRs comprise redundant
degenerate efficiency motifé%). TheADH2 and theTRP43' end
formation elements are the only described cases where a single point
mutation in one of these motifs led to a total abolishment erfics

3' end processing of MRNA involves two steps, namely cleavageocessing in a highly transcribed test ger#1{).

of the pre-mRNA followed by the addition of adenosine residues A saturated mutagenesis of sequence motifs involved in the
at the cleavage site. The signal sequences directing this procpssitioning of the poly(A) site of th€YC1 gene revealed

are less conserved in yeast than in higher eukaryotes. In higifekUAA as the preferred motifis). This sequence or variations
eukaryotes a highly conserved AAUAAA sequence motilike AAGAA or AAAAA can be found in many, but not all, yeast
upstream of the poly(A) site and a GU-rich region downstream gfenes. Deletions of these motifs normally have no effect on the
the poly(A) site are involved in mRNA' 3nd processing efficiency of 3 end formation 16). An exception is th&AL7
(reviewed inl). In yeast, all sequence motifs required for thistranscript which is not processed when a crude deletion of 14 bp,
process are normally located upstream of the poly(A) siténcluding an AAUAA moatif, is located in thé 3TR of the gene

Investigations of 3untranslated regions'(3TRs) of different

(17). It has been found that cleavage occurs preferentially at PyA

yeast genes revealed a variety of sequence motifs (revie®led insequences and that poly(A) sites can be scattered over a region of
A synthetic sighal sequence which was functional in yea®t00 bp. Mutagenesis of the adenosine residues resulted in

demonstrated the sequence requirements for efficleeh@®

alterations of poly(A) site selectiof).

processing of the yeast geb¥C1 This signal sequence consisted Testing different 3end formation elements in @m vivo test
of three motifs in a defined distance to each other: (i) a far upstreaystem resulted in additional classificationd. (First, the
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efficiency of 3 end processing varies for differeAiIRs. Weak  RNA analysis
ﬁ:ﬁirgt(zrétsa}/vg]r: gﬁégg\lg-ﬁ S:grc;]%sizraﬂ;é%n?ncr{ﬁ;s t?:;t sr;/i,\t/eerr? _elepr'}al RNA fromS.cerevisiagvas isolated. according to Cross and
Second, some' 2nd processing elements could function in botthnkeIenberth(.jZ). For fnorth?drnhagalyss, 40y ofltc;tal RfNA dt
orientations (bidirectional) and others only in their natural orienWer.?. selpar?]e og a Iorma € g € agaBr_osae g¢e ,BragzLe[reb 04
tation (unidirectional). Th&RP4and theARO43 end formation POSitively charged nylon membrane (Biodyne B, ) by

elements used in this study were classified as weak elements Wh%ﬂctroblottilng dand f;)ybﬂjr idi?ehd vg)iﬂfi—flabelled tDNA fragrr:jentsl
function bidirectionally in arin vivo test system while theCN4 & previously describedi)). The ragments were random'ly
element represents a strong unidirectional elenignt ( radiolabelled using the HexalLabel DNA Labelling Kit from MBI
Most of the information about 8nd processing elements was Fermentas. Band intensities were visualised by autoradiography and
obtained from artificialn vivo test systems. Here, we report thequannﬁed using a BAS-1500 Phospho-imaging scanner (Fuji).

influence of the 3end formation element on transcription and . ,
enzyme activity of the authenfliP4gene. We tested tieRP4  Anthranilate phosphoribosyl transferase assay

3'UTR in both orientations and excf)anged it by the bidirectionad| enzyme activities were determiniussitu after permeabilisation
ARO4and the unidirectiondbCN4 3" end formation element. yjth Triton X-100 @3). Anthranilate phosphoribosy! transferase
These constructs allowed efficieRRP4 gene expression. A - pRiransferase, E.C. 2.4.2.18) activity was determined as described
single point mutation in th&RP43UTR resulted in the same pefore p4) by measuring fluorometrically the decrease of
decrease oFRP4gene expression as a deletion of the €Nf®4  anthranilate in the presenceM{5'-phosphoriosyl-1-) anthranilate
3'UTR. Additionally, this point mutation resulted in alterations Ofisomerase. The intrinsic PRtransferase activity of the helper strain
poly(A) site selection. This is the first example of a single poing213 TRPIECCRI circle) was always <10% of the activity of

mutation affecting both efficiency and poly(A) site positioning ofihe cell extract which was assayed, and was deduced from respective
mRNA 3 end formation in the budding yeaSaccharomyces ygjyes in the assays. Protein determination of whole Triton

cerevisiae X-100-permeabilised cells was done as previously desceiid (
MATERIALS AND METHODS Reverse transcriptase (RT)-PCR
Yeast strains Reverse transcription of 8nds offRPAMRNA was performed

using the Superscrigt reverse transcriptase (Gibco BRL). 100 ng
of total RNA of the differen§.cerevisiaetrains were reversely
transcribed with a poly-18 dT primer. In a following PCR

The yeast strain RH206B81ATa, trp4::URA3 gcn4101,leu?) is
a derivative of theS.cerevisiaelaboratory standard strain

X2180-1A MATa gal2 SUC2mal CUPI). The TRP4 open reaction, 3ends of the differerfiRP4transcripts were amplified

reading frame (ORF) and th8 'R up to theEcdRV site have ; o " . i
been replaced by thégRA3gene. Yeast strains were cultivated Ontogether with thdRP4specific primer TRP-RTF (ATTATC

. " . . .. TAGACCGGCAAGTACCACCTTGGC-3. DNA fragments

YEPD medium or on SD minimal medium with appropriate isolated and cloned i Bl Dt IR Th
supplements at 3C (19). were isolated and cloned into pBluescript"§Ktratagene). The

poly(A) site was determined by sequencing using the T7

) ) ) Sequencing Kit (Pharmacia).
Plasmid construction and cloning

A 3.0 kbSal fragment containing thERP4gene was cloned into RESULTS

theSal site of pSP65 (Promega)._The resulting plasmid pMEQS%version of the TRP43
was the basis for the construction of HiRP4genes carrying
different 3 end formation elements. Deletion of tHeJBR was
achieved byNdd/EcdrV digestion, making blunt ends followed The TRP43 end formation element has been shown to function
by religation. For the single point mutation tBedRV/Ndd in both orientations in am vivo test system1(4). We were
fragment of pME9011(4) was cloned into thdd/EcoRV sites  interested whether the inversely orientated element is also
of pME982. Reverse orientation of ti®P43 end formation functional in the authentitRP4gene and how such a change
element was achieved by cloning tidd/EcaRrV fragment of would affect gene expression. For this purpose, the 147 bp
PME982 in reverse orientation after blunt-ending. P4  fragment of th@RP43UTR was cloned in negative orientation.
3'UTR was replaced by the 325 bp fragment o8RO4A3UTR  The TRP43UTR contains a TAGT sequence which has been
by Hpal/EcdRV restriction of pME63840), making blunt ends shown to affect ‘3end processing in thi vivotest systemi().

and ligation into theEcoRV/Ndd blunted sites. The 205 bp It is called UTR-E, for 3JTR-efficiency motif, and is found at
fragment of theGCN4 3UTR cloned into pME8061(l) was  position +26 relative to the translational stop codon (Ejg.
amplified by PCR using oligonucleotides OLCE4Reverse orientation of tlERP43'UTR changed the location of
(5-CGCGGGTACCCGCTGATTTCATTTACC-3and OLCE6 UTR-E. Formerly on the antisense strand, it was now located on
(5-GCGCAGATCTCCCCCATCGTGAGTG-3 (Gibco BRL), the sense strand and the first T of UTR-E was situated 138 bp
restricted withAspl8Bglll, blunt-ended and cloned into the downstream of the translational stop codon. This construct and
EcdRV/Ndd blunted side. The restriction sites were providedhe others described in the following chapters were cloned into a
with the primers. The orientation of these constructs wasingle copy plasmid and transformed into the yeast strain RH2063
determined by PCR and restriction analysis. All constructs werarrying alT RP4deletion and a mutat€siCN4gene. A defective
cloned as 3.0 kBmad/Pst fragments, containing the fullRP4  GCN4gene prevents an interference of the transcriptional general
gene with its different'3end formation elements, into tBend  control system of amino acid biosynthesis in case of starvation for
andPst sites of pRS3152(1). tryptophan. Gene expression was determined R4 mRNA

end formation element results in
correct TRP4 gene expression
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TRP4 ORF Ndel
I1 ] +50 * + 50EcaRV
ctccttgtadACATTATTTCATATGTTATACTTA TAGAGACGTTTTATTTGTACTAAGCTGAACATTACCCTAATTAC . 70bp . ATGTGCGCGGATATC
gaggaacatqTGTAATAAAGTATACAATATGAAT ATCTCTGCAAAATAAACATGATTCGACTTGTAATGGGATTAATG. . . . .. TACACGCGCCTATAG
—
UTR-E
A 3’UTR — A —
dUTR-E b4 .
=N
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UTR-E
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. ] nEm
- orientation
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GCN4 3°UTR T
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Figure 1. Schematic presentation of thi&P43UTR and of constructs with different 8&nd formation elements which have been modified withitNtiey EcaRV

region of theTRP43'UTR. The orientation of the 8nd formation moitifs is indicated by horizontal arrows and the wt major poly(A) site by a vertical arrow. Construct
A3'UTR is a deletion of thiddd/EcaRV fragment of th& RP43'UTR. The following construct dUTR-E carries a point mutation in the sequence motif UTR-E indicated
by a cross (for details see text). In the third constructRR4I3'UTR has been cloned in negative orientation. The last two constructs represent replacehitdts by
andGCN43'UTRs, respectively. The entirely differ€@CN4signal sequences are underlayed with light grey boxes in contrast to the dark grey box&ROfthe
andTRP4motifs.

guantification in northern experiments and measuiiRiP4 functions bidirectionally in thim vivotest system and carries two
encoded specific PRtransferase activity. The data obtained wernatative efficiency motifs which are located 18 and 98 bp
compared to data from a strain harbouring the wild-type (wtownstream of the translational stop codon. Whereas the
TRP4o0n the same single copy plasmid. proximate seems to be necessary for efficient processing, the
Growth tests on SD medium with and without supplementatiomore distant motif can be removed without significantly affecting
of tryptophan showed no growth phenotype for a strain carrying end processing activitZ§). A 327 bp spanning fragment of the
TRP4 with negatively orientated’'3TR. TRP4mRNA levels ARO43'UTR was cloned downstream of thRP4ORF to find
were similar to wiTRP4 levels (Fig.2A) and the absence of out whether thédR043 end formation element would allow
additional bands implies that@&nd processing did happen closeefficient TRP4 gene expression (Fid). The fragment started
to wt poly(A) sites. ThERP4mRNA with inverted 3JTR was 13 bp from the stop codon within tARRO40RF and included the
efficiently translated and resulted in a PRtransferase activity efficiency motif and the major poly(A) site. Strains harbouring
130% of wt activity (Fig2B). These data demonstrate that thethisTRP4-ARO4hybrid revealed an amounfidRPAmRNA which
bidirectional TRP4 3 end formation element functions as was similar to wt (Fig2A). Surprisingly, the PRtransferase activity
efficiently in forward as in reverse orientation in the authentievas even increased to 178% of the wt activity (B&), indicating
TRP4gene. that theARO43' end formation element can efficiently replace the
TRP4element with even positive effects on gene expression.

The TRP43 end formation element can be replaced by the ~ SINCe it was possible to replace fi@P43" end formation
bidirectional ARO4or the unidirectional GCN4 3 end element by another bidirectional element, it was of interest
formation element whether a 3end formation element with different features would

also allow efficienfTRP4gene expression. THeCN4 3' end

3' end formation elements of yeast genes are different from eafdimation element has been taken as an example for unidirectional
other in their sequence motifs involved inedd processing. We elements which function only in the natural orientation irirthe
were interested whether an exchange of RB43'UTR by 3 end  vivo test system. As efficiency motifs it carries two TTTTTAT
formation elements of other yeast genes would affect gersequences which are located 40 and 102 bp downstream of the
expression. translational stop codoril). A 205 bp fragment of th&CN4

TheARO43 UTR is an example for d 8nd formation element 3'UTR including the two TTTTTAT motifs and the poly(A) site
with features similar to th&RP4element. TheARO43UTR  has been cloned downstream of TieP4 ORF (Fig.1). The
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can act as an alternative for th&P4 element despite of its
different features. In summarjyRP4gene expression does not
depend on the specifitRP43 end formation element, since
replacements by a similarénd formation element or an entirely
different element did not affect gene expression in a negative way.

wi

- orientation
TRP4-ARO4
TRP4-GCN4

]
]
J
]

Deletion of the 3UTR significantly reducesTRP4 transcript
e o AL level and enzyme activity

The maximum effect ofTRP4 3 end formation on gene

ME———— | acT! expression was achieved by deleting a 147 bp fragment of the

entire 3UTR containing all essential sequences fore@d
150 — formation (L4) (Fig. 1). This construct is referred to aRP4
119 A3'UTR. Growth experiments of a strain carryifigP4A3' UTR
100 99 [ 7 on SD medium lacking tryptophan revealed growth rates similar
100 / to cells carrying wirRP4 (data not shown). ThERP4mRNA
level of theTRP4A3'UTR construct was reduced to 30% of wt
level independently of a supplementation with tryptophan
50— / , (Fig. 3A). Additional bands resulting from transcripts of significant
difference in length could not be detected, suggesting that no
stable readthrough transcripts are present in the cell. The
PRtransferase activity of strains carryilP4 A3UTR was
reduced to 58% of wt activity, implying that ti®@P4A3'UTR

relative mRNA leval (%)

wit = ARO4 GCN4

B 200- transcripts are efficiently translated (F3§). These results show

- 178 that an extensive deletion of the enfiRP43'UTR halves gene

§ @” expression, but the reduced expression does not result in a growth
E 150 — 53 phenotype.

2

w

2 7/ A single point mutation within the 3UTR has the same

& 1009 7 effect onTRP4 gene expression as the deletion

w 7 “

E /f A specific point mutation in thERP43'UTR had been shown to

T 50 - 7 abolish 3end processing activity in tirevivotest system lacking

2 / theTRP40ORF (L4). This prompted us to analyse the influence of
% / this point mutation on gene expression of the authdiRie4

= 0- gene. The point mutation results in an exchange from A to G at

™M = ARGSGONS position +29 relative to tHERP4translational stop codon, which

is the last base of &AGT motif located on the antisense strand,
named UTR-E. Th&dRP43'UTR was replaced by the mutated
Figure 2. Gene expression O0fRP4 constructs carrying different’ ®nd \T/_irSIgn andbth.e rgsfu Iting I/(}:_OﬂS’[I’UCt was called dUTR_dE Grig. .
formation elementsA) Determination of mRNA level oTRP4 constructs e ,ata obtained from this ClonStrUCt, were compare' to strains
carrying theTRP43UTR in negative orientation and replacements by the carrying WtT_RP4aI’1dTRP4A3 UTR. Like thQTRP4A3 UTR
ARO4and the5CN43 UTR, respectively, compared to wt. TRRP4transcript carrying strain, the strains harbouring the point mutation showed
was [1.2 kb in length and was visualised by autoradiography with a ng grovvth phenotype. In northern experiments the dUTR-E-
radiolabelled 1.5 kMIul TRP4DNA fragment. As constitutive control a 0.5 kb : - : o :
Clal fragment of theACT1gene was hybridised. Quantification of transcripts carrying St.rams showéldQPtltranscrlpts of similar sizes to the wt
by phosphoimager analysis is shown below. Strains carrying FeRM3’ end TRP4strain. HOW?VG", thé—RP"{mRNA |eV€f' was reduced to
formation element were set as 100%. The bars represent an average of at le22% of wt level which was a similar effect to in fiRP4A3'UTR
four independent measurements. The standard deviation did not exceed 15%train (Fig.3A). The same correlation can be observed for the

(B) Effects of modified 3end formation elements on Trp4 protein have been i ; ; ; = ;
measured by its PRtransferase activity. In this assay the decrease of anthraniIaFt)RtranSferase activity, which is reduced in dUTR-E carrying

is measured using fluorescence spectroscopy as previously described (24). O§§r ains to 55% of wt activity (FigB). These 'data demonstrate
unit of specific enzyme activity is defined as 1 mM anthraniaten. x mg that the UTR-E motif is crucial for mRNA' &nd formation

protei™. Specific enzyme activity of cells carrying the wt plasmid was set as efficiency in theTRP43'UTR of the authentic gene.
100%. This corresponded to 1.0 mivimin1 x mg-L. The bars represent an

average of five independent measurements. The standard deviation did n . - . . .
excee% 20%. P %Ihe 3 end formation efficiency motif UTR-E is required

for correct poly(A) site selection of theTRP4 mRNA

RT-PCR was performed to find out whether the identified
MRNA level expressed by tHeRP4-GCN4hybrid was at least efficiency motif UTR-E also affects cleavage and maturation of
as high as the viliRP4level (119%). A slight increase could be the different pre-mRNAs. The viiRP4revealed two poly(A)
observed for theTRP4-GCN4derived PRtransferase activity sites in RT-PCR experiments at positions +68 and +72 relative to
which was 133% of wt activity (FiA and B). Consequently, the translational stop codon (Fid). In case of the reverse
a unidirectional 3end formation element like tii&CN4element  orientation of theTRP43UTR, a new poly(A) site was located
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" In the case of thERP4A3'UTR construct, in which all mapped

& wt poly(A) sites and the UTR-E motif were removed, two new

5 poly(A) sites were located 28 and 37 nt downstream of the UAG

et stop codon (originally positions +166 and +172). Destruction of
[ 1 the UTR-E motif resulted in poly(A) sites which were located
—

further upstream relative to the translational stop codon. The
TRP4 dUTR-E construct, carrying a single point mutation in UTR-E,
identified poly(A) sites at positions +36, +43 and +52. These data
show that a single point mutation affects efficiency and poly(A)
site selection of theRP4AmRNA 3 end formation process and
ACT1 suggest that UTR-E is a sequence motif involved in both
m functions. Interestingly, the poly(A) sites of thiRP4A3'UTR and
the dUTR-E construct were located in a distancg46f50 bp to
another TAGT moitif located in the ORF.

100
00 — DISCUSSION

-

We have shown here that a single point mutation in'théR of
TRP4 influences the efficiency oTRP4 gene expression on
MRNA and protein levels and alters the position of poly(A) sites.
32 In addition, we demonstrate that fieP43'UTR can be inverted
without affecting gene expression. Oth&BRs, such as the
ARO43UTR or theGCN43'UTR, are capable of replacing the
correspondingfRP4region without negative effects arRP4
wt A dUTR-E transcript or enzyme levels. _ _

The TRP4 3 end formation element has been investigated
earlier in an artificialn vivo test system which consisted of the
strongACT1promoter and the' nd formation element of the
ADH1 gene. In between, different modifi#&®P43'UTRs have

100 been cloned14). This resulted in a transcript which could be
100 — quantified but had the drawback that no protein was encoded by
the transcript. The results obtained from the test system allowed
us to select a mutation within ti&RP43'UTR which affected
55 3 end processing activity there. The primary aim of this work was
to assay if the results with the test system are transferable to the
authentic gene. In addition, we wanted to know how we could
inactivate the 3end formation signal and how inactivation of the
3 end formation signal affectddRP4gene expression. The data
we obtained folTRP4gene expression verified those obtained
dUTR-E from the test gene. Minor differences between the authieREd
and the test system can be explained by the use of theA@adig
promoter in the test system. Differences between an efficient
3 end formation element like th@CN4 and a less efficient
F‘%ﬁ{emi-tlgjf]“i%etﬁz %(%es(i‘)"}ﬁ; "’;'t'gfds C;gt%g%jrgg'ﬁio{; \f‘:lg a esr%ec"icelement like th@ RP4element could only be observed in the test
ggtermined by northern hybridisation us)i/ng total RNA from yeast strainsSyStem_’ Where the less efficient signal could not process all
carrying TRP4wt, a deletion of thdRP43UTR and an allele carrying a  transcripts initiated from thé\CT1 promoter {1,14). Both
specific point mutation in thiERP43UTR (dUTR-E). Northern analysis was  classes of '3end formation elements are able to direct efficient
performed as described in the Materials and Methods and the legend (@ene expression d’rRP4tranSC|'ipt and enzyme level. This m|ght

Figure 2A ACT1RNA served as constitutive control and the quantification by ; ; i
phosphoimager analysis is shown below. Wild-type level was set as 100%. Thbe due to the fact that tfidPApromoter is not highly efficient

bars represent an average of four independent measurements and the stano%?ﬁ tran;cription an,d itis not, therefc_)re' necessary to supply this

deviation did not exceed 159B)(Effects on the Trp4p level determined by gene with a strong’ &nd formation signal.

measuring PRtransferase activity. PRtransferase activity of cells harbouringthe The TRP43' end formation element functions bidirectionally

different plasmids has been determined as described in the Materials angh anin vivotest system](4) and. as we could show here. also in

Methods and Figure 2B. The enzyme activity of cells carrying the wt plasmid . ! : v

was set as 100%. The bars represent an average of five independe e aUthen.tICTRP4 gene. qu the authentic g.ene there _IS no

measurements. The standard deviation did not exceed 20%. ifference in gene expression when tHE'TR is cloned in
forward or in reverse orientation. Data obtained from the test
system revealed a 20-40% reduction of ther@l processing

28 nt downstream of the formé&cadRV site (position +177 activity when the element is cloned in negative orientafidh (

compared to the translational stop codon). The distance betweEnis difference might also be caused by the promoter strength of

the UTR-E motif and the poly(A) site in wt and reversetheACT1promoter in the test system and might not play a role for

orientation is very similar with 43 and 39 nt, respectively @ig. less efficiently transcribed genes.

o
o
I

level (%)

28

relative TRP4 mRNA

m

activity (%)
(4]
=
]
(4]
(=]

relative PRtransferase
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Figure 4. (A) Sequence data of RT-PCR. RT-PCR was performed with wt
TRP4 RNA, the deletion construdd3'UTR, the specific point mutation
dUTR-E and the'® TR cloned in negative orientation. Each picture represents

The TRP43UTR is not essential for viability of yeast cells
under standard laboratory conditions on medium lacking tryptophan.
Deletion of theTRP43'UTR led to 30% of wt mRNA and 50%
of protein level. A similar effect could be observed for the yeast
ARO4gene. TheARO4encoded DAHP synthase activity was
reduced to 41% in a strain carrying a deletion oAlR®43'UTR
(26). In the case of th€YC1gene, a deletion within thelBTR
resulting in deficiency of'3nd formation decreased the amount
of MRNA and protein levels to 10% of wt levels). There are
obviously differences in the importance of efficierit ehd
formation signals for different genes.

Cells carrying a deletion of ti&RP43 UTR were able to grow
with a growth rate like wt cells even though inefficieheBd
processing reduced Trp4p activity to 50%. It had been shown
earlier that 25% of wt activity of tilERP4encoded PRtransferase
were rate limiting in tryptophan biosynthesis and resulted in a
growth phenotype23). ConsequentlyTRP4 gene expression
produces a surplus of gene product in cells growing under
standard laboratory conditions and reduction of gene expression
does not necessarily lead to selective pressure.

Reduction offRP4gene expression was achieved by a deletion
of the BUTR. Interestingly, a single point mutation in theBR
affectedTRP4gene expression in the same intensity as the entire
deletion. In the artificial test system this single point mutation led
to a total abolishment of &nd processing activityl{). The
drastic effect of a single point mutation is surprising since most
yeast 3end formation elements carry redundant sequence motifs
(12). The loss of 3end processing could be due to a change in the
RNA secondary structure. Computer prediction of RNA secondary
structures revealed alterations in case of the UTR-E point mutation
(mfold server, http://mfold1.wustl.edu/mfold/rna/forml.cgi ).

There are two additional TA(T)GT motifs in th& P43 UTR.

One of these moitifs is located on the sense strand upstream of the
UTR-E motif, the other downstream on the antisense strand like
the UTR-E motif. These motifs had only minor effects bargl
processing in thé vivo test system1(4) and point mutations
within these motifs in addition to the point mutation in the
efficiency motif did not further reducERP4 gene expression
(data not shown). These findings further corroborated our earlier
results obtained with the vivotest gene construct.

Another important finding was that this single point mutation
in the TRP43'UTR did not only influence efficiency of &nd
processing but also the positioning of the poly(A) site. The
current model which is predominantly based on investigations of
the CYC1 3 end formation element proposed two different
sequence motifs for these functions. The sequence motif which
we found to be involved in both processes resembles the core part
of a tripartite sequence motif which had been shown to act as
efficiency motif in theCYC1 gene §). Previously described
positioning motifs were composed of entirely different sequences

sequence reactions of at least three independent clones. The startpoint of th&5) Which cannot be found in tHERP43UTR.

poly(A) tail is indicated by an arronB] Schematic presentation of poly(A)
sites of constructs carrying ti&P43UTR cloned in negative orientation, a
deletion of theTRP4 3UTR and the specific point mutation (dUTR-E)
compared to wt poly(A) sites' 8nd processing motifs are represented by dark

There is a major difference between positioning motifs
previously described and the bifunctional sequence motif in the
TRP43'UTR. Point mutations in positioning motifs generally led

grey boxes, motifs which carry point mutations (small letters) are outlined bytO _downStre_am cryptic pon(A)_ site$%,16). In case of th&RP4
diagonal stripes. The poly(A) sites which are represented by vertical arrowgdoint mutation, new poly(A) sites are located upstream of the wt
have been determined by RT-PCR and sequencing of the amplified fragmen§0|y(A) site. In wt and in the inversely orientafB8P43' UTR,

(A). The sequences have only been shown for'tee@formation motifs and
the dinucleotides forming the poly(A) site. Numbering of the sites is relative to
the first nucleotide following the UAG stop codon, designated as +1. The

poly(A) sites can be found in a minimal distance of 40-50 nt
relative to the efficiency motif. Therefore, in both cases, the

distance between TAGT motifs and the first poly(A) site of each constructPOly(A) sites are located downstream of the efficiency motif. This

includes all nucleotides of the sequence motifs.

suggests that the efficiency motif of the bidirectidriP43 end
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