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ABSTRACT

The TRP4 gene of Saccharomyces cerevisiae, encoding the anthranilate phos-
phoribosyl transferase, was isolated and subcloned by functional complementa-
tion in yeast. A 2 kb fragment containing information for a polypeptide of
380 amino acids and the 5'- and 3'-flanking regions was sequenced. The TRP4
transcript was identified and mapped with S1 nuclease. Homologies to two pro-
karyotic genes encoding the same function, and sequences potentially involved
in transcription start and termination and in regulation of TRP4 gene expres-
sion are discussed. -

INTRODUCTION

In Saccharomyces cerevisiae five unlinked genes encode five tryptophan
biosynthetic enzymes (1). The expression of four of these genes is regulated
by the general control of amino acid biosynthesis (2,3).

Genes TRP1 and TRP5 have been isolated by complementation of equivalent
mutations in Escherichia coli (4,5), the other three genes, TRP2, TRP3, and
TRP4 by functional complementation in yeast (6; this work). The nucleotide
sequence of TRP1, TRP2, TRP3, and TRP5 have been established (7,8,9,10).

The TRP4 gene of S.cerevisiae encodes the monofunctional anthranilate
phosphoribosyl transferase (PRtransferase EC 2.4.2.18), catalyzing the second
step in the tryptophan biosynthesis, and is subject to the general control of
amino acid biosynthesis (2,3). In some prokaryotic organisms such as E.coli
and Salmonella typhimurium, the PRtransferase is fused with the carboxylter-
minus of the anthranilate synthase subunit II (11).

In this report we describe the isolation of a yeast DNA fragment carrying
the TRP4 gene. We present studies on the nucleotide sequence and transcription
of this gene. We show that the cloned and sequenced fragment contains the com-
plete coding sequence, and the 5'- and 3'-flanking sequences, necessary for
expression and regulation under the general control.
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MATERIALS AND METHODS
Strains and plasmids

A11 mutant strains used in this study are derived from the two haploid
wild type strains X2180-1A MATa or X2180-1B MATa: RH375 MATa gcnl-1, RH993
MATa trp4-21 leu2-2 met8-1, RH1191 MATa ade6 ura3, RH1227 MATa ura3 trp3B-4
trp4-21. RH1244 MATa ura3-251 ura3-328 ura3-373 was obtained from F. Lacroute,

Strasbourg. Escherichia coli strains HB101 r; g; leuB6 proA2 recAl3 and GM242
dam”were used for propagation of plasmid DNA; strain JA196 trpC1117 leuB6 thi
Q§rk was used for the preparation of the gene library. Plasmid pJDB207 was
obtained from J. Beggs, London, and plasmid YEp24 from P. Philippsen, Basel.
Plasmid pME512 was constructed by replacing the "mini" pBR322 sequence of
pdDB207 with the whole pBR322 sequence.
Media

MV-medium for yeast was described previously (2). E.coli media were pre-
pared according to Vogel and Bonner (12).
Cloning procedures

The methods for plasmid isolation, endonuclease digestion, plasmid pool
construction and ligation were described earlier by Aebi et al. (6). Deletions
were constructed by treating the linearized plasmids with exonuclease III and
nuclease SI (Boehringer, Mannheim) and 1igating in the presence of linkers
according to Roberts and Lauer (13).

Transformation of yeast and E.coli

The methods used were previously described (6).
Southern analysis

The modification of Smith and Summers (14) of the method of Southern (15)
was used.

DNA sequencing
The method of Maxam and Gilbert (16) was used with the following modifi-

cation: The A+G reaction was performed in 80 % formic acid (instead of pipe-
ridine) at room temperature for 6 min. Fragments were isolated from 5 % poly-
acrylamide gels by electroelution of ethidiumbromide-stained DNA fragments
onto NA45 anion-exchange paper (Schleicher and Schuell, Feldbach, Switzerland).
DNA was eluted with 2M NaCl, 5fold concentrated TAE buffer (17) at 68°C for

15 min, precipitated with 2 volumes of ethanol, resuspended in 50 u1 of deion.
water, and reprecipitated with 1 m1 ethanol, in an ethanol/dry ice bath for

10 min.(32P)-1abe]1ed nucleotides were obtained from Amersham.
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Po]y(A)+-RNA isolation
Exponentially growing cells were harvested, disrupted with acid-washed

glassbeads (@ 0.45 mm) by vigorous shaking for 1 min in the presence of ex-
traction buffer [100 mM PIPES, pH 7.5, 100 mM LiC]z, 1 mM EDTA, 1 % (w/v)
SDS, 1 % (v/v) diethylpyrocarbonate and 0.2 volume of phenol/chloroform (1:1,
v/v)]. The aqueous phase was re-extracted twice with phenol/chloroform, pre-
cipitated twice with 1.5 volumes of isopropanol for 20 min on ice. Total RNA
was enriched on oligo(dT)-cellulose as described by Aviv and Leder (18) and
Bantle et al. (19). The eluted poly(A)+-RNA was extracted with phenol/chloro-
form and stored precipitated at -20°c.
S1 nuclease mapping

50 ug po]y(A)+-RNA were hybridized with endlabelled fragments (20'000
cpm) in sealed glass capillaries (20,21). The temperature was decreased from

90°C to the hybridization temperature of 46°C. S1 nuclease digestion (Boeh-
ringer, Mannheim) was done with 20 to 80 enzyme units. These variations yiel-
ded identical protection patterns. The S1-resistant hybrids were analyzed on
6 % polyacrylamide/7M urea sequencing gels. Gels were dried and autoradiogra-
phed on Fuji X-ray films.

PRtransferase assay

PRtransferase was assayed in situ according to Miozzari et al. (2) in
Triton X-100 permeabilized cells (22). As a source for PRAisomerase, strain
RH218 carrying the TRP1/EcoRI circle (23) was used instead of the RH28 trp4
mutant.

RESULTS
Cloning of the TRP4 gene

A population of BglII fragments from total genomic DNA of strain RH375
genl-1 was inserted into the BamHI site of the yeast 2 um DNA-based plasmid

pdDB207. This gene Tibrary was used to transform strain RH993 trp4 leu2 met8,
and Trp+Leu+ colonies were selected. Recombinant plasmids were recovered from
such transformants after transformation of E.coli strain HB101. A represen-
tative isolate, designated pME506 was found to carry a 6 kb insert and its
restriction map was determined (Fig. l1a). The location of the TRP4 gene on

the BglII fragment was determined by insertion of various subfragments into
plasmids pdDB207 or pME512. Their function was tested by the ability to trans-
form strain RH993 to Trp+Leu+ at high frequency. The location of these frag-
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Figure 1. Mapping of the TRP4 region on a cloned 6 kb BglII restriction frag-
ment. a) map of restriction sites for BamHI (B), BglII (Bg), BstEII (Bt),
ClaI (C), HindIII (H), KpnI (K), EcoRI (RI), EcoRV (RV), Sall (S), Sacl (Sc)
and XhoI (X). b) Subclones were tested for their complementing ability in the
trp4 strain RH293 as pJDB207 derivatives. Symbols (+/-) give the qualitative
results of Trp transformation for each subclone.

ments within the BglII insert and the qualitative behaviour in the transfor-
mation experiment are depicted in Fig. 1B. The Sall-EcoRV fragment carried on
the 2 um DNA-based multicopy plasmid pME530 yielded about 2000 Trp+Leu+ trans-
formants per ug plasmid DNA.

It was shown by Southern hybridization that the cloned DNA-fragment con-
tains a unique sequence in the yeast genome. For this purpose the Sall-EcoRV
fragment was nick-translated, and hybridized against a BglII and a SalI-EcoRV
digest of total yeast DNA. As expected from the restriction map (Fig. l1a) a
single 6 kb and a single 2 kb fragment was generated in the first and the
second case, respectively (data not shown).

It was verified further by a "gene disruption" experiment (24) that the
cloned SalI-EcoRV fragment indeed carries the TRP4 gene. For that purpose the
URA3 gene (derived as a HindIII fragment from vector YEp24; 25) was inserted
into the single HindIII site in the presumptive TRP4 gene (see Fig. 1). 30 ug
of the linear Sall-Sacl DNA fragment were used to transform the ura3 mutant
strain RH1244 to Ura+. Of 45 Ura® transformants, 23 were Trp , indicating an
integration event at the TRP4 gene locus. One of the Ura+Trp' transformants
was then crossed to a second ura3 mutant strain RH1191. The meiotic segregants
were obtained by the "random spore" technique and analysed for their pheno-
types (Table I). The absence of Ura Trp segregants showed the genetic linkage
between the Trp~ phenotype, generated by the integration event of the URA3-
disrupted trp4 fragment, and the TRP4 gene. The unexpectedly high rate of Trp+
Ura® segregants probably stems from diploid or aneuploid fusion products which
arose in the preceeding PEG-mediated yeast transformation experiment.

Integration of the URA3 gene at the TRP4 locus was visualized further by
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Table I. Random spore analysis of the cross between a Ura+Trp' transformant
and strain RH1191 ura3 ade6

Phenotype Number of segregants
TrpiUra, 69
Trp+Ura+ 61
Trp_Ura_ 12
Trp Ura 0

a Southern hybridization analysis. The SalI-EcoRV fragment was used as probe.
The Southern patterns of EcoRV-digested chromosomal DNA, isolated from two in-
dependant Ura+Trp' transformants showed the expected change, as compared with
the original untransformed strains RH1244 (Fig. 2).

A final proof for the isolation of the genuine TRP4 gene was the high
activity of PRtransferase in strain RH993, transformed with the 2 um DNA-based
multicopy plasmid pME530. Such cells derived from a liquid culture of a trans-
formant showed a 120-fold increase in enzyme activity as compared to the wild
strain X2180-1A (140 nmoles per min and mg protein as compared to 1.2 in the

A B £

Figure 2. Southern analysis of integrative transformants. Strain RH1244 ura3
was transformed to Ura prototrophy with a linear DNA fragment, carrying the
URA3-disrupted trp4 gene. Total DNA from two independent Ura Trp transfor-
mants (A,B) and the non-transformed strain RH1244 (C) was digested with EcoRV
and probed with the nick-translated SalI-EcoRV TRP4 fragment.
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Figure 3. Restriction endonuclease sites and sequencing strategy for the TRP4
gene. a) Sequence strategy for both strands of the 1971 bp Sall-EcoRV frag-
ment. Not all sites indicated were used for end-labelling. Tn 3 cases, dele-
tion plasmids were used for sequencing. In these constructions RNA was dele-
ted starting from the Sall site which was restored with synthetic linkers
5'-end-labelling with (y-32P)-ATP and polynucleotide kinase (@); 3'-end-label-
ling with an (a- 2P)-deoxynucleot1de and the Klenow fragment of DNA polymera-
se I (). The lines indicate the extension of readable sequence information.

b) Probes used in S1 nuclease mapping. 5'-a is the TaqI-Mlul-fragment 5'-end-
labelled (@) at the T_?'I site. 3'-a is the SalI-Mlul-fragment 3'-end-label-
led at the Sall site, 3'-b is the BstEII-EcoRV fragment 3'-end-labelled at the
BstEII site.

wild type strain). This increase is in the range of the expected copy number
for this vector (26).
DNA-sequence analysis of TRP¢

The nucleotide sequence of the TRP4 Sall-EcoRV fragment was determined
according to the method of Maxam and Gilbert (16). The sequencing strategy is
shown in Fig. 3a together with a more detailed restriction map derived from
the sequence. Overlapping fragments were either 3'-end-labelled with an appro-
priate (a-32P)-deoxynuc1eotide and the Klenow fragment of DNA-polymerase I or
5'-end-labelled with (y-32P)-ATP and polynucleotide kinase. They were prepared
for sequencing by secondary cleavage with a restriction enzyme or by strand
separation. For 98 % of the nucleotide sequence both strands were sequenced.
Each restriction site, used for end-labelling was oversequenced at least once.
Deduced amino acid sequence of TRP4 protein

The 1971 bp SalI-EcoRV DNA fragment encoding the PRtransferase activity
contains a single long open reading frame. The deduced amino acid sequence is

6362



Nucleic Acids Research

presented in Fig. 4. It starts with the ATG codon (position +1) and extends

to the first TAG stop codon at position +1141. The calculated molecular weight
(Mr) for this peptide chain of 380 amino acids is 41'370 d. The deduced amino
acid sequences of the corresponding genes from E.coli trpD (27), and B.subti-
lis (28) were aligned with that of the yeast TRP4 gene. Homology between the
sequences was determined in blocks of 20 amino acids (Fig. 5; deletions or
insertions of amino acids are indicated but not considered). Within two re-
gions A and B a simultaneous beyond-average homology between E.coli and B.sub-

tilis (> 34%) and between E.coli and S.cerevisiae (>27%) was found. It seems

likely that these more strongly conserved regions define binding sites for the
substrate anthranilate on the one hand and phosphoribosyl pyrophosphate on the
other.

Codon usage in the TRP4 sequence was compiled in Table II. The codon bias
index, defined according to Bennetzen and Hall (29), is 0.21. This number lies
in the same range as it was found for iso-2-cytochrome C (0.15), which consti-
tutes 0.003 % of total mRNA (29). The proportion of PRtransferase compared to
the total cell protein can be estimated to be around 0.01 %. This was judged
from a protein band appearing on SDS polyacrylamide gels from different yeast
transformants overexpressing the enzyme 130- and 400-fold (Fig. 6, tracks 4
and 5).

Transcription of the TRP¢4 gene and 5'-flanking sequences

Transcription of the TRP4 gene from the Sall-EcoRV fragment was studied
by Northern analysis. Poly(A)+-RNA isolated from the wild type strain X2180-
1A was separated on a 1.5 % agarose gel under denaturing conditions, trans-
ferred to nitrocellulose filters, and hybridized against the nick-translated
32P-labe'l]ed Sall-EcoRV fragment of plasmid pME530. Two transcripts of 1.4 kb
and 1.25 kb were detected (data not shown). To identify the TRP4 transcript
two experiments were done: In the first one, the poly(A)+-RNA filter was pro-
bed with different subfragments of the Sall-EcoRV fragment. This procedure
showed that the SalI-Mlul fragment (-668 to -279; see Fig. 3) hybridizes only
with the shorter transcript, whereas all fragments in the MluI-EcoRV segment
(-279 to +1303) hybridize to the 1.4 kb transcript. This finding excludes the
possibility that the shorter transcript is a degradation product of the longer
one and shows that the TRP4 gene encodes the 1.4 kb transcript. In the second
experiment, the po]y(A)+-RNA filter was hybridized with two RNA probes deri-
ved from the Sall-SacI fragment of plasmid pME530, and inserted in both di-
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Table II. Codon usage in the coding region of the S.cerevisiae TRP4 gene.

TTT  Phe 9 TCT  Ser 8 TAT  Tyr 5 T6T  Cys 5
TTIC  Phe 4 TCC  Ser 9 TAC  Tyr 6 TGC Cys 0
TTA Teu 13 TCA  Ser 4 TAA  =-- 0 TGA --- 0
TG Leu 13 TCG  Ser 4 TAG  --- 0 TGG Trp 4
CTT Leu 1 CCT  Pro 8 CAT  His 7 CTG  Arg 1
CTC  Leu 2 CccC  Pro 2 CAC  His 10 CGC  Arg 1
CTA Leu 8 CCA  Pro 4 CAA  GIn 4 CGA Arg 0
CTG Leu 2 CCG  Pro 5 CAG GIn 3 CGG Arg 0
ATT Ile 10 ACT  Thr 9 AAT Asn 10 AGT  Ser 6
ATC TTe 5 AcC  Thr 4 AAC  Asn 4 AGC  Ser 7
ATA Tle 7 ACA  Thr 5 AAA Tys 12 AGA  Arg 4
ATG  Met 6 ACG  Thr 3 ARG Lys 16 AGG  Arg 0
GTT Vval 13 GCT Ala N GAT Asp 10 GGT Gly 9
GTC Val 2 GCC  ATa 5 GAC  Asp 9 GGC Gly 8
GTA Val 6 GCA ATa 4 GAA  Glu 18 GGA Gly 10
GTG  Val 4 GCG  Ala 5 GAG  Glu 4 GGG  Gly 2

The number of codon triplets used in the coding region of the TRP4 gene is
shown. The preferred codons according to Bennetzen and Hall (29) are under-
lined.

rections in the two SP6 transcription vectors SP64 and SP65 (Fig. 7). Only the
RNA transcribed from SP65 (plasmid pME562) yielded signals, again as in the
Northern experiment of the sizes 1.25 kb and 1.4 kb. This shows that both trans-
cripts move in the same direction from the Sall towards the Sacl site.
Mapping of the 5'- and 3'-ends of the TRP4 transcript

The S1-mapping technique of Berk and Sharp (20), as modified by Weaver
and Weissmann (21), was used to map the 5'- and 3'-ends of the 1.4 kb TRP4
transcript and the 3'-end of the 1.25 kb transcript (of unidentified nature).
The fragments used as probes are shown in Fig. 3b and designated 5'-a, 3'-b,

and 3'-a.

For the mapping of the TRP4 transcription start sites the TagI-Sall frag-
ment (+159 to -668) was labelled with polynucleotide kinase in the presence
of (y-32-p)-ATP and recut with MIul (-279). The TaqI-Mlul-fragment (5'-a;
+159 to -279) was isolated and hybridized against wild type po1y(A)+-RNA. The

Figure 4. Nucleotide sequence and deduced amino acid sequence of S.cerevisiae
TRP4 gene. The nucleotide sequence is shown in the 5'- to 3'-direction and
numbered from the initiation codon ATG (+1). Initiation and termination sites
for transcription in the 5'- and 3'-sequences respectively, are marked with
wavy lines. Postulated TATA elements are underlined, consensus sequences accor-
ding to Donahue et al. (32) are overlined with dashed lines.
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E.coli/S.cerevisiae

E.coli/B.subtilis

Figure 5. Homology between different PRtransferase sequences. The amino acid
sequences of the PRtransferase of E.coli and S.cerevisiae (upper part) and
E.coli and B.subtilis (lower part) were compared. Position and number of amino
acids inserted with the yeast sequence (W) compared to the E.coli sequence
and within the E.coli sequence (/) compared to the yeast sequence are indi-
cated but not counted for the comparison. Only in block A (amino acids 60-
120) and block B (amino acids 140-220) a simultaneous beyond-average homolo-
gy was observed for the three organisms.

S1-resistant probes were separated, together with samples of the four Maxam
and Gilbert reactions of the same fragment, on a 6 % polyacrylamide/7M urea
DNA sequencing gel. The autoradiogram of this analysis is shown in Fig. 8.
One major start site between -127 and -123, and minor start sites around -76,
-31 to -26 and -14 to -12 were found.

For the mapping of the 3'-end of the TRP4 transcript, the double stran-
ded BstEII-EcoRV fragment (3'-b; +1036 to +1303) was labelled with polymerase
I (Klenow fragment) in the presence of (a-32P)-dGTP at the 3'-end of the
BStEII site (+1036). This probe was hybridized against wild type poly(A)+-RNA.
The S1-resistant DNA pieces were separated together with the Maxam and Gilbert
reactions of the SalI-Mlul fragment on a DNA-sequencing gel. Two major trans-
cription termination sites for the TRP4 gene around positions +1225 and +1265
(Fig. 9) were found.

Deduced from the S1-mapping data, the TRP4 message has a length of bet-
ween 1350 to 1390 bp, which agrees with the Northern data.

The 3'-end of the unidentified 1.25 kb transcript was mapped by labelling
the Sall-Mlul fragment (3'-a; -668 to -279) with DNA polymerase I (Klenow
fragment) in the presence of (u-32P)-dTTP at the 3'-end of the Sall site
(-668). This probe was hybridized against po]y(A)+-RNA from pME506-transfor-
med cells of strain RH1227. The S1-resistant DNA pieces were separated on a
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Figure 6. Identification of the PRtransferase on a SDS polyacrylamide gel.
Crude extracts of different yeast strains were separated on a 10 % SDS poly-
acrylamide gel. Track 1,6: marker proteins with the indicated Mr; 2: crude
extract from strain X2180-1A; 3: strain RH995 (pME512); 4: strain RH993
(pME530), overexpression of PRtransferase 130-fold; 5: strain RH995 (pME530),
overexpression 400-fold. The arrow indicates the PRtransferase, estimated to
constitute 1%-2% of total protein.

DNA-sequencing gel as described above. Two major transcription termination
sites for the 1.25 kb transcript at positions -427 to -401 and -390 to -375
were found (Fig. 9).

DISCUSSION
The TRP4 coding sequence

A unique DNA sequence was isolated from a yeast gene library, which (i)
complements a trp4 mutation, (ii) leads to a copy-number effect of the TRP4
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Figure 7. Directign of transcription of the two transcripts of the Sall-EcoRV
fragment. Poly(A) -RNA, isolated from strain X2180-1A was probed with single
strand specific, 32P-labelled RNA, synthesized either from pMES61 linearized
with Sacl (track 1) or from pME562, linearized with Sall (track 2). The 1.45
kb as weil as the 1.25 kb transcript hybridized only with the in vitro RNA
transcribed from plasmid pME562. SP6 promoter; j~Agpdirection of trans-
cription; HindIII (H), Mlul (M), SalI (S), Sacl (Sc).

gene product, when put on a multicopy plasmid, (iii) integrates at the TRP4
locus in a gene disruption experiment and (iv) shows sequence homology to the
homologous genes from E.coli and B.subtilis.

The amino acid sequence homology was relatively low (27 %) between the
corresponding S.cerevisiae TRP4 and the E.coli trpD sequences as compared to

other sequences of homologous TRP genes, namely 35 % for InGPsynthase (9),

40 % for tryptophan synthase (8,10). The relatively low overall homology of
PRtransferase may be due to monofunctionality of this enzyme. There are two
domains on the peptide however (see Fig. 5) with homologies higher than 30 %,
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Figure 8. Transcript mapping of the Sall-EcoRV fragment. Start sites of TRP4
gene transcription, mapped on a 6 % polyacrylamide/7M urea sequencing gel.
Track 1: position of the start points (ATG = +1). Track 2: S1 nuclease-resis-
tant DNA fragments 8f the coding st;and (60 units S1 endonuclease, hybridisa-
tion temperature 46 C). The poly(A) -RNA used in this protection experiment
was isolated from the wild type strain X2180-1A. Track 3: Maxam Gilbert se-
quence ladder of the used 5'-a fragment (see Fig. 3b).

which even applies if the sequences from S.cerevisiae, E.coli and B.subtilis
are compared simultaneously. One may speculate that these two domains are the
acceptor sites for the substrate anthranilate and the co-substrate phosphori-
bosyl pyrophosphate.

The TRP4 flanking sequences

The TRP4 gene is regulated in the frame of the general control together
with TRP2, TRP3, TRP5 and genes of other amino acid biosyntheses (2). In all
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Figure 9. Positions and directions of the unknown 1.25 kb transcript and the
TRP4-specific, 1.4 kb transcript. Shown are six potential TATA elements, 1is-
ted in Table III, the ATG initiation codon at position +1, the stop codon TAG
at position +1141, the tri-partite termination signal as proposed by Zaret
and Sherman 36). , and the polyadenylation signal AAUAAA, as proposed by
Nevins (37).[:)indicates the position of the three potential “"general control"
consensus sequences as listed in Table IV.~~spindicates direction of mRNA
synthesis j——f— mRNA start and termination sites.

cases examined so far (6,10,30,31), the general control has been shown to
operate at the level of transcription. The TRP4 mRNA is also increased under
derepressed conditions (based on Northern analysis; data not shown). Donahue
et al. (32) and Hinnebusch and Fink (30), have identified a consensus sequen-
ce 5'-A¢GTGACTC-3', in the 5'-upstream regions of four genes subject to gene-
ral control: HIST, HIS3, HIS4, and TRP5. Three sequences in the TRP4-promoter
show conservation of at least TGACT (Table IV). The sequence at position -124/

-132 is inverted but may, according to Hinnebusch (33), still act as an acti-
vation site. The best candidate for a functional consensus sequence is the
element at position -168/-160, possibly in connection with the other two ele-
ments.

The 5'-ends for TRP4 mRNA were determined by S1 nuclease mapping. In con-

Table III. Postulated "TATA elements" in the 5'-flanking region of the TRP«

gene.
Position Sequence
-266/-261 TATACA
-241/-237 TAATA
-123/-118 CATAAA
-87/-79 TATAATAAA
-72/-69 GATA
-34/-28 CAATAAT

A11 AT-rich elements, with at least a conserved ATA, up to position -280 are
listed.
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Table IV. General control consensus sequences in the 5'-flanking region of the

TRP4 gene.
Position Sequence Orientation
] 1
-248/-240  ° TTATGACTA normal
1 ]
-168/-160  ° GATTGACTC® normal
] ]
-124/-132 3 AAATGACTT® inverted
consensus 5 A 5!
sequence (31) ATGTGACTC normal

A1l elements in the 5'-flanking region up to position -668 with at least a con-
served TGACT (in both orientations) are listed. Homologies to the "ideal" con-
sensus sequence are underlined.

trast to the TRP2 (8), TRP3 (8,9), and TRP5 genes (10), where multiple 5'-
ends of similar intensities were detected, most of the TRP4 mRNA is initiated
at one major point around position -127/-123 and at a minor point around -76.

In most yeast gene promoters, AT-rich sequences with similarity to the
"Goldberg-Hogness box" were found within 35 to 180 bp upstream of the first
mRNA start site (34). Furthermore it was shown for the HIS3 promoter region,
that the spacing between the presumptive TATA box and the initiation sites
can be varied over a certain range without altering the sites of initiation
(35). This is an indication that the sequences at the initiation site show a
certain specificity themselves. In Table IIl such AT-rich sequences in the
TRP4 promoter with at least a conserved ATA are listed. Out of six elements
four can not be functional since they are located within the transcribed re-
gion when starting from the mainly used -127/-123 region (Fig. 9). If the
functional arrangement of the promoter elements is 5'end/consensus sequence
/TATA box / site for transcription initiation/3'end, then the TATA elements
at position -266/-261 and -241/-237 can not be functional either, as they are
upstream of the regulatory consensus sequences. So it seems that none of the
postulated TATA sequences of Table III is actually used in vivo.

The only good candidate for a TATA-1ike element, in relation to the se-
quences between -127/-123 (start site of transcription) and -168/-160 (con-
sensus sequence), is the sequence 5'-TAAAAAATGATT-3' (-157/-146). Further ex-
periments are required to evaluate the postulated role of this sequence.

S1 nuclease mapping provided evidence for heterogeneity at the 3'-end of
TRP4 mRNA. Since the isolated mRNA was polyadenylated, 3'-heterogeneity can
not be due to partial degradation in vivo or during isolation. The sequence
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G...TATGT...TTT suggested by Zaret and Sherman (36) as a component of a
termination/polyadenylation signal in yeast is found in TRP4 between nucleoti-
des +1141 and +1183 and precedes the 3'-mRNA ends determined by S1 nuclease
mapping around +1225 and +1265 (Fig. 9). A second potential TRP4 polyadenyla-
tion sequence, AAUAAA (37), is present at nucleotides +1257 to +1265 (Fig. 9).
This sequence could potentially serve as a polyadenylation signal only for
the longer class of transcripts encoding around +1265, but not for the shorter
ones that were also isolated as poly(A)+-transcripts. Additionally, a 3'-end-
deleted, plasmid-borne TRP4 gene, lacking the sequences downstream of +1217
seems to be expressed still normally (data not shown). This finding argues
against a functional role of the AATAAA sequence in the TRP4 terminator, sin-
ce non-polyadenylated mRNAs are very unstable and would 1ikely not allow for
proper expression of PRtransferase.
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