
FEBS 17863 FEBS Letters 398 (1996) 269-273 

Molecular cloning and nucleotide sequence of the gene encoding 
phosphate-inducible pectin lyase of Bacillus subtilis 

Tatsuji Sakamoto a,*, Haruhiko Kawasaki a, Takuo Sakai b 

aDepartment of Applied Biological Chemistry, College of Agriculture, Osaka Prefecture University, 1-1 Gakuen-cho, Sakai, Osaka 593, Japan 
bDepartment of Food Science, Faculty of Agriculture, Kinki University, 3327-204 Nakamachi, Nara 631, Japan 

Received 3 September 1996; revised version received 21 October 1996 

Abstract The gene encoding the pectin lyase (PNL; EC 
4.2.2.10) of Bacillus subtilis has been cloned, sequenced, and 
characterized. A coding sequence for the PNL composed of 345 
amino acids including a 24-amino-acid signal peptide was 
assigned. No sequence resembling a LexA binding site was 
found upstream of the structural gene. Furthermore, PNL 
activity of the gene product expressed in Escherichia coli 
DH5ct was detected intracellularly, which might suggest that 
expression of the gene was not controlled by RecA. Regulation of 
the gene expression seemed to be quite different from that of 
other bacterial PNL genes previously reported. 
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1. Introduction 

Enzymes that catalyze the solubilization of  protopectin, 
which is a water-insoluble parent pectic substance found in 
plant tissues, have tentatively been named protopectinases [1- 
4]. We recently purified a pectin lyase (PNL) with protopecti- 
nase activity from the culture broth of  Bacillus subtilis IFO 
3134 [5]. This enzyme, which we called protopectinase-R 
(PPase-R), was the first P N L  to be isolated from a Bacillus 
species. 

Previously, bacterial PNLs  had been found only in strains 
belonging to Erwinia and Pseudomonas. The production of  
bacterial PNLs  is dependent on the culture conditions: 
PNLs from Erwinia carotovora [6], E. chrysanthemi [7], E. 
aroideae [8], and Pseudomonas marginalis [9] are induced using 
DNA-damaging  agents such as mitomycin C, and that of  P. 
fluorescens [10] is induced by the addition of  glycerol to the 
culture medium. Genetic studies on the synthesis of  these 
PNLs reveal that RecA, which is a key protein in the SOS 
regulon of  E. coli, is necessary for their gene expression 
[11,12]. However,  neither mitomycin C nor  glycerol enhanced 
the production of  PPase-R in B. subtilis IFO 3134 in the same 
culture conditions as reported for the above-mentioned bac- 
teria. The production of  PPase-R is induced under high-phos- 
phate conditions and little enzyme activity is found without 
the addition of  phosphate [5]. Previous studies on phosphate- 
controlled gene expression in E. coli and B. subtilis have fo- 
cused on phosphate starvation [13-15] and little is known 
about  the mechanism of  phosphate stimulation. In order to 
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study the genetic mechanism of  the phosphate induction, we 
attempted to isolate the gene encoding PPase-R. 

This paper reports the first cloning and characterization of  
a P N L  gene, ppr, from the Bacillus genus and the deduced 
amino acid sequence is compared with those of  other  lyases. 

2. Materials and methods 

2.1. Bacterial strain, plasmid, media, and growth conditions 
In the study of PPase-R production in B. subtilis IFO 3134, the 

microorganism was cultivated in test tubes (i.d. 24 mm) containing 10 
ml of 1.5% defatted soybean flour extract supplemented with different 
compounds, pH 7.0, at 37°C for 22 h. 

In the experiments involving gene manipulation, B. subtilis IFO 
3134 was used as a source of the ppr gene. E. coli DH5ct and a 
plasmid, pUC119, were used to construct a B. subtilis genomic library. 
Plasmid pUCll9  was also used as a vector in the nucleotide se- 
quencing. Microorganisms were grown in LB medium consisting of 
1% peptone, 0.5% yeast extract, and 0.5% NaCI, pH 7.0, with shaking 
at 37°C. When required, the medium had ampicillin (50 ~tg/ml) added 
and was solidified by the addition of agar (1.5%). 

2.2. DNA manipulations 
Extraction and purification of plasmids, cleavage and ligation of 

DNA, transformation of E. coli with plasmids, and other general 
procedures for DNA manipulations were done as described by Mani- 
atis et al. [16]. 

2.3. Construction of B. subtilis genomic library 
The B. subtilis genomie DNA was extensively digested with HindllI 

and then electrophoresed in a 0.8% agarose gel. The DNA fragments 
in the range 2.54.0 kb were extracted using a DEAE paper (Toyo 
Roshi Kaisha, Ltd., Tokyo) and ligated with the HindIII-cleaved 
pUC119 vector. The recombinant plasmid DNA was used to trans- 
form E. coli DH5c~ cells, which were spread and grown on LB plates 
containing ampicillin to construct the B. subtilis genomic library. 

2.4. Southern hybridization 
Genomic or plasmid DNA cut with appropriate restriction endo- 

nucleases was electrophoresed in a 0.8% agarose gel and transferred 
by capillary blotting to Hybond-N + membranes (Amersham Interna- 
tional plc, Bucks, UK). Oligonucleotide probes were synthesized (5'- 
(C/T)TT(C/T)TC(A/G)TT(C/T)TTIGC(A/G)TTICCIGC(A/G)AAIC- 
C-3') on the basis of positions 14 to 23 of the amino acid sequence of 
PPase-R [5], and were non-radioactively labeled using an ECL 3'- 
Oligolabelling system (Amersham). Hybridization was carried out as 
recommended by the manufacturer using a hybridization temperature 
of 37°C and final washing in 1 x SSC~0.1% SDS at 42°C. 

2.5. Nucleotide sequencing 
DNA fragments were subcloned into pUC119 and a series of dele- 

tion mutants of each subclone was constructed using a Kilo-Sequence 
Deletion Kit (Takara Shuzo Co., Ltd., Kyoto, Japan). Double- 
stranded DNA sequencing of pUC119 subclones was carried out by 
the dideoxy-chain termination method of Sanger et al. [17] using the 
Auto Sequencer Core Kit (Toyobo Co., Ltd., Osaka, Japan) on an 
automated sequencer (A.L.F. DNA Sequencer, Pharmacia LKB Bio- 
tech., Tokyo). The sequences were analyzed with the program GEN- 
ETYX (Software Development Co., Ltd., Tokyo). 
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2.6. Enzyme assay 
PNL activity was assayed by measurement of the increase in ab- 

sorbance at 235 nm of the reaction mixture. A reaction mixture con- 
taining 2 ml of 0.1% methoxylated pectic acid in 100 mM sodium 
acetate buffer, pH 6.0, and an appropriate amount of enzyme solution 
was incubated at 50°C for 60 min. The reaction was stopped by boil- 
ing the mixture for 5 min. One unit of enzyme activity was defined as 
the activity that liberates 1 timol of unsaturated galacturonate per 
milliliter of the reaction mixture under the above-mentioned condi- 
tions. The molar extinction coefficient of the unsaturated galacturo- 
nate at 235 nm is 4600 M -1. 

3. Results and discussion 

High concentrations of KH2PO4 suppressed the growth of 
B. subtilis IFO 3134 but appeared to enhance the production 
of PPase-R (Table 1). On the other hand, production of 
PPase-R was not substantially affected by KC1 (a control 
for KH2PO4) or glycerol, which is known to induce PNL in 
a certain strain of Pseudomonas [10]. Addition of NaH2PO4 or 
NH4H2PO4 also showed stimulating effects on the enzyme 
productivity in this strain (Table 1). In the case of mitomycin 
C, growth is so low that the effect cannot be discussed on the 
PPase-R production. From these results, the phosphate anion 
seemed to be involved in the stimulation of PPase-R produc- 
tion in B. subtilis IFO 3134. However, several other factors 
might have been involved such as local pH, osmolarity, and 
concentration of divalent cation to which phosphate is a 
strong chelator. 

In order to study the regulation of a phosphate-inducible 
PPase-R at the DNA level, the molecular cloning of this gene 
was carried out. Southern hybridization analysis was done 
with the fragments of chromosomal DNA of B. subtilis di- 
gested with 11 kinds of restriction endonucleases using the 
oligonucleotide probes described in Section 2.4. A single 
band at the 3.3-kb position was detected in the case of 
DNA fragments digested with HindIII. The B. subtilis geno- 
mic library was constructed using HindIII-digested DNA frag- 
ments in the range 2.5-4.0 kb. 

Screening for ppr by colony hybridization was done with 
approximately 2000 colonies from the library. Two positive 
clones were selected and they carried the same recombinant 
plasmid, designated pUC9-2, having a 3.3-kb fragment. The 
plasmid was digested with several restriction endonucleases 
and Southern hybridization was carried out to determine the 
gene location. The region hybridized with the probe described 

in Section 2.4 existed in a 0.9-kb SmaI-PstI  site in the insert 
DNA. The 0.9-kb SmaI-PstI  fragment was subcloned into 
pUCl l9 ,  and used for sequencing. The fragment had a nu- 
cleotide sequence corresponding to the N-terminal amino acid 
sequence of PPase-R, near the PstI site. 

The structural gene of ppr and the flanking regions in the 
pUC9-2 was sequenced in both strands using 30 deletion sub- 
clones (Fig. 1). A coding sequence (CDS) of 1035 bp starts 
with an ATG codon at nucleotide (nt) 182 and stops with a 
TGA termination codon at nt 1217. The CDS encodes a poly- 
peptide of 345 amino acids with a calculated molecular weight 
of 37994 Da and a calculated isoelectric point of 9.54. The 
deduced 25-amino-acid sequence from residue 25 to residue 49 
corresponds to that of the N-terminus of the purified B. sub- 
tilis PPase-R. 

Generally, a bacterial signal peptide contains one to three 
positively charged amino acid residues at the N-terminal re- 
gion, followed by a long hydrophobic sequence of about 15 
amino acid residues. The N-terminus of the deduced PPase-R 
protein appears to contain a traditional cleavable signal se- 
quence consisting of 24 amino acid residues. The precursor of 
PPase-R might be cleaved at Gly-Ala at positions 24 and 25. 
The calculated molecular weight (37 994 Da) is slightly higher 
than that of B. subtilis PPase-R (35 000 Da). This difference 
can be explained by the presence of a 24-amino-acid signal 
peptide at the N-terminus of the recombinant protein. 

There is a purine-rich sequence (GAAAGGAAG) in the 5'- 
flanking region of the ATG initiation codon of the structural 
gene. This sequence seems to contain the ribosome binding 
site. Nine of the 12 bases from nt 48 to nt 53 and from nt 74 
to nt 79 match the sigma 70 binding consensus sequence of E. 
coli, suggesting that these regions might be the promoter for 
the ppr gene. Expression of the clone harboring pUC9-2, in 
which the ppr gene is linked downstream of the pUC119 lac 
promoter, was not affected by addition of the inducer IPTG 
to the culture medium. Furthermore, clones harboring plas- 
mids with opposite orientations of the 3.3-kb HindlII frag- 
ment in pUCl l9  produced pectin lyase at the same level. 
From the results, the ppr gene seemed to be expressed using 
its own promoter on the 3.3-kb DNA fragment. 

There are 12 enzymes involved in the pectin-degradation 
pathway in Erwinia chrysanthemi strain 3937 [18]. Although 
the genes encoding these enzymes are distributed over five 
differet regions of the chromosomal DNA, expression of the 

Table 1 
Effects of different inducers on PPase-R production in B. subtilis IFO 3134 

Compound Concentration Growth Total activity Productivity 
(%) (mM) (dry weight in mg) (U) (U/mg dry weight) 

None - 19 2 0.11 
KH2PO4 1.0 73 20 25 1.3 

3.0 220 17 56 3.3 
5.0 370 15 63 4.2 

NaH2PO4 2.5 160 17 45 2.6 
NH4H2PO4 2.5 220 19 51 2.7 
KC1 2.5 340 21 12 0.57 
NaC1 2.5 430 22 12 0.55 
NH4C1 2.5 470 25 18 0.72 
Glycerol 1.0 -- 15 6 0.40 
Mitomycin C ~ 5 × 10 -5 - 2 0 0 

Each compound was added to the soybean extract medium 
for the enzyme assays. 
aMitomycin C was added to the broth after cultivation of 

in the concentrations shown. Supernatants of the broth after 22 h of culture were used 

6 h and incubation was continued until 22 h. 
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-35 
1 CTGCAGTCAAAGGTGCATCAATCCTI~CTTCTGTTTTAATTGTTAGTGTGAC! I I |AGCG 

-10 
61 CAATCTGTAII 11 fAAAATAACACGGCATTAATTAGGAAGATAGAACCTATCATTCCTTT 

), 

121 C CATFTG CTGTAATAATAATCTFCACGAG GAAATGATTAAAATTGAAAG GAAG CATATGA 

181 TATGAAACGA! ! I IGTFTATGGTTCGCCGTGTTCAGTTTGTTATTGGTFCTCTTGCCTGG 
M K R F C L W F A V F S L L L V L L P G 20 

241 TAAAGCG'N'TGGAGCCGTCGAIlll CCAAATACCTCAACAAATGGCCTTTFAGGA-FFTGC 
K A F G A V D F P N T S T N G L L G F A 40 

301 CGGAAATGCTAAAAATGAAAAAGGCATTTCTAAAGCGAGTACAACGGGTGGAAAAAACGG 
G N A K N E K G I S K A S T T G G K N G 60 

361 C CAGA1-FGTI-rACATTCAAAG CGTAAATGATTTAAAAAC CC ATCTAG GAGGATCAAC TC C 
Q I V Y I Q S V N D L K T H L G G S T P 80 

421 GAAAAH ~ rAGTGCTTCAAAATGATATITCCGCATCTTCGAAAACAACAGTTACCATTGG 
K I L V L Q N D I S A S S K T T V T I G leWB 

4.81 CTCAAATAAAACACTC GTAGG CTCTTAC G CGAAAAAAAC GTTAAAAAATATI-rAI-ITAAC 
S N K T L V G S Y A K K T L K N I Y L T 120 

541 CACI'rCATCTGCCTCTGGGAACGTCATTTI-[CAAAATCTGACTI-FTGAACACAGTCCGCA 
T S S A S G N V I F Q N L T F E H S P Q 140 

601 GATTAAC GGAAATAATGATATCCAG CTTTAT17AGATTC CG GCATCAAC TACTGGATTGA 
I N G N N D I Q L Y L O S G I N Y W I D 160 

661 CCACGTCACATTCTCCGGCCACAGCTATAGTGCAAGCGGTAGTGATTTGGACAAACTCCT 
H V T F S G H S Y S A S G S D L D K L L 180 

721 GTATGTC GGAAAATCAGCAGATTATATCACCATCAGCAACTCAAAATTCGC GAATCATAA 
Y V G K S A D Y I T I S N S K F A N H K 2 ~  

781 ATACGGT17"GATTTTAG GATACC CAGATGATTCACAG CATCAATATGAC GG CTATC C CCA 
Y G L I L G Y P D D S Q H Q Y D G Y P H 220 

841 CATGACAATCGCCAACAATTA! I I'rGAGAACI-[GTATGTAAGAGGCCCGGGTCTCATGAG 
M T I A N N Y F E N L Y V R G P G L M R 240 

901 ATACGGATA I I I I CATGTTAAAAACAATTACAGCAACAACTTFAACCAAGCGATTACGAT 
Y G Y F H V K N N Y S N N F N Q A I T I 260 

961 TGC CACAAAAG CAAAAATATATFCTGAATATAATFAC TTTG GAAAAG GCAGTGAAAAAG G 
A T K A K I Y S E Y N Y F G K G S E K G 280 

1021 C GGAATC CTTGATGACAAG GGTACTGGI-IATTTCAAG GATACAGG CAGCTATC CTTC TCT 
G I L O D K G T G Y F K D T G S Y P S L 3 ~  

1081 AAATAAGCAAACCTCTCCGCTAACTTCCTGGAATCCCGGATCTAATTACAGCTACCGTGT 
N K Q T S P L T S W N P G S N Y S Y R V 3Zg 

114.1 C cAAACG cC GCAGTATACAAAAGATTTTG TCAC GAAATATG CG GGATCACAAAGTACAAC 
Q T P Q Y T K D F V T K Y A G S Q 5 T T 340 

1201 TCTGGTATTTG GCTACTGACACAAAAGAG GCI-IGCGTAAAAAACG CCAAGC CTCTITIGT 
L V F G Y )- • 345 

1261 ACTTATAGG CTATTITAAG CGATCTTGF[ACAC TC CATCAAATCTAG GATTGGTCAAAC T 

1321 ATTCTTACCAAAAGC GTAI-I'TTCI-ITFTCACAATAACI-rCTTAATCG GC1-FI'CTTATTAT 

Fig, 1. Nucleotide sequence ofppr from B. subtilis IFO 3134. The deduced amino acid sequence is shown beneath the nucleotide sequence. The 
putative ribosome binding site and the N-terminal amino acid sequence of the mature B. subtilis PPase-R, determined by Edman degradation, 
are underlined. The putative KdgR binding site is double underlined, and the - 3 5  and - 1 0  regions are labeled as such. Inverted repeat se- 
quences are indicated by arrows. This sequence data will appear in the DDBJ, EMBL, and GenBank nucleotide sequence databases with the 
following accession number: D83791. 

genes is under  the cont ro l  of  the K d g R  repressor.  The se- genes has  been proposed  to be A T G A A A X X X X X T T T C A T ,  
quence of  the K d g R  binding  site in regulatory regions of  these where X is an  unspecified base. The  region (nt  98-114) located 
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B$ 
Pm 
Ec71 
EcEr 

I:MKRFCLWFAVFSLLLVLLPGKAFGAVDFPNTSTNGLLGFAGNAKNEKGISKASTTGGKNGQIVYIQSVNDL 
I:  MSYPESKLTGLTGFA . . . . . . . . .  LAAKVTGGWAGPWSITNLDQL 
i:  MAYPTTNLTGIIGFA . . . . . . . . .  KAANVTGGTGGKVVTVNSLADF 
i:  MAYPTTNLTGLIGFA . . . . . . . . .  KAAKVTGGTGGKVVTVNSLADF 

B$ 
Pm 
Ec71 
EcEr 

72:KTHLGGSTPKILVLQNDISASSKTTVTIGSNKTLVGSYAK--KTLKNIYLTTSSASGNVIFQNLTFEHSPQ 
38:KANIGTVTPQVLVINSNISASSLTKVNMGANKTLIGSFQN--RTLENIHLRATAQSQNIILQNLIFKHSAN 
38:KSAVSGSAKTIWLGLSLKASALTKWFGSNKTIVGSFGGYANVLTNIHLRAESNSSNVIFQNLVFKHDVA 
38:KSAVSGSAKTIVVLGSSLKTSALTKWFGSNKTIVGSFGG-ANVLTNIHLRAESNSSNVIFQNLVFKHDVA 

Bs 
Pm 
Ec71 
EcEr 

141:INGNNDIQLYLDSGINYWIDHVTFSGHSYSASGSDLDKLLYVGKSADYITISNSKFANHKYGLILGYP-DD 
107:IKANDDIQVYLNYGSKYWIDHCSFVGHSWSTTDGSEDKLLYIGEKADYATISNCFFGSHKYGLIFGHPADD 
I~9:IKDNDDIQLYLNYGKGYWVDHCSWPGHTWSDNDGSLDKLIYIGEKADYITISNCLFSNHKYGCIFGHPADD 
1Q8:IKDNDDIQLYLNYGKGYWVDHCSWPGHTWSDNDGSLDKLIYIGEKADYITISNCLFSNHKYGCIFGHPADD 

Bs 

Pm 
Ec71 
EcEr 

211:SQHQYDGYPHMTIANNYFENLYVRGPGLMRYGYFHVKNNY-SNNFNQAITIATKAKIYSEYNYFGKGSEKG 
178:NNAAFNGYPRLTLCHNRFDNMEVRAPGLMRYGYFHVYNNY-INKFHLGFTLAQNANILSESNYFGEGSQNN 
180:NNSAYNGYPRLTICHNYYENIQVRAPGLMRYGYFHVFNQPTSINSTWPLQLRRNANLISERNVFGTGAENK 
179:NNSAYNGYPRLTICHNYYENIQVRAPGLMRYGYFHVFNNY-VNKFQLAFTVAQNANVISERNVFGSGAEKK 

Bs 
Pm 
Ec71 
EcEr 

281:GILDDKGTG-YFKDTGSYPSLNKQTSPLTSWNPGSNYSYRVQTPQYTKDFVTKYAGSQSTTLVFGY 
Z48:GMLDDKGSG-TFTDTNSVPPITNQKSPKAQWTATSNYAYTLKTAAQAKDFTQKNAGAQAAALVFGS 
2SI:GMVDDKGNGSTLRIMAVHR-LRWRANRLRRNGRRHLTIHTV . . . . . . . . . . . . . . . . . . . . . . . . .  
249:GMVDDKGNGSTFTDNGSSPAAVASKSPAAKWTASSNYSYSLMTTAAAQSWVVSNAGAQNSALKFPS 

Fig. 2. Alignment of amino acid sequences of the B. subtilis (Bs), P. marginalis (Pm), E. carotovora, subsp, carotovora 71 (Ec71), and E. caroto- 
vora Er (EcEr) PNL proteins. Identical residues are marked with asterisks. 

between the presumed promoter and the initiation codon, in 
which 9 of the 12 bases in the consensus binding site are 
conserved, might play a role in ppr expression. 

A 14-base sequence (nt 1221-1234) 2 bp downstream from 
the stop codon of the CDS is followed by an inverted repeat 
at nt 1247-1260. These sequences appear to act as a transcrip- 
tion termination signal. 

Although it is not known whether the PPase-R of B. subtilis 
is glycosylated, five potential N-glycosylation sites were iden- 
tified at asparagine residues at amino acid positions 30, 102, 
132, 249, and 315. 

PNL activity of the product expressed from pUC9-2 in E. 
coli DH5ct was assayed using the culture supernatant and the 
cell-free extract. The enzyme activity was detected in the cy- 
tosol. The thermal and pH stabilities of the E. coli enzyme 
were similar to those of the B. subtilis PPase-R. The maximum 
activities of the enzymes were also found at the same pH and 
temperature conditions. The first six amino acid residues at 
the N-terminus of the E. coli enzyme and the B. subtilis PPase- 
R were also identical. Detection of PNL activity of the E. eoli 
enzyme and similality of physicochemical characteristics of 

the cloned and native PPase-R, confirm that the gene se- 
quenced encodes PPase-R from B. subtilis IFO 3134. All the 
data presented in this paragraph are not shown and the details 
will be described elsewhere. 

So far, seven P N L  genes (three from Aspergillus niger [19- 
21], two from E. carotovora [22,23], one from Glomerella cin- 

gulata [24] and one from P. marginalis [25]) have been cloned 
and sequenced. Comparison of the amino acid sequence of 
PPase-R with those of the above seven PNLs revealed low 
homologies with the four eukaryotic genes (Aspergillus and 
Glomerella) but higher homologies with the three other pro- 
karyotic genes (Fig. 2; 52% identity in a 294-amino-acid over- 
lap for P. marginalis, 48% identity throughout the length of 
the E. carotovora Er, and 47% identity in a 268-amino-acid 
overlap for E. carotovora subsp, carotovora 71). A signal se- 
quence was found in only the PPase-R protein. The amino 
acid sequence derived from the nucleotide sequence contained 
two consensus regions ( W - D H  and R -  P - -  R -  G . . . .  
YNN) among pectinolytic enzymes including pectate lyase 
and PNL [26-30]. These regions seem to be a substrate bind- 
ing site or a catalytic site of the enzyme. Furthermore, the 
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amino acid sequence of PPase-R showed a 25% identity in a 
173-amino-acid overlap with a pectate lyase from B. subtilis 
[31], and the two above-mentioned consensus regions were 
conserved. 

Regulation of other bacterial genes encoding PNL have 
been studied [11,12]. Recent studies seem to indicate that a 
RecA protein, which is involved in cleavage of LexA (the 
repressor of many genes in E. coli), is necessary for the pro- 
duction of several bacterial PNLs. The consensus sequence for 
an SOS box is found upstream of the P N L  gene of the P. 
marginalis N6301 strain, suggesting that the gene expression is 
regulated directly by RecA [25]. In E. carotovora subsp, caro- 
tovora 71, transcription of the P N L  gene is regulated by the 
Rdg protein which is also controlled by RecA in an unknown 
manner [11]. On the other hand, PNL activity was detected in 
the E. coli DH5~ transformant (a recA gene-deficient strain) 
harboring the ppr gene. Furthermore, no sequence resembling 
a LexA binding site was found upstream of the structural 
gene. These results suggest that expression of the ppr gene is 
controlled not by the RecA protein but by a mechanism that 
is quite different from the regulation of other P N L  genes. 

B. subtilis IFO 3134 produces PPase-R under high-phos- 
phate conditions. In contrast, the synthesis of alkaline phos- 
phatase and phosphodiesterase in B. subtilis are repressed by 
phosphate: the expression of these genes are controlled by 
four kinds of regulators (Pho P, R, S, and T) [14,15]. In the 
expression of ppr under high-phosphate conditions, these reg- 
ulators may have different functions or some unknown pro- 
teins may act as regulators. B. subtilis IFO 3134 produces 
another protopectinase (protopectinase-C), which catalyzes 
solubilization of sugar-beet protopectin by splitting L-arabi- 
nan [32,33]. Production of the enzyme is also enhanced by 
addition of phosphate at a high concentration to the culture 
medium (data not shown). The observations that this gene 
and ppr expressions are induced by phosphate are interesting 
because phosphate is most often limiting in soil or leaves, 
where some of the life cycle of B. subtilis may occur. The 
structural gene of protopectinase-C has already been se- 
quenced (data not shown). Comparison of the nucleotide se- 
quence of this gene with that o fppr  isolated in this study may 
help to elucidate the mechanism by which the expression of 
these genes is stimulated by phosphate. 

The genus Bacillus is a soil bacterium that has developed 
many regulatory mechanisms in order to adapt to environ- 
mental changes, and different classes of positive regulators, 
such as Sac V and Glt C, from B. subtilis have been identified. 
The production of many extracellular enzymes by B. subtilis is 
stimulated by binding of positive regulators to the regulatory 
regions of the genes encoding these enzymes [34]. In the case 
of the ppr gene, only one inverted repeat sequence (at nt 114- 
126 and nt 160-172) was found within 181 bp upstream of the 
ATG start codon. This region may be the target site of some 
regulatory proteins. Analysis of the regulatory region up- 
stream o fppr  is now being undertaken and will help to further 
characterize this gene. 
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