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seem to be important in controlling the cell cycle and
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In this study, we carried out a large-scale transpo-
on tagging screening to identify genes whose expres-
ion is regulated by ambient pH. Of 35,000 transfor-
ants, two strains carrying the genes whose

xpression is strictly dependent on pH of growth me-
ium were identified. One of the genes with 20-fold

nduction by alkali pH was identified as SHC1 gene in
he Yeast Genome Directory and its expression was
he highest at alkaline pH and moderately induced by
smotic stress. However, the gene was expressed nei-
her at acidic pH nor by other stress conditions. The
aploid mutant with truncated shc1 gene showed
rowth retardation and an abnormal morphology at
lkaline pH. On the other hand, the mutant strain
arrying the wild-type SHC1 gene reverted to the mu-
ant phenotype. To confirm that Shc1p is an alkali-
nducible protein, a monoclonal antibody to Shc1p
as produced. While a 55-kDa protein band appeared
n the Western blot of cells grown at alkaline pH,
hc1p was barely detectable on the blots of cells
rown in YPD. Our results indicate that yeast cells
ave an efficient system adapting to large variations

n ambient pH and SHC1 is one of the genes required
or the growth at alkaline pH. © 1999 Academic Press

Intracellular pH (pHi) in eukaryotic cells is strictly
egulated. Eukaryotic cells control cytoplasmic pH at
.0–7.4 by ion transport mechanisms and a high buff-
ring capacity of the cytosol (1). First of all, most en-
ymes have an optimum pH for maximum activity. The
ctivity of enzymes taking part in the cellular metab-
lism is pH-sensitive. In mammalian cells, DNA repli-
ation is extremely pH-sensitive (2). The contractile
ctivity of acto-myosin has dramatically influenced by
mall change in pH (3). Microtubule assembly and
isassembly is affected by pH with an increased disas-
embly at alkaline pH (4). Moreover, pH oscillations

1 To whom correspondence should be addressed. Fax: 82-361-56-
420. E-mail: euichoi@sun.hallym.ac.kr.
116006-291X/99 $30.00
opyright © 1999 by Academic Press
ll rights of reproduction in any form reserved.
roliferative capacity of cells (5). The regulation of the
Hi of phagocytic cells is critical to their function and
iability (6). Failure to maintain pH homeostasis re-
ults in decreased cellular enzyme activity, cellular
igration, and microbial function. Yeasts, like many
icrobes, encounter large variations in ambient pH in

heir natural environments. Microorganisms capable
f growing over a wide pH range require a versatile and
fficient pH homeostatic mechanism protecting intra-
ellular processes against extremes of pH. Budding
easts grow well at acidic pH as well as alkaline pH in
he range of 2.5–8.5, and the kinetics of growth and
ermentation are not affected between pH 3.5 and 6.0
ecause of the tight control of intracellular pH (7).
roton or ion transport proteins in plasma membranes
nd vacuole membrane might play roles in regulating
ntracellular pH. However, it has not been described or
nvestigated how the pump proteins are regulated, nor
ow cells sense extracellular pH, nor what signaling
omponents are involved in pH regulation.
Recently, we have developed a large-scale transpo-

on tagging screen to identify genes expressed during
he life cycle of budding yeasts as well as the subcellu-
ar localization of the products of many yeast genes. It
ermitted a systematic identification and characteriza-
ion of genes expressed at specific cell stages or in
arious culture conditions (8). Yeast genomic DNA li-
rary is mutagenized with a Tn3 mini-transposon con-
aining lacZ-coding sequence and the mutagenized
NA is introduced into yeasts. The resulting transfor-
ants are selected by assaying b-galactosidase activity

n X-gal plate. Since the lacZ gene lacks both promoter
nd ATG initiation codon, b-gal production in yeast
epend on the promoter activity of an expressed gene.
nversely, by tracing the b-gal activity, we can identify
he genes whose expression is dependent on specific
xternal factors. The approach has applied to an exten-
ive screen for pheromone-regulated genes and identi-
ed 45 new pheromone-regulated genes (9).



Budding yeast is an ideal model organism to study
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ukaryotic genome. Basic cellular processes in the
east are similar in most respects to those of other
ukaryotic organisms. Furthermore, recent availabil-
ty of complete genome sequence of S. cerevisiae en-
bles us to identify a certain gene with only partial
ucleotide sequences, thus reducing the effort of DNA
equencing. In this report, by combining the transpo-
on tagging gene screening system and the Saccharo-
yces Genome Database (SGD), we have identified

east genes, whose expression is differentially regu-
ated in response to the pH of growth medium. Of the
H-regulated genes, one with higher expression level
n response to alkaline pH was identified as SHC1 and
urther characterized.

ATERIALS AND METHODS

Yeasts, bacterial strains, and media. The following strains of
accharomyces cerevisiae were used: YC1, MATa cryr/MATa CRY
ra3-52/ura3-52 leu2-D98/leu-2D98 HIS3/his3-D200 TRP1/trp-D1
HC1/shc1::lacZ; YC2, MATa cryr/MATa CRY ura3-52/ura3-52

eu2-D98/leu-2D98 HIS3/his3-D200 TRP1/trp-D1 SCY1/scy1::lacZ;
C3, MATa cryr ura3-52 leu-2D98 HIS3 trp-D1 shc1::lacZ. Yeast
rowth media and standard techniques for the manipulation of yeast
ave been described by Sherman et al. (10). The diploid yeast strain
Y800) were described in the previous study (8). Escherichia coli
trains were routinely grown on LB medium (1% tryptone, 0.5%
east extract, 1% NaCl, solidified with 2% agar). Kanamycin (Km),
hloramphenicol (Cm), streptomycin (Sm), ampicilin (Ap), and spec-
inomycin (Sp) were used at final concentrations of 40, 30, 100, 100,
0 mg/ml, respectively.

Construction of yeast genomic library with lacZ insertions. We
ave constructed a yeast genomic library in a vector suitable for
ransposon mutagenesis (8, 11). Genomic DNA was isolated from a
east strain (Y800) lacking the 2-mm circle plasmid to eliminate high
requency of the 2- m plasmid genes. Fragments in 2- to 5-kb range
ere electroeluted and ligated to the cleaved vector, pHSS6. The

igation mixture was introduced into E. coli DH5a. To analyze the
ibrary, twenty-four random clones were selected. All except two
ontained inserts and the average size was 3.5 kb. The final library
ontained a total of 5 3 104 recombinants, representing 10 genome
quivalents and .99.9% of the yeast genome. The yeast genomic
ibrary was mutagenized with a mini-Tn3::lacZ::LEU2 using modi-
cations of the procedures of Seifert et al (11). Mutagenized DNA
ith inserts was isolated by a large-scale plasmid preparation and
igested with NotI restriction enzyme. Mutagenized inserts had been
eturned to yeast by lithium salt-mediated transformation (12).

b-Galactosidase activity assay. b-gal activity was measured in
east cells permeabilized with acid-washed glass beads (425–600
m, Sigma). Cells were washed once in a breaking buffer (50 mM
odium phosphate, 1 mM PMSF, 1 mM EDTA, 5% glycerol, pH 7.4),
entrifuged 6 s at 12,000 rpm, and resuspended to an OD600 of
00–140 in 200 ml volume. For permeabilization an equal volume of
cid-washed glass beads were added, vortexed for 2 min, then incu-
ated on ice for 30 s. The permeabilization procedure was repeated
–4 times. Then, 800 ml of Z buffer (60 mM Na2HPO4, 40 mM
aH2PO4, 10 mM KCl, 1 mM MgSO4, 50 mM b-mercaptoethanol, pH
.0) was added to the permeabilized cells and reaction was initiated
t 28°C by adding 200 ml of substrate solution (4 mg/ml ONPG).
olor reaction was terminated by the addition of 100 ml of 2.0 M
a2CO3 and incubated time (t in min) was recorded. The cell debris
as removed by centrifugation and the OD420 of the supernatant (200
117
s (OD420 3 1000)/(OD600 3 t).

Southern blot analysis. For DNA gel blot analysis, yeast genomic
NA was cleaved with EcoRI, separated on an agarose gel, and
lotted overnight onto a positively charged nylon membrane (Boeh-
inger Mannheim) according to the directions of the manufacturer.
he gel blot was probed for 2 h with a digoxigenin-labeled 3-kb
amHI fragment of the lacZ gene. The DNA blots were treated with
abbit anti-digoxigenin antibody, followed by the incubation of goat
nti-rabbit IgG antibody conjugated with alkaline phosphatase. The
olor reaction was initiated by adding bromochloroindolyl phosphate
nd nitroblue tetrazolium.

DNA sequence analysis. Portions of yeast DNA flanking lacZ
nsertions were subcloned into pXT PCR cloning vector by inverse
CR methods. The genomic DNA fragments digested with EcoRI
ere self-ligated to make the DNA fragment circular. The ligation
ixture was amplified with a set of primers which corresponding to

ach termini of known lacZ sequence (59 end of lacZ gene; 59-
GTTGTAAAACGACGGGATCCCCCT-39, 39 end of the truncated

acZ gene; 59-GACGACTCCTGGAGCCCGTCAGTAT-39). The nucle-
tide sequence was determined by the dideoxy-chain termination
ethod, using T7 polymerase (U.S. Biochemical Corp.).

Expression of Shc1p under the control of GAL-1 promoter. An
xpression vector (pYES2) was constructed with SHC1 gene under
he control of a GAL-1 promoter (13). Two oligonucleotides (59-
AATTCATGTCCATGACTATTTGCTCAAATACTCCT-39 and 59-GAA-
TCTTAAATCAACTTTTTGGCTGCCACAGCTTC-39) were used in

he polymerase chain reaction with yeast genomic DNA as a tem-
late. The resulting fragment coding full length SHC1 ORF with a
ize of 1.5 kb was digested with EcoRI and ligated into pYES2 vector.
ransformation of pYES2 vector with SHC1 gene into the mutant
ells was performed by standard procedure (10), and the cells were
rown on plates containing synthetic complete (SC) medium lacking
racil. Single colonies from the plates were grown in SC medium

acking uracil and containing 4% raffinose. For induction of Shc1p
ynthesis, the cells grown the 4% raffinose medium overnight were
arvested, resuspended in SC medium lacking uracil and containing
% galactose, and grown for an addition 16 h. The cells were har-
ested and washed with phosphate-buffered saline once. The cell
ysates were prepared by breaking the cells with a mini-beadbeater
Biospec Products, USA) in a lysing buffer containing 50 mM Tris–
Cl (pH 7.4), 5% sucrose (w/v), 1 mM phenylmethylsulfonyl fluoride,
nd 10 mg/ml leupeptin.

Production of GST-Shc1p fusion protein. A 1.5-kb DNA fragment
repared for pYES2 vector cloning as described above was ligated
nto EcoRI-digested pGEXcs expression vector (14). The plasmid
onstruct was transformed into E. coli strain BL21. Production of
ecombinant protein was induced by the addition of isopropyl-b-
hiogalactopyranoside to a final concentration of 1 mM and con-
rmed by Western blot analysis with a monoclonal anti-GST anti-
ody. The recombinant GST-Shc1p protein was used as an
mmunogen for the generation of antibodies.

Production of monoclonal antibody against Shc1p. A total vol-
me of 0.3 ml was injected into the intraperitoneal cavity for each
emale BALB/c mouse (50 mg per mouse, 6–8 weeks old). The first
njection was followed by three booster injections at 3- to 4-week
ntervals. The final injection was carried out without adjuvant. The
usion experiments were carried out as previously described (15).

Western blot analysis. Proteins separated by SDS–PAGE were
ransferred to nitrocellulose membrane by electroblotting (16). The
embranes were incubated for 1 h at room temperature in blocking

uffer (5% nonfat dry milk in TBS), and then incubated in culture
upernatant containing mAbs. After overnight incubation at 4°C on

rocking platform, the membranes were washed with blocking
uffer. The membranes were then reacted with a goat anti-mouse
gG-horseradish peroxide (HRP) (Sigma) at a 1:10,000 dilution in
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locking buffer. For the reaction of HRP, the bound antibodies were
etected with a chemiluminescence substrate according to the man-
facturer’s instruction (ECL; Amersham).

ESULTS AND DISCUSSION

Screening of genes whose expression is regulated by
lkali pH. To identify genes whose expression is ei-
her induced or repressed by an alkali load, a random
acZ insertional mutagenesis screen was used. Yeast
enomic library was constructed in a vector suitable for
ransposon mutagenesis, mutagenized with a deriva-
ive of mini-Tn3 transposon with lacZ, and introduced
nto diploid yeasts to generate a collection of yeast
trains in which lacZ is inserted at random locations in
he yeast genome. Each transformant was picked up
ith toothpicks and examined for b-galactosidase pro-
uction during vegetative growth. The strains showing
ositive reaction for b-gal staining contain in-frame
usion with lacZ coding sequence. The lacZ gene lacks
n ATG initiator codon. Thus, expression in yeast is
rimarily dependent on the inserted yeast gene. The
se of diploid strain allows for the isolation of alkali-
egulated genes that are essential for vegetative
rowth.
The yeast transformants with in-frame fusion with

acZ insertion were collected, replica-plated to the YPD
edium that adjusted to pH 9.5 with NaOH, and as-

FIG. 1. Blast search of GenBank with the Shc1p amino acid se
omology along 150 residues to each other with no known structura
lbican. Y141 Human: a cDNA clone with no known function in hum
CHPO: an ORF with an unknown function in Schizosaccharomyces
118
ayed for b-gal activity on X-gal plates. As a control,
he cells were also replica-plated to normal YPD me-
ium. Of 35,000 transformants, 10 strains carrying the
enes whose expression appeared to be induced by high
H were screened at the initial attempt. None of them
ere repressed in expression level by the alkali treat-
ent. Those clone were selected and tested again for

lkali-dependent gene expression. Finally, we selected
wo strains carrying the genes whose expression are
trictly dependent on pH of growth medium. To con-
rm that the blue color signal of the b-gal activity was
ue to a unique transposon insertion, a Southern blot
nalysis was performed. A single DNA band in both of
he strains indicated that only one copy of the lacZ
nsert transposed onto yeast chromosomal DNA (data
ot shown).

Identification of a high pH induced gene, SHC1. To
now the identity of the pH-inducible genes, portions
f the genes franking lacZ gene were cloned by in-
erse PCR and the partial nucleotide sequences of
he genes were subjected to a computer-aided search
8). This revealed that the nucleotides were com-
letely identical to ORF sequences classified in the
accharomyces Genome Database. One locus with
0-fold induction to an alkali load was identified as
HC1, ORF YER096W, and the other with 5-fold

ence. The search identified five ORFs containing strong regions of
otifs. CSRF CANAL: chitin synthase regulatory factor in Candida
revealed by random cDNA sequencing (Nagase et al., 1995). YAIA

mbe.
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induction as SCY1, ORF YGL083W. We also deter-
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ined the nucleotide sequence of the junction be-
ween the gene and lacZ and confirmed that the lacZ
ene inserted in-frame into the coding region of the
ene at base 519. Thus, the truncated shc1::lacZ
ene contains one third of full length ORF. Since
HC1 gene responded more dramatically than SCY1
ene to an alkali load, we further characterized
HC1 in depth throughout this study.
SHC1 is located about 500 nucleotides apart from
AD51 gene and has a 1536 bp open reading frame,
ncoding a protein with 512 amino acids (56.5 kDa)
ith no intron. Sequence analysis of Shc1p revealed no
nown structural motifs. Blast search of GenBank
ith the Shc1p amino acid sequence identified five
RFs containing regions of homology to each other

Fig. 1). Particularly, SHC1 shares higher sequence
imilarity with S. cerevisiae SKT5/CSD4/CSH4, a gene
ith a possible role in protoplast regeneration and
iller toxin of K. lactis resistance, and in chitin synthe-
is (17, 18). They share 50% amino acid identity in 307
esidues overlap. The Skt5p contains hydrophobic seg-
ents and is suggested to be a transmembrane pro-

ein. In addition, a calcium-binding domain of 12
mino acids was predicted in the center region of the
kt5p (17). However, Shc1p appeared not to contain
ny transmembrane domains, nor the consensus se-
uence of a calcium-binding domain. Other three genes
lso shows a 150 bp region of strong homology with
HC1. First one is the chitin synthase regulatory fac-

or (CSRF) gene encoding a hypothetical protein with
87 amino acids from Candida albicans. Others are
uman KIAA0141 (19) and S. pombe YAIA gene. These

wo proteins are hypothetical ORFs revealed by human
enome project and S. pombe genome project, respec-
ively. It is of interest that sizes of Shc1p and
IAA0141 protein are almost identical, being com-
osed of 512 amino acids and 515 amino acid, respec-
ively.

SHC1 gene expression pattern in response to various
tress conditions. We surveyed the expression pat-
ern of SHC1 as a function of growth pH, with the cells
ith lacZ insertion. To adjust low pH, YPD medium
as acidified with HCl. To adjust high pH, we added a
on-metabolizable base, NaOH, into YPD medium
from pH 6.5 to pH 9.5). The expression level began to
ncrease sharply around pH 8.0 and was the maximum
t pH 10. However, the SHC1 did not show any re-
ponse to acidic pH, even at pH 2.5 (Fig. 2A). We next
nvestigated whether SHC1 responds specifically to
lkaline pH or is also expressed in other stress condi-
ions. The strain with lacZ insertion was grown in
arious stress conditions and cell lysates were assayed
or b-gal activity. Among the stresses, alkaline pH was
he most effective for the induction of b-gal activity
Fig. 2B). High osmosis also elicited a moderate level of
119
-gal activity. However, heat shock, UV irradiation,
thanol, starvation, oxidative agents, and others failed
o induce. Since hydroxyl ion is regarded as an osmo-
lectrolyte, it may be explained why SHC1 gene is
xpressed not only at alkaline pH but also in osmotic
tress.

FIG. 2. Responses of SHC1 to various growth conditions. (A)
he expression pattern of SHC1 surveyed as a function of growth
H. The yeast cells with lacZ insertion grown in the liquid YPD
edium adjusted to different pHs either with NaOH or HCl were

ermeabilized and b-gal activities were measured at 420 nm using
NPG as a substrate. The expression level began to increase

harply around pH 8.0 and was the maximum at pH 10. However,
HC1 gene did not show any response to acidic pH, even at pH 2.5.

B) Responses of SHC1 to various stress conditions. The yeast
train with lacZ insertion was grown in various stress conditions
nd assayed for b-galactosidase activity. In addition to alkali load,
smotic shock also elicited a moderate level of b-gal activity.
owever, other stress conditions including heat shock, UV irra-
iation, ethanol, starvation, and oxidative agents failed to induce
-gal activity.
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Growth retardation of shc1 mutant at alkaline pH.
he original transformants carrying lacZ fusions are
eterozygous for the insertion mutations. To deter-
ine the phenotypes of haploid cells carrying chromo-

omal insertion mutation, the diploid transformants
ere sporulated. To examine the role of SHC1 in re-

ponse to alkaline pH, the mutant cells were streaked
nto YPD medium adjusted to pH 7.5 with NaOH.
ince the growth rate of wild type in YDP plate ad-

usted to pH 8.0 was also severely retarded, we used
PD plates at pH 7.5. In contrast to wild-type,
hc1::lacZ cells were retarded for growth in the me-
ium containing NaOH (Fig. 3A). However, the shc1
ells grow well in acidic medium, even slightly better
han wild type. Similar result was observed in liquid
PD culture adjusted to pH 9.5 with NaOH (data not
hown). Microscopic examination revealed that a large
umbers of mutant cells appeared to be lysed or ar-
ested in growth with an enlarged morphology (Fig.
B). Since SHC1 was expressed at high osmotic condi-
ion to a moderate level, we studied the response of the
utant cells to osmotic solutes. The mutant showed no

etardation in cell growth in YPD containing 1 M KCl
r 1 M sorbitol (data not shown).

Western blot analysis of Shc1p. To confirm that
hc1p induced by alkaline pH, we produced a monoclo-

FIG. 3. Growth retardation of shc1 mutant at alkaline pH. (A) Gro
djusted to pH 7.5 with NaOH, because the wild type do not grown in
B) Microscopic examination of shc1 cells after 5 h at pH 9.5. A larg
120
al antibody (mAb) against Shc1p. A DNA fragment
oding ORF was amplified by PCR and cloned into a
GEX prokaryotic expression vector. The GST-Shc1p
usion protein was isolated as an inclusion body and
njected into mice to generated mAbs. Six hybridomas
ecreting mAbs that can react with GST-Shc1p not
ith GST were selected and characterized. Of the 6
Abs, one recognized a protein band of 55 kDa, quite

imilar to the expected size of 56.5 kDa, on Western
lot. The 55-kDa protein band corresponding to Shc1p
as appeared as a prominent band on the blot of cells
rown at alkaline pH. In contrast, the band was barely
etectable on the blot of cells grown in YPD (Fig. 4).
he result indicates that Shc1p is indeed an alkali-

nducible protein. Shc1p was also detected in cells
ithout alkali treatment, which had been engineered

o produce Shc1p constitutively under the control of
AL-1 promoter (Fig. 4, lane 3).

A possible role of SHC1 in response to alkali load.
e examined the extracellular pH of the mutant cells

t time intervals after alkali treatment. Wild-type and
hc1 cells were inoculated into YPD medium adjusted
o pH 9.5 with NaOH and pH of the YPD medium was
easured. Within 3 h wild-type cells lowered pH of the
PD medium to 7.5, whereas mutant cells to pH 9.25

Fig. 5). The observation suggests that SHC1 play a

h retardation in solid plate. The cells were streaked onto a YPD plate
DP plate adjusted to higher than pH 8. 1, wild type. 2, shc1 mutant.
umbers of the cell showed an abnormal morphology at alkaline pH.
wt
Y

e n
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owering the pH of growth medium.
In yeast, there have been suggested several mecha-

isms to regulated external pH, particularly lowering
H. Thus, Shc1p does possibly play an important role
n one of pH-regulation systems. During yeast alcoholic
ermentation, acetic acid is produced as a by-product.
n wine and beer fermentation the levels of acetic acid
roduced may be 1 to 2 g/liter (20). The primary re-
ponse to a rapid alkali load appears to be the secretion
f acetic acid into culture medium and Shc1p could
lay active role in the process. Second, the plasma
embrane H1-ATPase (PMA1) of the yeast is known to

lay an essential role in the maintenance of intracel-
ular pH (21). When challenged with glucose, the H1-
TPase is activated, causing an extensive acidification
f the external medium (22). Similar to the dramatic
ffect of glucose, Shc1p may regulated H1-ATPase di-
ectly or indirectly, thus lowering external pH. Third,
n microorganisms such as bacteria, algae, and yeast a
arge amount of polyphosphate is present up to 10–
0% of dry weight under certain conditions (23). One
roposed function for the polyphosphate is buffering of
ntracellular pH (24, 25). It is suggested that the hy-
rolysis of polyphosphate is a protective mechanism
gainst alkaline stress.
An earlier report suggested that Shc1p is required

or chitin synthesis during sporulation (26). While un-
etectable at vegetative growth, SHC1 mRNA rises
ramatically during sporulation. However, there is no
vidence that SHC1 plays a role in chitin synthesis

FIG. 4. Western blot analysis of enhanced synthesis of Shc1p in
lkali-treated yeasts. A monoclonal antibody against Shc1p was
roduced from a mouse injected with GST-Shc1p fusion protein as an
mmunogen. Lane 1: wild-type cell lysates without alkali treatment.
ane 2: wild-type cell lysates treated with alkali. Lane 3: cell lysates

rom the strain engineered to produce Shc1p constitutively under the
ontrol of GAL promoter (see Materials and Methods). While the
5-kDa Shc1p band was barely detectable in cells grown in YPD, the
rotein was prominent in cells grown at high pH.
121
xcept the blast search result described above. During
egetative growth and shmoo formation, shc1 dis-
uptants synthesize normal amounts of chitin (26).
nstead, SHC1 may be involved in the regulation of
xternal pH, particularly acetate. For instance, potas-
ium acetate is routinely used for sporulation. Acetate
n sporulation medium could induce SHC1 gene ex-
ression.
pH regulation in fungi. Although the transmem-

rane ion pumps and carriers in pH regulation have
een intensively studied, little is known about the
echanisms of pH signaling in animal cells. Instead,

lassical genetic studies have identified many genes
hat regulate pH homeostasis in fungi (27). In the
lamentous fungus, Aspergilus nidulans, genetic stud-

es revealed seven genes where mutations in the six pal
enes can mimic the effects of growth at acidic pH
ther than the actual ambient pH (27–30). In contrast,
utations in PacC mimic the effects of growth at alka-

ine pH. The PacC gene encodes a zinc finger transcrip-
ional regulator which directly regulates expression of
ene under pH control (31), and is cleaved into a short
ersion that is active under alkaline condition (32). The
roducts of pal genes constitute a signal transduction
athway and trigger the conversion of PacC to a func-
ional form. One of the pal genes, palB, encodes a
ysteine protease that does not catalyze proteolytic
rocessing of PacC (33). The deduced amino acid se-
uence from palA showed a similarity with Bro1p of S.
erevisiae, a novel protein containing an SH3 domain-
inding motif (34, 35).
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FIG. 5. Recovery pattern of extracellular pH after alkali treat-
ent. Wild-type (h) and shc1 mutant cells (E) were inoculated into
PD medium adjusted to pH 9.5 and pH of the YPD medium was
easured at varying time intervals. Wild-type cells neutralized the

lkaline extracellular medium much faster than the mutant strain.
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