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The 5 regions of the SGA4 and STA2 genes, encoding the intra- and extracellular glucoamylases, respectively, from Sac-

charomyces cerevisiae have been sequenced. In addition, the transcription initiation sites have been determined. Four dis-

tinct short elements (named I to IV) were found in both genes. Element III has the consensus sequence PuCATTTAPIG

with a bilateral symmetry around the central T, and is present in both genes as a direct repeat. This motive seems respon-
sible for the coregulation of STA2 and SGA by the repressor STA10 gene of S. cerevisiae.
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1. INTRODUCTION

The yeast Saccharomyces cerevisiae contains the
SGA gene for a sporulation-specific intracellular
glucoamyase )Y 3. In adltNon. ceriam vanenes
of S. cerevisize (previously known as S.
diastaricusy carty any of the 3TAL. STAZ or STAD
genes which code for extracellular glucoamylases,
and are located at different genomic loci [4].
Restriction, transcription and sequencing analysis
showed that the STA1 to STA3 genes are derived
from the SGA gene by at least one recombinational
event with another, not yet characterized gene.
This unknown gene provides the export domain of
the STA® to STA3 gene products [2,5,6] and is
known to transcribe a mRNA of 5.4 kb [2]. The
SGA gene provides the catalytic domain.

The STAl to STA3 and the SGA genes were
shown to be coregulated negatively at the
transcriptional level by the STA10 gene of S.
cerevisiwe [2,7,8]. Interestingly, the restriction
maps of the 5’ regions of STA1 to STA3 genes are
totally different from that of the SGA gene (2.31.
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However, it would be expected that they contain
possibly short, homologous regions that would ac-
count for their coregulation by STA10. In order to
investigate this possibility we have sequenced the
S regons 0F Yne SIA2 and ST genes.

Z. MATERIALS AND METHODS

The 1481 bp BamHI-BamHI DNA fragment (fig.1) from
plasmid IMp40 {2} corresponding to the 5’ region of the $T.A2
gene and the 2045 bp EcoRI-Sa/l DNA fragment (fig.2) from
plasmid JMp79 [2] comprising the 5’ region of SGA gene were
sequenced by the dideoxynucleotide chain termination method
[9] as modified by others [10]. Saccharomyces cerevisiae strains
MCCX1-5d (a, leu2-3, 112, his4, sta®, SGA, stal0°), M1-2b («,
rpY-289, wrnld-S2, gol2, s10°, SGA, STAYD) and 5206-)D {n,
argd, SGA, STA2, stal0°) were described elsewhere [2].
Plasmids JMp40 and JMp79 containing STA2 and SGA,
respectively, were described previously [2].

Transcription initiation sites were determined by the high-
resolution S, mapping procedure described elsewhere [11]. For
STA2, 150 ng of the 1600 bp Pst1-HindIIl DNA fragment from
plasmid JMp40 (fig.1) was labeled with [y->*P]JATP and then
hybridized to 30 ng of poly(A") RNA from S. cerevisiae
5206-1b or M1-2b. For SGA, 140 ng of the 170 bp BamHI-
Xhof DNA fragment (fig.2) was fabeled with [y-P[ATP and
then hybridized separately with 15 ng of poly(A*) RNA from
S. cerevisiae MCCX1-5d or M1-2b. The S1 digestion products
were loaded on a polyacrylamide sequencing gel in parallel with
sequencing reactions performed on a DNA fragment of known
sequence.
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-1388 Gg%%géAC GGGTAAGATT TGTTCTATGT TTTAGGTATG GAGTTTTGTA CCACAAAACT
-1330 TTAGGAATAC CGGATTGTGT GCCTACGCCA GCCCCAGAGT ATGTTCTCAC GGCTGTAATT
-1270 CCTAGTGATC TTTTCCTGGC TCAAATTAAA CTTTCGCGGC AGGAAAAAAA AGGCTTTTTC
-1210 TTTTTTGTGT TTCAGTTTCT GCGAATGTGG CATTACATAA GCATAATCCT TTTGGGTGTG
-1150 CCTGGAAAGT TCAAATTAAG GGTTTTTCTT CTGTTTTCTT GACAAGAAAA TGTTGCCCAA
-1090 AGAGTTTE\IGLSI—(I?(%GTTATTTT CCTATCGAAG TGGGTCCTTT TTGTCTTTAG TCCTTCTCTG
-1030 GGGCTAGCGA TCGCTGCAAA ATTAGGCTTC ACTGGTACGA GTTAACTTTT TTTCTTTTTT
-970 TTTGTCATCC TTTTCTT%GG GGCTAAGAAT GGACTTCCCT TTTCTTTTTC TTTGTTGCAG
-910 CAGTGGCTTC AAAGAACTGC TGATTGCTCA AGGCAATCAG TTAAAAGAAA AATTAGCTTT
-850 TTTTGTCAGG CATTGCACAA ACTTTTTTAT TTCTGCCTAT ACTCTTAGAC AGATCAGTCA
-790 TTCATGTTGT CTTTTTAACG GTCGTACTGG GACATCGCAT ACCTTGAGAT TCCGTAATTA
-730 GTTGCAACAA TACGGGCACA ACTCATTCTG CGGTATCTTC ACGGACAGAA TTTCTAT%FC
-670 CTATTGGTGG TGTGATTAAC AATTGGAAGC GCAGAGCTTA GAATGGATTT TCAATTCAAT
-610 GGATTTGGAG GTATTCGTTT GTTTACTAAT ATTTACTTTG AGGACATTGC CCAACCCTAA
-550 AAGTGCCTGT TCCAGAACAG AATAACATTT ATGATACGTT TTCCTGACCG CTGAGCAATT
~-490 TAAAGCAATT AGTAGGGTAC GATTégTég%EAGAGAAATGT GGGTCATCTT TTTAGGTCCG
-430 TTCTCTTCTG ATGAgé%gié CTTTACAAAA ATGTCATGGA GTTACCAATT GGGATTCAAG
-370 GCATCATCAC AATATACTTC GTTCTTTTAC GGAGAAATTA AGCTCTTTCT ACTTTGAATT
-310 AACTGTTAGA CTTGTCTTAT CTGAGAAATG TCCGTGTTCA AATTAAATAA AAATTTAGGG
-250 CAGTTTTATT TACCTTAACA AATATGTTCA AGCATTTACG TTACTGCGCT CTCTTCTAGT
-190 TCAAGAACGA TAACTCATAG ACTTACCTGT ACAAégTGTT GAAGGGTTCT CAATTGATAA
-130 AAAAGGATCT TTTGCTTCCT AAACTAAACC [TATAAAAAGC ACCCTATTCA TCAGTITATAA
-70  TCTCTTGTCA T?TTGTGGTT CTAATTGAAA ATATACTATG GT%%%%FTCR AAAATCCATA
-10 TACGCACACT +ATG CAA AGA CCA TTT CTA CTC GTC TAT TTG GTC CTT TCG
Met Gln Arg Pro Phe Leu Leu Ala Tyr Leu Val Leu Ser

+40 CTT CTA TTT AAC TCA GCT TTG GGT TTT CCA ACT GCA CTA GTT CCT AGA

Leu Leu Phe Asn Ser Ala Leu Gly Phe Pro Thr Ala Leu Val Pro Arg

BamHI
+88 GGA TCC

Gly Ser

Fig.1. Nucleotide sequence of the 5’ region of the STA2 gene. Motives I, II and IV are overlined. Motives 111 are underlined. The
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EcoRI ___—I
-1475 GAA TTC AGC CTT GCA AAA GAA CTG CTG TTG GCT AGT

Phe Glu Ala Lys Cys Phe Phe Gln Gln Gln Ser Thr

-1439 GGA AAC GCT GTC ACC TCT GGG CAA GTT TAT AAG CCC CTT CAT AAC ATC CTG ATA CAG
Ser Val Ser Asp Gly Arg Pro Leu Asn Ile Leu Gly Lys Met Val Asp Gln Tyr Leu

-1382 CCG CCA GAT GCC CGT CAT GAA CAC ATA GCC GGA GTC ATG CGA CCA TAT TAC GCA GTT
Arg Trp Ile Gly Thr Met Phe Val Tyr Gly Ser Asp His Ser Trp Ile Val Cys Asn

Bcll
-1325 GTT AGG GTT GAT GAG CTT GTC ATT GAT CAG ATT ATG GTC CAT TTT GGT CAA CTT GAA
Asn Pro Asn Ile Leu Lys Asp Asn Ile Leu Asn His Asp Met Lys Thr Leu Lys Phe

-1268 CTG CTG ATT CTT TGT CAG CGA GGA GGT GGC ATT TTC ACG CGA TGC TGT TGA CAG AGC
Gln Gln Asn Lys Thr Leu Ser Ser Thr Ala Asn Glu Arg Ser Ala Thr Ser Leu Ala

-1211 CTT CTT TTC TTG CTT GGT GGG TGA TGC TGA GAC TGG TGT TTT GTT AGA CCG GGA AGG
Lys Lys Glu Gln Lys Thr Pﬁ% Ser Ala Ser Val Pro Thr Lys Asn Ser Arg Ser Pro

-1154 TAG TAT GAT CTT ACC CAT CAG AAT ATT TTT ATC GTG CAG ATG CAA GGC GGA GTIG AGG
Leu Ile Ile Lys Gly Mat Leu Ile Asn Lys Asp His Leu His Leu Ala Ser His Pro

-1097 AGT GGC GGA GCT AGC GAG CTG CGA TAC GAA CGT TTG TTC GTG GAC TAG GCT CTG AAT
Thr Ala Ser Ser Ala Leu Gln Ser Val Phe Thr Gln Glu His Val Leu Ser Gln Ile

-1040 TGT TTG TAG GTT GGG AAA CTG GTA CTC GAA GCA GTT CAG AAC GTT CTG CGC CGC CGC
Thr Gln Leu Asn Pro Phe Gln Tyr Glu Phe Cys Asn Leu Val Asn Gln Ala Ala Ala
Aval
-9813 CTC TTC CCC GTT CCC TGC GTC CCG AGC ACT GAT AAT GAA GTT TGG ATG TGT GAA CTG
Glu Glu Gly Asn Gly Ala Asp Arg Ala Ser Ile Ile Phe Asn Pro His Thr Phe Gln
Hpal
~926 CGC AGC AAT GGA GGA TTT ATA GTT AAC CTT TCT AAT ATT GAG TCC GGC GCT GAA ACT
Ala Ala Ile Ser Ser Lys Tyr Asn Val Lys Arg Ile Asn Leu Gly Ala Ser Phe Ser

-869 GGC CGG CGG CGA GTC CCT ATC CAG TAC GCT GAC GAG GTA GAG ACG CTG ATA GTC GTC
Ala Pro Pro Ser Asp Arg Asp Leau Val Ser Val Leu Tyr Leu Arg Gln Tyr Asp Asp

-812 CAG GGG GTT GTC CGT TAA GTG TAC CGT GTC ACT GTT AAT GCT AAA AGC GGG ATA TTT
Leu Pro Asn Asp Thr Leu His Val Thr Asp Ser Asn Ile Ser Phe Ala Pro Tyr Lys

-755 CAT GTT GGA GAA GGT GTC TAT GAT AAG GTA TTT GAG CTT GCC GTT GTG TGG GGA GAA
Met Asn Ser Phe Thr Asp Ile Ile Leu Tyr Lys Leu Lys Gly Asn His Pro Ser Phe

-698 GAA CTG GAT GCG TAC CGR GAA CGA GCA AGT TAA AAC ACT AGT ACA CGA ATA ATA GAT
Phe Gln Ile Arg Val Ser Phe Ser Cys Thr Leu Val Ser Thr Cys Ser Tyr Tyr lle

-641 ATA TAT ATG TAT GTA TAT ATA TGT TGA AGT GTG TAC ACA CGT ACA CGC ACA AGC TAC
Tyr Ile His Ile Tyr Ile Tyr Thr Ser Thr His Val Cys Thr Cys Ala Cys Ala Val

-584  AGA CGC CAC GCG GCC CGG CAT TCA TATATGTACA TACATTTATG CACNTATATA TATATATATA
Ser Ala Val Arg Gly Pro Met m

Bgll
-520 TATGTATATG TAAATGTATA TAT&AGCTT GTGATTTCGC GCEgEEMTG GGCTGAAAAG CACAGTATAG

-450 TGGAGAAGAA GAGQGAGGAG AAGGGGAGAG GGGCAATAGC AATGGATGTG GTAGAATACA GGGAAGGCCA

-380 AGCTGTTGTT CAATGGATGC GGTTCGAGGC CCAGCGCAAG GGGGGCGCTT CGAAGCATAG AACATTATCC
Sacll
-310 GCGGAAACGG GTATTAGGGG TGAGGGTGAA TAAGGAAAGT CAGGGAAATC GGGCCAGAGT AACACCCATT

-240 CATAGCACTC GTACAAGGTG CTTTTAACTT GCCTGCATGT GTGGAGTCAC AAATTAGGGG ACTCAGGCAC

-170 AGAAGCAAGG GTCCTTTTTT GGTTCCCTGT TTCCTCCTGC GCATTTCGTA TTTTTTCTCA TCTCTTGGCT
BamHI
-100 CTGGATCCGT TATCTGTTCT GTTACACAAG AARATCGTACA TTTACA TGATAATC GTGGACTAGA
1 '——m—‘

+
-30 GCAAGATTTC AAATAAGTAA CAGCAGCAAA ATG GCA AGA CAA AAG ATG TTT TAT AAC AAA TTA
A Met Ala Arg Gln Lys Met Phe Tyr Asn Lys Leu
Sphl Xhol
+34 CTC GGC ATG CTC AGC GTA GGA TTC GGG TTT GCT TGG GCG CTC GAG AAC ATT ACT ATA
Leu Gly Met Leu Ser Val Gly Phe Gly Phe Ala Trp Ala Leu Glu Asn Ile Thr Ile
¥*

+91 TAC GAA TTT GAC TTT GGC AAG GGC ATT CTC GAT CAA AGC T:C GGC GGT GTA TTT TCA
Tyr Glu Phe Asp Phe Gly Lys Gly Ile Leu Asp Gln Ser Tyr Gly Gly Val Phe Ser
Pvull

[ ) ®
+148 AAC AAC GGC CCT TCG CAA GTG CAG CTG CGG GAT GCA GTC TTG ATG AAT GGG ACA GTG
Asn Asn Gly Pro Ser Gln Val Gln Leu Arg Asp Ala Val Leu Met Asn Gly Thr Vval

[ )
+205 GTA TAC GAT TCA AAC CGC GCT TGG GAC AGT AGT GCG CTG GAG GA’ TGG CTC CAG GGA
Val Tyr Asp Ser Asn Gly Ala Trp Asp Ser Ser Ala Leu Glu Glu Trp Leu Gln Gly
L J
+262 CAG AAA AAA GTT TCC ATC GAA AAA ATA TTT GAA AAT ATT GGG CCC AGC GCC GTG TAT
Gln Lys Lys Val Ser Ile Glu Lys Ile Phe Glu Asn Ile Gly Pro Ser Ala Val Tyr

L J
+319 CCG TCT ATT TCG CCT GGG GTC GTG ATT GCG TCA CCA TCG CAA ACG CAT CCA GAC TAC
Pro Ser Ile Ser Pro Gly Val Val Ile Ala Ser Pro Ser Gln Thr His Pro Asp Tyr

+376 TTC TAC CAA TGG ATA AGG GAC AGC GCG TTG ACG ATA AAC AGT ATT GTC TCT CAT TCT
Phe Tyr Gln Trp Ile Arg Asp Ser Ala Leu Thr Ile Asn Ser Ile Val Ser His Ser

[ ]
+4133 GCG GGC CCG GCA ATA GAG ACG TTA TTG CAG TAC CTG AAC GTT TCA TTC CAC TTG CAA
Ala Gly Pro Ala Ile Glu Thr Leu Leu Gln Tyr Leu Asn Val Ser Phe His Leu Gln

L)
+490 AGA AGC AAC AAC ACA TTG GGC GCT GGC ATT GGT TAC ACT AAC GAT ACA GTG GCT TTG
Arg Ser Asn Asn Thr Leu Gly Ala Gly Ile Gly Tyr Thr Asn Asp Thr val Ala Leu
Y Sall
+547 GGA CAC CCT AAG TGG AAC GTC GAC
Gly His Pro Lys Trp Asn Val Asp

Fig.2. Nucleotide sequence of the 5’ region of the SGA gene. (*) The first nucleotide from which the SGA and STA1 [14] are identical;
(e) nucleotide mismatches in the SGA and STA1 [14] sequences. Other symbols as in fig.1.
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3. RESULTS AND DISCUSSION

3.1. Nucleotide sequence and transcription
initiation sites of the 5' regions of STA2
and SGA

The nucleotide (nt) sequences of the 5’ regions
of STA2 and SGA are outlined in figs 1 and 2,
respectively. The sequence from S7TA2 shows an
open reading frame (ORF) starting by an ATG
codon (nt + 1; fig.1). This triplet is preceded by a
CACACT sequence highly homologous to the con-
sensus T/A A C/A A C A, which precedes the
ATG initiator codon of yeast mRNAs, and is prac-
tically identical to that (CACAAT) of the HMLall
and MATall genes [12,13]. The sequence of the 5’
region of the STA2 gene is identical to that
reported for the STAI1 gene [14] and spans from nt
— 126 to nt —1388. This finding agrees with the
identical restriction maps of the STAl, STA2 and
STA3 genes [2,8,14] indicating that, despite their
scattered location in the yeast genome, they have a
common origin and encode identical gluco-
amylases.

A high resolution S; mapping experiment
showed that RNA from strain M1-2b, which con-
tains both STA2 and the STA2-repressor STAI0
genes, lacked any S,-protected DNA band (fig.3B,
track 2), as expected. In contrast, RNA from strain
5206-1b (STA2, stal0°), which expresses the ex-
tracellular glucoamylase, protected two fragments
from the DNA probe; a main one of 183 nt and a
secondary one of 178 nt (fig.3B, track 1). This
result indicates that transcription from STA?2 starts
at the C residue located at — 25, with a secondary
site at the A residue at — 21 (fig.1). This transcrip-
tion is probably promoted from either (or both) of
the TATA boxes located at positions — 100 and
—75 (fig.1).

The SGA gene gives rise to two transcripts of 2.4
and 1.95 kb, according to one report [2], or to only
one transcript of 2.0 kb according to others [3,15].
The reasons for these differences are not known,
although there is certain evidence suggesting that
the synthesis of the 2.4 kb transcript is dependent
on the growth conditions of the cells [16]. The
nucleotide sequence of the SGA gene 5' region on-
ly has a single ORF from EcoRI towards Sa/l
starting at nt +1 (fig.2). The first ATG of this
ORF may be considered as the initiator codon of
the intracellular glucoamylase. The DNA sequence
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Fig.3. Determination of the transcription initiation sites from
the STA2 and SGA genes. (A) SGA gene. Poly(A*) RNA was
prepared from strains MCCX1-5d (track 1) and M1-2b (track 2)
(as a negative control). Numbers on the right indicate the length
(in nt) of the standards (GATC) from the sequencing reactions.
Numbers on the left indicate the size (in nt) of the S,-protected
DNA fragments. The 170 nt fragment, representing full
protection of the probe, should be derived from the 2.4 kb
mRNA [2]. (B) STA2 gene. Poly(A*) RNA was prepared from
strains 5206-1b (track 1) or M1-2b (track 2) (as a negative
control). Numbers on the left indicate the size (in nt) of the
standards (GATC) from the sequencing reactions. Numbers on
the right indicate the length (in nt) of the Sl-protected DNA
fragments. For other details see section 2.

from nt +96 is identical to that encoding the
catalytic domain of the extracellular glucoamylase
of the STA1 gene [14]. Both glucoamylases show
cross-immunoreactivity and, therefore, should
share similar amino acid sequences [5,17]. In the
same reading frame, other putative ATG initiator
triplets are present at nt -405 and -204.
However, the presence of nonsense codons at posi-
tions —399, —186, —51, —48 and —45 indicate
that they cannot act as the starting codons for the
SGA gene product. No other significantly long
OREF is present in the other two reading frames.
The long AT-rich region (nt —496 to - 546)
preceding the site where the 2.4 kb mRNA starts
(around nt —460 [2}]; fig.2) could promote its
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transcription if it is recognized as a promoter by
the RNA poilyvmerase [I.

The complementary chain to that containing the
SGA sequence carries an ORF (ORF2) starting by
an ATG sequence at nt —563 (fig.2). This se-
quence has not previously been reported, as in-
dicated by a data bank search. Whether it could
correspond to an indispensable gene is being ex-
amined oy gene disruption experiments.

To determine the transcription initiation site for
the 1.95 kb mRNA from the SGA gene, poly(A™)
RNA was obtained from the yeast strains
MCCX1-5d, which constitutively expresses this
transcript [2], and M1-2b (as a negative control)
which contains the SGA-repressor STAL0 gene
and, therefore, lacks the 1.95 kb transcript [2].
Both RNAs protected a 88 nt fragment from the
DNA probe (fig.3A, tracks 1 and 2). However, on-
ly the RNA from that strain expressing the 1.95 kb
mRNA protected a fragment of 91 nt (fig.3A,
track 1), indicating that it derives from this
mRNA. Therefore, transcription for the 1.95 kb
transcript starts at the G residue at — 14 (fig.2),
and is most likely promoted from the TATA box
loceagied &t — T3 111723, Tine ofifan 61 ne wanseiyi
which protects the 88 nt fragment in those strains
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is not yet clear. One possibility is that it cor-
responds to ORFZ (see above), although this has to
be rigorously examined.

3.2. Comparison of the nucleotide sequences of
STA2 and SGA

The finding that the SGA and STA2 are co-
regulated at the transcriptional level by the STA10
gene indicates that they contain nomaologous se-
quence(s) in their 5’ regions. A computer search
showed that there are four distinct homologous
elements which were named I to IV (figs 1 and 2).
A comparative schematic representation is shown
in fig.4. Elements I, IT and IV are present twice in
SGA and only once in STA2. Most interesting is
homology III of 9 nt, which is present as a direct
repeat in both genes. Each repeat has a bilateral
symmetry (PuCATTTAPIG) taking the central T
as the axis. Similar geometric motives have been
found in other regulatory regions of veast genes. In
both STA2 and SGA genes one of the direct
repeats is [ocated next to the TATA boxes (figs 1,2
and 4) and, therefore, is a good candidate to be the
motif for the regulation by STA410. Indeed, initial
resits wWiln promaier-prdoe hasmiis indicate inal
the DNA region downstream from the BstEII site

100pb
+—>
— - =
H S =Y TATA3 £
5 g g % a e+l @
L 1 1 | I E— - 1 STA 2
P 277 I\ NSA 2.05 kb MRNA
s a4 ;A )
~ <y ~
- s - \ >~
— - / / NS
_ - // pd / | \ / ~ ~
0———1-/—,. s — < / ———1 ] ~ N ~¢—N—
- 7 e / | \ / ~ ~ -
- pd - / ! \ ! \ > ™~
=~ . A —— | A | —, [ ——
-900 AAAGAACTGCTGAT -887 -616 TTCAATGGATTTGG -603 -526 ACATTTATG -518  -219 GCATTTACG -211 -366 CATCACAATATACT -353
WU RRAGRALTGLTGTT %447 -4 CAATGGATGIGG -400 549 ALATTTATG -5k  -63 GLATTIALG -55 3139 _LATLAGAMIAT -118
. o (vaA fu (ad, —
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Fig.4. Schematic representation of the STA2 and SGA 5’ regions. Only relevant TATA boxes are indicated.
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(figs 1 and 4) of the STA2 gene maintains both
promoter activity and repressor capacity by STA10
(Claros, M.G. and Jiménez, A., unpublished).
Regulation of the expression of STA4 genes is of a
complex nature, being not only repressed by the
STAI10 gene, but also by the mating type locus and
the presence of mitochondria; it also may be sub-
jected to catabolite repression [8]. The possible
roles that homologies 1 to IV play in these
regulatory mechanisms is presently being studied.
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