KOR. JOUR. MICROBIOL. September, 1986 p. 236-242

Vol 24. No 3

Analysis on the Nucleotide Sequence of the Signal Region
of Bacillus subitilis Extracellular Cellulase Gene

Seo, Y.S., Y.H. Lee, U.H. Pek and H.S. Kang*
Department of Genetic Engineering, Doosan Research [Lab
Seoul Yoido. P.O Box80 Korea
*Department of Microbiology., College of Natural Sciences.
Seoul National University. Seoul. Korea

Bacillus subtilis 255 22|83t cellulase KA

3

2ol tigh HIIMEEA

A = < = =,
Modg . O|Y¥ S - RS} TEa
SAoITL SAIESIeITA * AT TIIIBIHE )BT

Abstract: The nucleotide sequence of the genetic control site of Bactllus subtilis gene for
{1-4) - B -D-glucan endoglucanase (cellulase) was determined according to the procedures of
the dideoxy chain termination method{(Sanger ¢/ /., 1977), The deduced amino acid
sequence of this enzyme has a hydrophobic signal peptide at the NH, terminus similar to those
found in fifteen other extracellualr enzymes from Baci/{us species. This is followed by a sequence
resembling the Bacillus ribosome binding site 14 nucleotide before the first codon of the
gene. The presumptive promoter sequence was located 92 base pairs upstream from the initia-

tion codon. The homology region in signal sequences was striking when comparing all the signal

sequences of sixteen extracellular enzymes from Bacilius species so far compiled.
Key words: Bacillus subfilis, cellulase, DNA sequencing, signal sequence.

The genus Bacillus is an industrially impor-
tant source of secreted enzymes. There have
been several reports of the cloned and secreted
enzymes from Bacillus. These include cellulase
from B. sublilis which is an extracellular
enzyme that can hydrolyze carboxymethyl cell
-ulose, cereal B-glucan and lichenan and the
molecular weight of this enzyme is known to be
33, 000+1, 000 daltons (Lee and Park, 1985),
The purpose of this research is to elucidate the
nucleotide sequence of the 5'-flanking region
of the previously cloned B. subtilis cellulase
gene (Seo el al, 1985) in order to produce
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this enzyme extracellularly in yeast for the
degradation of barley 2 -glucan.

This facilitates greatly the filtration of beer
and allows the use of higher proportion of
unmalted cereals in the griest (Bamforth and
Martin, 1981). Informations are now avail-
able on the transcriptional control sequence of
B. subtilis and promoter sequences have been
characterized for the ¢ *-RNA polymerase of
B. subtilis (Moran ef. al., 1982). DNA and
amino acids sequencing data on the secreted
proteins from Bacillus species have been ac-
cumulated enough to allow the comparison
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between the signal sequences of Buacillus
extracellular proteins. They include type I 8
-lactamase (Mezes ¢t. al, 1983 Sloma and
Gross, 1983 . Wang et. al, 1985), type Il B
-lactamase (Hussain et al., 1985) from B.
cereus, penicillinase (Neugebauer et al.,
1981) and o-amylase (Stephens et al., 1984)
from  B. licheniformis, neutral protease
(Vasantha et. al, 1984), subtilisin (Wells et.
al., 1983 ; Vasantha et al., 1984), «
-amylase (Takkinen et @/, 1983), and bar-
nase (Paddon and Hartely, 1986) from B.
amyloliquefaciens, neutral protease (Takaki
et. al., 1985) and a -amylase (Nakajima et.
al., 1985) from B. stearothermophiius, and e
-amylase (Yang et al, 1983 ; Ohmura et
al., 1983), B-glucanase (Murphy ef. al.,
1984), subtilisin (Stahl et al, 1984 ; Wong
et. al., 1984), neutral protease (Yang et al.,
1984), and levansucrase (Steinmetz ef. al.,
1985) from B. subtilis. Comparison between
amino acid sequences deduced from the above
-listed sequencing data shows that there exist
highly conserved regions of homology in the
hydrophobic signal. We report here the nu-
cleotide sequence of a 769 bp DNA fragment
containing the genetic control site and the
sceretion signal region of Bacillus subtilis
for the extracellular cellulase.
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MATERIALS AND METHOD

Bacterial strains and plasmids

The plasmid pBAG10 (Fig.1), a derivative
of pBAG1 containing the cellulase gene from
Bacillus subtilis ATCC6633 was used as a
source of the cellulase gene. E. coli HB101
was used as a host for plasmid transformation.
E. coli JM109 (Yanisch-Perron ef. al., 1985)
was used for M13 RF DNA transformation
and M13 phage propagation.

Media and growth conditions

Bacteria were routinely grown in L broth
(10g Difco tryptone, 5g Difco yeast extract, 5g
NaCl/liter adjusted to pH7.2). When neces-
sary, ampicillin (50 #g/m!) was added to L
broth. The medium was solidified by the addi-

tion of Difco Bacto agar (20g/liter).

Purification of plasmid of M13 RF DNA

CsCl-ethidium bromide equilibrium
centrifugation of cleared lysate (Guerry et.
al., 1973) was used for the large scale isola-
tion of plasmid and M13 RF DNA. Rapid
preparation was performed according to the
procedure of Birnboim and Doly (1979).
Enzymes and reagents

Restriction enzymes, T4 DNA ligase, and
Klenow fragment of DNA polvmerase [ were
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Fig. 1. Structure of plasmid pBAG 10 and sequencing strategy for the B. subtilis cellulase gene.

The open bar represents the cloned chromosomal DNA fragment which contains the intact cellulase gene.
The transcriptional direction and the deduced size of this gene are indicated by a large thick arrow. DNA
fragment were subcloned into the polylinker of M13mp18 or M13mpl9 RF DNA and sequences were
determined by the Sanger dideoxy chain termination method. The thin arrows indicate the direction and

extent of the DNA sequence analysis.
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purchased from Bethesda Research Labora-
tories (BRL), New England Laboratories
(NEB), or Takara Shuzo. M13 sequencing kit
was obtained from NEB. a-*P-dATP was
purchased from Amersham. Each was used
according to the manufacturer’s specification.
Major supplier of other chemicals was Sigma
Chemical Company.
Transformation

Transformation of E. coli HB101 was
performed according to Kushner (1978),
After a heat pulse at 43 °C for 30 seconds, the
cells were diluted 10-fold in L-broth and in-
cubated at 37 ‘C for one and half hour to
allow for expression before plating on L-agar
plates containing the -appropriate antibiotic.
When selecting for recombinants of M13 RF
DNA, the transformants were mixed with a
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3ml overlaying agar (0,6%) containing 0,2
ml fresh grown JM109, 0. 1ml of 29% X-gal
(5-bromo-4chloro-3-indoyl- BD-galactoside)
and 0, 02ml of 100mM IPTG (isopropyl- 8- D
-thiogalactopyranoside) and then poured onto
L -agar.
DNA sequence determination

DNA sequencing was carried out by dideoxy
chain termination method (Sanger ef. «l.,
1977) with a M13 sequencing kit. pBAG10
DNA was double digested so that all the frag-
ments generated had non-symmetrical restric-
tion ends. DN A fragments to be sequenced were
purified from agarose by electroelution. Spe-
cific DNA fragments were cloned into the M13
mpl8 or M13mpl9 RF DNA (Yanisch-Perron
etl. al, 1985). The sequence was determined
on both strands and sequences including the

l BamliT.

*Tanscriplion start
t]

. . . Hpall . . .
GAATGTTTTGATTTCATAAAAAAGTAACGTUTAAAGTCCGGGTTAAACAC TP TTATATG TGO TC TACATG TATC AGCAGTATC TGAACAA

GACAAAAAGAGCAAATTGECAGGCTTTTAAACCGCCTAAAAACAAGAAAT TAGGTTGATAGACAATCATGAGAAAGATT T TTTACAATGA

. -300 . . .
*5 GOATCCTGTATTTAAACCAAAATCGAATGCAGCCTTTTTATTTGCCGAAAAGAAGCE
. 200
~100
-35 region ~10 region
Sspl 1

GTCCOTGCTACAAAAGTGAAAGGGAGRAGAGCGGTGAGTTGC TAAGCATATTITTC ACATAATGATTTAAAGGAGGAAAGAATATTCTAT

ATGAAACGTTCAGTCTCTAACTTTATCGTATGTTTATTCATTGC AT TACTAGC AATCGGCGG TATGCCTGCPCCAGAAGCATCTGE AGTA

S.D. sequence
PstI

£ Mot LysAvgSerValScrdsnlhe e ValCysLeuPhe TleAlabeuleudla L 1eGLyGlyMo t ProA lalro@ludlaScrdlaVal
10 20 A 30
1100 R . . . Alul . . . Pvull .
GGGGAAAAAACGCCAGTATCCATAAATGGGCAACTTAGCATAAAACGTACACAGETA ATCAATCAAGACGGCAAAGCGGTGCAGCTGAAG
GLGluly s Thr CroValSer 1L edsnGlyGloLeuSer] lelysGlythrGlnleul leAsnGInAspGly LysAlaValGluleulys
10 50 60

. + 200 . . . . . . .
GGAATCAC i‘l”l‘(,‘A(.‘A(I(i(}A'I”l'(l(fl\/\'l'(i(l’l‘A'l'()G']'GA'I'T'l"l'GTCAA’l‘AAAGACAC(Z(JTAAAATGGTTGAGAGACGAT'I‘GGG(:‘CA'['TACGGTT
Gly TleSerScrHisQly Lou InTeplyra iy AspbheVa UsnlysAspTheLoeulys TipleudrgAspdspTepGly I eThrVal
70 &0 90
. . 300 . . . . .
TTCCGAGCGUCGATC TATACGGUAGACGGCGGTTATATTGATAATCCTTC TG TGAAAAACAAAGTAAAAGAAGCGGTTCAAGCGGCAAAA
Phedigalatlad teDyr A ladspGlyCly Tyr TleAspAsuProServallysAsnlys VallysGloAlavalCluAladlalys
100 110 20
Alul . . R 1400 . . . EcoRI
G:\G(f'l"l'(}(ZGA'I‘A'I'A'I‘(i'l'(3A'I"I‘A'l"]'(}AC'I‘GGCATA'J'C'I'TAAA'I'GACGGCAA'J'CCAAACCAAAATAAAGAGAAGGCAAAAGAATTC' 3'
GlubeuGly T TyeValTlelledspTrpHis T [LeudsudspGlydsnProdAsnGludsulysGlulysAlalysGluFhe
130 140

Fig. 2. Nucleotide and deduced amino acid sequence of the signal region of B. subtilis cel-
lulase gene

The nucleotide sequence is presented from BamHI site (nucleotide -325) to EcoRI site (nu-
cleotide +444), The nucleotide sequence is counted from the first base of the initiation codon
(ATG) as +1. The inferred amino acid sequence is shown beneath the nucleotide sequence. The
hydrophobic core of the signal peptide (amino acids 1 to 29) is underlined. Presumptive *-357
and “-~10" and Shine-Dalgarno sequence are indicated with thick solid lines. The putative signal
cleavage site is marked(a ),



Vol 24, 1986

restriction sites used for cloning were resequen-
ced in other clones to avoid potential errors due
to closely spaced restriction sites.

RESULTS AND DISCUSSION

Sequence analysis and secretion signal

We have previously shown that the cellulase
gene was contained in a functional state in a
2.1 kilobase insert in plasmid pBR322 and
have determined its transcriptional direction
(Seo. ¢t. al, 1985). This insert was recloned
into pUC19 (Yanisch-Perron et al, 1985) to
facilitate the isolation of fragment to be sequen-
ced. This plasmid was designated to pBAG10
(Fig.1), which was used as source of the cel-
lulase gene. The sequencing strategy and
restriction map for those enzymes used to
determine the sequence are shown in Fig.1,
DNA sequencing was performed extensively in
the 5 -flanking region of the cellulase gene
extending from BamHI to Pvull. Only the
sequence of the BamHI-EcoRI fragment (769
bp) is presented here (Fig.2). The sequence of
Fig.2 was searched for an open reading frame
for the cellulase. There is only one such
sequence that satisfies the conditions that are
required to be a gene for an extrcellular
enzyme. The open reading frame is extended to
the Pvull site without any interruption of termi-
nation codons (data not shown). The deduced N
-terminal extension has the characteristics of a
cleavage signal peptide. It has a positively
charged short N-terminal segment with three
residues (Met-1-Lys-Arg-3). This is foll-
owed by 26 amino acid residues that are most
hydrophobic, otherwise neutral (Ser-4 to Ala
-29). Thelast 10 residues of the signal pe-
ptide are mostly small amino acids (Gly-20-Gly
-Met-Pro-Ala-Pro-Gln-Ala-Ser-Ala-29) .
Beginning at amino acid 27 is located a
potential signal peptidase recognition site with
Ala-X (Ser here)-Ala, which appears most fre-
quently between the signal sequence and the N
-terminal amino acid of the mature protein.
The putative signal peptidase cleavage at the
bond between Ala-29-Val-30 is also compat-
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ible with the empirical rules (e.g., -3, -1 rule;
window of cleavage sites) constructed by von
Heijne (1983, 1984) and Perlman and
Halverson (1983), Moreover, the cellulase
sequence shows homology with the other
Bacillus  signal sequence as shown in Fig.3,
This kind of homology is not known yet in other
organisms (Watson, 1984),

Murphy ef. al.(1984) suggested there was
some homology in signal sequences of 5 extr-
cellular enzymes from different Bacillus
species. We confirmed the homology sequences
of Bacillus extracellular enzymes so far
compiled(Fig.3), The first homologous
sequence of Leu-Leu or Leu-Phe occurs at the
fixed position (4 or 7) relative to the end of
the hydrophilic N-terminal segment in twelve
out of sixteen sequences including the cellulase
while there is minor variation in this position
from the hydrophilic end. This sequence repeats
immediately two or three amino acids after the
first homolgous one. It is apparent from these
considerations that cellulase has a signal se-
quence typical of those so far identified in
Bacilli.

Transcriptional and translational signals
Potential transcription initiation and transla-
tion signals can be discerned from the nucleotide
sequence. This 769 base pair DNA sequence
has been scanned for the sequences related to
the -35(TTGACA)and -10(TATAAT) con-
sensus sequences which are usually separated
by 17-18 base pairs. There is only one
sequence which was in agreement with the
consensus and was located 92 base pairs up-
stream from the ATG of the cellulase gene. It
corresponds closely to the consensus -35 and
-10 which are separated by 18 base pair (Fig.
2). Moreover 20 out of 30 of the base pairs
upstream from the -35 region are AT which
is typical of ¢* promoters (Moran et. al.,
1982). Transcription usually starts at an A or
G, six or seven nucleotides downstream from
the -10 sequence which suggests that the cel-
lulase transcript starts at the G at-85 which is
seven nucleotides distant from the -10
sequence. The putative promoter is followed by



240 Seo, Lee, Pek and Kang KOR. JOUR. MICROBIOL

References

1 MELWESTINLFEAAAVLILFSCVYALAGCANNQTNG AL S Neugebauer «¢. al. (1981)

2 MKQOLRLYARLLTLLFALIFLLPHSAASAAL A Stephens et. al. (1984

3 MLTFHREITJREKGWMELLAFLLTALLFCPTGQPAKA] A Nakojima et. al. (1985}

3 MNERAMLGATGLAFGLLAAPIGAS AL K Takaki et. al. (1985) i

£ MILANEAMLEIGICYGILGLSITSLEAFTGESLOQVEAKEEKTGG VL K Mezes et. al. (1983) i
Sloma et. al. (1883)
Wang et. al. (1985%)

6. MAEAKNTLLIEVYGLCVYGLLGTIQFVYSTISSVQAL S Hussain et. al. (19B5)

TMMEMEGIALAARLSWISVCLLVLYSAAGMLFSTAAKTETSSHEKL A Paddon and Hartley (1986)

8. ' MEGCHEEYWITSLLFALALIFTMAFGSTSS AQAL A Vasantha et. af. {1984)
Wells et. al. (1983)

g. MELGAALSVAVAASFMSLTISLPGYQAL A Vasantha et. a/. (1584)

10 MILDKRERKTYVSFRLYVLMCTLLFYSLPITKTSAL V Takkinen et. &7. (1983}

11 MEAERYERETS LLPLPAGFLLLFYLYLAGPAASASA] E Yang et. al. (1983)
Onmure et. al. (1983)

12 MESEFELWITISLLEALTLIFTMAFSNMSAQA] A Stahl et. /. (1984)
Wong et. «l. (1984)

13. MECLGERLSVARVAASFEFMSLSITISLPGVYQaA] 4 Yang e¢. &l. (1983)

14 MPYLAEYLLLLVTGLFMSLFEAYVTATAS AL K Murphy et. al. (1984)

15, MNTHAFAKQATVLITETTALLAGGATOQATF AL K Sternmetz ef. o, (1985)

16 MELNFEVSENFTIVYCLFPFIALLATGGMPAPQAS AL V this work

Fig. 3. N-terminal amino acid sequences of precusors of extracellular enzymes of Bacilli.

The underlines show the highly conserved regions of signal sequences in Bacilli which is evident
when the sequences are aligned at the first homologous regions. The hydrophilic regions are
italicized. The known or predicted cleavage sites are indicated by an arrow( | ), Amino acids
are symbolized by the one-letter code, i.e. A=Ala, C=Cys, D=Asp, E=Glu, F=Phe, G=GCly,
H=His, I=lle, K=Lys, L=Leu, M=Met, N=Asn, P=Pro, Q=GIn. R=Arg, S=Ser, T="Thr.
V=Val, W=Trp, Y=Tyr. Enzymes and Bacillus strains are as follows; 1. g-lactamase, 2 : «
-amylase, B. licheniformis; 3 . a-amylase, 4 . pro-protease (neutral), B. stearothermophilus: 5
B-lactamase 1, 9 . pro-protease (neutral), 10: e-amylase, B. amyloliquefaciens: 11 : pro-a
-amylase, 12 . pro-subtilisin, 13 . pro-protease (neutral), 14 : 8 -glucanase, 15 : levansucrase,
16 * cellulase, B. subtilis.

a Shine-Dalgarno sequence (AAAGGAGG) -Dalgarno sequence at 62 base pairs from the
which is complementary to the sequence of ATG. If this is the true Shine-Dalgarno

UUUCCUCC found close to the 3'terminus of sequence, the GTG or the TTG (Wang et al,
the 16S rRNA of Bacillus subtilis. This sequ- 1985) whichis 6 and 11 nucleotide away

ence is in turn followed by an ATG fourte- respectively, might function as the initiation
en nucleotides away, which is a little lon- codon. Such a case seemed to bemore spacially
ger than the typical one but is in the range favorable than the former one. But the open
observed for other Shine-Dalgarno sequences. reading frame was not formed beginning from
There is another sequence similar to the Shine either GTG or TTG.
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