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ABSTRACT

Expression of the GAL genes of Saccharomyces cerevisiae is subject to glucose repression, a global
regulatory mechanism that requires several gene products. We have isolated GAL83, one of these
genes required for glucose repression. The sequence of the predicted Gal83 protein is homologous
to two other yeast proteins, Siplp and Sip2p, which are known to interact with the SNF1 gene
product, a protein kinase required for expression of the GAL genes. High-copy clones of SIP1 and
§IP2 cross-complement the GAL83-2000 mutation (as well as GAL82-1, a mutation in another gene
involved in glucose repression), suggesting that these four genes may perform similar functions in
glucose repression. Consistent with this hypothesis, a gal83 null mutation does not affect glucose
repression, and only dominant or partially dominant mutations exist in GAL83 (and GAL82). Two
other observations were made that suggests that GAL83 functions interdependently with GAL82 and
REGI1 (another gene involved in glucose repression) to effect glucose repression: 1) REGI on a low-
copy plasmid cross-complements GAL82-1 and GAL83-2000 mutations, and 2) all pairwise combina-
tions of regl, GAL82-1 and GAL83-2000 fail to complement one another. Such unlinked noncomple-
mentation suggests that Gal83p, Gal82p and Reglp may interact with one another. Possible roles for

GAL83, GAL82 and REG]1 are discussed in relation to SNF1, SIP1 and SIP2.

HE expression of many genes involved in utili-
zation of alternate carbon sources, such as ga-
lactose, sucrose and maltose, is repressed in yeast
growing on glucose. This global regulatory mecha-
nism, referred to as glucose repression, causes cells to
use glucose preferentially when presented with a va-
riety of carbon sources.

Studies of the GAL genes have revealed that glucose
repression occurs by three mechanisms. First, glucose
reduces the level and function of the inducer of the
GAL genes by repressing expression the GAL2 [encod-
ing the galactose permease (TSCHOPP et al. 1986)] and
GAL3 [encoding a protein required for inducer func-
tion (TORCHIA and HOPPER 1986)]. The lower func-
tional inducer levels leads to increased activity of
Gal80p, the inhibitor of Gal4p function, thereby low-
ering GAL gene expression. Because all strains used
in this study are deleted for GAL80, we do not need
to consider this mode of regulation in the experiments
described here. Second, expression of GAL4, which
encodes the positive activator of GAL gene expression,
is transcriptionally repressed about fivefold in cells
growing on glucose (GRIGGS and JoHNsTON 1991;
NEHLIN, CARLBERG and RONNE, 1991; LAMPHIER and
PTASHNE 1992). This modest reduction in Gal4p lev-
els results in approximately a 50-fold reduction in
expression of GALI (GRIGGS and JOHNSTON 1991)
because several Gal4ps activate GAL gene transcrip-
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tion cooperatively (GINIGER and PTASHNE 1988).
Third, glucose repression acts directly on the pro-
moter of the GALI gene at sites located between the
Gal4p binding sites (UASgaL) and the TATA box
(FLICK and JOHNSTON 1991a, 1992). A key component
of the latter two mechanisms of repression is Miglp,
a DNA binding protein that binds to the GALI and
GAL4 promoters (NEHLIN and RONNE 1990; NEHLIN,
CARLBERG and RONNE .1991). Neither the nature of
the signal for glucose repression nor the mechanism
by which it is transduced to Miglp is known.

Several genes are required for glucose repression
of the GAL genes. In addition to MIG1, these genes
include HXK2, GRRI1, REG1, GAL82, GAL83, TUP1
and SSN6 (NEHLIN and RONNE 1990; ZIMMERMAN
and SCHEEL 1977; BAILEY and WOODWARD 1984;
MATsuMOTO, Yoshimatsu and OsHiMA 1983; Wick-
NER 1974; NEIGEBORN and CARLSON 1987, reviewed
in TRUMBLY 1992; GANCEDO 1992; JOHNSTON and
CARLSON 1993). S§N6 and TUP1 encode proteins that
probably associate with Miglp to form the actual
repressor complex (KELEHER et al. 1992). HXK2 en-
codes a hexokinase, but its role in glucose repression
is unclear (ENTIAN and FrROLICH 1984; MA and BoT-
STEIN 1986; WALSH et al. 1991). REGI and GRRI
have been cloned (NIEDERACHER and ENTIAN 1987,
1991; FLick and JOHNSTON 1991b), but no biochem-
ical functions have been assigned to them. Analysis of
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these genes will be essential for understanding the
mechanism of glucose repression.

GAL82 and GALS3 are unusual because mutations
in these genes appear to affect glucose repression of
the GAL genes, but not other glucose repressed genes
(MaTsuMoTO, Toh-E and OsHiMA 1981; MATSU-
MOTO, YOSHIMATSU and OsHIMA 1983) and all exist-
ing alleles of these genes are dominant or partially
dominant. Because isolation of GAL83 by conven-
tional procedures proved difficult, we developed a
method to recover DNA inserts from genomic lambda
clones by homologous recombination with yeast cen-
tromere plasmids (ERICKSON and JOHNSTON 1993). By
testing recombinant lambda phage clones from the
region of chromosome V to which GAL83 maps (RILES
et al. 1993) for their ability to complement the par-
tially dominant GAL&3-2000 mutation, a single
lambda clone that contained the GAL83 gene was
identified.

We report here our analysis of GAL83. The pre-
dicted sequence of Gal83p revealed that it is similar
to Siplp and Sip2p, two proteins that are known to
interact physically with the SNF1 gene product (YANG,
ALBERT-HUBBARD and CARLSON 1992; X. YaNG, R.
Ji1aNG and M. CARLSON, manuscript submitted for
publication). Our results suggest that the function of
Gal83p may be redundant with Siplp and Sip2p, and
that Gal83p functionally interacts with Reglp and
Gal83p.

MATERIALS AND METHODS

Strains and growth medium: The yeast strains used are
listed in Table 1. Most strains carrying glucose repression
mutants are isogenic. The GAL83-2000 mutant obtained
from Oshima (MATSUMOTO, Yoshimatsu and OsSHIMA 1983)
was backcrossed to our wild-type strain twice to yield
YM3033. Yeast were grown on standard YEP or SD syn-
thetic medium (ROSE, WINSTON and HIETER 1990). 2-deoxy-
D-galactose (2dGal; PLATT 1984) was added to 0.5% to
score the expression of the GALI gene on 2% glucose plates.
Yeast was made competent for transformation with lithium
acetate (ITo et al. 1983). To determine the phenotype of
snfl mutants, strains were grown anaerobically in a gas pack
(BBL) on YP + 2% sucrose or 2% raffinose. Eschericiha coli
strain DH5«a was used as a host for all plasmids.

Plasmids: Yeast genomic DNA encompassing the GAL83
gene was originally recovered from lambda clone APM5083
(RILES et al. 1993) by recombination with pBM2240 as
previously described (ERICksON and JoHNsSTON 1993). All
plasmids were constructed using standard techniques (MAN-
1ATIS, FRITSCH and SAMBROOK 1982). An 11-kb Xbal frag-
ment containing the GAL83 gene was subcloned into
pRS316 (S1KoRrsk1 and HIETER 1989) to generate pBM2385
(see Figure 1). pBM2424 was constructed by subcloning the
6-kb EcoRI-fragment from pBM2385 into the EcoR1 site of
YCp50. pBM2431 was constructed by subcloning a 2.5-kb
EcoRI-HindIII fragment that contained the GAL83 gene
(from pBM2424, see Figure 1) into the EcoRI-HindIII site
of a pRS316-derived vector in which the Clall-Xhol sites
were deleted. All other subclones were made with pRS316
using the indicated restriction sites (see Figure 1). pPBM2439

was constructed by subcloning the 2.5-kb EcoRI-HindlIl
fragment from pBM2431 (see Figure 1) into the 2 pm-based
vector, pR§426 (CHRISTIANSON et al. 1992). pBM2452 was
constructed by digesting pBM2431 with Xko! and religating
to delete the 536 base pairs between the two Xhol sites.

Plasmids containing cloned copies of genes involved in
glucose repression are as follows: pBM1624 contains GRRI
(FLICK and JoHNSTON 1991b), pBM1962 contains REGI (].
ERICKSON and M. JOHNSTON, UNPUBLISHED DATA), pJH3
(pBM2453) and pXY28 (pBM2454) contain SIPI and SIP2
respectively (generously provided by X. YANG and M. CARL-
SON). To determine linkage between GAL82-1 and SIP2, the
ADES5 locus was disrupted with the URA3 gene using the
ADES5 disruption plasmid pBM2441.

Sequencing GALS83: DNA sequence analysis was per-
formed with the dideoxynucleotide chain termination
method (SANGER, NICKLEN and COULSON 1977) using dou-
ble strand DNA and sequenase (United States Biochemical).
DNA sequence data was analyzed using the Geneworks
(Intelligenetics) software package.

Construction of gene disruptions: A GAL83::URA3 dis-
ruption was constructed by inserting the 1.8-kb Clall-Sall
fragment containing URA3 from YEp24 between the Clall
and Xhol sites of pPBM2431. This construction deletes amino
acids 99-278 from the GAL83 coding region. The resultant
plasmid (pBM2460) was digested with EcoRI and Kpnl, and
the 3.8-kb gal83::URA3 containing fragment was gel puri-
fied and used to transform YM2169 to Ura*. Since Ura*
transformants were obtained in this haploid at high fre-
quency, we assumed that the disruption mutant was viable.
PCR analysis on genomic DNA using primers that flank the
disrupted region of GAL83 confirmed that proper insertion
had occurred (data not shown). Transformants were scored
for sensitivity to 2-deoxygalactose and assayed for $-galac-
tosidase activity from the integrated GAL1-lacZ fusion con-
tained in pRY181 (YOoCcUM et al. 1984). Disruptions of SIP!
and SIP2 were made and provided by X. YANG and M.
CARLSON (YANG, ALBERT-HUBBARD and CARLSON 1992; X.
YANG, R. JIANG and M. CARLSON, unpublished data). Dis-
ruptions were confirmed by Southern blots.

Enzyme assays: §-galactosidase expressed from a GALI-
lacZ fusion (contained in pRY181) intergrated into the
chromosome at LEU2 was assayed as described previously
(YocuM et al. 1984; FLICK and JOHNSTON 1991a). All 3-
galactosidase assays are reported as Miller units and are the
average of at least two assays. Assays for each table were
performed on the same day. The highest variance for the
assays in each table (typically 14%) is reported in the foot-
note. Yeast strains were grown on YEP + 2% glucose
(repressing) or 2% raffinose (or 2% galactose) (nonrepress-
ing). Yeast strains transformed with a plasmid were grown
on SD-Uracil media containing either 2% glucose or 2%
raffinose. Invertase was assayed as described previously
(GOLDSTEIN and LAMPEN 1975; NEIGEBORN and CARLSON
1984).

Sequencing the GAL83-2000 allele: A 2.2-kb PCR prod-
uct was generated from genomic DNA from YM3033
(GAL83-2000). To eliminate the possibility of PCR-induced
errors, products from four separate PCR reactions were
pooled and subcloned using the TA cloning system (Invitro-
gen). Ten independent subclones were pooled and se-
quenced using the same oligonucleotide primers that were
used to sequence GAL83-2000. To confirm the identity of
the missense mutations, the GAL83-2000 allele was also
recovered by gapped plasmid rescue as follows: pBM2431
was digested with Xhol and Clall and used to transform
YM3033 to Ura*. Ura* transformants were scored for the
ability to complement the GAL83-2000 mutations. Noncom-
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TABLE 1

List of yeast strains®

Strain Genotype
YM2169 MATa met™
YM2170 MATa tyr1-501
YM2180 MATa GALS82-1
YM2201 MATa met™ regl-547
YM2213 MATa san‘A3
YM3032 MATa URA3 GAL83-2000
YM3033 MATa GAL83-2000
YM3196 MATa regl A:LEU2
YM3205 MATa met™ regl A::LEU2
YM2957 MATa grr1A1829
YM4237 MATa/MATa URA3/ura3-52 tyr1/tyr ] met/met GAL83/GAL83-2000 REG1/regl A::LEU2
YM4237 MATa/MATo MET/met GAL83/GAL83-2000 REG1/reglA
YM4239 MATa/MATa GAL83/GAL83-2000 REG1[regl-547
YM4240 MATa/MATa TYR1/tyr]1 MET/met REG1/reglA::LEU2
YM4241 MATa/MATa REG1/regl-547
YM4245 MATa/MATa GAL82/GAL82-1
YM4246 MATa/MATa GAL82/GAL82-1 GAL83/GAL83-2000
YM4247 MATa/MATa GAL82/GAL82-1 regl-547/REG1
YM4248 MATa/MATo GAL82/GAL82-1 regl A/REG1
YM4266 MATa gal83::URA3
YM4268 MATA sip1::URA3
YM4270 MATa URA3::GAL1/lacZ leu2™ sip2::LEU2
YM4310 MATa URA3::GALI1/lacZ gal83::URA3 sip2::LEU2
YM4312 MATa gal83::URA3 sip1::URA3
YM4313 MATa URA3::GALI1/lacZ sipl1::URA3 sip2::LEU2
YM4314 MATa URA3::GAL1/lacZ gal83::URA3 sip1::HIS3 sip2::LEU2

@ All strains carry the ura3-52 his3A200 ade2-101 lys2-801 gal80A-542 and LEU2::pRY181 alleles unless otherwise noted.

GAL83 CHO1 GCD11
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. 1 () pBM2432
1 (+) pBM2424
—_ (4 pBM2431
—— () pBM2452
pBM2460

— 1 kb

FIGURE 1.—Restriction map of the GAL83 containing fragment
from X clone APM5083. The boxes represent the open reading
frames of GAL83, CHOI and GCD11. The symbol in parentheses
indicates the ability of the particular restriction fragment to com-
plement the GAL83-2000 mutation, scored by sensitivity to 2-deoxy-
galactose and by assaying GAL1/lacZ expression. Restriction sites:
R = EcoRI; H = HindIll; C = Clall; Xh = Xhol; Xb = Xbal.

plementing plasmids were recovered into Escherichia coli
and sequenced as before. To determine which missense
mutation was responsible for the GAL83-2000 phenotype,
the GAL83-2000 gene was recovered from FM133 (GAL82-
1), (a congenic GALS83 strain from Y. Oshima), by PCR and
sequenced.

RESULTS

Molecular analysis of GAL83: We isolated the wild-
type GALS3 gene by a genetic technique that con-

verted the lambda clone that contains GALS3 into a
yeast centromere plasmid (ERICKSON and JOHNSTON
1993; RiLES et al. 1993). The lambda clone that
carried GAL83 contained approximately 15 kb of
yeast sequence. To delimit the location of the GALS3
coding sequences, restriction fragments were sub-
cloned and tested for the ability to complement the
partially recessive character of GAL83-2000 by plating
transformants carrying various subclones onto plates
containing glucose + 2-deoxygalactose. 2-deoxygalac-
tose (2dGal) is a galactose analog that is converted to
a form that is toxic to yeast by the action of galacto-
kinase, the GAL! gene product. A wild-type strain is
resistant to 2dGal in the presence of glucose because
of glucose repression of GALI expression; a GAL83-
2000 mutant is sensitive to 2dGal in the presence of
glucose because it expresses the GALI gene. Results
of plate assays were confirmed by assaying §-galacto-
sidase expressed from a GAL1/lacZ fusion present in
our strains. As summarized in Figure 1 and Table 2,
the smallest complementing fragment was the 2.5-kb
EcoRI-HindIll fragment in pBM2431. The cloned
GALS83 gene never restored completely wild-type lev-
els of GALI-lacZ expression, consistent with the par-
tially dominant character of the GAL83-2000 allele
used in these experiments (MATSUMOTO, YOSHIMATSU
and OsHIMA 1983; compare lines 1-3 in Table 2). A
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TABLE 2
Complementation of GAL83-2000

GALI-lacZ
activity® Growth on

p ) 2-deoxy-

Yeast strain Plasmid Glucose Galactose galactose
1. GALS3 None 9.5 630 +
2. GAL83-2000 None 200 600 -
3. GAL83-2000/GALS83 None 135 715 +
4. GAL83-2000 pRS316 (vector) 313 872 -
5. GAL83-2000 pBM2384 113 568 +
6. GAL83-2000 pBM2431 104 527 +
7. GAL83-2000 pBM2439¢ 66.0 563 +
8. GALS83-2000 pBM2452 312 909 -

4 Maximum error for values in this table is £14%.

b Wild-type strain = YM2169; GAL83-20000 = YM3033; heterozygous diploid is the a/a diploid of YM2169 X YM3033.

¢ High-copy plasmid.

high-copy plasmid containing the 2.5-kb EcoRI-
HindIll fragment (pBM2439) was able to restore
glucose repression closer to wild-type levels (Table 2,
line 7).

The DNA sequence of the 2.5-kb EcoRI-HindIII
insert in pBM2431 was determined on both strands.
This fragment contained a single, long open reading
frame of 1251 bp that can encode a protein of 417
amino acids. We confirmed that this reading frame is
indeed GAL83 by deleting the sequences between the
two Xhol sites contained within the putative open
reading frame (see Figure 1). This plasmid, pPBM2452,
failed to complement the GAL83-2000 mutation
(Table 2, line 8). The complete nucleotide sequence
of GAL83 and the predicted amino acid sequence of
its encoded protein are shown in Figure 2. Partial
sequence analysis of the large 11-kb Xbal insert in
pBM2385 revealed that is also contains two genes,
CHO! (NIKAWA et al. 1987) and GCD11 (HARASHIMA
and HINNEBUSCH 1986), which are known to be tightly
linked to GAL83-2000. This confirms that the cloned
piece of DNA that complemented GAL&3-2000 is
from the correct genetic locus. GAL83 is identical to
SPM1, a gene identified as a high-copy suppressor of
a mutation in the zinc-finger of the largest subunit of
RNA polymerase II (J. Friessen, unpublished data).

Predicted protein sequence of GALS3 reveals ho-
mology with two functionally related yeast proteins:
The predicted sequence of Gal83p did not reveal any
notable motifs. The sequence of Gal83p has homology
with two other yeast proteins, Siplp and Sip2p (YANG,
Albert-Hubbard and CarrLsoN 1992; X. YANG, R.
JiaNc and M. CARLSON, manuscript submitted for
publication). Both SIPI and SIP2 were identified as
genes whose products physically interact with Snflp
(YANG, Albert-Hubbard and CARLSON 1992), a pro-
tein kinase that is required for derepression of several
glucose repressed genes, including the GAL genes
(CARLSON, OsMOND and BOTSTEIN 1981; CELENZA

and CARLSON 1984). Alignment of Gal83p with Siplp
and Sip2p revealed that these three proteins have
significant homology with each other over much of
the Gal83 protein sequence (see Figure 3). The Gal83
and Sip2 protein sequences are 45% identical, with
the majority of the homology in the C-terminal 60%
of the gene; the homology between Gal83p and Siplp
is limited to two regions, one approximately in the
center of the Gal83p sequence and the other near the
C-terminus of Gal83p (see Figure 3). A high-copy
clone of SIP2 was able to cross complement GAL83-
2000, raising the possibility that these two genes have
similar functions. Despite its more limited homology
to Gal83p, a cloned copy of SIPI was also able to cross
complement GAL83-2000 on a high-copy plasmid (see
below).

A gal83 disruption allele allows normal glucose
repression: To determine the null phenotype of
GALS83, the gene was disrupted with URA3, deleting
amino acids 97-181. Surprisingly, the null mutant
exhibited normal glucose repression of GALI expres-
sion (see Table 3, line 3). Null mutations in SIP1 and
SIP2 (disruption plasmids generously supplied by X.
YANG, R. JIANG and M. CARLSON) also had no effect
on GALI expression (Table 3, lines 4 and 5).

Since null mutations in GAL83, SIP1 and SIP2 do
not affect regulation of the GALI gene, it was of
interest to determine if combinations of these three
mutations would cause a glucose repression pheno-
type. Double mutants were constructed by genetic
crosses of single null mutants, and the gal83A, sipl1A,
sip2A triple mutant was constructed by a subsequent
cross of two double mutants. As shown in Table 3, no
combination of gal83, sipl and sip2 had a significant
effect on the regulation of the GALI/lacZ reporter
gene. This suggests that these three genes are redun-
dant, and that other members of this gene family
remain to be identified.

Recovery of the GAL83-2000 mutation: Since the
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TCGAAATTAACCCTCACTAAAGGGAACAARAGCTGGTACCGGGCCCCCCCTCGCGATAAGCTTGCAGGAGCAATCATAAGTACAAGGTTA
ATGCTGTTAGCAGAGGGAGACAACATGAAAGGGCACAATTTCATATATCTGGAGATGATGAGGACAGTAACGTTCACCGCCAAGAATCAA
GAGCATCCAACACAAGTCCCAATGTATCATTGCCTCCGATAAAGAGCATTTTGCGACAAATTGATAATTTCAACAGTCGTCCTTCGTTAC
TTCAGTAAATAAACAAGCAGTAAATAAAACGTATAGAATATAAGAAGGAARATAACAATGGGTTCTTGAAACTTGATATACTTTTTCCTS
GAATGAAGACGCAAAGAAAACCTTTGGAGAAAATCATTGCAAATTTAAAAGCTGTGCTTCAAAAAACCCATGTGAGACTGAAACATGGTC
CAGTGGTCTTCATCCGGACCGGTTCAARAGTCCTGCTCTACCTTCAATAATTTGTCTTTACCGTTAAAACACAGGCCACGCTATTTTTTTT

GTTGCACTAATTTTCATCCTTAAGCGACCAATTTGCTCCCCTTTGGAAAAGCTCACGAAAAAACGTGGCAAAGAAAACAATACCGATCTC

GTAGGATTTGGGCCACTGTTGTAATCGCAAGTAGAGAGCATCCTAGATAAGAGCTACTATATTTTGTATAAGGTCGTTTCCTGCACAATA

ATAAATTATCTACACTGAAATATGGCTGICGACAACCCTGAAAACAAGGATGCTTCCATGTTAGATGTCAGTGACGCAGCTAGCAACACT
M A G D NUPEWNIZ KD ASMTLTUDUV s DAASNT

ACGATTAATGGTAAACATAGCGCCGATTCAACTAATGAGGCTTCCCTGGCGTACACTTTTTCTCAAATGAACGTAGATAATCCTAATGAA
T I N G K H S A DS TWNZEWA ASLAYTT F S QMNJVIDNUPNE

TTAGAGCCTCAGCATCCTTTAAGACATAAATCGAGTTTAATTTTTAACGACGATGATGACGATGAAATACCTCCATATTCAAACCATGCG
L EP QH PLRUHIEK S SLIF NDUDUDODUDETITZ®PZPTYSNUHA

GAAAATGGTTCTGGGGAGACCTTTGATTCTGATGATGATATCGATGCTAGCAGCTCGAGTAGTATCGACAGCAACGAAGGCGATATCCAC
E NG S G ETVFD SDODDTIDAS S S S S I DSNZEGTDTIH

GATGCAGATATGACAGGAAATACCTTGCAAAAAATGGATTATCAACCATCTCAGCAGCCTGACTCACTTCAAAATCAAGGCTTTCAACAG
D ADMTS GNTILGQI KMDYQQP S Q QP D S L QNIOQGTF Q Q

CAACAAGAACAGCAACAGGGCACTGTGGAAGGCAAGAAAGGAAGAGCTATGATGTTTCCAGTTGACATCACTTGGCAACAGGGGGGTAAT
Q Q E Q Q Q 6GTV EG K K GRAMMTFZPV DITWQOQG G N

AAAGTGTACGTTACTGGGTCTTTTACGGGATGGAGAAAGATGATCGGGTTAGTACCAGTCCCTGGACAGCCTGGACTTATGCATGTARAA
K vy v T G S F T GWURIEKMIGLV PV P GQPGLMUHUVK

TTACAGCTGCCTCCAGGTACTCATCGTTTCAGATTTATTGTTGACAATGAGTTAAGATTCAGTGATTATTTACCTACCGCAACCGACCAA
L QL PP GTHRT FRT FTIUVDNETLZRTFSDYTLPTA ATTDOQ

ATGGGAAACTTCGTCAACTATATGGAAGTGAGCGCACCGCCTGATTGGGGGAATGAACCTCAGCAGCATCTGGCTGAAAAAAAAGCGAAT
M G N F V NY M EV S A PZPUDWGNEUPUQQHTLAEIKIKA AN

CATGTAGATGATAGCAAATTGAGTAAGAGACCTATGAGCGCTCGCTCGAGAATCGCATTGGAGATAGAAAAGGAACCAGATGACATGGGC
HV DD S KL S KRPMSARSURTIALTETIETZ KTETPUDTUDMG

GATGGTTACACTCGTTTTCACGATGAGACCCCCGCTAAACCTAATTTAGAGTACACTCAAGATATACCTGCTGTGTTCACCGACCCAAAT
D GY TRFHUDETU®PATZ KU PNTILETYTOQDTIU®PA AV FTUDZ®PN

GTAATGGAACAATATTATTTGACACTTGATCAGCAGCAAAATAATCACCAAAATATGGCCTGGTTGACTCCTCCACAACTGCCACCTCAT
vV M E QY Y L TULDUG Q QQ NNUHQNMAWTULTU®PUPOQTULP P H

TTAGAAAACGTCATTTTGAATAGTTACTCAAACGCGCAAACTGATAATACGTCTGGCGCCCTTCCCATTCCGAACCATGTTATATTGAAC
LENVYILWNZSYSNAQTUDNTSGATLUPTIUPNUHVYVILN

CATCTGGCGACAAGCAGTATTAAGCATAATACATTATGTGTCGCATCCATTGTTAGGTATAAACAAAAATACGTGACCCAAATACTGTAT
H L A TS S I KHNTULOCUVASTIVR RYZXOQEKTYVTOQTITLY

ACACCATTGCAATAGATATGATTATAGAGCTTATAGCTACATCTTTTTAGATAAAAGCGAAGATGTTTCTGCGATTTTTCCATTATAGCT
T P L Q
CTCCTCGATACTAAATATCAAGGTCTACATGTAAGTATTTGTATATATGGGTTGGAATGTATATACGTATATACGTACGTACGTAGCTAT

ATGCACATAATTGTTACGGGATGTATATATAAATTAGTAGCATTATAGAAGATA 1472
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FIGURE 2.—DNA sequence of GALS83
and predicted amino acid sequence of the
protein product.

gal83 null mutation produced no glucose repression
phenotype, it was of interest to identify the nature of
the GAL83-2000 allele. To identify the mutation, a
2.2-kb PCR product that contains the GAL83-2000
coding region was subcloned and sequenced (see Ma-
TERIALS AND METHODS for details). Two differences
between our wild-type allele (S288C derived) and the
GAL83-2000 allele (obtained from Y. OsHIMA) were
found. First, a C to T transition was identified that
results in a glycine to arginine substitution at position
235. This residue lies in a region that is conserved
between Gal83p, Siplp and Sip2p (see Figure 3). The
second mutation is a T to C transition that results in
a leucine to serine change at position 270. This amino
acid lies in a region that is not conserved with Siplp
or Sip2p. To determine which of these mutations
contribute to the GAL83-2000 phenotype, we deter-
mined the sequence of this region of GAL83 in a wild-

type strain congenic for GALS83 (a GAL82-1 mutant
from Y. OsuiMA). This strain carries the L270—S
mutation, but possesses the G235 residue present in
our wild-type strain. Therefore, it seems likely that
the G235—R mutation is responsible for the GAL83-
2000 phenotype; the L270—S change is probably a
phenotypically silent sequence polymorphism between
our strains and OSHIMA’s strains, although it is possible
that both missense mutations are necessary to confer
the observed phenotype.

snfl is epistatic to GAL82-1 and GAL83-2000: Mu-
tations in SNF1 cause a phenotype opposite to glucose
repression resistant mutations: snfl mutants are una-
ble to derepress GALI in the absence of glucose (CARL-
SON, OsMOND and BoTsTEIN 1981). Since Gal83p is
so similar to two proteins known to interact with
Snflp, it was of interest to determine the epistatic
relationship of snfl and GAL83-2000. A diploid het-






