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ABSTRACTl
One of the negative regulators of the PHO system of Saarce cerevisiae,
PH085, has been isolated by transformation and cmxrplmesntation of a pbo85
strain. The conplementirn activity was delimited within a 1258 bp DEA segment
and this region has been sequenced. The largest open reading frarre found in
this region can encode a protein of 302 amim acid residues. A mh85rutant
resulted from disruption of the chramscmal counterpart of the open rding
frame described above. Therefore, we concluded that the gene we have cloned
is PH085. This result also iridicates that PH185 is mnessential. Northern
analysis revealed that the size of the PHO85message is 1.1 kb. No similarity
was found between the putative aminm aciduse-que of two negative regula-
tors, the PHO80 and PH185 proteins.

A shortage of available imnrganic phosphate in the medium leads to de-
pression of several enzymes or proteins inclluded in the PHO system of

&ccharomyces cerevisiae; they are repressible acid phosphatases (1,2), rep-

ressible alkaline phosphatase (3) and phosphate permease (4). At least 5
regulatory genes have been identified in this system. PH02 and PH04 are posi-
tive regulators and PHO80 and PH085 have negative functions. The PH081 gene
product, which is hypothesized as a diator (5), is believed to inactivate
a negative factor(s). Recently, expression of P1H081 was found to be controll-
ed by the PHO system (6). According to our current nodel, positive factors
play an essential role in the derepression of the structural genes. Negative
factors exert their function by controlling the activity of positive factors
at the protein level.

In order to examine the above model, it is necessary to characterize the

regulatory proteins and the pranoters of the structural genes whose expres-
sion is controlled by the PHO system. TWO positive regulator genes, PH02 (7)
and PH04 (8), have been cloned and sequ . PH081 has been cloned and its

expression was analysed (6). We have isolated one of the negative regulators,
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PHO80 (9). The praomter of the PH05 gene, which is one of the structural

genes encoding repressible acid phosphatase has been extensively analysed and

its upstream regulatory region defined (10,11,12). The PHO8 gene encoding

repressible alkaline phosphatase has been cloned (13) and analysis of its

prcecter is underway (to be published elsewhere). In this communication, we

describe the cloning and sequencing of another negative regulator, PHO85.

The codon usage of the putative PHO85 gene product shows characteristics of a

gene expressed at a low level. No similarity was found between the PHO80 and

PHO85 sequences in spite of the phenotypic resemblance of their mutants.

MATERIALS AND METHODS

Strains and plasrids

Sacchar myces cerevisiae DC5 (MATa PH03 leu2 his3), which is a generous gift
of J.N. Strathern, was used as DNA source for the construction of a yeast

gene library in YCpl9. An isogenic pair, YAT953 (MATa leu2 his3 t9j) and

YAT954 (MATa leu2 his3 pho3), was used as the wild type strains. Trans-

formants thereof were also used as described in the text. YAT1175 (MATa leu2

trpl ura3 ph3 pho85) was used as the host to clone the PHO85 gene.

Escherichia coli DH1 (14) (F reCAl g thi hsdR17 supE44 relAl) was

used as a host strain in the construction and propagation of plasmids. JM103

(15) (Alac-pro supE thi strA endA hsdR4 sbcB15, F' traD36 proAB lacI q 115)

was used for growing M13 phage and its derivatives. YCpl9 (16), YIp5 (17),
YIp32 (17), and YEp13 (18) were used as yeast vectors. M13np18 and M13mpl9
(15) were used for DNA sequencing. The yeast gene library was constructed by

inserting DNA fragments of DC5 cells longer than 10 kb generated by partial
digestion with Sau3AI into the Bam1HI site of YCpl9.

Me3dia
YEPD contained 2% Polypeptone (Daigo Eiyo), 1% Yeast extract (Oriental Yeast)
and 2% glucose. High-Pi medium was prepared as described previously (1). SD

contained 0.67% Yeast Nitrogen Base without amino acid (DIFCO) and 2% glucose.

Nutrient broth, L-broth, and YT-broth were prepared as described (19) and used

for bacterial cultivation. Tryptophan (20 1ig/ml), uracil (20 lig/ml), Casamino
acid (DIFCO) (0.5%), arpicillin (50 pg/ml), and tetracyclin (10 )Ig/ml) were

added as acropriate. Solid media contained 2% agar.

Preparation of DA
Yeast gencoic DNA was isolated from the indicated strain by the rapid method
(20). Plasmid DNA was isolated fran E. coli according to the mrethod described
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by Birnboim and Doly (21). Plasmid DNA was purified by CsCl-Ethidium branide

banding as necessary.

Detection of acid phosphatase activiy
Acid phosphatase activity of colonies was detected by the staining method

described previously (22).

Transformation

Yeast transformation was done by the lithium acetate method (23). Ccmpetent

cells of E. coli for transformation were prepared as described previously

(24).
Isolation of Poly(A) -IINA

Total RNA was extracted according to the method described by Jensen et al.

(25) . Poly (A) -RNA was partially purified by oligo dT-cellulose column

chromatography.

Determination of nucleotide sequences
DNA sequences were determined by the dideoxy chain termination method (26)
using a sequencing kit provided by Takara Shuzo Co. DNA segments to be
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Fig. 1 Restriction map of the cloned DNA cntaining the PHO85 gene. Open
rectangles indicate the region of the cloned DA. Each plasmid montaining the
indicated fragrnent was constructed by deletion of pal or pNF2 or by re-
cloning the segment into the other yeast vectors. The resulting plasnid was
introduced into the 85 host to test whether it cauplerents the *
mutation. Y, site insertion of a BaniHI linker; B, BamHI; E, EcoRI; G, BglII;
H, HindUII; K, KpnI; X, XhoI.
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Fig. 2 Strategy for sequcing. Arrns indicate the location, direction,
and length of each s qce. Hatched area indicates the largest cpen reading
frame in this regicn. Syntols are the same as those used in Fig.1 except A,
which indicates an AccI site.

seqeunced were subcloned into a single-stranded DNA vectors, either M13np18
or M13mrpl9 (15).
Linker insertion
A BamHI lirker was inserted rarnxmnly into plasmid pNFl (See Fig.1) according
to the nethod described by Heffron et al. (27) and tw plasmids carrying a

BamHI lirker in the cloned yeast DNA segment were selected. The site of

insertion was confinred by sequencing.

RESULTS AND DISCUSSION

Cloning of a DNA s22xent carrying the PH085 gene

Plasnid DNA prepared frczn the gene library was mixed with lithium ace-

tate-treated YAT1175 cells and the mixture was spread on High-Pi mediun
supplemented with Casamino acid and tryptophan to select Ura+ transformants.

Acid phosphatase activity of each colory was examined by the staining nethod.
Most of Ura+ transformants were stained red due to the pho85 mutation. Anmo

approximately 5900 Ura+ transformants, we obtained 16 isolates which failed

to be stained for acid phosphatase activity. Then, each transformant was

cured of the plasmid by selecting Ura colonies and again acid phosphatase
production in High-Pi medium supplemented with Casamino acid, tryptophan, and
uracil was tested. Two transformants became constitutive with respect to the
Pho phenotype when the plasmid was lost. Therefore, these two transformants
contained plasmids that were candidates to carry the PH085 gene. Cenic DNAl
was isolated fron each of these two transformants and used as donrs for
transformation of E. coli DH1 frcn Aps to Apr. PlasMids thus obtained were
designated pNFl and pNF2. Introduction of either of these plasmids couplement-
ed the h defect of YAT1175. OCrparison of the restriction maps of these
two plasmids revealed a ccmvn region (Fig.l). Inastrict sense, the DNA
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TACAAATCACCATACACGTAGACTCGTAAGCCCGTAGCTTTCTAATTGAAAGATAACAAAGGGAATCCAGTTTTACCATATAGCGTATAATTGCAGATAA 1 00
ATGTTTAGTGGl'ATGTGCATCTGAGCATTCGGGCATCGAAAGATTAACTTTCTATTGTTTCCCTTAGGTCAAAATGGTATATCGCATATTAACGTCTATT

GGG.ATATATAGCGCGGCAAACTGGGCAAACrrGAGCAATACCAATGTCTTCTTCTTCACAGTATGTAGTTTTCTAGTCAAGTATCATTGGAAAGTAAAGA 200
CCCTATATATCGCGCCGTTTGACCCGTTTGAACTCGTTATGGTTACAGAAGAAGAAGTGTCATACATCAAAAGATCAGTTCATAGTAACCTTTCATTCT

ACTAGAAIASGAT AATAC'rAACAI'ATATACGAG,A AAAAATCAACCTCGAGCTCTATrGAACAG.ATTTAAGCAGTTAGAANAAGCTTGGCAATGGTACGTATG 300
l'I'ATCTI"I'ACl'AC'l'TA'rGAI'TGTATsAI'Al'GC'I'Cll"l' TTTAG1 TGGAGCTCGAGA M N R F K L E K L G N G T Y

C('ACAGTG1', .('A AC(.GAC'I'GAAC AAAACCACA(;G^CCTATATG TT,Gccc'r6AtAAGA(GTAAAACTGGATTCAGAGGAAGGTACACCCTCTACGGCCATCCG 400
A T V Y K G L N K T T G V Y V A L K E V K L D S E E G T P S T A I R

v 0~~~~~~~~~~~~~~~~~~~~~~~~~~0

T,AGATCTCCC'TAATGAAAG AATTGAtAACATGAG,AACATTGTTAGACTTi'ATGACGTTATTCACACAGAGAACAAGTTGACTTTGGTTTTTGAATTCATG 50 0
E I 5 L M K E L K 11 E N I V R L Y D V I I1 T E N K L T L V F E F M

GAtC AA GAT'rl'l AAAGAAATACAsTGGAT'I'CCCGCA\CCGTGGCAAACACACCAAGAGGGCTAGAACTAAACTTGGTTAAATACTTCCAG~TGGCAACTACTGC 600
D N D L K K Y M D S R T V A N T P R G L E L N L V K Y F Q W Q L L

ACTGGcrCAGCCI'T'r'rGCCATGAATAAAA CAACATTCTCCAACCGTGATTTACC AACCTCAATAACCTATTTAAGCAAGAGAGGCCAGTTGAAATTGGGTGATTT 700
Q G L A F CTi E N K I L H R D L K P Q N L L I N K R G Q L K L G D F

C(;GTCTGGCCCGTGCvTT'CC,(;TA.TTCCGGTCAACACATTTTCAAG CCGAATCGTAACGTTGTG,GTACCGTGCTCCTGATGTGCTAATGGGTTCTAGGACG 800
G L A R A F G IK V N T F S S E V V T L W Y R A P D V L P G S R T

'rAC'l'CCACA.l'CCAI"l'rATA'rATGGTCS,TC.TG,GGI'GCATTCTI'GCGGAAAi'GATA ACGGGTAAGCCTTTGTTTCCTGGCACCAACGACGAAGAACAACTGA 900O
Y I S L MI D I W S C G CN I V R L M DT G K P L F P G T N D E E Q L

.AAI"rGATC'rl'CC,ACATCATGGGCACTCCI'AtATGAGTCCCI'ATGGC.CCCAGTGTAA^CAAhAGTTACCCAAATACAACCCAAATATCCAGCAACGACCACCAAG 1 00 0
D ND L K KY M D S T ANT P G L P K Y N P N I Q Q R P P R

AG,ACCTACGTCAsAGTA . l'C.CAACCACACACCAAAGAACCGCTAGAC(-GG,AATCTCATGC,ATTTCTTACACGGACTCTTGCAACTTAATCCGGATATGAGG 1 100
Q G L A F C L Q N KI H R D L N L L I N K L Q L N P D D R

CTGAGCCGCCAAGCACGGCTCl'GCATCACCCTTGGTTI'GCAGAGTACTA CCACCACGC'I'TCATAACGCAGCCCGTCAGCGAAAAACCGTAGCCATGTATATA 1 200
L S A R Q A I P F GCGTCGGGCAGTCGCTTTTTGGCATCGGTACATATAT

TAA%TGATAATAATCA'I'CTrAI'tAA'ACACTACTATTACTTTAGI'CTCATCTTACt.ACAGC
ATTACTAI'TATTAGTAGATAT.TAI'GTGATGATAATGAAATCAGAGTAGAATGCTGTCG

Fig. 3 Nucleotide s qarid amdino acid sequence of the PH)85 gen.
The region whre the nucleotide sequence of the both strands were dltRidd
is wn. +, AccI; *,S GCI; , HindIII; T, BKlII; L, EoRI;T, D O.

segmnt which we cloried above cnontains a suppressor for the po5matatio)n.
However,. since it will later be proved that this gene is PtH085, we call the

cloned gene PtH085.

Subclones and deletion derivatives were cnonstructed and tested for their
PH085 activity by introucing each of them into YAT1175. Data showm in Fig.1
indicate that the ocmplemnting activity resides in the region encnassing
theLI and EoRI sites of the cloned DNA segKent ofK pNFl. BamHI liRers were

inserted at the irndicated positions fladnking the region of our interest with--
out affecting the ccrplesnnting activity.
DNA sequence of the 1258 bp fragmet containing the PtH085 gej

Fig.2 shows the strategy for se ir. The DNA fragmnents to be sequ--
enced were inserted into an a r iate site of _Mlirp18 and .M13mpl9 and

sequen eennnto was carried out by the dideoxy chin te-ination
mthod (26). Fig.3 shows the nucleotide sequence of the 1258 bp DNA fragment
containung the PH085 activity. The largest opn frame begins with ATG

at position 255 and ends with TAA at position 1161. The ducdamino acid
sience is also shw in Picg.3. Calculated mlecular weight of the putative

protein is 34,,674. Oodon usage of the PH85 -gene is sumarized in Table 1.
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Table I. Codon usage of the PH085 gene

Ala GCT 4 Cys TGT 1 His CAT 3 Met ATG 9 Thr ACT 2
C 6 C 2 C 7 C 4
A 2 A 8
G 1 G 5

Arg CGT 5 Gln CAA 8 Ile ATT 6 Phe TTT 6 Trp TGG 5
C 1 G 5 C 6 C 6
A 1 A 2
G 1

AGA 5
G 2

Asn AAT 5 Glu GAA 11 Leu TTA 6 Pro CCT 6 Tyr TAT 3
C 13 G 7 G 11 C 3 C 8

CTT 4 A 5
C 3 G 3
A 9
0 9

Asp GAT 9 Gly GGT 7 Lys AAA 12 Ser TCT 2 Val GTT 5
C 6 C 4 G 10 C 5 C 2

A 2 A 3 A 5
G 5 G 1 G 3

AGT 1
C 2

1.7kb -

PHO8S

Fig. 4 Northern analysis of the PHD85 nRa. RF isolated fran a set of the
tetrad segreants of a cross betw1 eYAT954 and a ph8 nutant derived fran
A953 was aplied to lare 1 through 4. laes 1 awilRafmn ld type

strains graon in YEPD; lanes 3 and 4, IA fran pho85 mutants grawn in YEPD.
Filter hybridizato was carrisd oat with 32p-labelled 1.8 ki HindIII frag-
it excised frm pYU7 (A) or l2-lled YIp5 (B) as probes. YIp5 was used

to dtec:t tie URA3 miM. LTe nditions for hybridization were teise desc-
ribed previcusly (9). NWibers at the sides are the size of the ribosanal Bias
used as the size markers (3.4 kI and 1.7 kb).
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PHO
BgK
H H

13g LEU2

pYU 7

pBR322
YEP13

digested with
KpnI
fill in
Bgl II linker

Bg
B digested with

H H IfBglII

B LEU2 B

pYU18 digested with 'j -JXBB
Bgl II

pBR322
Ligation

LEU 2 Bg

> H~~~~
B

H pYU19

Fig. 5 Constructicn of plasnid pYUl9 used for disruption of the PHi)85 gene.
Hatched boxes indicate a part of PHD85. Bg, BglII. Other syntx-s are the
same as those used in Fig.l.

Like other low expressing genes, codon usage of the PH085 gene is poorly

biased.
Northern analysis

Poly (A) -RNA were prepar frmn wild type cells and pho85 cells grown

in YEPD, separated on a denaturating agarose gel and blotted to a Biodyne

mbrane (Pall Ultrafine Filtration Cbrp. New York). Each slot contained

approximately 15 pg INA. Filter hybridization was carried out with the in-
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Fig. 6 Disruption of the PH085 gene. (A) p?YU19 DMA digested with HindIII
was used as donor to transform YAT953 to lieu. (B) DNA was extracted frcmr
one of the Leu+ transfonnants which produced acid phosphatase constitutively
(YYU2) and digested with the indicated restriction endonucleases. DNA fran
DC5 was processed similarly. Southern analysis was carried out with the sanie
prcbe used in Fig.4 at 65 OC in 3 x SSC (1 x SSC = 0.15M NaCl + 0.015M sodium
citrate) containing 0.02% Ficoll 400, 0.02% bovine serumn albumin, 0.02% poly-
vinylpyrrolidone, 50 jig/m.1 sonicated and denatured calf thymus DNA, 0.1%
sodium dodecyl sulfate, and 32p-DNA. Lanes 1,, 3, and 5 contained DNA fran
DC5 and lanes 2, 4, and 6 contained DNA frmn transforrnant, YYU2. Lanes 1 and
2, HindIII; lanes 3 and 4, EcoRI; lanes 5 and 6, EcoRV.

dicated probe labelled by E. coli DN4A polynerase I and a-32P-dCr_ (28). As

shown in Fig. 4, one hybridization band was seen at the size of 1.1 kb in each

lane. The figure also indicates that eachi lane contains comparable amounts of
the 1.1 kb m,essage.

numb)er of the PH085 q29 in the gerone
Genornic DNA was isolated from DC5 cells and digested withi the inidicated

restriction erx3onucleases and the resulting fragments were separated on an

agarose gel. After transfer ofL fragmrents to a Biodyne mermbrane, filter hybri-
dization was carried out using the 1.8 kb 32P-labelled HindIII fragmrent of

pYU7 as a probe. As expected frcan the restriction map shown in Fig. 1, one 1.8
kb HindIII fragment (Fig.6B, lane 1) and one EcooRV band (8.1 kb,, Fig.6B,, lane

5) were seen. When DNA was digested with EcoRI (Fig. 6B, lane 3), two bands,
2 kb and 3 kb, arose. This is also conLsistent with the previous map (Fig.1).
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From these results, we concluded that the PH085 gene is a single copy gene.
Disruption of PH085

Tb prove that the gene we cloned is P9085, the chrornosor-al counterpart
of the largest open rin frame in the cloned DNA segment of pNFl was dis-

rupted and the phemntype of the disruptant was examined. For this purpose,a
plasmid (pYUl9) was constructed(Fig. 5). pYU7 contains the 1.8 kb HindIII

fragment at the HindIII site of pBR322. pYU7 was digested with KpnI, rendered
blunt with E. coli DNA polymerase I Klenow fragment, and then BglII linkers were

attached to the ends. The plasmid thus obtained was designated pYU18. pYUl9
was constructed by inserting the 2 kb DNA fragment containing the LEU2 gene
into the BglII site of pYU18. The final result of the construction of pYU19
is the replacement of 1/3 of the coding region (409-767) of the PH085 gene

with the DNA fragment containing the LEU2 gene.

pYUl9 was digested with HindIII and used as donmr to transform YAT953 to

Leu . Many of the Leu+ transformants produced acid phosphatase constitutively.
One clone (YYU2) was selected and the structure of the genomic DNA of YYU2

was analysed by Southern hybridization with the 1.8 kb 32P-labelled HindIII
yeast DNA fragment excised fram pYU7 as a probe (Fig.6). One hybridization
signal was seen in the lane containing the HindIII digest of the DC5 DNA

sample at the size of 1.8 kb, which is the same size as that of the probe,
whereas hybridization was seen at 3.8 kb in the HindIII digest of YYU2 DNA.
EcoRI digestion gave rise to two bands in both DNAs, however, the sizes found

in YYU2 differed fram those found in DC5. EcoRV digestion of the wild type
DNA gave rise to one 8.1 kb band, whereas the lane containing the EcoRV digest
of YYU2 gave rise to two hybridization signals; one is at 2.5 kb and another
at 6.6 kb. This hybridization pattern can be explained by the predicted
replacement of the HindII fragment of pYUl9 for the chrcuoscanl counterpart.

The constitutive transformant, YYU2, was crossed with the pho strain,
YAT954. The resulting diploid showed a wild type phenotype. A diploid pre-

pared by crossing YYU2 with a standard p85 strain showed a constitutive

phentype; the mutation induced by the disruption did nmt caplement the
ho85 mutation. These results proved that the cloned gene is the PH085 gene.
Zen the heterozygous diploids constructed above were sporulated and dissect-
ed Pho phenotype segregated 2:2 and the two constitutive clones were always
slow growers.

T[ understand the regulatory nechanisms working in the PHO system, it is

necessary to characterize the gene product of each of the regulatory genes at

the molecular level. Cloned regulatory genes make such approach possible.
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Data presented in this study, along with data obtained previously, will help
test the validity of the model at the molecular level.
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