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celA from Bacillus lautus PL236 Encodes a Novel Cellulose-
Binding Endo-3-1,4-Glucanase
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ceU from the cellulolytic bacterium Bacilus lautus P1236 encodes EG-A, an endo-13-1,4-glucanase. An open

reading frame of 2,100 bp preceded by a ribosome-binding site encodes a protein with a molecular mass of
76,863 Da with a typical signal sequence. The NH2-terminal active domain of EG-A is not homologpus to any
reported cellulase or xylanase and may represent a new family of such enzymes. A 150-amino-acid
COOH-terminal peptide is homologous to noncatalytic domains in several other cellulases (A. Meinke, N. R.
Gilkes, D. G. Kilburn, R. C. Miller, Jr., and R. A. J. Warren, J. Bacteriol. 173:7126-7135, 1991). Upstream
of ceL4, a partial open reading frame encodes a 145-amino-acid peptide which also belongs to the family
mentioned. Zymogram analysis of extracts from Escherichia col and supernatants of BaciEls subdlis and B.
megaterium, including protease-deficient mutants thereof, which express ceU, revealed two active proteins,
EG-A-L and EG-A-S, with M,s of 74,000 and 57,000, respectively. The proportion of EG-A-L to EG-A-S
depends on the extmcellular proteolytic activity of the host organism, indicating that EG-A-S arises from
posttranslational proteoytic modification of EG-A-L. Since EG-A-S has an NH2 terminus corresponding to the
predicted NH2-terminal sequence of EG-A, processing appears to take place between the catalytic and
noncatalytic domains described. EG-A-L and EG-A-S were purified to homogeneity and shown to have almost
identical characteristics with respect to activity against soluble substrates and pH and temperature depen-
dency. EG-A-L binds strongly to cellulose, in contrast to EG-A-S, and has higher activity against insoluble
substrates than the latter. We conclude that the COOH-terminal 17,000-Mr peptide of EG-A-L constitutes a
cellulose-binding domain.

Bacteria are rarely able to degrade crystalline cellulose.
Common to the notable exceptions Clostridium thermocel-
lum (15), Ruminococcus albus (18), Cellulomonas fimi (25),
and Bacillus lautus (20, 37) is their secretion of several
endo-0-1,4-glucanases (EC 3.2.1.4) (EGs). Soluble forms of
cellulose, such as carboxymethyl cellulose (CMC), are de-
graded by many species.
To understand better the mechanisms of cellulose degra-

dation and ultimately reconstitute crystalline cellulolytic
activity by combination of pure enzymes, it is desirable to
clone and analyze genes that encode individual EGs. More
than 15 genes from crystalline-cellulose-degrading bacteria
and more than 30 genes from CMC-degrading bacteria have
been cloned and sequenced. In general, there is little homol-
ogy between these enzymes, according to conventional
primary structure comparison.
However, by hydrophobic cluster analysis, these EGs,

their equivalents from eukaryotic organisms, and some other
enzymes involved in cellulose and hemicellulose degradation
have been grouped into families of homology, in total
including approximately 70 members (12, 16). It is remark-
able that the product of celA from B. lautus PL236 (20), the
subject of this report, does not belong to any of these
families and therefore appears to represent a new family of
EGs.
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MATERIALS AND METHODS
Bacterial strains and plasmids. B. lautus PL236 was de-

scribed previously (20). Escherichia coli K-12 strain MC1000
(6); B. subtiis 168 strains DN1885, DN969 (8), and BG2036
(53); and B. megaterium PV291 (50) were used as host
organisms. Plasmids are listed in Table 1.

Culture media and growth conditions. Generally, LB me-
dium (28) solidified with 1.5% agar was used for plates and
TY medium (8) was used as liquid medium. Selective anti-
biotic media contained either ampicillin (100 ,ug/ml), tetra-
cycline (10 ,ug/ml), chloramphenicol (10 Ag/ml), or kanamy-
cin (20 ,ug/ml). EG+ colonies were detected on plates
containing LB agar medium supplemented with 0.2% CMC
which were subsequently stained with Congo red (49).
Liquid cultures were grown overnight with vigorous aeration
at 37°C.
For purification of EG-A-L, B. subtilis DN969(pCH7) was

grown for 36 h at 37°C in 2-liter flasks containing LB medium
with 10 ,ug of chloramphenicol per ml and 1 mM CUSO4.

For purification of EG-A-S, B. subtilis DN1885(pCH57)
was grown at 370C for 166 h in a 2-liter jar fermentor
containing 1,500 ml of H medium with 10 Ag of kanamycin
per ml. The fermentation was carried out with stirring (1,100
rpm) and aeration (1.1 liters/min), while the pH was main-
taiyed between 6.2 and 7.2 by addition of NH3 or H3PO4.
Dosing of a solution of 60% glucose and 0.06% citric acid at
3.7 ml/h was initiated after 40 h of incubation. H medium
contains, per liter, 45 g of potato starch pretreated with 0.1
g of Termamyl (an a-amylase; Novo Nordisk A/S), 100 g of
soybean meal, 15 g of corn steep liquor, 25 g of Alburex
(potato protein), 2 g of (NH4)2SO4, 1.1 g of KH2PO4, and 5.3
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TABLE 1. Plasmidsa

Plasmid Size Origin of
(referene) (kb) Allele" Marker replication(reference) (kb) (reference)

pPL517 (20) 7.1 celA Tcr pBR322 (3)
pPL217 (TW)' 7.1 celA Tcr pBR322
pPL212 (TW) 6.6 celA6041705 Tcr pBR322
pPL216 (TW) 6.6 celA602/626 Tcr pBR322
pDN2801 (8) 2.8 Cmr pUBllO (22)
pCH7 (TW) 5.7 celA Cmr pUBllO
pPL1759 (21) 3.5 Kmr pUBllO
pCH52 (TW) 6.2 celA Kmr pUBllO
pCH54 (TW) 6.2 celA Kmr pUBllO
pCH57 (TW) 5.6 ceAlA/31 K.mr pUBllO

" See Fig. 3 and 4 for plasmid construction details.
h celA is the wild-type allele. Numbering of other alleles refers to the

portion of the substituted gene product which is not encoded by celA
sequences. For example, celA604/705 refers to a truncated gene that encodes
the first 603 amino acids of EG-A, while amino acids 604 to 705 are encoded
by foreign sequences.

' TW, this work.

g of Na2PO4, all of standard commercial grade. The final
culture volume was 1,200 ml.

Transformation. Established procedures for transforma-
tion of E. coli MC1000 (28), preparation of competent cells of
B. subtilis DN1885 and BG2036 (9), and transformation of
these (10) were used. Protoplasts of B. subtilis DN969 and B.
megaterium PV291 were prepared, transformed, and regen-
erated as described in references 7 and 51, respectively.
DNA manipulation. Preparation of plasmid DNA was

performed by the alkaline lysis procedure (2). Restriction
enzyme digestions and ligation procedures were carried out
as specified by the enzyme supplier (New England BioLabs).
Oligonucleotides were synthesized on an Applied Biosys-
tems DNA synthesizer and manipulated as previously de-
scribed (28). Agarose gel electrophoresis was used to ana-
lyze plasmids, fragments from restriction enzyme digestions,
and ligation reactions. Agarose gels were made up and run in
borate buffer (28) containing ethidium bromide (1 ,ug/ml).
DNA was detected by illumination with shortwave UV light.
DNA sequencing. DNA sequencing of both strands of the

three PstI fragments contained in plasmid pPL517 carrying
celA was performed by the chemical modification procedure
(30) with single-end 32P-labeled DNA fragments. Fragments
were created by using convenient restriction sites. The
cleavage products were separated on 8 or 20% polyacryl-
amide gels subjected to autoradiography at -70°C with
intensifying screens. The sequence was confirmed on one
strand with the method of Sanger et al. (44), by using
synthetic oligodeoxynucleotides complementary to the pre-
viously determined sequence.

Electrophoretic analysis of expressed EG. Extracts of E.
coli and B. subtilis were made by sonication of 10-fold-
concentrated late-logarithmic- and stationary-phase cultures
suspended in 100 mM Tris-HCI (pH 7). Protoplasts of B.
subtilis were prepared by addition of 2 mg of lysozyme per
ml to an overnight culture with subsequent incubation at
37°C for 30 min. Protoplasts were harvested at 5,000 x g for
5 min, washed twice, suspended in 0.1 volume of 20 mM
potassium phosphate (pH 7), and sonicated.
These extracts and supernatants of B. subtilis cultures

were analyzed by sodium dodecyl sulfate-polyacrylamide gel
electrophoresis (SDS-PAGE) (23). Zymogram analysis was
performed by denaturing proteins in sample buffer at 70°C

for 10 min prior to electrophoresis. Renaturation of proteins
was carried out by washing the gels in 100 mM potassium
phosphate (pH 7) three times for 30 min each time at 4°C. EG
activity in protein bands was detected by overlaying poly-
acrylamide gels with 0.8-mm-thick 2% agarose gels contain-
ing 0.2% CMC and 100 mM phosphate buffer (pH 7),
incubating them at 42°C for 4 h, staining the substrate gel
with 0.1% Congo red for 15 min, and destaining it with 1 M
NaCI for 15 min. Active bands appear as yellow halos on a
red background. For greater sensitivity, in some experi-
ments 0.2% CMC was included directly in the polyacryl-
amide gel. Proteins were denatured and renatured by using
the conditions described above, although activity bands
usually could be visualized by Congo red staining after only
1 to 2 h of incubation at 42°C.
Pure proteins and proteolytic degradation experiments

were monitored by denaturing SDS-PAGE (23), followed by
staining with Coomassie brilliant blue R and destaining with
a solution of 10% ethanol and 7% acetic acid.

Protein purifications. EG-A-L was purified from the cul-
ture of B. subtilis DN969(pCH7) in LB medium. The total
culture was centrifuged for 10 min at 10,000 x g at 4°C, and
EDTA was added to the supernatant to a final concentration
of 5 mM. Avicel PH-101 (Sigma) was added to a concentra-
tion of 2.5 g/liter, and the suspension was incubated with
shaking for 2 h at 4°C and centrifuged for 10 min at 10,000 x
g. The pellet was washed twice with 1 mM EDTA and
resuspended in a solution containing 1% triethylamine and 1
mM EDTA and stirred for 1 h at 4°C. Avicel was removed by
centrifugation, and the supernatant was neutralized by addi-
tion of HCl. Protein was subsequently precipitated with
(NH4)2SO4 at 70% saturation for 16 h and harvested by
centrifugation for 15 min at 30,000 x g. The protein pellet
was suspended in 20 mM Tris HCl (pH 8) and applied to a
Mono Q column (Pharmacia) previously equilibrated with
the same buffer and was eluted with a 30-ml 0 to 500 mM
NaCI gradient in 20 mM Tris HCI by using a fast protein
liquid chromatography unit from Pharmacia. Active frac-
tions were pooled and used for further analysis.
EG-A-S was purified from the culture of B. subtilis

DN1885(pCH57). The culture was centrifuged at 4°C at
10,000 x g for 30 min and further cleared by filtration
through a Whatman GF/D filter. Threefold water-diluted
supernatant was subsequently concentrated in an Amicon
ultrafiltration unit equipped with a PM 10 membrane (Milli-
pore). This process was repeated twice. The solution was
brought to a volume of three times the original supernatant
volume, and Tris HCI (pH 7) was added to a final concen-
tration of 50 mM. Anion exchange was performed on a
column (5 by 15 cm) containing DEAE-Sephacryl (Pharma-
cia), and protein was eluted with a 0 to 500 mM NaCl
gradient in 50 mM Tris HCI (pH 7). Active fractions were
pooled, and chromatography was repeated under the same
conditions.
Enzyme assays. Assays for activity against CMC (high

viscosity; Sigma), Avicel PH-101 (Sigma), 3MM filter paper
(Whatman), phosphoric acid-swollen cellulose (20), xylan
(larchwood and oatspelt; Sigma), lichenan (from Cetraria
islandica; Sigma), and laminarin (from Laminania digitata;
Sigma) were performed by incubation of various amounts of
enzyme solution with 0.5% solutions of the polysaccharides
in 50 mM potassium phosphate for various times. For
insoluble substrates such as Avicel, filter paper, and ASC,
incubation was performed with shaking and residual sub-
strate was removed by centrifugation at 20,000 x g for 5 min
prior to reducing sugar determination. Liberated reducing
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sugar was quantified as glucose by the dinitrosalicylic acid
procedure (34).
Assays for hydrolytic activities against 4-nitrophenyl-P-D-

glucopyranoside (Sigma) and 4-nitrophenyl-p-D-cellobioside
(Sigma) were done with 1 mM substrate and various concen-
trations of enzyme in 50 mM potassium phosphate (pH 7) for
up to 8 h. Reactions were stopped by addition of 0.4 reaction
volume of 1 M Na2CO3, and the liberated 4-nitrophenol was
quantified at 410 nm by using 4-nitrophenol as the standard.
One unit of enzyme activity was defined as the amount of

protein that produces 1 pumol of product per min. All assays
were performed at 37°C and pH 7, except pH and tempera-
ture optimum experiments.

Plate assays were used to monitor purifications and were
performed by incubation of enzyme samples in wells in
plates containing 2% agarose, 100 mM potassium phosphate
(pH 7), and 0.2% CMC. Plates were incubated for 2 to 16 h
at 37°C, and clearing zones on CMC-containing plates were
visualized with Congo red as previously described (20).
Assay for cellulose-binding capacity. Samples (2 ,ug) of pure

EG-A-L and EG-A-S were incubated with shaking at 37°C
for 30 min in 50-,ul solutions containing 2 mg of Avicel and 50
mM potassium phosphate (pH 7). Avicel and adsorbed
protein were removed by centrifugation at 5,000 x g for 2
min, and the supernatant was removed. The pellet was
subsequently suspended in 50 ,ul of a solution containing 1%
triethylamine and 1 mM EDTA and incubated with shaking
for 30 min. Avicel was again removed by centrifugation at
5,000 x g for 2 min. Supernatants of the adsorption and
desorption experiments were analyzed by SDS-PAGE fol-
lowed by staining with Coomassie brilliant blue R.

Proteolytic degradation of EG-A-L. Reactions (50 ,ul) con-
taining 2 jig of pure EG-A-L in 50 mM potassium phosphate
(pH 7) were incubated with 0.2 to 1 ,ug of B. subtilis DN1885
supematant protein or with 0.01 to 0.2 ,g of proteinase K
and trypsin for various times at 37°C. Reaction products
were subsequently analyzed by SDS-PAGE and Coomassie
brilliant blue R staining.

Determination of total protein. Total protein was deter-
mined as described by Bradford (4), with a Bio-Rad protein
assay kit using bovine serum albumin as the standard.

NH2-terminal determination. Automatic Edman degrada-
tion with an Applied Biosystems 470A sequencer was used
for determination of NH2-terminal amino acids (29).

Nucleotide sequence accession number. The nucleotide and
deduced amino acid sequences reported here have been
submitted to GenBank (accession number M76588).

RESULTS

Sequence and activity analysis. (i) Nucleotide sequence of
ceU. The entire nucleotide sequence (Fig. 1) of the 2.8-kb
insert originating from B. lautus PL236 on pPL517 was
determined. An open reading frame from nucleotides 531 to
2630 is preceded by a putative ribosome-binding site (31). It
encodes a protein of 700 amino acids with a calculated
molecular mass of 76,863 Da. The first 33 amino acids
resemble a typical signal peptide of a gram-positive bacte-
rium (1, 36, 40). No sequences upstream of the proposed
ribosome-binding site have discernible homology to any
reported Bacillus promoter sequence (5, 14, 35, 41), and no
inverted repeat sequence was observed. Likewise, no signif-
icant inverted repeat sequence which could be proposed as a
p-independent terminator (43) is present downstream of the
coding region.
Upstream of celA, from nucleotides 1 to 435, an open

reading frame encodes 145 amino acids. We speculate that it
constitutes the COOH terminus of a protein encoded by a
gene upstream of celA.

(ii) GC content and predominant amino acids. The GC
content of the B. lautus genomic DNA cloned in pPL517 is
53 mol%, while the fragment containing celB (20) has a GC
content of 49 mol%. These values correspond well to the
total GC content of the B. lautus genome of 50 to 52 mol%
reported by Nakamura (37).
EG-A and EG-B from B. lautus have hydroxyamino acid

contents of 22 and 21%, respectively. Such high contents of
hydroxyamino acids are characteristic of many glycosidases
(32).

(iii) Homology of EG-A and other proteins. The deduced
amino acid sequence of EG-A was compared to the cellulase
and xylanase activity domain families proposed by Henrissat
et al. (16) and Gilkes et al. (12). Interestingly, it was not
possible to demonstrate sequence similarity to the members
of any of these families by primary structure comparison or
hydrophobic cluster analysis (11). The latter method com-
pares predicted secondary protein structures and has been
used successfully to demonstrate low degrees of homology
between cellulases (16).
The COOH-terminal 150-amino-acid sequence of EG-A is

highly homologous to (i) the COOH-terminal peptides of the
three reported B. subtilis EGs (26, 36, 42), (ii) the noncata-
lytic central domain of the Caldocellum saccharolyticum
celB product (45), (iii) a domain in the C. fimi cenB gene
product (32), (iv) two domains (C and C') in Clostridium
stercoranum avicelase I (19), (v) a domain in CelF of C.
thermocellum (38), and (vi) the 145-amino-acid peptide en-
coded by the partial open reading frame upstream of celA
from B. lautus (Fig. 2). Ten amino acids are conserved in all
seven sequences and are probably essential for the structure
and/or function of the domain (33).
A high degree of homology (84%) was observed between

the peptide encoded by the sequence upstream of celA and
the COOH-terminal peptide of EG-A (Table 2). These pep-
tides are moderately (40 to 48%) homologous to the B.
subtilis and C. saccharolyticum sequences and to the C
domain of C. stercoranium avicelase I. Finally, the C. fimi
and C. thermocellum sequences and the C' domain from C.
stercorarium avicelase I are internally well related (28 to
46%) although only distantly related to the other five se-
quences (12 to 34%).

Cloning and expression of celA in different hosts. (i) Con-
struction of deletion clones in E. coli. pPL517 was described
earlier (20) as arising from ligation of partially PstI-digested
genomic DNA with PstI-digested pBR322 (3). In the same
cloning experiment, three other plasmids that confer CM
Case activity on the host organism and contain celA or parts
of it were isolated and extracts from these cells were
submitted to zymogram analysis (Fig. 3).

Restriction enzyme analysis showed that pPL217 and
pPL517 both contained the three consecutive Pstl frag-
ments, but in opposite orientation with respect to the
pBR322 (3) vector. Earlier it was shown that these three PstI
fragments are consecutive on the B. lautus PL236 chromo-
some (20). Plasmids pPL212 and pPL216 contain the two
5'-proximal PstI fragments in opposite orientation relative to
the vector fragment. These two plasmids contain 3'-trun-
cated forms of celA which encode COOH-terminally modi-
fied versions of EG-A.

(ii) Expression of deletion clones in E. coli. EG activity in
MC1000(pPL517) was 40 times stronger than in MC1000
(pPL217), although both contain the complete cel4 gene
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L Q Y R A A D T N A A D N Q I K P S F N I K N N G T S A V D L S T L
1 CTGC AGTACAGAGD CATACAAATGCAGCCGACAACCAGATCAAGCCDTCCT TCAACATCAAAAACAACGGTACTTCGGCTGTTGATTTAAGCACGC

PstI EagI
K I R Y Y F T K D G S A A V N G W I D W A Q L G G S N I Q I S F G

10 1 TCAAAATCCGCTACTACTTCACCAAGGATGGTTCTGCGGCGGTGAACGGCTGGATCGACTGGGCGCAGCTCGGCGGCAGCAACATTCAGATCTCGTTTGG
BglI I

N H T G T N S D T Y V E L S F S S E A G S I A A G G Q S G E T Q L
201 CAACCATACTGGCACGAATTCGGATACGTACGTGGAGCTGAGCTTCTCGTCCGAGGCAGGCTCGATTGCGGCGGGCGGCCAATCCGGTGAAACCCAGCTG

R M S K T D W S N F N E A N D Y S F D G T K T A F A D W D R V V L Y
301 CGCATGTCCAAGACGGACTGGTCGAACTTTAACGAGGCGAACGACTACTCGTTCGATGGGACGAAGACGGCCTTTGCTGACTGGGATCGGGTCGTATTGT

Q N G Q I V W G T A P Stop
401 ACCAGAACGGCCAAATAGTGTGGGGAACTGCTCCATAACCGATACAGGGGAATGTGCCGGAACCGCTCTTTTGCAGGGCAGACTGGCGGTATCCCTTGC

RBS M K T R Q R K R L F V S A A L A V S L T M T V P
5 01 TGAAATGACTATTCCTDGGGAGGDATCAAAAATGAAGACAAGACAAAGAAAGCGGCTGTTCGTCAGTGCGGCGCTGGCAGTATCCTTGACAATGACCGTAC

Predicted mature protein
M P A S V N A A A *S D V T F T I N T Q S E R A A I S P N I Y G T N

601 CGATGCCCGCTTCTGTAAATGCAGCTGCGAGTGATGTCACTTTCACGATTAATACGCAGTCGGAACGTGCAGCGATCAGCCCCAATATTTACGGAACCAA

Q D L S G T E N W S S R R L G G N R L T G Y N W E N N A S S A G R
701 TCAGGATCTGAGCGGGACGGAGAACTGGTCATCCCGCAGGCTCGGAGGCAACCGGCTGACGGGTTACAACTGGGAGAACAACGCATCCAGCGCCGGAAGG

D W L H Y S D D F L C G N G G V P D T D C D K P G A V V T A F H D K
801 GACTGGCTTCATTACAGCGATGATTTTCTCTGCGGCAACGGTGGTGTTCCAGACACCGACTGCGACAAGCCGGGGGCGGTTGTTACCGCTTTTCACGATA

S L E N G A Y S I V T L Q M A G Y V S R D K N G P V D E S E T A P
901 AATCTTTGGAGAATGGAGCTTACTCCATTGTAACGCTGCAAATGGCGGGTTATGTGTCCCGGGATAAGAACGGTCCAGTTGACGAGAGTGAGACGGCTCC

S P R W D K V E F A K N A P F S L Q P H L N D G Q V Y M D E E V N
1001 GTCACCGCGTTGGGATAAGGTCGAGTTTGCCAAAAATGCGCCGTTCTCCCTTCAGCCTCATCTGAACGACGGACAAGTGTATATGGATGAAGAAGTTAAC

F L V N R Y G N A S T S T G I K A Y S L D N E P A L W S E T H P R I
1101 TTCCTGGTCAACCGGTATGGAAACGCTTCAACGTCAACGGGCATCAAAGCGTATTCGCTGGATAACGAGCCGGCGCTGTGGTCTGAGACGCATCCAAGGA

H P E Q L Q A A E L V A K S I D L S K A V K N V D P H A E I F G P
1201 TTCATCCGGAGCAGTTACAAGCGGCAGAACTCGTCGCTAAGAGCATCGACTTGTCAAAGGCGGTGAAGAACGTCGATCCGCATGCCGAAATATTCGGTCC

A L Y G F G A Y L S L Q D A P G W P S L Q G N Y S W F I D Y Y L D
1301 TGCCCTTTACGGTTTCGGCGCATATTTGTCTCTGCAGGACGCACCGGGTTGGCCGAGTTTGCAAGGCAACTACAGCTGGTTTATCGATTACTATCTGGAT

PstI
Q M K N A H T Q N G K R L L D V L D V H W Y P E A Q G G G Q R I V F

1401 CAGATGAAGAATGCTCATACGCAGAACGGCAAAAGATTGCTCGATGTGCTGGACGTCCACTGGTATCCGGAAGCACAGGGCGGAGGCCAGCGAATCGTCT

G G A G N I D T Q K A R V Q A P R S L W D P A Y Q E D S W I G T W
1501 TTGGCGGGGCGGGCAATATCGATACGCAGAAGGCTCGCGTACAAGCGCCAAGATCGCTATGGGATCCGGCTTACCAGGAAGACAGCTGGATCGGCACATG

F S S Y L P L I P K L Q SS I Q T Y Y P G T K L A I T E S S Y G G
1601 GTTTTCAAGCTACTTGCCCTTAATTCCGAAGCTGCAATCTTCGATTCAGACGTATTATCCGGGTACGAAGCTGGCGATCACAGAGTCCAGCTACGGCGGA

D N H I S G G I A T A D A L G I F G K Y G V Y A A N Y W Q T E D N T
1701 GACAATCACATTTCGGGAGGCATAGCTACCGCGGACGCGCTCGGCATTTTTGGAAAATATGGCGTTTATGCCGCGAATTACTGGCAGACGGAGGACAATA

D Y T S A A Y K L Y R N Y D G N K S G F G S I K V D A A T S D T E
1801 CCGATTATACCAGCGCTGCTTACAAGCTGTATCGCAACTACGACGGCAATAAATCGGGGTTCGGCTCGATCAAAGTGGACGCCGCTACGTCCGATACGGA

N S S V Y A S V T D E E N S E L H L I V L N K N F D D P I N A T F
1901 GAACAGCTCGGTATACGCTTCGGTAACTGACGAGGAGAATTCCGAACTCCACCTGATCGTGCTGAATAAAAATTTCGACGATCCGATCAACGCTACTTTC

Q L S G D K T Y T S G R V W G F D Q T G S D I T E Q A A I T N I N N
2001 CAGCTGTCTGGTGATAAAACCTACACATCCGGGAGAGTATGGGGCTTCGACCAAACCGGATCCGACATTACGGAACAAGCAGCTATAACGAATATTAACA

N Q F T Y T L P P L S A Y H I V L K A D S T E P V N S D L V V Q Y
2101 ACAATCAATTCACGTATACGCTTCCTCCATTGTCGGCTTACCACATTGTTCTGAAAGCGGATAGCACCGAACCGGTCAACTCCGATCTCGTCGTGCAGTA

K D G D R N N A T D N Q I K P H F N I Q N K G T S P V D L S S L T
2201 TAAGGACGGTGATCGCAACAATGCAACCGACAATCAGATCAAGCCGCATTTCAATATTCAAAATAAAGGGACCAGCCCGGTAGATCTGAGTTCCCTTACC

BglII
L R Y Y F T K D S S A A M N G W I D W A K L G G S N I Q I S F G N H

2301 CTGCGCTACTATTTTACCAAAGACAGCTCTGCAGCGATGAACGGCTGGATCGATTGGGCGAAGCTCGGCGGCAGCAACATTCAGATTTCGTTCGGTAATC
PstI

N G A D S D T Y A E L G F S S G A G S I A E G G Q S G E I Q L R M
2401 ATAATGGCGCGGATTCGGATACGTACGCGGAGCTGGGCTTCTCGTCCGGCGCAGGCTCGATTGCGGAGGGCGGTCAATCCGGCGAAATCCAGCTGCGCAT

S K A D W S N F N E A N D Y S F D G A K T A Y I D W D R V T L Y Q
2501 GTCGAAGGCGGACTGGTCGAACTTCAACGAGGCGAACGACTACTCGTTCGATGGGGCGAAGACGGCCTATATAGATTGGGATCGCGTGACGCTATACCAA

D G Q L V W G I E P Stop
2601 GACGGACAACTCGTATGGGGAATCGAGCCG;AAGATGACTAGACAACATTAGTGATGAGACGCGCGCCATAACGGCTGTCTTGACTCTGATTCGA

EagI
2 7 01 TCAAAAAATCAAAGCAAAGGGGATGAAAGTAATGAATGTTGCGATTCAAAAGAGAATCGGATCAATATTGATGATTGCCTCACTAATTATTAGCTTATTG

2801 CCGTTAGGGAGCAGCAGAACGTATGCTGCAG
PstI

FIG. 1. Nucleotide sequence of the three Pstl fragments carrying the celA gene and an upstream open reading frame. The proposed
ribosome-binding site (RBS), the predicted NH, terminus of EG-A (black dot), and relevant restriction sites are shown.

(Fig. 3). This indicates that transcription takes place primar- NH2-terminal 603 of the 700 amino acids of EG-A. Appar-
ily from a vector-encoded promoter sequence, for example, ently, activity of EG-A against CMC is not dependent on the
the ,B-lactamase promoter of pBR322 which is present 700 bp presence of the extreme COOH-terminal amino acids.
upstream of the PstI site, and is in agreement with the lack Zymogram analysis of extracts from MC1000(pPL517),
of anything recognizable as a promoter sequence in the which expresses the complete celA gene, showed EG activ-
cloned fragment. ity bands with MrS of 74,000 and 57,000 (EG-A-L and EG-
EG activities in MC1000(pPL517) and MC1000(pPL212) A-S, respectively). MC1000(pPL212), MC1000(pPL216),

are almost the same, although pPL212 encodes only the and MC1000(pPL217) contain 3-differing versions of celA
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B. 1. EGA-CBD PVNSD-LVVQYKDGDRNNATD3QXZ1HFNIQQHTSPVDLSSLTLSrYF!KSSAAMUGW
B. 1. UPSTREAM GGNHP-FRLQTRAAD-TNAADEQmZASFNIKUTSAVDLSThKIRSYFTKDGSAAVEG
B. 8. DLG EG TQEKG-VSVQYKGD-RVNSNQXRPQLIKUNWATVDLKDVTARYWYNVK-NKGQWFD
C. a. EGB-CD ATGGQ-IKVLYANKE-TNSTTUTXIWLKVVNSCGSSSIDLSRVTIRYYVDGERAQSAV
C. st .C-DOM ---GVIQIQFWlGNTSDKTNGIMPRYRLTNTGTTPIRLSDV--KIRYYY IDGEKDQWFN
C. th .EGF-CBD PGEEFYVEA&VI--AG-PGFVNZEASIINKSGNPARGSDK-LSAKYFVDISEAVAKGIT
C. st .C' -DOM TNDEFFYNAGIlI--SG-QNFIEZKALLHNQSGNPARVADK-LSFRYFVDLTELIEAGYS
C. f. EGB DGDQLFVEAMLUQPPSG-T-FTEVIAMIRNQSAFPARSLKN-AKV -----FTTDGFA

CONSENSUS V YNA G N IKP L N G A VDL L RX T D A N

B.1. EGA-CBD IDWAKLGGSWIQISVIGNHNGA--D--SDTYAZUGSSGA.SIAEGSGQ8C---SIQLSNSK
B.1. UPSTREAM IDWaQLGGSNIQISVIGNHTGT--N--SDTIYLSSESKAGSAAGQSMG---UIQLDNSK
B.s .DLG EG CDYAQMI;CGLLTHKTLHNKP--KQ-ADTYLL(KTGT--LSPGASTG---NXQLRLHN
C. s .EGB-CD SDWAQIGASNVTFKFVKLSSS--VSGAYTI3IIrKSCGQLQPGKDTG---ZXQIRFNK
C. st .C-DOM CDWSSVGSNNITGT1VKNAEP--KEGADYL3ZTGFDTGCaYLQP-NQI---3VQNRFSE
C. th.EGF-CBD LDQITVQSTTNGGAKVSQLLW-DPDNHInNIDrTGIN--XFPGGINEYKRDVYFTITA
C. st .C' -DON ASDVTITTNYNAGAKIVTGLHPWNKAENITVNVDVTGTK--IYPGGQSAYRKQFAA
C. f. EGB ASDVTLSANYSECGAQSGKGV-SAGGTLGYVULSCVGQD--IHPGOQSOHRRZIQFRLTG

CONSENSUS DNA G N FV G DYYVELGF GAG I PGGQSG ZIQ R K

B.1. EGA-CBD ADWF-NEANDYSFDG----AK!AYIDWDR-VTLYQDGQLVUGIIP----
B.1. UPSTREAM TDW8NF-NEANDYSID----TKTAFADWDR-WLYQNGQMVUGTAP----
B.8. DLG EG DDWY-AQSGDY,FO----SN!-FKTTKK-ITYHQYNQINKTZPNN---
C. 8. EGB-CD SDN8EY-NQGUDSVWL----SNSYGENEK-VTAYIDGVLUQZSGAT
C. at .C-DOM ADWTDY-IQTMDY31-----STNTSYGSNDR-XTWVISGLVSGIUI----
C .th.EGF-CBD PYGEGNWDNTUDFSWQGLEQGFTSKKTE---YXPLTDGNVRVInKVPDGGS
C. St .C -DOM PQNTNFN- NDUDSRDIK-GVTSGNrTVKTVYIPVYDDGVLVFGVZP----
C. f. EGB PAG---WNPADPSYTGLTQTALAKASA----ITLYDGSTLVUSKZI----

CONSENSUS DWSN N I1YBF G T ITLX GVLVH& Et
FIG. 2. Alignment of proposed cellulose-binding domains from

several sources. B. lautus PL236 EG-A COOH-terminal domain
(B.l.EGA-CBD), the domain encoded by the sequence upstream of
celA (B.l. UPSTREAM), the COOH-terminal domain of an EG from
B. subtilis DLG (B.s.DLG EG) (42), the central domain of EG-B
from C. saccharolyticum (C.s.EGB-CD) (45), the C' and C domains
of C. stercorarium avicelase I (C.st.C'-DOM and C.st.C-DOM,
respectively) (19), a domain of C. thermocellum CelF (C.th.EGF-
CBD) (38), and a central domain of C. fimi CenB (C.f. EGB) (32) are

aligned. The consensus sequence has been constructed by showing
amino acids conserved in four sequences in normal letters, amino
acids conserved in seven sequences in boldface letters, and residues
conserved in all sequences in underlined boldface letters. Residues
in the individual sequences identical to the consensus sequence are

shown in boldface letters.

that encode COOH-terminally differing proteins with Mrs of
78,000, 69,000, and 77,000, respectively. However, extracts
from these cells all contain active EG with an M, of 57,000
(data not shown). This shows that EG-A-S does not arise
from NH2-terminal modification of a precursor, since this
would result in different mature proteins.

(iii) Cloning and expression of the celA gene in B. subtUis.
Plasmids pCH7 and pCH57, containing native ceLA and celA

fused to the signal peptide-encoding region of an a-amylase-
encoding gene (Fig. 4), respectively, gave rise to EG-A
production in B. subtilis.

Supernatant from B. subtilis DN1885(pCH7) contained
approximately 50 times more EG activity than that of B.

PR P r p p

pPL17 4-;
E_CC e

I

pPL217 I

pPL212 4.-
Pr cdA ' p

a

y~~~.'.*-~~~~~ .--Tw I n

Total Zymolpna03ivity analysis

0.43 57 kD, (74 kD)

0.012 S7kD
an

0.48 57 kD, (75 kD)

N.D. 57kD
CeU

1000 bp

FIG. 3. Subcloning of ceL4 in E. coli. The tetracycline resistance
gene from pBR322 (tet) (3), the celA gene of B. lautus PL236 (black
boxes), extended open reading frames originating from vector
sequences (cross-hatched boxes), PstI sites (P), and the 1-lactamase
promoter from pBR322 (PB) are shown. Total activity refers to the
units of CMCase per milliliter of culture extract in cells carrying the
respective plasmids. One unit is defined as the amount of enzyme

which liberates 1 ,umol of reducing sugar from CMC per min.
Zymogram analysis refers to the molecular masses of EGs observed
in extracts of cells carrying the respective plasmids. The values in
parentheses indicate less abundant species of EG. N.D., not done.

subtilis DN1885 (Table 3), demonstrating that B. subtilis
actively expresses celA and secretes EG-A. B. subtilis EGs
did not interfere in the zymogram analysis, presumably
owing to their very low levels of activity (Table 3). Zymo-
gram analysis of supernatants from late-logarithmic- and
stationary-phase cultures showed that EG-A-L and EG-A-S
are present regardless of the growth phase. However, while
stationary-phase supernatant contains only trace amounts of
EG-A-L (<1/10 of the amount of EG-A-S), late-logarithmic-
phase supernatant contains approximately equal amounts of
the two species. Furthermore, zymogram analysis of proto-
plast extract showed EG activity at 77 and 74 kDa (Table 3).
These proteins correspond to EG-A before and after signal
peptide cleavage and indicate that EG-A-S arises from
extracellular proteolytic degradation of EG-A-L and not
from differential transcription of the ceL4 gene.

(iv) celA expression in protease-deficient bacilli. pCH7 was

expressed in B. subtilis BG2036 (Apr- Npr-) and DN969
(very weak protease phenotype) and in B. megaterium
PV291 (Npr-) to produce high levels of 74-kDa EG-A (Table
3). Although the EG-A-S-to-EG-A-L ratio (determined by
zymogram analysis) was lower in these strains (Fig. 5),
EG-A-S was observed in all cases. This indicates that the
presumed proteolytic modification of EG-A-L does not have
an absolute requirement for the major extracellular prote-
ases of B. subtilis and B. megaterium. Thus, several minor
proteases apart from Apr and Npr were reportedly produced

TABLE 2. Percentages of identical amino acids in aligned sequences'

% of amino acids identical
Sequence

B.l. UPSTREAM B.s.DLG EG C.s.EGB-CD C.st.C'-DOM C.st.C-DOM C.f. EGB C.th.EGF-CBD

B.l.EGA-CBD 84 44 47 22 46 34 14
B.l. UPSTREAM 40 42 23 40 30 17
B.s.DLG EG 48 19 42 27 14
C.s.EGB-CD 22 48 27 12
C.st.C'-DOM 22 42 46
C.st.C-DOM 24 14
C.f. EGB 28

a All values are given as percentages of identical amino acids of the total number of aligned amino acids. The sequence abbreviations are defined in the legend
to Fig. 2.

J. BACTERIOL.
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TABLE 3. ceLA expression in bacilli

Strain Protease phenotype Plasmid Supernaitant activity Zymogram ainalysis"(U/mi of culture) Supernatant Extract

B. subtilis
DN1885 WT" None (.011 (36) N D'
DN1885 WT pCH7 0.23 57 (74, 36) (74, 77)
BG2036 Apr- Npr- pCH7 0.26 57 (74, 36) ND
DN969 Very weak pCH7 0.08 74 (57, 36) ND

B. megaterium PV291 Npr- pCH7 0.20 57 (74, 36) ND

a Mrs (103) of observed EGs are shown. The values in parentheses refer to minor activities.
h WT, wild type.
' ND, not determined.

by B. subtilis (46-48, 52), while no other proteases have been
reported in B. megaterium.

Purification and characterization of EG-A-L and EG-A-S.
(i) Purification of EG-A-L and EG-A-S. The various steps of
purification of EG-A-L and EG-A-S are summarized in Table
4.

B. subtilis DN969(pCH7) was chosen for purification of
EG-A-L, which is very sensitive to proteolytic attack, be-
cause of the low extracellular protease activity of this strain.
Since only relatively low levels of EG-A-L-production are
obtained in the selected medium, purification of this enzyme
was greatly facilitated by the affinity of EG-A-L for Avicel.
Avicel-adsorbed protein was liberated with 1% triethyl-
amine, and EG-A-L was further purified by anion exchange
on a Mono Q HR column. SDS-PAGE revealed a single band
with an Mr of 74,000 (Fig. 6).
EG-A-S was purified from the culture supernatant of B.

subtilis DN1885(pCH57) fermented for 166 h in an industrial
medium. Very high levels of extracellular protein and spe-
cific activity were obtained (Table 4), facilitating purification
of EG-A-S which does not bind to cellulose. Approximately
10% of the total extracellular protein was constituted by
EG-A-S, and pure protein was obtained after dialysis and
anion exchange on a DEAE Sephacryl column (repeated
twice). SDS-PAGE showed a single band with an Mr of
57,000 (Fig. 6).

(ii) NH2-terminal sequences of EG-A-S. NH2-terminal se-

quencing (Fig. 4) showed that EG-A-S has an NH2-terminal
sequence that closely resembles the predicted sequence for
native EG-A (Fig. 1), demonstrating that it lacks approxi-
mately 150 amino acids at the COOH terminus.

(iii) Substrate specificities. The purified preparations of
EG-A-L and EG-A-S were examined for the ability to
hydrolyze various carbohydrates and aryl glycosides at 37°C
and pH 7 in 100 mM potassium phosphate buffer (Table 5).
Of the carbohydrate substrates tested, the soluble substrates

lichenan (1-1,3;1,4 linkage) and CMC (1-1,4 linkage) were

efficiently hydrolyzed by both EG-A-L and EG-A-S, the
enzymes having practically identical specific activities.
However, the insoluble substrates phosphoric acid-swollen
cellulose and Avicel were hydrolyzed more efficiently by
EG-A-L, although the specific activity against thesc sub-
strates was significantly lower than that against lichenan and
CMC. Laminarin (,3-1,3;1,6 linkage), xylan, 4-nitrophenyl-3-
D-cellobiosidc, and 4-nitrophenyl-1-D-glucopyranoside werc
not hydrolyzed by EG-A-L and EG-A-S.

(iv) pH optima. The effect of pH on the activities of
EG-A-L and EG-A-S against CMC was determined at 370C
in various buffers ranging from pH 3.5 to pH 11 (Fig. 7). The
enzymes had practically identical activities at the pH values
tested. Maximal activity was observed over a broad range of
pH values from 5 to 8.5, and 50% activity was observed at
pH 9.5.

(v) Temperature optima and stability. The temperature
dependence of EG-A-L and EG-A-S activities toward CMC
was determined by measuring activity at various tempera-
tures in potassium phosphate buffer (pH 7). As with pH
dependence, EG-A-L and EG-A-S were identically depen-
dent on temperature (Fig. 7). Maximal activity in the 60-min
assay was observed at 60°C. More than 50% of the maximal
activity was observed from 46 to 68°C.
EG-A-L and EG-A-S were incubated for 0 to 5 h in 50 mM

potassium phosphate buffer (pH 7) at 45 to 65°C. Determi-
nation of the residual activity against CMC showed that both
enzymes were stable for up to 5 h at 55°C, and a half-lifc of
70 min was determined at 60°C.

(vi) Cellulose-binding ability. EG-A-L and EG-A-S were

incubated with microcrystalline Avicel cellulose, and super-
natants of these mixtures were analyzed by SDS-PAGE.
Only EG-A-S was observed in the supernatant, while EG-
A-L remained adsorbed to Avicel. The cellulose pellet was

subsequently treated with 1% triethylamine, which liberated

TABLE 4. Purification of EG-A-L and EG-A-S

Protein Purification step Vol Total protein Total Sp act" Yield (%C) Purification (told)(ml) (mg) activity" (U) (U/mg)

EG-A-L Cell-free culture 1,000 370 17.1 0.046 10( 1
Liberated from Avicel 20 4 6.2 1.54 36 33
Pool from Mono Q 1.4 2.3 4.9 2.2 29 47

EG-A-S Cell-free culture 400 4,800 1,280 0.264 1(( 1
PM 10 membrane 1,050 2,100 715 0.344 56 1.3
retentate
Pool from DEAE column 119 226 543 2.4 42 9.1

"Activity against CMC.

J. BA( TE-R11L.
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Lane 1

Strain

Inc. time (h) 1

2 3 4 5 6

- 1 2 3 1

1 1 1 1 3

7 8

2 3

3 3

*- 97000

EG-A-L 66200

EG-A-S

FIG. 5. Zymogram analysis of early-stationary-phase superna-
tants of B. subtilis DN1885(pCH7) (1) (lanes 3 and 6),
BG2036(pCH7) (2) (lanes 4 and 7), and DN969(pCH7) (3) (lanes 5
and 8), which express celA. Zymogram analysis of pure EG-A-L
(lane 1) and EG-A-S (lane 2) is also shown. After electrophoresis
and washing, gels with lanes 1 to 5 were incubated for 1 h at 37°C
while gels with lanes 6 to 8 were incubated (Inc.) for 3 h at 37°C.
Protein (5 p.g) was applied to lanes 3 to 8, while lanes 1 and 2 were
loaded with 0.5 ,ug of protein. The numbers on the right are
molecular weights.

bound EG-A-L from Avicel and demonstrated that EG-A-S
was not adsorbed on the crystalline matrix.

(vii) Proteolysis of EG-A-L. To substantiate the hypothesis
that EG-A-S arises from posttranslational proteolysis of
EG-A-L, purified EG-A-L was incubated with various
amounts of B. subtilis DN1885 stationary-phase supernatant,
proteinase K (Fig. 8), and trypsin (data not shown) for 30
min to 16 h at 37°C. B. subtilis supernatant effected proteo-
lysis of EG-A-L, yielding initial products with Mrs of 59,000
and 57,000, while prolonged incubation gave rise to an
apparently pure and stable protein with an Mr of 57,000
corresponding to EG-A-S. Incubation with trypsin also
resulted in a stable and pure 57,000Mr protein (data not
shown). Treatment with proteinase K resulted in initial
production of a 57,000-Mr protein, but prolonged incubation
gave total proteolysis (Fig. 8). Zymogram analysis demon-
strated that all of the 57,000OMr proteins were active against
CMC (data not shown). Furthermore, EG-A-L was stable for
several days at 37°C in the absence of proteases.

TABLE 5. Substrate specificities of EG-A-L and EG-A-S

Sp act (U/mg)
Substrate"

EG-A-L EG-A-S

CMC 2.2 2.4
ASC" 0.54 0.09
Avicel 0.028 0
Lichenan 7.3 6.9

"All substrates were used at 0.5%.
"ASC, phosphoric acid-swollen cellulose.

a 700-amino-acid protein whose first 33 NH2-terminal amino
acids resemble a gram-positive signal peptide and is pre-
ceded by a possible ribosome-binding site. (ii) No obvious
transcription-promoting or -terminating sequences are
present in the flanking regions. (iii) An open reading frame of
435 bp, presumably constituting the 3' end of a gene located
upstream of celA, encodes a peptide with significant homol-
ogy to the COOH terminus of EG-A.

In combination, these observations suggest that celA is
part of an operon which possibly contains at least one other
gene that encodes a protein involved in cellulolysis.
Hydrophobic cluster analysis and conventional protein

and DNA homology searches showed that EG-A-S (contain-
ing the active domain) is not homologous to any other
protein. EG-A-S is therefore proposed to be the first member
of a new family of cellulases and hemicellulases.
EG-A-L includes a small COOH-terminal cellulose-bind-

ing domain which is indeed homologous with a group of
similar domains from several other bacterial cellulases (33),
constituting a second family of bacterial cellulose-binding
domains.

Analysis of the translational products of celA gave the
following results. (i) Two proteins with activity against
CMC, EG-A-L and EG-A-S, were observed on zymograms.
(ii) Both forms, in various proportions, were seen when celA
was expressed in E. coli and B. subtilis. (iii) Both forms were
seen when protease-deficient mutants of B. subtilis and B.
megaterium were used. (iv) Both forms were seen when the

DISCUSSION

Nucleotide sequence analysis of ceA, which encodes
EG-A of B. lautus PL236, and its flanking regions revealed
the following. (i) An open reading frame of 2,100 bp encodes

1 2 3 4

97000

- 66200

* - 42699

FIG. 6. Purified EG-A-S and EG-A-L (2 jig of each) were applied
to lanes 2 and 3, respectively. Lanes 1 and 4 contained Bio-Rad
molecular weight markers with the M,s indicated.

A

6 8
pH

B

too-

60

40

20

20 30 40 50 60 70 80
Temperature (°C)

FIG. 7. pH (A) and temperature (B) optima of EG-A-L and
EG-A-S. Only one curve is shown for each parameter, since the two
enzymes had practically coinciding curves. Relative activity as a
function of pH was determined by incubation of 1 p.g of enzyme in
1-ml reactions at 37°C for 1 h with 4% low-viscosity CMC and a 100
mM concentration of one of the following buffers: acetic acid-
sodium acetate (pH 3.5 to 5.5), potassium phosphate (pH 6 to 8),
Tris HCI (pH 8.5 to 9.5), or glycine-sodium hydroxide (pH 10 to 11).
Relative activity as a function of temperature was determined by
incubation of 1 ,ug of enzyme in 1-ml reactions containing 1%
high-viscosity CMC for 1 h in 100 mM potassium phosphate (pH 7)
at temperatures from 25 to 80°C. Activity was quantified by deter-
mination of reducing sugars.
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LAW 1 2 3 4 5 6 7 8

Ptase (jLg) 0.2 0.5 0.5 1.0 0.01 0.05 0.05 0.2

Inc. time (h)

EG-A-L

EG-A-S

1 1 2 2

FIG. 8. Proteolysis of EG-A-L. EG-A-L (2 ,ug) was incubated
(Inc.) with various amounts of B. subtilis stationary-phase superna-
tant protein (lanes 1 to 4) and proteinase K (lanes 5 to 8) for various
times. To the left is marked the migration of pure EG-A-L and
EG-A-S, and to the right is marked the migration of Bio-Rad
low-molecular-weight markers. In the absence of added protease,
EG-A-L was stable for 36 h (data not shown).

presumed signal peptide-encoding region and ribosome-
binding site of celA were substituted with those of a gene
encoding an a-amylase from B. licheniformis. (v) The NH2
terminus of EG-A-S is very similar to the predicted NH2
terminus of EG-A. (vi) The processed region of approxi-
mately 150 amino acids which is removed from EG-A-L
enables it to bind to cellulose, an ability which EG-A-S does
not have. Activity against CMC is independent of the
presence of this region, while activity against insoluble
substrates is enhanced by its presence. (vii) Purified EG-A-L
can be processed in vitro by B. subtilis supernatant, protein-
ase K, and trypsin to yield an active 57,000Mr protein that
may correspond to EG-A-S.
We conclude that processing of EG-A-L is the result of

exposition of an interdomain region to unspecific cleavage
by host proteases, since purified EG-A-L is stable.
EGs from B. subtilis are apparently processed by a mech-

anism much like that of EG-A when expressed in E. coli and
B. subtilis. They are initially translated as proteins with an
Mr of 55,000, and in the case of the EGs from B. subtilis
DLG and PAP115, mature proteins with Mrs of 36,000 and
32,000 were detected (26, 27, 42).
Removal of cellulose-binding domains has also been ob-

served with CenA and Cex of C. fimi (13). These proteins
contain homologous cellulose-binding domains at their NH2
and COOH termini, respectively (24, 25, 39). Nonglycosy-
lated, heterologously expressed versions of these proteins
are cleaved at specific interdomain positions by a C. fimi
protease. However, the glycosylated CenA and Cex pro-
duced by C. fimi are resistant to proteolytic degradation
when bound to cellulose and only slowly processed in
solution (13). It remains to be shown whether EG-A pro-
duced by B. lautus PL236 is protected against proteolytic
attack by glycosylation.
EG-A from B. lautus PL236 is a further example of

multidomnain cellulases, typical of cellulases from organisms
capable of crystalline-cellulose degradation (12). EG-A is
also typical for its susceptibility to proteolytic attack, a

major problem for large-scale industrial production and
application of proteins constituted of various domains.
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